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Abstract – To actualize the available data regarding Cenozoic fi sh materials housed in the vertebrate 
fossil collection of the Hungarian Natural History Museum (HNHM), Middle Miocene (Badenian) 
chondrichthyan remains, unearthed at St. Margarethen (Burgenland, eastern Austria) are revised in 
detail. Among the specimens, a mislabelled, slightly disarticulated, partial dentition surrounded by 
associable placoid scales and portions of suggested cartilage, referred to a juvenile individual of an 
indeterminate Carchariidae or Odontaspididae has been found. Th is specimen represents the fi rst 
articulated shark fossil ever discovered in the Miocene of the Central Paratethys. Th e material also in-
cludes a large-sized, pathological tooth of Otodus (Megaselachus) megalodon, which is the largest and 
most spectacular of all Otodus (Megaselachus) megalodon teeth of the HNHM collection. Th e HNHM 
collection includes osteichthyan remains, also unearthed at St. Margarethen, but these specimens are 
only shortly mentioned. Although the Middle Miocene marine vertebrate fossils of St. Margarethen 
are actively investigated for over one and a half centuries, the HNHM material adds new and impor-
tant data to our knowledge on the locality’s chondrichthyan fauna. Th e present paper also highlights 
the importance of accurate re-investigation of museum fossil collections. With 112 fi gures.

Key words – Austria, Badenian, Hungarian Natural History Museum, Middle Miocene, Otodus 
megalodon, St. Margarethen

INTRODUCTION

Th e Central Paratethys was a part of a large epicontinental sea, the Para-
tethys, which was isolated from the Tethys Ocean from the late Eocene to the 
early Oligocene (Báldi 1983; Rögl & Steininger 1983; Rögl 1998). Th anks 
to the rich fossil materials housed in museum collections around Europe, the 
Badenian fi sh faunas of the Central Paratethys are quite elaborated (Schultz 
2013 and references therein; Szabó & Kocsis 2016 and references therein). 
Among them, some localities are very long-known, e.g. the fossiliferous beds 
nearby St. Margarethen (eastern Austria) have been known since the fi rst half of 
the 19th century (see Münster 1846).
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Th e most remarkable feature of the Leitha Limestone exposed in the vicin-
ity of St. Margarethen is the richness and the extraordinarily good preservation 
of the diverse fossil fauna, which consists of bivalves, bryozoans, brachiopods, 
crustaceans, echinoids, chondrichthyans, and well-preserved articulated fi sh 
skeletons. Such a remarkable preservation of the fossils seems to be related to 
the concurrent eff ect of episodic events of bottom hypoxia and persistent lack 
of water agitation (Schmid et al. 2001). A large collection of well-preserved fi sh 
fossils unearthed at the surrounding quarries of St. Margarethen is housed in 
the Naturhistorisches Museum in Vienna (Carnevale & Harzhauser 2013; 
Carnevale & Tyler 2014). A comprehensive analysis of this extremely rich 
ichthyofauna (see in Chanet & Schultz 1994: 96 and references therein; 
Schultz 2013 and references therein) is yet to come.

Th e goal of this study is to describe (or re-describe) the chondrichthyan fos-
sils unearthed at St. Margarethen, now housed in the vertebrate palaeontologi-
cal collection of the Hungarian Natural History Museum (HNHM; Budapest). 
However, the material includes bony fi sh fossils as well, these specimens are 
only shortly mentioned, and their detailed elaboration is beyond the scope of 
the present paper. Apart from the palaeontological importance of the chondrich-
thyan and osteichthyan specimens, their place in the history of the HNHM is 
also detailed.

LOCALITY AND GEOLOGICAL SETTING

Th e fossils documented herein were collected in the vicinity of St. Marga-
rethen (Burgenland, eastern Austria) (Fig. 1). Th e village lies in the Eisenstadt-
Sopron Basin, which is widely considered as a sub-basin of the Vienna Basin (e.g. 
Sauer et al. 1992). Th e basin is bordered by the Leitha Mountains from north, 
the Fertőrákos-Ruster Downs from east, the Sopron Hills from south and the 
Rosalia Mountains from west (Schmid et al. 2001).

Th ere is no inventoried data allowing a more precise identifi cation of the 
exact quarry, where the fossils were found, and since several pits are located along 
the road, going from the village of St. Margarethen to Rust (Kummer, Roman, 
and Hummel quarries; Fig. 2), the site which yielded the fossils remains obscure.

Roman and Kummer quarries mostly expose deposits usually referred to as 
Leitha Limestone in the regional literature (Riegl & Piller 2000; Carnevale 
& Collette 2014). Th is corallinacean limestone was dated to the Badenian of 
the Central Paratethys stratigraphy (Bulimina-Bolivina Zone aft er Papp et al. 
1978), corresponding to the Langhian/Serravallian boundary of the global chron-
ostratigraphic chart (Papp et al. 1978; Schmid et al. 2001; Kováč et al. 2007; 
Rögl et al. 2008) (Fig. 3). It is noteworthy that the lower limit of the Badenian 
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Figs 1–2. Location of the studied localities. – Fig. 1. Th e location of St. Margarethen in Austria. 
– Fig. 2. Th e vicinity of St. Margarethen, showing three famous quarries along the road from St. 
Margarethen to Rust, with Middle Miocene deposits exposed. a = Kummer quarry; b = Roman 

quarry; c = Hummel quarry

Fig. 3. Miocene chronostratigraphy comparing global stratigraphic chart stages and Central Para-
tethys stages (modifi ed aft er Gradstein et al. 2012)
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subdivision has been recently proposed to be before the Langhian/Burdigalian 
boundary by Hohenegger et al. (2014).

Th e Leitha Limestone is the most characteristic and wide-spread shallow 
water carbonate in the Badenian (Riegl & Piller 2000). It has been known 
since the fi rst half of the 19th century (Keferstein 1828), its name is used also 
outside the Vienna Basin (Studencki 1988). Th e Leitha Limestone is charac-
terized by the occurrence of coralline algae in various growth forms, aft er which 
the unit is frequently called as Nullipora, Lithothamnium or Lithothamnion lime-
stone (e.g. Wessely 1983; Sauer et al. 1992; Piller 1994). However, Papp & 
Steininger (in Papp et al. 1978) redefi ned the term Leitha Limestone, Riegl 
& Piller (2000) still used it only in its descriptive manner to avoid further 
misidentifi cations. Based on a study of the Leitha Limestone in the Eisenstadt-
Sopron Basin, Dullo (1983) recognized 10 types of microfacies.

Coral buildups of limited size are developed only locally, the best-developed 
coral buildups are present at the southern tip of the Leitha Mountains where the 
limestones reach the greatest spatial extent and their greatest thickness (about 
50 m; Tollmann 1985). During the Badenian, the tips of the Leitha Mountains 
reached above sea-level, and formed a chain of islands in the Central Paratethys. 
Due to the position of these islands and the lack of terrigenous infl ux, coral 
growth was prolifi c (Riegl & Piller 2000; Schmid et al. 2001).

Th e Hummel section is up to 15 m high and more than 60 m long, it was 
originally built as an access for a private railway into the Hummel limestone quar-
ry. Th e Hummel quarry also exposes Badenian Leitha Limestone, which formed 
a palaeorelief during the Sarmatian (a regional equivalent of the Upper Serra-
val lian; Harzhauser & Piller 2010). Th e W-E trending railway cut exposes 
deposits, documenting a perfect cross-section of a Sarmatian rocky coast which 
was formed by the already lithifi ed Badenian corallinacean limestones. For fur-
ther data regarding the geology of the Hummel railway cut see Harzhauser & 
Piller (2004).

Since a large percent of the St. Margarethen fi sh remains of the HNHM col-
lection is embedded in characteristic pieces of laminated marly or corallinacean 
Leitha Limestone (Badenian in age), following parsimony here I consequently 
refer the same age for the whole material, including fully prepared and cleaned 
specimens, until further results (e.g. geochemical investigations) lead to a diff er-
ent conclusion. Note that the so-called “fi sh-bearing” laminated marl facies of the 
Leitha Limestone (from where some St. Margarethen articulated bony fi shes of 
the HNHM collection most possibly originate) crops out in the Kummer quarry 
(Schmid et al. 2001), and the Roman and Kummer quarries are more popular 
among both palaeontologists and private fossil collectors, therefore the St. Mar-
garethen material of the HNHM collection likely originates from one of these sites.
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MATERIAL AND METHODS

All studied specimens are housed in the Hungarian Natural History Museum 
(Budapest). In some cases, remains of diff erent taxa have been inventoried under 
the same inventory number. For simplifi ed data of inventory, see Appendix.

Th e fi sh fossils are in excellent condition. Most shark teeth are with root 
preserved, the crown enamel is greyish-bluish in colour, while ray teeth and the 
bony fi sh fossil teeth are with yellowish-greyish, sometimes brownish coloura-
tion. Th e fossils were cleaned with brushes using tap water, broken specimens 
were fi xed with cyanoacrylate adhesive (superglue). No mechanical prepara-
tion was carried out. For scanning electron microscopic photography, a Hitachi 
S-2600N scanning electron microscope was used.

Chondrichthyan taxonomy follows Cappetta (2012), while that of os-
teichthyans follows Nelson et al. (2016). Descriptive tooth terminology of 
chondrichthyans follows Cappetta (2012), Bor et al. (2012), and Reinecke et 
al. (2011, 2014).

SYSTEMATIC PALAEONTOLOGY

Class Chondrichthyes Huxley, 1880
Superorder Selachimorpha Nelson, 1984

Order Lamniformes Berg, 1937
Family Odontaspididae Müller et Henle, 1839

Genus Araloselachus Glikman, 1964

Araloselachus vorax (Le Hon, 1871)
(Figs 4–12)

Referred material – 12 teeth (V.61.915, V.61.917, V.61.921, V.62.396, V.63.412, 
V.69.1059, V.69.1100).

Description – Th e main cusp of anterior fi les is slender and pointed, showing 
a slight lingual curvature in profi le view (Figs 4–9). Upper lateral tooth (V.62.396) 
has distally inclined main cusp, straight in profi le view (Figs 10–12). While the 
examined anterior teeth are ×1.5–2 higher apicobasally than wide mesiodistally, 
the upper lateral tooth is nearly as wide as high. Th e cutting edge of all teeth is 
smooth and sharp, it runs from the tip to the crown-base. Th e labial crown face is 
weakly convex to fl at, while the labial is strongly convex. Th e enameloid surface 
of the labial crown face is completely smooth. Th e root is bilobate, the lobes meet 
in a pronounced lingual protuberance, bearing a large nutrient groove. Th e lobes 
bear usually two pairs of sharp cusplets (some anterior fi les bear only one pair), 
of which the fi rst pair is strongly hooked towards the main cusp in anterior teeth.
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Remarks – Th is species was originally described as Lamna (Odontaspis) vo-
rax by Le Hon (1871). Later on, it was widely included in Carcharias (e.g. De 
Schutter 2011; see also synonym lists of Reinecke et al. 2011 and Bor et al. 
2012), but Bor et al. (2012) re-assigned the species into the genus Araloselachus.

From the Miocene of Europe, large-sized odontaspidid teeth with smooth 
labial crown face are widely referred to as Araloselachus cuspidatus and A. vorax 
(e.g. Reinecke et al. 2011, 2014). Th e two species seem to be closely related, but 
the latter species has smaller, less-massive teeth, also less-developed root lobes, 
with multiple pairs of sharp and hooked lateral cusplets, of which the second-
ary ones are well developed, especially in anterior fi les (see De Schutter 2011; 
Reinecke et al. 2011; Bor et al. 2012: 23). A. vorax is distributed mainly in the 
North Sea Basin during the Burdigalian-Tortonian, but it seems to occur occa-
sionally in the Burdigalian-Langhian deposits of the Central Paratethys exposed 
in Austria and southern Germany (De Schutter 2011: 179).

Teeth of C. acutissima and C. taurus, two hardly distinguishable species wide-
spread in the Badenian of the Central Paratethys, are easily separable from A. vo-

Figs 4–12. Araloselachus vorax (Le Hon, 1871). – Figs 4–6. Anterior tooth, V.69.1059. – Fig. 4. 
Lingual view. – Fig. 5. Mesial view. – Fig. 6. Labial view. – Figs 7–9. Anterior tooth, V.61.915. – 
Fig. 7. Lingual view. – Fig. 8. Mesial view. – Fig. 9. Labial view. – Figs 10–12. Upper lateral tooth, 
V.62.396. – Fig. 10. Lingual view. – Fig. 11. Distal view. – Fig. 12. Labial view. – Figs 13–15. cf. 
Carcharias crassidens (Agassiz, 1838), V.69.1092. – Fig. 13. Lingual view. – Fig. 14. Profi le view. – 

Fig. 15. Labial view. Scale bars: 10 mm



Middle Miocene chondrichthyan and osteichthyan remains fr om Austria 59

Fragmenta Palaeontologica Hungarica 36, 2019

rax, as they have slender teeth with apicobasally striated lingual crown face (Ward 
& Bonavia 2001; Reinecke et al. 2011, 2014; Szabó & Kocsis 2016, table 2).

Family Carchariidae Müller et Henle, 1841
Genus Carcharias Rafi nesque, 1810

cf. Carcharias crassidens (Agassiz, 1838)
(Figs 13–15)

Referred material – 1 tooth (V.69.1092).
Description – Th e single here referred tooth is nearly as wide mesiodistally 

as high apicobasally. Th e main cusp is upright, triangular, and narrow in labial 
and lingual views (Fig. 13), with a fl attened labial and convex lingual face. Both 
faces and cutting edges are smooth, the cutting edges reach the crown base, and 
continue on the lateral cusplets. Th e main cusp has a weak lingual inclination in 
profi le view (Fig. 14). Th e root is bilobate, the lobes are well separated, of which 
the better preserved one has a rounded extremity. Th e lobes meet in an obtuse an-
gle. Both lobes bear one lateral cusplet, fused to the basal edges of the main cusp. 
Th e labial root face bears a characteristic, mesiodistally running ridge below the 
crown base (Fig. 15).

Remarks – Here I follow Stone & Shimada (2019), who resurrected family 
Carchariidae for the genus Carcharias to separate it from family Odontaspididae. 
Tooth V.69.1092 is reminiscent of a fi gured type specimen of Carcharias crassi-
dens (= Lamna crassidens, see Agassiz 1838, pl. 35, fi g. 11, 11’). Since the va-
lidity of this species is doubtful, and its general tooth morphology is similar to 
that of the genus Araloselachus, here I refer tooth V.69.1092 provisionally as cf. 
Carcharias crassidens, until a revision of C. crassidens is done, or further speci-
mens from St. Margarethen are identifi ed.

Carchariidae indet. or Odontaspididae indet.
(Figs 16–65)

Referred material – a slightly disarticulated, partial dentition surrounded by 
placoid scales and suggested portions of cartilage (VER 2020.69.1.), from which 
15 placoid scales (VER 2020.70.1.–84.1.), 1 piece of stone matrix embedding at 
least 5 placoid scales (VER 2020.85.1.), and 6 pieces of suggested cartilage tissue 
(VER 2020.86.1.–90.1.) were isolated.

Description – Based on the visible crown portions, specimen VER 2020.69.1. 
(Fig. 16) consists of at least 32 teeth, however, it is hard to tell how many teeth the 
broken root portions belong to. Some teeth are preserved in labial, while some in 
lingual aspect. Th e teeth represent the upper and lower anterior and lateral fi les, in-
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cluding the intermediate fi le of the upper dentition (Figs 17–25). No posterior fi les 
are visible. All teeth which are embedded in lingual aspect, possess a smooth lingual 
crown face. Based on the variety of the observed tooth positions, VER 2020.69.1. 
represents a slightly disarticulated mixture of the upper and lower dentition.

Fig. 16. Carchariidae indet. or Odontaspididae indet. partial dentition, VER 2020.69.1. 
Scale bar: 20 mm
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Figs. 17–25. Teeth in specimen VER 2020.69.1. – Fig. 17. Lower anterior (parasymphyseal) tooth 
in lingual aspect. – Fig. 18. ?Upper anterior tooth in labial aspect. – Fig. 19. ?Lower anterior tooth 
in labial aspect. – Fig. 20. ?Upper anterior tooth in labial aspect. – Figs 21–22. Upper intermediate 
tooth in labial aspect. – Fig. 23. Upper lateral tooth in lingual aspect. – Fig. 24. Upper lateral tooth 

in lingual aspect. – Fig. 25. Lower lateral teeth in labial aspect. Scale bars: 2 mm
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A large number of placoid scales are visible in the embedding limestone ma-
trix. Placoid scales were isolated from three areas around the dentition, where the 
scales are densely aggregated (Fig. 26). It is noteworthy that placoid scales sparsely 
occur over a large part of the surface of the embedding piece of limestone. Th e iso-
lated placoid scales represent four morphotypes. Morphotype 1 (isolated from ar-
eas I and III; see Figs 27–36, 49, 50) has drop- or arrowhead-shaped crown. Th ree-
four anteriorly bulging, parallel folds are present on the apical surface, reaching 
from the anterior margin to the anteroposterior half of the crown. Th e crown of 
placoid scales representing Morphotype 2 (isolated from area II; see Figs 37–46) 
is circular in apical view. Th e anterior margin is weakly folded. Morphotype 3 
(isolated from area III; see Figs 47, 48, 51–56) is similar to Morphotype 1 in hav-
ing a pointed posterior edge, but the crown meets the base in a lower angle. Th is 
morphogroup seems to represent an intermediate form between the fi rst and the 
fourth morphotype. Morphotype 4 (isolated from area III; see Figs 57, 58) has tri-
cuspid crown, bearing an anteriorly bulging median keel, laterally fl anked by par-
allel folds. Th e lateral folds diminish posteriorly, while the median keel reaches the 
posterior margin of the crown. Th e base of all morphotypes bears large foramina.

Th e suggested cartilage tissue of specimen VER 2020.69.1. is built up of mo-
saically adjacent units of irregular outline. Th e largest, and also the most well-
preserved portions of the suggested cartilage are between the surface area I and 
III (Figs 59–61). Pieces of this structure were also isolated for scanning electron 
microscopic photography (Figs 62–65).

Remarks – Based on genetic studies, Stone & Shimada (2019) resurrected 
Carchariidae for genus Carcharias to separate it from family Odontaspididae. 
However, tooth morphology of the here referred fossil taxa was a subject of many 

Fig. 26. Areas I–III of specimen VER 2020.69.1. from where placoid scales were isolated. – 
Figs 27–28. VER 2020.70.1. – Fig. 27. Apical view. – Fig. 28. Profi le view. – Figs 29–30. VER 
2020.71.1. – Fig. 29. Apical view. – Fig. 30. Profi le view. – Figs 31–32. VER 2020.72.1. – Fig. 31. 
Apical view. – Fig. 32. Profi le view. – Figs 33–34. VER 2020.73.1. – Fig. 33. Apical view. – Fig. 
34. Profi le view. – Figs 35–36. VER 2020.74.1. – Fig. 35. Apical view. – Fig. 36. Profi le view. – 
Figs 37–38. VER 2020.75.1. – Fig. 37. Apical view. – Fig. 38. Profi le view. – Figs 39–40. VER 
2020.76.1. – Fig. 39. Apical view. – Fig. 40. Profi le view. – Figs 41–42. VER 2020.77.1. – Fig. 41. 
Apical view. – Fig. 42. Profi le view. – Figs 43–44. VER 2020.78.1. – Fig. 43. Apical view. – Fig. 44. 
Profi le view. – Figs 45–46. VER 2020.79.1. – Fig. 45. Apical view. – Fig. 46. Profi le view. – Figs 

47–48. VER 2020.80.1. – Figs 49–50. VER 2020.81.1. – Fig. 49. Apical view. – Fig. 50. Profi le 
view. – Figs 51–52. VER 2020.82.1. – Fig. 51. Apical view. – Fig. 52. Profi le view. – Figs 53–54. 
VER 2020.83.1. – Fig. 53. Apical view. – Fig. 54. Profi le view. – Figs 55–56. VER 2020.84.1. – Fig. 

55. Apical view. – Fig. 56. Profi le view. – Figs 57–58. VER 2020.85.1. – Fig. 57. Apical view. – Fig. 
58. Profi le view. Placoid scales of Morphotype 1: Figs 27–36, 49, 50; Morphotype 2: Figs 37–46; 
Morphotype 3: Figs 47, 48, 51–56; Morphotype 4: Figs 57, 58. Scale bars: 26: 5 cm; 27–46, 49–58: 

200 μm; 47: 1 mm; 48: 250 μm
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studies in the past (e.g. De Schutter 2011; Reinecke et al. 2011, 2014; Bor et 
al. 2012; Cappetta 2012), and diff erential tooth characteristics of the two fami-
lies have not been detailed since the work of Stone & Shimada (2019). Except 



M. Szabó64

Fragmenta Palaeontologica Hungarica 36, 2019

for the less-developed and low number of lateral cusplets (usually one pair in 
any teeth of specimen VER 2020.69.1.), the dental characteristics are comparable 
with those of A. vorax (see De Schutter 2011; Bor et al. 2012). Th e notably 
small size of the teeth refers specimen VER 2020.69.1. (and its isolated portions) 
to a juvenile individual, with assumedly less-developed dental characteristics. 
However, two diff erent shark species sharing similar dental characteristics, while 
inhabiting the same environment is highly unlikely from the biological point of 
view (aft er Reinecke et al. 2011: 21), following its ontogenetic stage, an assign-
ment of specimen VER 2020.69.1. (and its isolated portions) to A. vorax would 
be quite hazardous. As both Carchariidae and Odontaspididae are reported from 
St. Margarethen (Schmid et al. 2001; present study), here I fi nd more appropri-

Figs 59–61. Close-up of VER 2020.69.1. between areas I and III, where large portions of the sug-
gested fossilized cartilage tissue is exposed. – Figs 62–65. Scanning electron microscopic pictures 
of isolated pieces of the suggested fossilized cartilage tissue. – Fig. 62. VER 2020.86.1. – Fig. 63. 
VER 2020.88.1. – Fig. 64. VER 2020.89.1. – Fig. 65. VER 2020.90.1. Scale bars: 59–61: 2 mm; 62, 

63: 200 μm; 64: 100 μm; 65: 250 μm
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ate to describe specimen VER 2020.69.1. with all of its isolated portions only as 
Carchariidae indet. or Odontaspididae indet. Diff erences in tooth morphology 
of these two, hardly separable families are not detailed yet, which is beyond the 
scope of the present study.

It is worth mentioning that placoid scales of Morphotype 2 are weakly rem-
iniscent of scales/those of an embrional individual of the Oligocene-Miocene 
species C. gustrowensis (Hovestadt & Hovestadt-Euler 2010, fi g. 6. 68.), in 
having a circular, anteriorly folded crown. Reif (1985) fi gured dermal denticles 
of the extant species Carcharias taurus, but they have a diff erent morphology by 
having much stronger folds on the apical surface, reaching the posterior edge of 
the denticles.

Family Lamnidae Müller et Henle, 1838
Genus Cosmopolitodus Glikman, 1964

Cosmopolitodus hastalis (Agassiz, 1838)
(Figs 66–71)

Referred material – 13 teeth (V.61.917, V.61.925, V.61.1278, V.61.1280, 
V.62.395, V.62.397, V.62.399, V.69.286, V.69.306, V.69.1010, V.69.1038, 
V.69.1092).

Description – Th e crown of upper anterior and anterolateral teeth (Figs 66, 
67) is high, triangular and labiolingually fl attened. Th e labial crown face is fl at, 
while the lingual is weakly convex. Upper lateral teeth have a distally directed 
crown, rapidly widening basally, extending onto the shoulders of the root lobes, 
and sometimes forming a heel in upper distal fi les (see V.62.399, Figs 68, 69). 
Th e short root lobes of upper fi les are weakly pronounced lingual protuberance. 
Lower teeth (Figs 70, 71) have lingually weakly curved, narrow crown (compared 
to upper teeth), the labial crown face is weakly, while the lingual is strongly con-
vex. Th e root of lower fi les is built up of well-separating lobes. Th e crown faces 
and cutting edges of all fi les are smooth. Th e lingual crown-root boundary is 
marked by a narrow dental band in all fi les.

Remarks – Th is species is widespread in the Badenian deposits of the Central 
Paratethys (Szabó & Kocsis 2016, table 2). Following the dental similarities of 
Cosmopolitodus and Carcharodon carcharias, some authors place the species into 
the genus Carcharodon (e.g. Ehret et al. 2012; Trif & Codrea 2017; Kent 
in Godfrey 2018; Maisch et al. 2018). Since the evolutional relationship of 
Cosmopolitodus and Carcharodon is not fully resolved at present, here I follow 
Cappetta (2012), who places species hastalis in genus Cosmopolitodus.
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Figs 66–71. Cosmopolitodus hastalis (Agassiz, 1838). – Fig. 66. Upper anterior tooth, V.69.1010, 
lingual view. – Fig. 67. Upper anterolateral tooth, V.61.1280, lingual view. – Figs 68–69. Upper 
lateral tooth, V.62.399. – Fig. 68. Labial view. – Fig. 69. Close-up of the mesial crown edge of the 
same specimen. – Fig. 70. Lower anterior tooth, V.69.1038, lingual view. – Fig. 71. Lower anterior 
tooth, V.69.306, lingual view. – Fig. 72. Isurus oxyrinchus (Agassiz, 1843), ?lower anterior tooth, 

V.61.915, labial view. Scale bars: 10 mm
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Genus Isurus Rafi nesque, 1810

Isurus oxyrinchus (Agassiz, 1843)
(Fig. 72)

Referred material – 1 tooth (V.61.915).
Description – Th e only tooth referred here is embedded in a piece of Leitha 

Limestone, in labial aspect (Fig. 72). Th e crown is slender and pointed, it slightly 
inclines distally, with a lingual curvature the very tip reclines labially. Both cut-
ting edges are smooth, the mesial is convex, while the distal is nearly straight. 
Th e distal cutting edge does not reach the crown base. Th e root is bilobate and 
slightly asymmetrical, the lobes meet in an acute angle. Based on the preserved 
dental characteristics, specimen V.61.915 is referred as an anterior tooth, most 
likely from the lower dentition (Reinecke et al. 2011, pl. 40 with all fi gurations; 
Cappetta 2012, fi g. 203H, I).

Remarks – Purdy et al. (2001) noted that I. desori should be considered as 
junior synonym of I. oxyrinchus. Bor et al. (2012: 34) also suggest that there is no 
suffi  cient diff erence between Miocene teeth of the “desori” morphotype and teeth 
of extant I. oxyrinchus, which would support handling them under separate names. 
When treating the two species as synonyms, it can be concluded that I. oxyrin-
chus was widely distributed in the Central Paratethys during the Early and Middle 
Miocene (Radwański 1965; Schultz 1971; Holec et al. 1995; Kocsis 2007).

Lamnidae indet.

Referred material – 9 teeth (V.61.914, V.61.924, V.61.927, V.61.928, V.62.397, 
V.62.402, V.63.412, V.69.1057, V.69.1092).

Description – A few rootless and/or broken crowns and incomplete root re-
mains, similar to those of C. hastalis and I. oxyrinchus are referred here. However, 
due to their poor preservation their assignment to any lamnid at St. Margarethen 
would be uncertain.

Family Otodontidae Glikman, 1964
Genus Otodus Agassiz, 1838

Subgenus Megaselachus Glikman, 1964

Otodus (Megaselachus) megalodon (Agassiz, 1835)
(Figs 73–78)

Referred material – 8 teeth (V.60.1741, V.61.940, V.61.944, V.61.1278, V.61.1282).
Description – Th e teeth are large and massive. Th e crown is triangular, both 

crown faces are smooth. Th e labial crown face is fl at, while the lingual is convex. 
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Figs 73–78. Otodus (Megaselachus) megalodon (Agassiz, 1835), upper anterior tooth, V.60.1741. – 
Fig. 73. Labial view. – Fig. 74. Profi le view. – Figs 75–78. Close-up of the mesial and distal crown 
bases, showing the pathological deformity. – Figs 75–76. Labial view. – Figs 77–78. Profi le view. 

Scale bars: Figs 73–74: 10 cm; Figs 75–78: 10 mm
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Both cutting edges bear strong, regular serrations. Th e root-crown junction bears 
a well-developed and high, V-shaped chevron (= “neck”) on the lingual crown 
face. Th e root is bilobate, the lobes are equal in size. Th e most complete specimen 
(V.60.1741) is embedded in a piece of limestone in labial aspect (Figs 73, 74). Th is 
tooth shows a pathological deformity: the distal and mesial cutting edge undu-
lates at the crown base (Figs 75–78).

Remarks – Here I follow the system of Cappetta (2012), however, his di-
vision of Otodus into subgenera Otodus, Carcharocles, and Megaselachus is not 
further supported by some authors (e.g. Bor et al. 2012). Otodus (Megaselachus) 
megalodon is the largest macropredatory shark ever lived. It was previously re-
ported from St. Margarethen by Schmid et al. (2001). Th e species is widely 
known from the Badenian of the Central Paratethys (Szabó & Kocsis 2016, ta-
ble 2). Schultz (1971, pl. 3, fi g 17a, b) fi gures a tooth of Otodus (Megaselachus) 
megalodon with a pathological deformity similar to that of specimen V 60.1741.

Order Carcharhiniformes Compagno, 1973
Family Hemigaleidae Hasse, 1879
Genus Hemipristis Agassiz, 1835

Hemipristis serra Agassiz, 1835
(Figs 79, 80)

Referred material – 3 teeth (V.61.937, V.62.405, V.63.480).
Description – Specimens V.61.937 and V.62.405 are embedded in a piece of 

limestone matrix in labial aspect (Figs 79, 80). All of the here referred teeth have 
similar morphology. Th e crown is triangular, and distally inclined. Both cutting 
edges are coarsely serrated. Th e root is bilobate, the lobes are well-separated, 
with angled extremities. Th is morphology refers the teeth as upper fi les.

Remarks – Th e species is also widely reported from the Badenian deposits of 
the Central Paratethys (Szabó & Kocsis 2016, table 2). Th e genus is represented 
by a single extant species H. elongata, distributed in the Indo-West Pacifi c (Ebert 
et al. 2013).

Family Carcharhinidae Jordan et Evermann, 1896
Genus Galeocerdo Müller et Henle, 1838

Galeocerdo aduncus (Agassiz, 1835)
(Figs 81–85)

Referred material – 8 teeth (V.61.924, V.61.1281, V.69.1066, V.69.1089, 
V.69.1096).
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Description – Both faces of the crown are smooth, the labial one is fl at, while 
the lingual is convex. Th e convex mesial cutting edge bears slightly irregular ser-
rations varying between fi ne and uniform. Th e straight to weakly convex distal 
cutting edge is shorter than the mesial edge, and fi nely serrated. A distal crown 
heel is present, which is separated from the distal cutting edge by a deep notch. 
Th e heel is convex in labial (and lingual) view, it declines to the distal crown mar-
gin. Th e root is apicobasally low and mesiodistally wide, the root lobes meet in an 
obtuse angle forming a weak lingual protuberance.

Remarks – Th is extinct tiger shark species is widely reported from the 
Badenian of the Central Paratethys (Szabó & Kocsis 2016, table 2).

Genus Carcharhinus Blainville, 1816

Carcharhinus priscus (Agassiz, 1843)
(Figs 86–89)

Referred material – 8 teeth (V.61.916, V.61.934, V.61.941, V.61.1279, V.63.482, 
V.63.483, V.69.883).

Description – A strong dignathic heterodonty is characteristic for the spe-
cies. Upper teeth (Figs 86, 87) have triangular, labiolingually fl attened crown 
with fl at labial, and weakly convex lingual face. Th e cutting edges are serrated, 
they continue to the root lobes, forming serrated heels both mesially and distally. 
Th e root is mesiodistally wide, the lobes meet in an obtuse angle. Lower teeth 
(Figs 88, 89) have slender, upright cusp. Th e cutting edges and the heels are en-
tire and smooth. Th e root is laterally expanded, the lobes are symmetrical with 
rounded extremities. Th e lingual protuberance bears a nutrient groove in all fi les.

Remarks – C. priscus is also widely reported from the Badenian of the Central 
Paratethys (Szabó & Kocsis 2016, table 2). Th is species has likely evolved from 
the Early Oligocene C. elongatus or the Late Oligocene C. gibbesi (Bor et al. 2012, 
and references therein).

Carcharhinidae indet.
(Figs 90, 91)

Referred material – 1 vertebra (V.63.478).
Description – A single centrum, showing diagnostic features of those of 

Carcharhinidae (Kozuch & Fitzgerald 1989) is discussed here. Some por-
tions around the edges are missing, the overall surface seems to be a bit eroded, 
and therefore no pores are visible on the sides. Th e concave articular surface 
shows circular annuli (Fig. 90). Th e dorsal foramina are oval, they do not extend 
the rims of the centrum (Fig. 91).
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Figs 79–80. Hemipristis serra Agassiz, 1835. – Fig. 79. Upper tooth, V.62.405, labial view. – Fig. 

80. Upper tooth, V.61.937, labial view. – Figs 81–85. Galeocerdo aduncus (Agassiz, 1835). – Figs 

81–82. V.61.924. – Fig. 81. Lingual view. – Fig. 82. Labial view. – Fig. 83. V.69.1096, labial view. – 
Fig. 84. V.61.924, labial view. – Fig. 85. V.69.1096, labial view. – Figs 86–89. Carcharhinus priscus 
(Agassiz, 1843). – Fig. 86. Upper tooth, V.61.1279, lingual view. – Fig. 87. Upper tooth, V.69.883, 
labial view. – Fig. 88. Lower tooth, V.61.926, labial view. – Fig. 89. Lower tooth, V.61.941, labial 
view. – Figs 90–91. Carcharhinidae indet., vertebra, V.63.478. – Fig. 90. Articular view. – Fig. 91. 

Dorsal view. Scale bars: Figs 79–85, 90–91: 10 mm; Figs 86–89: 5 mm
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Remarks – Similar carcharhinid centra have been reported by Purdy et al. 
(2001, fi g. 52e, f ), Bor et al. (2012, pl. 57, fi gs 1, 2, 6), Szabó et al. (2017, fi g. 8k-
n) and Szabó & Kocsis (2020, pl. 10, fi gs 1–12). Due to the lack of characters, it 
is undefi nable, whether this centrum belongs to G. aduncus or C. priscus, and it is 
identifi ed here only as Carcharhinidae indet.

Order Myliobatiformes Compagno, 1973
Family Myliobatidae Bonaparte, 1838

Genus Aetobatus Blainville, 1816

Aetobatus arcuatus (Agassiz, 1843)
(Figs 92–95)

Referred material – 10 teeth (V.61.913, V.61.936, V.63.671).
Description – Only lower teeth are known in the HNHM collection. Lower 

teeth of A. arcuatus are of crescent shape, with distally curved lateral edges. Th e 
crown is low and straight with smooth occlusal surface. Th e crown is separated 

Figs 92–95. Aetobatus arcuatus (Agassiz, 1843). – Figs 92–93. Lower tooth, V.63.671. – Fig. 92. 
Apical view. – Fig. 93. Basal view. – Fig. 94. Lower tooth, V.61.913, apical view. – Fig. 95. Th ree 

associable teeth of a lower tooth plate, V.61.936, ?basal view. Scale bars: 10 mm
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from the root by a lingual bulge. Th e root is lingually shift ed, it is built up by long, 
distally inclined laminae (Figs 92–94). Specimen V.61.936 is a partial upper den-
tition, consisting of at least 3 teeth (Fig. 95).

Remarks – Dentition of genus Aetobatus consists of a single row of teeth, in 
a conveyor-like, horizontal arrangement both in the upper and lower jaw (Bor 
et al. 2012; Hovestadt & Hovestadt-Euler 2013). Fossil species A. arcuatus 
is widely known from the Badenian Central Paratethys (Szabó & Kocsis 2016, 
table 2).

Osteichthyans

A large piece of laminated marly Leitha Limestone is inventoried as Clypea 
haidingeri Heckel, 1850 (V.61.1277, Figs 96–97). Th e marly plate includes im-
prints and bony portions of the skeletons of three individuals, preserved in lat-
eral aspect. Two of them have the skull preserved, however, both require further 
preparation.

Th e holotype specimen of Caranx boeckii (originally described as Caranx 
böckhi by Gorjanović-Kramberger 1902) is described from St. Margarethen. 
Th e fi sh is preserved in two pieces of laminated marl as part and counterpart 
(V.69.244 and V.69.277, Figs 98–99). It is noteworthy that Pálfy et al. (2008) as-
signed only specimen V.69.244 to the type material. Th e fi sh is of good condition, 
however, a careful preparation of the specimen could reveal further anatomical 
details, helping to verify the validity of C. boeckii, which is beyond the scope of 
the present study. V.62.406 (not fi gured) is also referred to C. boeckii, however, 
this assignment seems to be questionable, considering the relatively poor preser-
vation of the specimen.

A pharyngeal tooth plate is referable to an indeterminate Labridae (V.62.407, 
Figs 100–101). Th e plate is sitting in a piece of Leitha Limestone, and is of trian-
gular outline in occlusal view. It bears low, circular to oval crushing teeth, among 
which the largest ones are positioned in the mediolateral midline. Schultz 
(2013, pl. 69, fi gs 3a, b) fi gured a pharyngeal plate similar to V.62.407, which was 
found at St. Margarethen, and was referred to as Labridae indet.

A fragmentary left  premaxillary bone is assigned to Sparus umbonatus 
(Münster, 1846) (V.62.407, Fig. 102). Th e tooth bearing portion is of triangular 
shape, it has more than 20 tooth bases but only one in situ tooth preserved. A tooth 
position corresponding to an enlarged, posterior molariform tooth, characteristic 
for S. umbonatus is clearly visible. Schultz et al. (2010, pl. 3, fi g. 11) fi gured a 
comparable premaxillary of S. umbonatus from the Middle Miocene of Kienberg 
(Czech Republic). Th e species has been previously reported from St. Margarethen 
by Schmid et al. (2001, pl. 8, fi g. 1) and Schultz (2013, pl. 68, fi g. 1).
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A fragmentary premaxillary (V.62.393, Figs 103, 104), diff erent from 
V.62.407 in being more slender and showing relatively larger tooth bases is as-
signed to an indeterminate sparid. Fourteen tooth positions are preserved, two 

Figs 96–97. Clypea haidingeri Heckel, 1850. – Fig. 96. V.61.1277. – Fig. 97. Close-up of one of 
the exposed fi sh individuals in the same specimen. – Figs 98–99. Caranx boeckii Gorjanović-
Kramberger, 1902 (holotype). – Fig. 98. V.69.244. – Fig. 99. V.69.277, counter-part. Scale bars: 

Fig. 96: 5 cm; Fig. 97: 10 mm; Figs 98–99: 10 cm
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Figs 100–101. Labridae indet. pharyngeal tooth plate, V.62.407. – Fig. 100. Occlusal view. – 
Fig. 101. Posterior view. – Fig. 102. Sparus umbonatus (Münster, 1846), premaxillary, V.62.407, 
medial view. – Figs 103–109. Sparidae indet. remains. – Figs 103–104. Fragmentary premaxil-
lary, V.62.393. – Fig. 103. Medial view. – Fig. 104. Lateral view. – Fig. 105. Caniniform tooth, 
V.69.1088, profi le view. – Figs 106–107. Molariform tooth, V.62.413. – Fig. 106. Occlusal view. – 
Fig. 107. Profi le view. – Figs 108, 109. Molariform teeth, both V.63.481, occlusal view. – Fig. 110. 
Osteichthyes indet. partial skeleton, V.61.1276, lateral view. Scale bars: Figs 100–101, 106–109: 5 

mm; Figs 102–104: 10 mm; Fig.105: 3 mm; Fig. 110: 10 cm



M. Szabó76

Fragmenta Palaeontologica Hungarica 36, 2019

with a tooth inside. Although this bone is very similar to premaxillary of Pagrus 
cinctus (Agassiz, 1839), a species widely abundant in the Miocene of Europe, it 
is too incomplete for a more certain identifi cation. Isolated caniniform and mo-
lariform teeth of sparids, some are embedded in a piece of Leitha Limestone, are 
also housed in the HNHM collection. Caniniform teeth are of anterior position, 
with conical morphology (Fig. 105), while molariforms are placed more posteri-
orly, and are oval to circular in occlusal view (Figs 106–109). Due to their simi-
lar morphology, isolated teeth of sparid fi shes are hard to distinguish at lower 
taxonomic level.

A large-sized, partial skeleton is referred to an indeterminate osteichthyan 
(V.61.1276, Fig. 110). Th e fi sh is mostly preserved as imprint only; therefore, a 
closer identifi cation is not attempted.

HISTORICAL CONTRIBUTIONS

Th e Hungarian Natural History Museum, as part of the Hungarian National 
Museum at that time, was hit by artillery fi re in the October of 1956. Th e value of 
the departmental damages is barely calculable, since the fl ames ate up a signifi -
cant per cent of the inventory books and index cards, not to mention that some 
losses are scientifi cally invaluable, since the destroyed fossil material contained 
many type specimens (Boros 1957, Kecskeméti 2016). Th e fact, that at least a 
part of the St. Margarethen material had already been in the HNHM collection 
long before the revolution (see below), and they survived both the fi re and the 
moving of the museum collection aft er the tragedy, makes this material an ex-
tremely important part of the HNHM palaeontological collection from the sci-
entifi c historical point of view. Intensive investigations of this material through 
more than one and a half centuries add new data to our knowledge on the Middle 
Miocene (Badenian) St. Margarethen fi sh fauna.

DISCUSSION

Schmid et al. (2001) reported the following chondrichthyans from the 
Kummer quarry at St. Margarethen: Carcharias acutissimus, Keasius parvus, 
Carcharhinus priscus, Pristis sp., Dasyatoidea or Myliobatoidea, and Aetobatus 
arcuatus from the Unit I (laminated marl facies); Araloselachus cuspidatus, Otodus 
(Megaselachus) megalodon, Keasius parvus, Galeocerdo aduncus, Dasyatoidea 
or Myliobatoidea, and Aetobatus arcuatus from Unit II (rudstones). Later 
Schultz (2013) added further faunal data, as he listed Myliobatiformes indet., 
Myliobatidae or Rhinopteridae indet. as well. However, the St. Margarethen 
chondrichthyan material of the HNHM collection represents taxa typical for the 



Middle Miocene chondrichthyan and osteichthyan remains fr om Austria 77

Fragmenta Palaeontologica Hungarica 36, 2019

Fig. 111. Old vitrine showing collection specimens of the Hungarian National Museum (modi-
fi ed aft er Nagy et al. 1902), with the picture of Otodus (Megaselachus) megalodon tooth, V.60.1741, 
enlarged; note that specimens V.61.1277 (C. haidingeri) and V.61.276 (Osteichthyes indet.) are also 
exhibited in the vitrine. Fig. 112. Otodus (Megaselachus) megalodon tooth specimen, V.60.1741, 
as part of the permanent palaeontological exhibition of the Hungarian Natural History Museum 

(picture by the author, 2019)
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Badenian of the Central Paratethys, yet, some of them have never been reported 
from the locality before, and some reported forms of Schmid et al. (2001), e.g. 
A. cuspidatus might be worth a revision (see A. vorax in Systematic Palaeontology 
of the present study).

Although a large number of fi sh fossils from the vicinity of St. Margarethen 
are housed in the collection of the Naturhistorisches Museum in Vienna (Wien, 
Austria), up to now, such complete, partially articulated remains of chondrich-
thyans as specimen VER 2020.69.1. (and its isolated portions) have been un-
known from the St. Margarethen quarries. It is worth mentioning that associated 
elements of cartilaginous fi shes, including associable gill rakers of Keasius parvus 
and a fragmentary portion of the skin of Pristis sp. with in situ denticles have 
been found (Schmid et al. 2001; Schultz 2013; Carnevale pers. comm.).

Th e importance of the specimen is further increased by the presence of the 
four morphotypes of associable placoid scales and by the portions of the possible 
cartilage, possibly that of a jaw arch. Th e separated occurrence and the large dif-
ferences of the morphotypes further demonstrate that placoid scales of sharks 
are morphologically very diverse according to the location on skin, includ-
ing the oral cavity (aft er Reif 1985; Atkinson & Collin 2012; Chernova 
& Vorob’eva 2012; Ciena et al. 2015;). As the sculpture of dermal denticle 
crowns is taxon specifi c in some extant forms (Chernova & Vorob’eva 2012), 
the diagnostic value of specimen VER 2020.69.1. and its belonging parts is of 
great importance. However, the question, whether the placoid scale morpho-
types of specimen VER 2020.69.1. represent both dermal and oral denticles, 
remains unsolved. Th e discussion of this question is beyond the scope of the 
present paper, but could be a basis for a future study, as oral and dermal denti-
cles have diff erent function.

Solt (1988) described articulated vertebrae and associable jaw and 
tooth remains of C. divergens from the early Oligocene (Kiscellian) Tard Clay 
Formation of the Csillaghegy brickyard (Budapest, Hungary). However, of 
this material, Solt (1988) reported “skin remains” preserved, which seem to 
be portions of mosaic cartilage tissue (pers. obs. 2018). Th is fossil, now housed 
in the vertebrate fossil collection of the Mining and Geological Survey of 
Hungary (Budapest), represents the fi rst articulated shark fossil described from 
the Carpathian Basin. Th e fact that specimen VER 2020.69.1. and its isolated 
portions represent the second (belonging to the same shark family), further 
highlights the importance of this specimen. It is noteworthy that Marramà 
et al. (2019) described the rajiform species Ostarriraja parva based on a nearly 
complete, articulated skeleton from the Early Miocene of Rainbach im Innkreis 
(Upper Austria; Central Paratethys).
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An Otodus (Megaselachus) megalodon tooth specimen V.60.1741 is the larg-
est tooth in the HNHM vertebrate palaeontological collection, belonging to 
this species. It was fi rst fi gured in 1902 (together with V.61.1277 [C. haidingeri], 
and V.61.276 [indeterminate osteichthyan]; see Fig. 111), in a short guidebook 
(Nagy et al. 1902) presenting the mineralogical and palaeontological collection 
(in 1902 the Hungarian Natural History Museum was the part of Hungarian 
National Museum), and proving that this tooth has been housed in the collec-
tion for at least 118 years. Because of its impressive size and exceptionally good 
condition, this tooth is currently the part of the permanent palaeontological 
exhibition of the HNHM (Fig. 112).

However, the St. Margarethen bony fi sh fossils of the HNHM vertebrate 
palaeontological collection are only shortly mentioned here. As these include 
the holotype of Caranx boeckii, a species requiring a revision, this part of the 
collection is of great importance. A detailed elaboration of these fi sh fossils may 
be a part of a future study.

Th e importance of the revision of further sections of the HNHM verte-
brate palaeontological collections is emphasized. A large number of specimens 
from the Miocene of Fertőrákos (Hungary), Felsőesztergály (Horné Strháre, 
Slovakia), and Dévényújfalu (Devínska Nová Ves, Slovakia) are also housed in 
the HNHM collection. As the vertebrate fauna of these localities is not, poorly 
or incompletely documented, or the related taxonomic literature is worth a re-
vision by the account of its age (Koch 1903; Kordos & Solt 1984; Holec 
2001), these HNHM materials are credited with a great signifi cance in case of 
related studies in the future.
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