
49

Fossils from the Upper Miocene (Pannonian) 
sands of the Pécsvárad sand pit 
(Eastern Mecsek Mts., SW Hungary) 
 
KRISZTINA SEBE1      , MÁRTON SZABÓ2       , ZOLTÁN SZENTESI2       , 
LUCA PANDOLFI3       , NOÉMI JANKÓ4 & IMRE MAGYAR1,2,5 

GEOLOŠKI ANALI BALKANSKOGA POLUOSTRVA 
Volume 85 (1), July 2024, 49–71 

– 
https://doi.org/10.2298/GABP240228007S 

Original scientific paper 
Оригинални научни рад

1HUN-REN–MTM–ELTE Research Group for Paleontology, 1083 Budapest, Ludovika tér 2., Hungary; E-mail: 
sebekrisztina.geo@gmail.com 
2Department of Palaeontology and Geology, Hungarian Natural History Museum, 1083 Budapest, Ludovika tér 2–6, Hun-
gary; E-mail: szabo.marton.pisces@gmail.com, szentesi.zoltan@nhmus.hu 
3Dipartimento di Scienze, Università della Basilicata, Via dell’Ateneo Lucano, 10, 85100 Potenza, Italy; E-mail:  
luca.pandolfi@unibas.it 
4University of Pécs, 7624 Pécs, Ifjúság ú. 6., Hungary; E-mail: janko.noemi11@gmail.com 
5MOL Hungarian Oil and Gas Plc., 1117 Budapest, Dombóvári u. 28, Hungary; E-mail: immagyar@mol.hu   

Key words: 
Lake Pannon, 
Central Paratethys, Mecsek 
Mountains, mixed assemblage,  
basin inversion 

Апстракт. Планине Mecsek у ЈЗ Мађарској представљају издигнути 
подински блок Панонског басена. Њихов неогенски покривач обухвата 
наслаге како из средњомиоценског Централног Паратетиса, тако и из 

Abstract. The Mecsek Mountains in SW Hungary represent an uplifted base‐
ment block of the Pannonian Basin. Their Neogene cover includes deposits 
both from the Middle Miocene Central Paratethys and from its Late Miocene 
(Pannonian) brackish‐water descendant, Lake Pannon. Along the mountain 
front, the Pannonian sands of the Pécsvárad sand pit contain a mixed vertebrate 
fossil assemblage, which gives insight into terrestrial and aquatic biota during 
various time intervals of the Miocene. 
The fossil‐bearing sands accumulated between 7.6–6.8 Ma, in a high‐energy 
littoral setting of Lake Pannon, as indicated by the mollusc remains. The 
verte brate fossil assemblage is relatively diverse compared to the number of 
finds. The most abundant group, aquatic mammals, encompasses a minimum 
of four odontocete species and a few mysticete taxa, which originally lived in 
the Para tethys during the Badenian and the Sarmatian. Rhinocerotid remains 
are reworked from sediments aged somewhere between the Karpatian and 
earliest Pannonian. The single shark tooth must be Badenian, and the scombrid 
fishes probably also date back to that age. Fossils of other fishes (sparids, latids 
and acipenserids), giant salamanders, turtles, crocodilians and cervids might 
originate from older Miocene deposits but can be coeval with the host sands 
as well. Tapirs and giraffids must have lived on the lakeshores of Lake Pannon, 
probably contemporaneously with sand deposition or not much earlier. The  
erosion, enrichment and mixing of the fauna is a result of the uplift and  
denudation of the Mecsek Mountains during Lake Pannon sedimentation, 
caused by neotectonic basin inversion. This example shows that in spite of the 
uncertainties in the dating of some fossils, mixed faunas can provide important 
data on the evolution history of an area. 
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Introduction 
 

The Mecsek Mountains in SW Hungary represent 
an uplifted basement block of the Pannonian Basin, 
built up of upper Paleozoic and Mesozoic rocks. 
Their Neogene cover includes deposits both from the 
Middle Miocene Central Paratethys and from its Late 
Miocene brackish‐water descendant, Lake Pannon. 
Upper Miocene (Pannonian in the Central Paratethys 
regional stratigraphy) limonitic sands are typical 
marginal deposits of Lake Pannon and occur all along 
the margin of the mountains. At some loca lities, like 
Pécs‐Danitzpuszta (SEBE et al., 2021a) or Himesháza 
(BUDAI et al., 2019), they contain a mixed vertebrate 
assemblage, produced by the erosion of fossils from 
various older Miocene units and their redeposition 
together with the Late Miocene fauna. A common 
feature of these exposures is that coastal processes 
of Lake Pannon winnowed the reworked material of 
older Miocene sediments and enriched the fossil 
content (SZABÓ et al., 2021; BOTFALVAI et al., 2023); it 
is thus possible to obtain more fossils from various 
time intervals of the Miocene at these sites than by 
investigating the in situ Lower or Middle Mio cene 

sediments. The sand pit of Pécsvárad is one of these 
localities, with a not especially abundant but relatively 
diverse vertebrate assemblage, collected mostly 
recently. Here we give a brief presentation and eva‐
luation of the Pécsvárad fauna. 
 
 
Study area 
 

The active sand pit, traditionally called „market ‐
place sand pit” [46°08’23.2”N 18°24’05.4”E], lies 
SW of the town Pécsvárad, at the SE margin of the 
Mecsek Mts. (Fig. 1). It covers an area of ~300×400 m 
with a depth of ~35 m. It exploits feldspar‐bearing 
sands for industrial utilization, e.g. to produce fine 
ceramics. 

The exposed sand is brownish yellow, limonitic, 
dominantly medium to coarse‐grained, with pebbles. 
It is ~60 m thick as indicated by boreholes (KLESPITZ, 
2009). At the lowest level of the sand pit, the sand 
is cemented by carbonate into irregular sandstone  
bodies. Gravel in the sand occurs scattered or as gravel 
seams. Clast material is quartz, chert, limestone and 
marl, originating from the Jurassic and Miocene 

касномиоценског (панонског) бочатног језера Панон. Дуж планинског 
фронта, панонски песак Pécsvárad пешчаре садржи мешовиту фосилну 
заједницу кичмењака, која даје увид у копнене и водене животињске 
врсте током различитих временских интервала миоцена. 
Фосилоносни песак акумулиран је пре 7,6–6,8 милиона година, у високо ‐
енергетском литоралном окружењу Панонског језера, на шта указују 
остаци мекушаца. Фосилна заједница кичмењака је релативно разноли ‐
ка у поређењу са бројем пронађених фосила. Најраспрострањенија група 
водених сисара, обухвата најмање четири врсте одонтоцета и неколико 
таксона мистицета, који су првобитно живели у Паратетису током 
бадена и сармата. Остаци носорога су преталожени из седимената 
карпатске и најраније панонске старости. Један зуб ајкуле је сигурне 
баденске старости, а рибе из фамилије скуша такође, вероватно датирају 
из тог периода. Фосили других риба (спарида, латида и аципенсерида), 
џиновских даждевњака, корњача, крокодила и јелена могу потицати из 
старијих миоценских наслага, али могу бити и синхрони са песковитим 
наслагама. Тапири и жирафе су сигурно живели на обалама Панонског 
језера, вероватно истовремено кад су и таложене наслаге песка, али не 
много раније. Ерозија, приношење и мешање фауне резултат је издизања 
и денудационих процеса на планинама Mecsek током седиментационих 
процеса у Панонском језеру, изазваних неотектонском инверзијом басе ‐
на. Овај пример показује да упркос несигурности у одредби старости 
неких фосила, мешовита фауна може пружити важне податке о еволу ‐
цији неког подручја.

Кључне речи: 
Панонско језеро, Централни 
Паратетис, планине Mecsek, 
мешовитa фосилна заједница, 
инверзија басена
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rocks of the immediate background, but also sand, 
silt and limonitic concretions produced by the 
reworking of Pannonian sediments. According to 
the studies of KLEB (1973), the source of the coarse 
sand is Carboni ferous granite and to some extent 
Miocene sedi ments (Lower Miocene Szászvár Fm. 
and Lower–Middle Miocene Budafa Fm.) based on 
the high  feldspar content and the heavy mineral 
assemblage. Limonite typically follows the (hardly 
identifiable) bedding, except for the upper southern 
part of the sand pit, where limonitic bands crosscut 
layering and dip to the north. Though lignite seams 

and blocks were reported from the sand pit (KLEB, 
1973), field observations showed that the brownish 
bands and spots are caused by limonite and not by 
lignite. While the boundary of the sands with the  
underlying offshore calcareous marls is roughly  
horizontal (KLESPITZ, 2009), bedding dip in the sands 
ranges from a few degrees up to 20° to the SE (Fig. 2). 
The coarse grain size and the dip angles of the sand 
refer to a high‐energy, littoral depositional  
environment. Because of its local origin, the succession 
is stratigraphically classified into the Kálla Member 
of the Békés Fm. 

Fig. 1. Location of the Pécsvárad sand pit. Geological map modified from HETÉNYI et al. (1982). Satellite image from GoogleEarth, taken 
on 23.06.2021. 

Fig. 2. Coarse sands in the SW wall of the Pécsvárad sand pit. 
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The limonitic sands are overlain by 2 m of fine‐ to 
medium‐grained, grey‐brown sands, with coarse 
sand and gravel interbeds, containing reworked 
Lymnocardium fossils as well. Its varied sedimen‐ 
tary features – cross‐bedding, cross‐lamination, 
channel fills – still refer to littoral conditions. After 
an unconformity, the succession is draped by Quater‐
nary alluvial gravel, loess and reddish paleosol. 

The roughly horizontal boundary of the sands 
with the underlying calcareous marls indicates that 
most of the sand body has not experienced significant 
tectonic tilting, and therefore the bedding dips ob ‐
served in the sands are primary bedding orientations. 
Tectonic features, namely reverse faults probably 
with a horizontal component and related folds, have 
only been observed in the northernmost part of the 
sand pit (KONRÁD & SEBE, 2010) and can be linked to 
the activity of the boundary fault of the mountains. 

The sands contain abundant mollusc fossils, 
mostly imprints. In his work on molluscs, SÜMEGHY 
(1939) mentioned Pécsvárad but did not provide a 
faunal list for the locality, only a summarised one for 
the entire southern foreland of the Mecsek Mts. The 
comprehensive book of KLEB (1973) and the thesis 
work of SZÖLLŐSY (1994) reported the mollusc fauna 
of the sands, the latter also from the continuation of 
the sand pit on the opposite, southern side of the 
main road number 6. They inferred a littoral sedi‐
mentary environment and a late Pannonian age 
from the molluscs. 

Although it has long been known that from time 
to time vertebrate fossils are revealed at the sand 
pit, so far no systematic collecting activity has been 
carried out targeting this group. The majority of 
sporadic vertebrate finds deposited in museums or 
owned by private collectors have not been classified 
taxonomically yet. Consequently, the fossil fauna of 
the locality is poorly known. According to KAZÁR 
(2003), reworked fossils of marine vertebrates, pre‐
dominantly shark and bony fish teeth, had been 
found in the sand pit. 

This paper aims to provide an overview of the 
fauna found in the sand pit in order to create a basis 
for possible later detailed studies. For this reason, 
we do not provide a systematic palaeontological 
section. The fossils are compared to relevant species 
or groups already reported from the Mecsek region 

or – if the latter is absent – from the Central Para‐
tethys basin. 
 
 
Methods 
 

In the field, fossils were collected during several 
visits to the sand pit. We paid special attention to 
the >4 mm sized residue left after industrial sieving 
of the sands. Besides looking for vertebrate remains, 
molluscs were targets of the collecting campaigns as 
well. In the next phase, we surveyed the fossils stored 
at museums (Janus Pannonius Museum, Pécs (JPM); 
József Attila City Library and Museum Collection, 
Komló; Hungarian Natural History Museum (HNHM), 
Budapest; and Supervisory Authority of Regulatory 
Affairs (SARA), Geological Directorate, Budapest) 
and in private collections. Unfortunately, some items 
in the inventory of the JPM seem to have been lost, 
probably during the renovation and relocation of 
the museum in 2023, so these were unavailable for 
study. Private collectors who provided fossils for 
investigation were Mihály Pasin, an employee of the 
KŐKA Kő‐és Kavicsbányászati Kft. operating the 
Pécsvárad sand pit, and László Kanizsai, Károly Kübler 
and Arnold Kübler from Komló. Máté Gregorits 
(University of Szeged) offered his collection for 
study and inclusion in a museum collection. This 
was deposited together with the fossils collected as 
part of this project at the Hungarian Natural History 
Museum in Budapest. The inventory numbers of the 
specimens discussed in the manuscript are given  
together with the description of the specimen. The 
newly inventoried but here not presented material 
of the locality is the following: INV 2024.1. to INV 
2024.7: Late Miocene molluscs; HNHM VER 
2024.185: Testudines indet. plastron fragment; 
HNHM VER 2024.186: Testudines indet. shell 
fragment; HNHM VER 2024.187: Testudines indet. 
?humerus fragment. 
 
 
The fossil assemblage 
 

Except for the Upper Miocene molluscs, other 
fossils occur sporadically. Vertebrate remains are 
disarticulated, often worn and/or broken due to 
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redeposition. Compared to the number of finds, the  
verte brate fauna is relatively diverse and includes 
both aquatic and terrestrial vertebrates. Here we 
present the important representatives of the fossil 
assem blage. 
 
Invertebrates 
 
Late Miocene molluscs 
 

The limonitic sands contain abundant mollusc 
fossils that are coeval with the sands. They often 
occur as shell beds, but also as in situ specimens 
(Fig. 3). The aragonitic shell material was completely 
dissolved, and only moulds and imprints were 
preserved. 

János Böckh first collected fossils in the Pécsvárad 
sandpit in 1874 and identified two dreissenid spe‐
cies, Congeria partschi and C. triangularis (BÖCKH, 

1876). His specimens, reposited in the paleonto ‐
logical collection of the Royal Hungarian Geological 
Insti tute, are still available for study at SARA. His  
“C. partschi” moulds (# Pl.4213) can be determined 
as Congeria sp., whereas his “C. triangularis” speci‐
mens (#Pl.4212) as C. cf. triangularis and C. cf. 
ungula caprae.   

KLEB (1973, p. 800) listed 7 species from Pécsvárad: 
Congeria balatonica, C. rhomboidea, C. triangularis, 
C. ungulacaprae, C. sharpei, Lymnocardium schmidti 
and L. haueri, but only C. ungulacaprae, C. balatonica 
and L. schmidti were documented with illustra tions. 

SZÖLLŐSY (1994) identified 5 species: Dreissena 
auricularis, Congeria balatonica, C. croatica, Lymno‑
cardium schmidti and L. dumicici. Of these forms, 
C. balatonica and L. dumicici were documented with 

photographs (although the diagnostic features of 
the species  cannot be observed in the pictures).  

In 2014 and 2018, we collected the following 
species: Dreissena auricularis (Fig. 4e), Congeria 
balatonica (Fig. 4d), C. cf. ungulacaprae, Lymno ‑
cardium schmidti (Fig. 4c), L. hungaricum (Fig. 4a, 
b), „Pontalmyra” budmani (Fig. 4f, g), Pseudocatillus 
simplex (Fuchs), various unidentifiable Lymno ‐
cardiinae species and Zagrabica sp.  

Fig. 3. Molluscs in the coarse sand, as shell beds (A–B) and preserved in situ (C; Lymnocardium schmidti). 

Fig. 4. Lake Pannon cockles and dreissenids from the Pécsvárad 
sandpit. A, B: L. hungaricum (HÖRNES); C: Lymnocardium schmidti 
(HÖRNES); D: Congeria balatonica PARTSCH; E: Dreissena auricularis 
(FUCHS); F, G: „Pontalmyra” budmani (BRUSINA). Scale bars: 
1 cm 



KRISZTINA SEBE, MÁRTON SZABÓ, ZOLTÁN SZENTESI, LUCA PANDOLFI, NOÉMI JANKÓ & IMRE MAGYAR

Geol. an. Balk. poluos., 2024, 85 (1), 49–7154

1

Other invertebrates 
 

The sands contain invertebrate fossils that are 
obviously older and reworked. Heavily worn belem‐
nite rostra as well as crionid ossicles and stem frag‐
ments originate from the Jurassic sediments.  
 
Fishes 
 

The unearthed Pécsvárad fish fauna is composed 
of both chondrichthyans and osteichthyans. The 
only Pécsvárad shark tooth is worn and fragmen‐
tary (SARA collection, V 2024.8.1; Fig. 5 A). The 
branches of the root (with possible cusplets) are 
missing. The crown is slender, pointed, and  
labiolingually flattened. Both the labial and the 
lingual face are smooth, striations are absent (how ‐
ever, this could be in connection with the wear of 
the tooth). The cutting edges show no signs of serra ‐
tions. The crown is labiolingually straight, while 
slightly bending distally. These features indicate that 
the specimen represents an upper lateral tooth of 
an odontaspid shark. 

Characteristic scutes housed in private (Fig. 5 B, 
C) and museum collections (HNHM VER 2024.167., 
not figured) are referred to Acipenseridae. Among 
acipenseriform fishes, members of the family 
Acipenseridae typically possess longitudinal rows 
of scutes (arranged in dorsal, lateral and ventral 
rows), variable in size and shape. On their outer sur‐
face, these bony plates exhibit intricate ornamenta‐
tion characterized by irregular, honeycomb‐like 
patterns, with circular units that vary in shape, size, 
and positioning relative to each other. A distinct 
ridge runs anteroposteriorly along the exposed 
surface. The outer surface is angularly convex, while 
the inner side is usually concave, therefore scutes 

are triangular to V‐shaped in cross‐section. Other‐
wise, the inner face is smooth. Both lateral scutes 
(Fig. 5 B) and free dorsal scutes (Fig. 5 C) are iden‐
tified in the Pécsvárad fish material (see HILTON et 
al., 2011, figs 98–103). 

The genus Lates is represented by premaxillae, 
dentaries, one vomer, fin spines and vertebral centra, 
housed in museum (HNHM VER 2024.170.‐175.) and 
private collections. Latid premaxillae (Fig. 5 D) have 
a long ascending process (incomplete or missing in 
all Pécsvárad specimens). These bone elements bear 
a large and globular articular process with a large 
foramen situated at its lateral base. The tooth plate 
develops along the ventromedial surface of the 
premaxillary. The dentaries (Fig. 5 E, F) are similar 
to that of the extant species Lates niloticus (see 
OTERO, 2004, figs. 23 and 24). They have several 
sensory canal pores preserved on the lateral surface, 
arranged similarly to those of the afore men tioned 
species. A well‐defined groove runs anteroposteriorly 
along the lateral surface. The upper (superior) fora‐
men of the dentaries is situated in this groove. A 
ventral notch is visible in the lateral (and medial) 
view. The medio‐ventral side of the dentaries is  
made up of a ventral plate, characteristic of latid 
fishes. The main dentary sensory canal runs in a bony 
tube in this plate (OTERO, 2004). The only Pécsvárad 
latid vomer is large and well‐preserved (Fig. 5 G). It 
has a rounded anterior margin, and it bears a fused, 
arched tooth patch. Following parsimony, large 
median fin spines with a generalized perciform 
morpho logy are hereby referred to Lates (Fig. 5 H). 
The anterior abdominal vertebral centra of Lates 
(Fig. 5 I) have large and deep primary lateral fossa. 
Postabdominal vertebral centra (Fig. 5 J) of Lates 
have a large lower and an upper lateral fossa, sepa‐
rated by a massive bone ridge. 

Fig. 5. Fish fossils from the Pécsvárad sand pit. A) Odontaspididae indet. shark tooth (SARA, V 2024.8.1); A1: labial view; A2: lingual 
view.  B, C) Acipenseridae indet. scutes, in dorsal view (Kübler coll.). D) Lates sp. premaxilla (HNHM VER 2024.172.); D1: lateral view; 
D2: medial view. E, F) Lates sp. dentaries (E: HNHM VER 2024.171.; F: JPM 57.109.142.; E1, F1: lateral view; E2, F2: medial view; E3, 
F3: dorsal view. G) Lates sp. vomer (HNHM VER 2024.173.); G1: dorsal view; G2: ventral view. H) Lates sp., median fin spine (HNHM 
VER 2024.174.); H1: anterior view; H2: posterior view. I, J) Lates sp., vertebral centra (HNHM VER 2024.175.); I1, J1: articular view;  
I2, J2: ventral view; I3, J: lateral view. K) ?Sparidae indet. incisiform tooth (HNHM VER 2024.168.); K1: lingual view; K2: labial view; 
K3: occlusal view. L) Sparidae indet. molariform tooth (HNHM VER 2024.169.); L1: occlusal view; L2: basal view. M) Scombridae indet. 
dentary (HNHM VER 2024.176.); M1: dorsal view; M2: medial view. N) Scombridae indet. vertebral centrum (HNHM VER 2024.179.); 
N1: articular view; N2: lateral view; N3: ventral view; N3: dorsal view. Scale bars: 1 cm 
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Numerous incisiform (Fig. 5 K) and molariform 
teeth (Fig. 5 L) are attributed to sparid fishes (HNHM 
VER 2024.168.‐169. and private collections). The 
inci siform teeth are thick, massive, and labiolingually 
weakly compressed. They have a trapezoid outline in 
labial and lingual views. The molariform teeth 
possess a thick layer of shiny enamel. Only their 
crown is preserved, while their root is missing. The 
teeth are rounded to slightly oval in apical and basal 
views. All specimens show a strongly concave basal 
surface, the thickness of the enamel is also visible in 
this view. As the overall condition of these remains is 
poor, and tooth morphologies of different sparid taxa 
are often very similar, here we identify these remains 
only at the family level. 

Scombridae fishes are represented by dentaries 
and vertebral centra (HNHM VER 2024.176.‐179.). 
The dentaries (Fig. 5 M) are massive, labiolingually 
thick with a triangular cross‐section outline. They 
possess circular empty tooth positions in dorsal view, 
if teeth are preserved, they are simple and conical. 
The vertebral centra (Fig. 5 N) are nearly as wide as 
high, and a little wider than long. The articular view 
is circular to weakly trapezoid. Schultz (2013, pl. 71, 
fig. 5) figured vertebra of Pelamcycybium partschi, and 
they are very similar to the Pécsvárad Scombridae 
vertebral centra in all visible features. 

Apart from the aforementioned remains, nu ‐
merous fragmentary fish fossils are known from the 
site (HNHM VER 2024.180.‐181., not figured). These 
are in poor condition, therefore their closer identi‐
fication is currently not possible. 

 
Amphibians 
 

The only amphibian material found is a single 
fragmentary caudal vertebra of the giant salaman‐
der Andrias cf. scheuchzeri (Fig. 6 H). 
 
Reptiles 
 

Reptiles are represented by turtles and crocodi‐
les. Turtle remains are not uncommon, they include 
mostly carapax fragments, plus a cervical vertebra 
and some limb bones (femora, humeri) (Fig. 6). 
Most of them are fragmentary and do not allow a 
more precise identification than Testudines indet. 

More closely identifiable finds indicate the presence 
of at least three genera. Testudo sp. carapax frag‐
ments are massive, thick pieces (Fig. 6 A). A cf. 
Ptychogaster sp. nuchal fragment was identified 
based on its thickness and a wavy edge divided by a 
plate boundary (Fig. 6 B). Softshell turtles are repre‐
sented by a decorated Trionyx costale and a Pan‐Tri‐
onychidae indet. femur (Fig. 6 C, D). Crocodilian 
remains are comprised of a tooth and a few osteo‐
derm fragments and can be attri buted to the genus 
Diplocynodon (Fig. 6 E, F, G). 
 
Mammals 
 

The bulk of the mammal material originates from 
aquatic groups: toothed whales, baleen whales and 
sirenians. In addition, several terrestrial taxa occur 
in the fauna. 

The most numerous fossils belong to odontocetes. 
Within the group, at least four different taxa can be 
identified. Remains attributable to Kentriodon fuchsii 
are the most abundant and include a left periotic, an 
axis, possibly atlas fragments, other vertebrae, 
humeri, ulna, and rib (Fig. 7). These are non‐ 
pachyostotic bones of relatively small sizes; identi ‐
fications are based on BRANDT (1873) and KAZÁR 
(2003, 2005a, 2006b). For another kentriodontid, the 
larger Sophianaecetus commenticius, KAZÁR (2003) re‐
ported and imaged a right humerus (V.60/707 in the 
HNHM collection) from the Pécsvárad sand pit (in 
the table caption the locality is erroneously given as 
Pécs‐Danitzpuszta). In our material, an atlas frag‐
ment and a radius are tentatively attributed to this 
species based on the relatively large size of bones 
and their morphology similar to that presented by 
BRANDT (1873) and KAZÁR (2005b): the base of the 
narrow ventral process on the atlas fragment and 
the arched shape of the radius. A right humerus of 
Acrodelphis letochae (V.18381 in the SARA geologi‐
cal collection) was identified and presented by 
KAZÁR (2003 and 2005a). One of the newly found  
humeri strongly resembles that one but is smaller 
and somewhat more slender. A massive, thick, and 
unfortunately fragmentary limb bone is tentatively 
classified as the distal part of the ulna of 
Pachyacanthus suessi, a relatively large toothed 
whale featuring pachyostotic bones (KAZÁR 2010). 
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Fig. 6. Amphibian and reptile remains from the Pécsvárad sand pit. A) cf. Testudo carapace fragment (?nuchal), internal and external 
view (Kübler coll.); B) cf. Ptychogaster sp. nuchal, external and internal view (JPM); C) Trionyx carapace fragment (costale), external 
and internal view (JPM 57.94.1); D) Pan‑Trionychidae indet. femur, ?posterior view; E, F) Diplocynodon osteoderms (Kübler coll. & 
SARA), E‑ external and internal view, F‑ external view; G) Diplocynodon tooth (HNHM VER 2024.188), occlusal and labial view; H) And‑
rias cf. scheuchzeri caudal vertebra (HNHM VER 2024.166), anterior, dorsal and posterior view 
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Some stout, thick vertebral spinous processes found 
at the locality, similar to those referred to this species 

from Pécs‐Danitzpuszta by KAZÁR (2010), are attribu‐
ted to Pachyacanthus suessi as well, where the highly 

Fig. 7. Odontocete fossils from the Pécsvárad sand pit. A) Kentriodon fuchsii left periotic (JPM 57.109.142); B) cf. Sophianaecetus com‑
menticius atlas fragment (JPM 57.109.142); C) Odontoceti indet. atlas fragment (JPM 57.98.2); D) Kentriodon fuchsii axis (JPM 57.97.1); 
E) Odontoceti indet scapula fragment (JPM 57.100.1); F) Sophianaecetus commenticius right humerus (HNHM V.60/707; det. Kazár 
2003); G) aff. Acrodelphis sp. (JPM 57.102.4); H, I) Kentriodon fuchsii humeri (JPM 57.109.142); J) Kentriodon fuchsii ulna (JPM 57.88.5); 
K) Sophianaecetus commenticius radius (JPM 57.88.5); arrows indicate possible shark bite mark; L) Pachyacanthus suessi ulna fragment 
(JPM 57.109.142); M) Odontoceti indet. metacarpal (JPM 57.88.5); N) Odontoceti indet. (JPM 57.109.142); O) Kentriodon fuchsii rib 
fragment (JPM 57.108.3) 
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pachyostotic thickening of the vertebral spines is 
typical (KAZÁR 2010). Odonto cetes are further repre‐
sented by an unidentified scapula fragment, possibly 
belonging to a kentriodontid; a metacarpal and 
phalanges; several verte brae; and spinous processes 
of various vertebrae belonging to multiple taxa, 
among them the thin, slender ones probably 
attributable to Kentriodon fuchsii or some similar 
small‐sized kentriodontid. 

Mysticetes are represented by two mandible frag‐
ments, a humerus, possibly a rib, and a few vertebrae 
(Fig. 8). Mandible fragments (Fig. 8 A, B) do not allow 
any closer identification. The numerous baleen whale 
humeri found in similarly Upper Mioce ne sands in 
the nearby sand pit of Pécs‐Danitzpuszta were 
investigated by CSERPÁK (2018). Based on the mor ‐
pholo gical characters provided by him – primarily 
the dimensions and the more slender build than 
that of the two other taxa, i.e. the lower ratio of the 
caput humeri relative to the comple te length of the 
humerus – the Pécsvárad hume rus (Fig. 8 C) can be 
identified as Cetotherium priscum. With its length of 
17–18 cm, the specimen is above the upper limit of 

the size range presented by CSERPÁK (2018), it might 
have belonged to a whale longer than 3.5 m. The 
vertebrae are all worn, with their processes broken 
off (Fig. 8 E–G). The non‐pachyostotic vertebrae can 
only be identified as Mysticeti indet. The largest one 
(V60.698 JPM, Fig. 8 E) is comparable in its general 
shape (high ratio of antero‐posterior vs. dorsoventral 
measures, round shape of epiphyseal plate) and size 
to the Mesocetus remains described from the Central 
Paratethys: M. hungaricus (KADIĆ, 1907) or M. agrami 
(VAN BENEDEN, 1884; PAUNOVIĆ, 1993). One vertebra 
(Fig. 8 F) must have belonged to a young animal, as 
the epiphyseal plate is not fused on the body of 
the vertebra. Pachyostotic vertebrae belong to  
cetothe riids (Fig. 8 G). Two pachyostotic rib frag‐
ments are inventoried in the Pécs museum (JPM) as 
belonging to sirenians. One is too fragmentary to 
allow identification. The other one still bears the 
base of the epiphysis and is relatively flattened next 
to it (Fig. 8); this shape suggests attribution to a  
small cetotheriid baleen whale rather than to a  
sirenian. Middle Miocene cetotheriids may also 
show pachyostosis, which appeared convergently in  

Fig. 8. Mysticete remains from the Pécsvárad sand pit. A, B) Mysticeti indet. mandible fragments (A: HNHM VER 2024.189.; B: JPM 
57.109.142); C) cf. Cetotherium priscum left humerus; D) Cetotheriidae indet. rib fragment (HNHM V60.697); E, F) Mysticeti indet. 
vertebrae (JPM 57.84.3, HNHM V60.698); G) Cetotheriidae indet. vertebra (JPM 57.87.1) 
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various marine mammal groups in the Central Para‐
tethys, presumably as a response to elevated salini‐
ties (DEWAELE et al., 2022). 

Terrestrial mammals give further diversity to the 
assemblage. The largest fossil found is a portion of 
mandibular horizontal ramus preserving the roots 
of some teeth (Fig. 9 A). The anterior roots of each 
tooth display a straight anterior at the contact with 
the alveolus, and the internal borders of both ante‐

rior and posterior roots are slightly concave, simi‐
larly to the Tapirus specimen HNHM V.71.30 from 
Ajnácskő and contrary to Rhinocerotidae, where the 
anterior and posterior borders of the roots are  
characterized by a strong constriction in the middle.  
Accordingly, shape and size of the specimen suggest 
an attribution to the family Tapiridae. During the 
Miocene, Tapiridae are documented in Europe  
through the presence of two genera, Tapirus and  
Tapiriscus (PANDOLFI et al., 2023). Considering the 
preservation of the specimen it is not possible to 
assign it under either of the two genera. Rhino ‐
cerotids are represented by postcranial bones. A left 
metatarsal is long (maximal length 192 mm) and 
slender (diameter of the diaphysis 39.4 mm) featur ‐
ing a sinuous anterior border of the proximal ar ‐
ticular surface (Fig. 9 B). The specimen closely 
resembles Lartetotherium sansaniense in both 
morphology and dimensions (cf. CERDEÑO 1986; 

PANDOLFI & MARTINO, 2023). Another bone can be 
identified as a proximal phalanx of digit III (Fig. 9 C) 
but it does not allow a classification closer than Rhi‐
nocerotidae. A small, heavily worn antler docu‐
ments the presence of cervids in the assemblage 
(Fig. 9 E). It is not possible to decide whether the 
angle at its upper third marks a point of dichotomy 
or just a curve. The small length and dia meter of the 
antler suggest that it belonged to a young individual. 

A proximal phalanx belongs to a giraffid (Fig. 9 D). 
From Hungary, two Miocene giraffid genera have 
been reported: Csakvarotherium, named after the 
finding locality Csákvár cave (KRETZOI, 1954), and 
Helladotherium (GAÁL, 1943; KORMOS, 1911). The up‐
ward strongly widening Pécsvárad specimen can 
rather be attributed to Csakvarotherium. 

Several vertebrate coprolites of various sizes and 
shapes are also part of the Pécsvárad assemblage 
(Fig. 9). Some of them contain large amounts of fish 
bones, among them vertebrae (Fig. 9 G), indicating 
a piscivorous diet of the producer. Lacking any 
desiccation features, the coprolites must have been 
produced by aquatic animals, similarly to those of 
the nearby Pécs‐Danitzpuszta sand pit (ROMÁN et al., 
2024). 

In the Hungarian Natural History Museum, an 
amphicyonide tooth (Hubacyon (Kanicyon) pannoni ‑
cus) is inventoried with the location Pécsvárad. 

Fig. 9. Terrestrial mammal fossils and coprolites from the Pécsvárad sand pit. A) Tapiridae indet. mandible (HNHM VER 2024.190.); B) 
cf. Lartetotherium sansaniense left metatarsal (JPM 57.85.1.); C) Rhinocerotidae indet. proximal phalanx of digit III (JPM 57.99.1.); D) 
cf. Csakvarotherium proximal phalanx (Kübler collection); E) Cervidae indet. antler (HNHM VER 2024.191.); F) various coprolites (JPM 
57.101.8); G) detail of the first coprolite with fish bones 
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KRETZOI (1985) wrote that the tooth had been found 
„in Lower Pannonian sands”, „in the sand pit east of 
the city Pécs, along the road to Pécsvárad”. This 
description fits the sand pit of Pécs‐Danitzpuszta 
and not that of Pécsvárad. We therefore consider 
this specimen erroneously localised in the museum 
inventory and do not discuss it together with the 
Pécsvárad assemblage. 
 
 
Discussion 
 
Depositional environment and age of the 
sediment 
 

The Pannonian mollusc fauna of the Pécsvárad 
sandpit represents a littoral assemblage that lived 
in the shallow, agitated waters of Lake Pannon. 
Dreissena auricularis, Congeria balatonica, Lymno‑
cardium dumicici, „Pontalmyra” budmani and 
Pseudocatillus simplex were all exclusively shallow‐
water dwellers (e.g., MÜLLER & SZÓNOKY, 1990; MEZŐ 
et al., 1999), whereas Congeria ungulacaprae, 
Lymnocardium schmidti and L. hungaricum lived 
both in the littoral and sublittoral zones of the lake 
(cf. MAGYAR, 1992 and CZICZER et al., 2009; LENNERT et 
al., 1999 and SZÓNOKY et al., 1999). The original 
diversity of the Pécsvárad assemblage was likely 
higher, but poor preservation hinders the species‐
level identification of additional forms.  

The biostratigraphic position of the Pécsvárad 
layers is constrained by the presence of Lymno ‑
cardium schmidti, which first appears in the littoral 
Prosodacnomya carbonifera Zone (MÜLLER & MAGYAR, 
1992; GEARY et al., 2010), and by L. hungaricum, 
having its earliest known record in the Prosodacno‑
mya dainellii Zone (LENNERT et al., 1999). The rest of 
the species appeared considerably earlier than 
these two forms. The base of the Prosodacnomya 
carbonifera Zone is dated at 8.1 Ma, whereas that of 
the P. dainellii Zone at 7.6 Ma (MAGYAR & GEARY, 2012; 
SZTANÓ et al., 2013; MAGYAR et al., 2019; MAGYAR, 2021). 
The top of the Miocene was regionally eroded as a 
consequence of tectonic inversion (SACCHI et al., 1999; 
MAGYAR & SZTANÓ, 2008; SEBE et al., 2020), and the age 
of the youngest Miocene deposits in the basin mar‐
gins is about 6.8 Ma (KELDER et al., 2018). Therefore, 

the age of the Pécsvard sand can be estimated at 
7.6–6.8 Ma. 

 
 

Origin of vertebrate fossils 
 

The vertebrate fossils obviously represent a 
mixed assemblage. Here we investigate each group 
to determine from which age or sedimentary unit 
they may have originated through reworking. 

Odontaspididae (sand tiger sharks) are among 
the dominant selachians of the Paratethys. Extant 
odontaspidids mostly prefer warm, shallow waters, 
where they feed on a wide variety of bony fishes, 
other sharks, rays, cephalopods and crustaceans 
(CAPPETTA, 2012; COMPAGNO, 2002). 

Adult individuals of modern acipenserids (stur‐
geons) inhabit high‐energy environments, including 
freshwater lacustrine, riverine, estuarine, and some‐
times nearshore marine habitats (BEMIS & KYNARD, 
1997) and brackish environments (river deltas and 
estuaries). Extant sturgeons are anadromous  
(NELSON et al., 2016), which means that adult indi ‐
viduals migrate upstream to spawn, however, they 
spend most of their lives feeding in river deltas and 
estuaries (Nelson et al., 2016). Following the eco ‐
logical needs of modern taxa, the occurrence of this 
family in the Pécsvárad assemblage indicates the 
nearby presence of freshwater habitats during the 
Miocene. Acipenseridae fossils have also been 
reported from the nearby Pécs‐Danitzpuszta sand 
pit (SZABÓ et al., 2021). 

It is believed that the family Latidae (lates perches) 
originated in the marine environments of the Tethys 
Sea (KOVALCHUK et al., 2024). Extant latids generally 
prefer freshwater environments, however, some 
taxa survive in brackish and estuarine waters as 
well (SORBINI, 1975; FROESE & PAULY, 2024 and 
references therein). Fossils of Latidae have already 
been reported from the Miocene of the Paratethys 
(SZABÓ et al., 2021; KOVALCHUK et al., 2024). 

Extant sparid fishes (porgies) are primarily 
found in marine environments, with only occasional 
occurrences in freshwater and brackish waters  
(NELSON et al., 2016). Nowadays, they are wides pre ad 
in shallow, temperate‐tropical waters, where they 
occupy a wide variety of habitats. The Pécsvárad 
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Sparidae material is not identified closer than family 
rank, so they are not useful for paleoecological  
implications. Isolated tooth fossils of Sparidae are 
widespread and are widely reported from the 
Miocene marine and Upper Miocene lacustrine 
sediments of the Paratethys and Lake Pannon, 
representing various saltwater habitats (e.g., SOLT, 
1991; SCHULTZ et al., 2010; MIKUŽ & ŠOSTER, 2013; 
SCHULTZ, 2013; BOSNAKOFF, 2014; SZABÓ, 2019; SZABÓ 
& KOCSIS, 2020; SZABÓ et al., 2021). 

Extant members of the family Scombridae 
(mackerels and tunas) are dominantly marine fishes, 
which commonly inhabit pelagic waters of tropical 
and subtropical seas (NELSON et al., 2016), therefore 
their presence in the Pécsvárad fish fauna reflects a 
connection to open marine habitats. Scombri dae 
fossils are also known from the Miocene sands of the 
Pécs‐Danitzpuszta sand pit (SZABÓ et al., 2021). 

To sum up, the Pécsvárad fish fauna represents 
an ecological mixture, composed of taxa with a wide 
variety of habitat preferences, which reduces its 
paleoecological significance. Considering the ecolo‐
gical needs of their extant relatives, Odontaspididae 
sharks, scombrids and possibly sparids are most 
likely re‐deposited from the Badenian marine sedi‐
ments. In contrast, Acipenseridae and Latidae fishes 
could have been inhabitants of freshwater environ‐
ments, therefore their remains could be coeval with 
the embedding sands or might come from earlier 
intervals of the Miocene as well. 

In the Mecsek area, giant salamander fossils have 
so far been reported only from the Pécs‐Danitzpuszta 
sand pit (SZENTESI et al., 2020; SZENTESI, 2021). Both 
extant and extinct giant salamanders are known to 
live in freshwater, usually in fast‐flowing streams, 
on high‐relief terrain and under frost‐free climates. 
Considering the environmental requirements the 
fossils from the Mecsek Mts. can even be coeval with 
Lake Pannon, although they might also originate 
from older time intervals of the Miocene as well 
(SZENTESI et al., 2020). 

Testudo and Tryonix fossils in the Mecsek Mts. 
are known from the Karpatian–Badenian (i.e., late 
Burdigalian to early Serravallian) lacustrine de ‐
posits, though „turtle remains” without further 
specification have also been reported from the 
Eggenburgian–Badenian fluvial succession (VADÁSZ, 

1935; KORDOS, 1985). They are abundant in the 
mixed, to a great part reworked assemblage of the 
Upper Miocene sands in Pécs‐Danitzpuszta (SEBE et 
al., 2021a, b). Testudinids occupy various terrestrial 
environments from forests to deserts (ERNST & 
 BARBOUR, 1989). Ptychogaster species prefer arid 
and warm habitats (MŁYNARSKI & ROČEK, 1985). The 
warm subtropical climate in the Mecsek area lasted 
until at least the early Late Miocene based on 
macrofloral remains (HABLY & SEBE, 2016). Relatively 
dry habitats could be found here during this interval 
based on the abundant lauraceous plants (HABLY & 
SEBE, 2016), but could also have occurred earlier, in 
the Early Miocene, considering the explicitly arid  
climate reconstructed for the nearby North Croatian 
Basin and Serbia (PAVELIĆ et al., 2016, 2022; ANDRIĆ‐
TOMAŠEVIĆ et al., 2021). Trionychids prefer freshwater 
or slightly brackish environments: slow‐moving 
rivers, swamps, and ponds (HOLEC, 2006). In Central 
and Eastern Europe, Trionychidae are known up to 
MN13 (ERNST & BARBOUR, 1989; DANILOV et al., 2012). 
Thus, turtles can originate from any part of the 
Miocene before the deposition of the Pécsvárad 
sands or can even be coeval with them. 

Crocodilian (Diplocynodon) remains have been 
found in the southern foreland of the Mecsek Mts. 
in Karpatian–Badenian lacustrine deposits (KORDOS, 
1985). In 1873, a partial Diplocynodon skeleton 
(coll. János Böckh) was found SE of the settlement 
Orfű‐Bános, in the same stratigraphic unit (unpub‐
lished; stored in the Hungarian Natural History Mu‐
seum collection). The genus has also been reported 
from the Upper Badenian paralic lignite series (KOR‐
DOS, 1985). Diplocynodon finds indicate a warm, sub ‐
tropi cal climate and permanent water bodies 
(MARKWICK, 1998; BÖHME, 2003). In the Central Para‐
tethys basin, the known temporal range of Diplocy‑
nodon extends up to the zone MN7, as documented 
at localities in Romania (VENCZEL, 2007; HÍR et al., 
2002). Conditions could have been appropriate for 
Diplocynodon during the deposition of the Pécsvá‐
rad sands as well: the mean annual temperature 
(16°C) and the temperature of the coldest month 
(5 °C) reconstructed from macroflora for the not 
much older Pécs‐Danitzpuszta locality (HABLY & 
SEBE, 2016) just fit in the range tolerated by these 
crocodilians (MARKWICK, 1998). 
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Among toothed whales, Kentriodon fuchsii was a 
widespread early Sarmatian (late Serravallian) small 
species occurring at several localities in the Central 
Paratethys basin (KAZÁR, 2003, 2006b; GRIGO RESCU & 
KAZÁR, 2006 and references within). Its remains are 
the most frequent odontocete fossils in the nearby 
Pécs‐Danitzpuszta sand pit but up until now, they 
have not been reported from other localities in  
the Mecsek area (KAZÁR, 2005a). Sophianaecetus 
commenticius was described from the Sarmatian of 
the Mecsek Mts. (KAZÁR, 2005b, 2006a). Pachya can ‑
thus suessi, a toothed whale resembling the modern 
river dolphins, has occurrences in the Sarmatian de‐
posits of the Central Paratethys (KAZÁR, 2010).  
According to KAZÁR, (2003), the Sarmatian Acro ‑
delphis letochae (BRANDT, 1873) is a descendant of 
the smaller‐sized Badenian cf. Acrodelphis sp., which 
is de scribed from the Vienna Basin, and points to an 
evolutionary trend of strong size increase. Based on 
this, the new indeterminate humerus from Pécsvárad 
might have belonged to the older, Badenian form. So, 
apart from this latter find, the majority of the Pécs‐
várad odontocete remains have their origins in Sar‐
matian sediments. 

The Sophianaecetus commenticius radius bears a 
straight groove (Fig. 7 K), which resembles bone  
injuries that have been interpreted as shark bite 
marks in similar fossil assemblages containing both 
marine mammal and shark remains (COLLARETA et al., 
2017; MERELLA et al., 2021; SZABÓ et al., 2021; 
FEICHTIN GER et al., 2021). If this interpretation is  
correct, it would mean that the temporal range of 
Sophianaecetus was not restricted to the Sarmatian 
but extended down into the Badenian as well, since 
sharks disappeared from the area (and from the 
Central Paratethys as a whole) at the end of the  
Badenian. Badenian occurrence in addition to the 
Sarmatian has already been suggested for some  
toothed whales of the Mecsek region based on simi‐
lar bite marks (SZABÓ et al., 2021). 

The dimensions of all mysticete remains show 
that they must have belonged to small‐sized whales 
typical of the Central Paratethys during the Sarma‐
tian and partly also during the Badenian (BRANDT, 
1873; VAN BENEDEN, 1884; GORJANOVIĆ‐KRAMBERGER, 
1884; KADIĆ, 1907; PIA, 1937; PAUNOVIĆ, 1993; GOL’DIN 
& RADOVIĆ, 2018; CSERPÁK, 2018). According to CSERPÁK 

(2018), Cetotherium priscum remains of the Central 
Paratethys found in situ come from Sarmatian de ‐
posits (BRANDT, 1873; GORJANOVIĆ‐KRAMBERGER, 1884; 
PIA, 1937) and represent the most abundant baleen 
whale species of the time. However, C. priscum has  
recently been considered as nomen dubium and the 
taxonomically undiagnostic type specimens should 
belong to some yet unidentified Cethotheriinae 
(GOL’DIN & STARTSEV, 2016). Considering that – even 
if restricted – marine conditions were last present 
in the study area during the Sarmatian, the Pécsvá‐
rad humerus could be attributed to one of the two 
oldest genera of Cethotheriinae,  Zygiocetus and Kur ‑
dalagonus, appearing in the late Sarmatian in the 
Eastern Paratethys (TARASENKO & LOPATIN, 2012; 
GOL’DIN & STARTSEV, 2016). Mesocetus fossils were 
found both in Badenian and Sarmatian sediments of 
the Central Para tethys (VAN BENEDEN, 1884; KADIĆ, 
1907; PAUNOVIĆ, 1993; HOLEC & SABOL, 1996). Thus, at 
least some of the Pécsvárad remains must have had 
their provenance in Sarmatian deposits, while a part 
of them might have also come from the Badenian. 

Tapiridae were present in Europe in the earliest 
Miocene and then from the Badenian onward 
(PANDOLFI et al., 2023). In the Miocene of the Panno‐
nian Basin, the small Tapiriscus pannonicus has 
been reported from the MN11 locality Csákvár in 
Hungary (KRETZOI, 1951; GUÉRIN & EISENMANN, 1994), 
and from the Turolian site Șărmășag in Romania 
(CODREA, 1994), which are approximately coeval with 
the deposition of the Pécsvárad sands. Although the 
preservation of the Pécsvárad mandible does not 
allow for a taxonomic identification even at the 
generic level, its small size does not exclude that it 
belonged to Tapiriscus pannonicus. Tapirs prefer 
warm swampy forests, which were present along 
the shores of Lake Pannon (HABLY & SEBE, 2016). 

The rhinocerotid Lartetotherium sansaniense 
occurred in Europe from MN4 to MN9 (HEISSIG, 
2012), so the specimen identified in the Pécsvárad 
assemblage must have been reworked. 

Primitive giraffids are known in Europe from the 
MN5 zone, while the group diversified in the Late 
Miocene (RÖSSNER & HESSIG, 1999). Giraffid finds 
from Hungary are all dated to the Late Miocene: 
Csákvár has most recently been classified into 
MN11 (MÉSZÁROS, 2000), while among the localities 
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which yielded Helladotherium, Hatvan belongs to 
the MN12 (GAÁL, 1943; BERNOR et al., 2003) and 
 Polgárdi to the MN13 zone (KORMOS, 1911; RABEDER, 
1990). The Pécsvárad giraffid phalanx can thus be 
even coeval with the host sands or not much older. 

The cervid antler could be identified only at the 
family level. Based on the presence of a burr and the 
pronounced longitudinal grooves on the antler, the 
animal must have lived after MN4, i.e. in the Badenian 
or later (RÖSSNER & HESSIG, 1999). 

The detailed investigation of the extremely rich  
coprolite assemblage of the nearby Pécs‐Danitzpu szta 
sand pit showed that the coprolites in the Upper  
Miocene sands might have been reworked from any 
time interval of the Miocene (ROMÁN et al., 2024). The 
earliest in situ coprolites in the Miocene of the area 
have been found in the Lower–Middle Miocene la‐
custrine deposits (SEBE et al., 2023). 
 
 
Evolution of the study area 
 

In the background of the sand pit, in the Mecsek 
Mts. lying to the north, the Miocene succession over‐
lying the Jurassic and subordinately Cretaceous  
basement rocks begins with Lower–Middle Miocene 
lacustrine sediments (Kiskunhalas Fm.) (HÁMOR et 
al., 1964) (Fig. 1). It continues with Middle Miocene, 
Badenian and Sarmatian, dominantly marine (Budafa, 
Baden, Lajta and Tinnye Fms.), subordinately also 
brackish and freshwater (Hidas Fm.) deposits, inter‐
calated with pyroclastics (Tar Dacite Tuff). These 
are overlain by offshore white marls and littoral 
limonitic sands that accumulated in the brackish 
Lake Pannon during the Late Miocene. 

Based on the fossil assemblage, the provenance 
area of the Pécsvárad Upper Miocene sands con ‐
tained Jurassic and Middle Miocene (Badenian and 
Sarmatian) rocks as well. Compared to the large 
modern extent of Badenian marine deposits (Fig. 1), 
the number of definitively Badenian fossils is low. 
The nearby site of Pécs‐Danitzpuszta, similarly in 
Upper Miocene sands with a mixed reworked 
vertebrate fauna, provided an especially diverse 
chondrichtyan assemblage (SZABÓ et al., 2021), and 
at another locality to the east, Himesháza, shark and 
ray teeth are also abundant (KOCSIS et al., 2009; BUDAI 

et al., 2019), while only a single shark tooth has been 
found at Pécsvárad. In contrast, today Sarmatian 
rocks crop out only in a narrow band near the 
Pécsvárad sand pit, but the amount of Sarmatian 
fossils is remarkable in the sands. This refers to a 
composition of the provenance area during the Late 
Miocene different from that of today: Sarmatian 
deposits must have built up a considerable part of 
the source area, while outcrops of Badenian sedi‐
ments must have been subordinate. 

A possible scenario to explain this can be out ‐
lined based on our understanding of the structural 
evolution of the region. The Pécsvárad sand pit lies 
just in front of the main boundary fault of the  
Mecsek Mts., along which the range has been thrust 
upon its southeastern foreland (Fig. 1). Sediments 
next to the fault are heavily deformed, with steep 
bedding dips on both sides of the fault, while dips 
are more gentle away from it. Sarmatian rocks are 
missing in the hanging wall (NW of the fault) in the 
vicinity of the sand pit. After the Early to early Late 
Miocene rifting of the Pannonian Basin, the uplift of 
the Mecsek Mts. started in the Late Miocene, ~10 Ma 
ago, and intensified from ~8 Ma due to the neotec‐
tonic basin inversion (KONRÁD & SEBE, 2010; SEBE et 
al., 2016; SEBE, 2021). Uplift and consequent de ‐
nudation of the mountains happened partly simul‐
taneously with Lake Pannon deposition. It seems 
that at Pécsvárad, uplift‐related denudation must 
have been intense during the deposition of the 
sands, 7.6–6.8 Ma ago, and it destroyed mostly the 
Sarmatian marine beds, and a minor part of the  
un derlying Badenian marine and Karpatian– 
Badenian lacustrine deposits. Earlier Miocene sedi‐
ments were transported into Lake Pannon, where 
nearshore processes removed much of the sedi‐
ments and enriched the fossil content. A mixed fossil 
assemblage was thus produced, providing insights 
into various parts of the Miocene. 

 
 

Conclusions 
 

The fossil‐bearing sands of the Pécsvárad sand 
pit accumulated in the Late Miocene, between 
7.6–6.8 Ma, in a high‐energy littoral setting of the 
brackish Lake Pannon, as indicated by the mollusc 
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remains. The mixed vertebrate fossil assemblage 
presents a noteworthy diversity relative to the num‐
ber of specimens, offering insights into both terres ‐
trial and aquatic biota throughout various time 
intervals of the Miocene. Aquatic mammals repre‐
sent the most abundant group, and include at least 
four odontocete species and a few mysticete genera, 
which inhabited the Paratethys during the Badenian 
and the Sarmatian. Rhinocerotid remains are re ‐
worked from sediments aged somewhere between 
Karpatian and earliest Pannonian. The single shark 
tooth must be Badenian, and probably the scombrid 
fishes date to that time interval as well. Fossils of 
other fishes (sparids, latids and acipenserids), giant 
salamanders, turtles, crocodilians and cervids might 
have originated from older Miocene deposits but 
can be coeval with the host sands as well. Tapirs and 
giraffids must have lived on the shores of Lake Pan‐
non, probably contemporaneously with sand 
deposition or not much earlier. The erosion, enrich‐
ment and mixing of the fauna result from the uplift 
and denudation of the Mecsek Mountains during 
Lake Pannon sedimentation, caused by neotectonic 
basin inversion. This example shows that in spite of 
their inherently restricted interpretation potential 
caused by the uncertainties in the dating of some 
fossils, mixed faunas can provide important data on 
the evolution history of an area.  

 
Acknowledgements 
 

We are grateful to the following people who helped 
our work by supporting us in museums and in the field 
or by providing their fossil collections for investigations: 
GÁBOR NAGY (University of Pécs, Hungary); LÁSZLÓ MAKÁDI, 
EMESE BODOR, BÁLINT SZAPPANOS, KLÁRA PALOTÁS (Supervisory 
Authority of Regulatory Affairs, Geological Directorate, 
Budapest); NORBERT RÁTKAI, PÉTER KEPPERT, ZSOLT HEGEDŰS, 
MIHÁLY PASIN (KŐKA Kő‐és Kavicsbányászati Kft., Pécsvárad 
sand pit); TIBOR KISBENEDEK, ÁDÁM KOVÁCS (Janus Pannonius 
Museum, Pécs); MÁTÉ GREGORITS (University of Szeged); 
LÁSZLÓ KANIZSAI, KÁROLY KÜBLER, ARNOLD KÜBLER (private col‐
lectors, Komló); TAMÁS HENN (József Attila City Library and 
Museum Collection, Komló). We heartfully thank PAVEL 
GOL’DIN (Schmalhausen Institute of Zoology, National  
Academy of Sciences of Ukraine) for guidance in the 
identification of marine mammals and MIHÁLY GASPARIK 

and ATTILA VIRÁG (Hungarian Natural History Museum) 
about terrestrial mammals. We are grateful to the two 
anonymous reviewers whose comments helped to  
im prove the manuscript. The research was supported by 
the Hungarian Scientific Research Fund (NKFIH) projects 
FK138638 and 143787. LP operated under the recognition 
of the Ministry of Foreign Affairs and International Coope ‐
r ation (DGDP UFF. VI). This is HUN‐REN–MTM–ELTE Paleo 
contribution No. 401. 

 
 

References 
 
ANDRIĆ‐TOMAŠEVIĆ, N., SIMIĆA, V., MANDIC, O., ŽIVOTIĆ, D.,  

SUÁREZ, M. & GARCÍA‐ROMERO, E. 2021. An arid phase in 
the Internal Dinarides during the early to middle 
Mioce ne: Inferences from Mg‐clays in the Pranjani 
Basin (Serbia). Palaeogeography, Palaeoclimatology, 
Palaeo ecology, 562: 110145.  
https://doi.org/10.1016/j.palaeo.2020.110145 

BEMIS, W.E. & KYNARD, B. 1997. Sturgeon rivers: an intro‐
duction to acipenseriform biogeography and life his‐
tory. Environmental Biology of Fishes, 48: 167–183. 

BERNOR, R.L., FEIBEL, C. & VIRANTA, S. 2003. The Vertebrate 
Locality of Hatvan, Late Miocene (Middle Turolian, 
MN12), Hungary. In: PETCULESCU, A., ŞTIUCA, E. (Eds). 
Advances in Vertebrate Paleontology “Hen to Panta”, 
Bucharest, 105–112. 

BÖHME, M. 2003. The Miocene Climatic Optimum: evidence 
from ectothermic vertebrates of Central Europe. 
Palaeo geography, Palaeoclimatology, Palaeoecology, 
195: 389–401. doi:10.1016/S0031‐0182(03)00367‐5 

BOSNAKOFF, M. 2014. A Pannon‐tó halfaunájának taxonó‐
miai, őskörnyezeti és evolúciós vizsgálata [Taxonomi‑
cal, palaeoenvironmental and evolutionary investigation 
of the fish fauna of Lake Pannon]. PhD dissertation,  
Eötvös Loránd University of Budapest, 132 pp. 

BOTFALVAI, G., KOCSIS, L., SZABÓ, M., KIRÁLY, E. & SEBE, K. 2023. 
Preliminarily report on rare earth element tapho‐
nomy of a Miocene mixed age fossil vertebrate 
assemblage (Pécs‐Danitzpuszta, Mecsek Mts., Hun‐
gary): uptake mechanism and possible separation of 
palaeocommunities. Historical Biology, 35 (4): 
498–517.  DOI: 10.1080/08912963.2022.2049771. 

BRANDT, J.F. 1873. Untersuchungen über die fossilen und sub‑
fossilen Cetaceen Europa’s. Mémoires de l’Académie Im‐
périale des Sciences de St. Pétersbourg 7/20/1, 1–372. 



KRISZTINA SEBE, MÁRTON SZABÓ, ZOLTÁN SZENTESI, LUCA PANDOLFI, NOÉMI JANKÓ & IMRE MAGYAR

Geol. an. Balk. poluos., 2024, 85 (1), 49–7166

1

BUDAI, S., SEBE, K., NAGY, G., MAGYAR, I. & SZTANÓ, O. 2019. 
Interplay of sediment supply and lake‐level changes on 
the margin of an intrabasinal basement high in the Late 
Miocene Lake Pannon (Mecsek Mts., Hungary). Inter‑
national Journal of Earth Sciences, 108: 2001–2019. 
https://doi.org/10.1007/s00531‐019‐01745‐3. 

CAPPETTA, H. 2012. Handbook of Paleoichthyology, Vol. 3E: 
Chondrichthyes Mesozoic and Cenozoic Elasmobran‐
chii: Teeth. Verlag Dr. Friedrich Pfeil, 512 pp. 

CERDEÑO, E. 1986. El esqueleto postcraneal de Lartetothe‑
rium sansaniensis (Mammalia, Rhinocerotadiae). Estu‑
dios Geologicos, 42 (2‐3): 197–209. 

CODREA, A.V. 1994. A tapir from the Pontian coal deposits 
at Șărmășag (Sălaj County). The Miocene from the 
Transylvanian Basin Romania. Cluj‐Napoca, 97–104. 

COLLARETA, A., LAMBERT, O., LANDINI, W., DI CELMA, C., MALIN‐
VERNO, E., VARAS‐MALCA, R., URBINA, M. & BIANUCCI, G. 2017. 
Did the giant extinct shark Carcharocles megalodon  
target small prey? Bite marks on marine mammal  
remains from the late Miocene of Peru. Palaeogeo ‑
graphy, Palaeoclimatology, Palaeoecology, 469: 84–91. 
https://doi.org/10.1016/j.palaeo.2017.01.001. 

COMPAGNO, L.J.V. 2002.FAO Species Catalogue, Vol 2: Sharks 
of the world, Bullhead, mackerel, and carpet sharks 
(Heterodontiformes, Lamniformes and Orectolobifor‑
mes). FAO Species Catalogue for Fishery Purposes, 1 
(2): 1–250. 

CSERPÁK, F. 2018. Middle Miocene whale (Cetacea: Mysti‐
ceti) humeri from the Danitzpuszta sand pit, near 
Pécs. Földtani Közlöny, 148: 255–272. DOI: 
10.23928/foldt.kozl.2018.148.3.255. 

CZICZER, I., MAGYAR, I., PIPÍK, R., BÖHME, M., ĆORIĆ, S., BAKRAČ, 
K., SÜTŐ‐SZENTAI, M., LANTOS, M., BABINSZKI, E. & MÜLLER, 
P. 2009. Life in the sublittoral zone of long‐lived 
 Lake Pannon: paleontological analysis of the Upper 
Miocene Szák Formation, Hungary. International 
Journal of Earth Sciences, 98: 1741–1766. DOI 
10.1007/s00531‐008‐0322‐3 

DEWAELE, L., GOL’DIN, P., MARX, F.G., LAMBERT, O., LAURIN, M., 
OBADĂ, T. & DE BUFFRÉNIL, V. 2022. Hypersalinity drives 
convergent bone mass increases in Miocene marine 
mammals from the Paratethys. Current Biology, 32:  
1–8. https://doi.org/10.1016/j.cub.2021.10.065 

DANILOV, I.G., ČERŇANSKÝ, A., SYROMYATNIKOVA, E.V. & JONIAK, P. 
2012. Fossil turtles of Slovakia: New material and a 
review of the previous record. Amphibia‑Reptilia, 33: 
423–442. DOI:10.1163/15685381‐00002846. 

ERNST, C.H. & BARBOUR, R.W. 1989. Turtles of the world. 
Smithsonian Institution Press, Washington, 313 pp. 

FEICHTINGER, I., FRITZ, I. & GÖHLICH, U.B. 2021. Tiger shark 
feeding on sirenian – first fossil evidence from the 
middle Miocene of the Styrian Basin (Austria). Histo‑
rical Biology, 34 (2): 193–200.  
https://doi.org/10.1080/08912963.2021.1906665. 

FROESE, R. &PAULY, D.2023. FishBase. World Wide Web 
electronic publication. https://www.fishbase.org 
(version 10/2023) 

GAÁL, I. 1943. Unterpliozäne Säugetierreste aus Hatvan in 
Ungarn. Geologica Hungarica Series Palaeontologica, 
20: 1–119. 

GEARY, D.H., HUNT, G., MAGYAR, I. & SCHREIBER, H. 2010. The 
paradox of gradualism: phyletic evolution in two line‐
ages of lymnocardiid bivalves (Lake Pannon, central 
Europe). Paleobiology, 36: 592–614. 

GOL’DIN, P. & RADOVIĆ, P. 2018. A Middle Miocene baleen 
whale from Bele Vode in Belgrade, Serbia. Rivista Ita‑
liana di Paleontologia e Stratigrafia, 124 (1): 127–138. 

GOL’DIN, P. & STARTSEV, D. 2016. A systematic review of 
cetothere baleen whales (Cetacea, Cetotheriidae) 
from the Late Miocene of Crimea and Caucasus, with 
a new genus. Papers in Palaeontology, 3 (1): 49–68. 
doi: 10.1002/spp2.1066 

GORJANOVIĆ‐KRAMBERGER, D. 1884. Fosilni sisari Hrvatske, 
Slavonije i Dalmacije [Fossil mammals of Croatia, Sla‑
vonia and Dalmatia – in Croatian]. Rad Jugoslavenske 
Akademije Znanosti i Umjetnosti, 69: 60–93. 

GRIGORESCU, D. & KAZÁR, E. 2006. A new Middle Miocene 
odontocete (Mammalia: Cetacea) locality and the Sar‐
matian Marine Mammal Event in the Central Para‐
tethys. Oryctos, 6: 53–68. 

GUÉRIN, C. & EISENMANN, V. 1994. Les tapirs (Mammalia, 
Perissodactyla) du Miocène supérieur d’Europe occi‐
dentale. Geobios, 27 (1): 113–127. 

HABLY L. & SEBE K. 2016. A late Miocene thermophilous 
flora from Pécs‐Danitzpuszta, Mecsek Mts., Hungary. 
Neues Jahrbuch für Geologie und Paläontologie, 279 
(3): 261–271. DOI: 10.1127/njgpa/2016/0554 

HÁMOR, G., HETÉNYI, R. & NAGY, I. 1964. A Mecsek‐hegység 
földtani térképe, 10000‐es sorozat, Pécsvárad [Geolo‑
gical maps of the Mecsek mountains, 1:10000 scale 
series, Pécsvárad–in Hungarian].  Geological Institute 
of Hungary, Budapest. 

HEISSIG, K. 2012. Les Rhinocerotidae (Perissodactyla) de 
Sansan. In: PEIGNÉ, S.& SEN, S. (Eds.). Mammifères de 



Fossils from the Upper Miocene (Pannonian) sands of the Pécsvárad sand pit (Eastern Mecsek Mts., SW Hungary)

Geol. an. Balk. poluos., 2024, 85 (1), 49–71 67

Sansan. Mémoires du Museum National d’Histoire 
Naturelle, Paris, 317–485. 

HETÉNYI, R., HÁMOR, G., FÖLDI, M., NAGY, I., NAGY, E. & BILIK, I. 
1982. A Keleti‐Mecsek földtani térképe [Geological 
map of the Eastern Mecsek Mountains – in Hungarian]. 
1:25 000. Geological Institute of Hungary, Budapest. 

HILTON, E.J., GRANDE, L. & BEMIS, W.E. 2011. Skeletal Ana‐
tomy of the Shortnose Sturgeon, Acipenser brevirost‑
rum Lesueur, 1818, and the Systematics of Sturgeons 
(Acipenseriformes, Acipenseridae). Fieldiana Life and 
Earth Sciences, 3: 1–168.  
https://doi.org/10.3158/2158‐5520‐3.1.1 

HÍR J.,  KÓKAY J. & VENCZEL M. 2002. Middle Miocene mol‐
luscs and microvertebrata from Tăşad (Bihor District, 
Romania). Acta Paleontologica Romaniae, 3: 161–172. 

HOLEC, P. 2006. Zvyšky korytnačiek rodu Trionyx z mio‐
cénnych sedimentov Devínskej Kobyly pri Bratislave 
[Remnants of the turtles genus Trionyx sp. from Mio‑
cene sediments on Devínska Kobyla hill near Bratislava 
– in Slovak]. Mineralia Slovaca, 67–70. 

HOLEC, P. & SABOL, M. 1996. Treťohorné stavovce (Verte ‐
brata) Devínskej Kobyly [The Tertiary Vertebrates 
from Devínska Kobyla – in Slovak]. Mineralia Slovaca, 
28 (6): 519–522. 

KADIĆ, O. 1907. Mesocetus hungaricus Kadić. Egy új Bala‐
enopteridafaj a borbolyai mioczén rétegekből [Meso‑
cetus hungaricus Kadić. A new balaenopterid species 
from the Miocene beds of Borbolya (Walbersdorf) – 
in Hungarian]. Annals of the Hungarian Royal Geologi‑
cal Institute, 16: 3–86. 

KAZÁR, E. 2003. Miocén fogascet‐leletek (Cetacea: Odon‐
toceti) a Kárpát‐medencében [Miocene toothed whale 
fossils (Cetacea: Odontoceti) in the Pannonian Basin– 
in Hungarian]. PhD thesis, Eötvös Loránd University 
of Budapest, 344 pp. 

KAZÁR, E. 2005a. A mecseki fogascetek (Odontoceti in the 
Mecsek Mts.). In: FAZEKAS, I. (Ed.). A komlói térség 
természeti és kultúrtörténeti öröksége [Natural and 
cultural heritage of the Komló area – in Hungarian]. 
RegioGrafo Bt., Komló, 91–110. 

KAZÁR, E. 2005b. A new kentriodontid (Cetacea: Delphi‐
noidea) from the Middle Miocene of Hungary. Mittei‑
lungen aus dem Museum für Naturkunde in Berlin, 
Geowissenschaften Reihe, 8: 53–73. 
DOI 10.1002/mmng.200410004 

KAZÁR, E. 2006a. Sophianaecetus, a replacement name for 
Mediocris (Cetacea: Delphinoidea: Kentriodontidae). 

Mitteilungen aus dem Museum für Naturkunde in 
Berlin, Fossil Record, 9 (2): 260. 
DOI 10.1002/mmng.200600013 

KAZÁR, E. 2006b. Odontocete periotics (Mammalia: Ceta‐
cea) from the Carpathian Basin, Middle Miocene (Ba‐
denian and Sarmatian Stages), including the Vienna 
Basin, Austria. Mitteilungen aus dem Museum für 
Naturkunde in Berlin, Geowissenschaftliche Reihe, 8: 
53–73. 

KAZÁR, E. 2010. Revision of the genus Pachyacanthus 
Brandt, 1871 (Mammalia: Cetacea: Odontoceti). An‑
nalen des Naturhistorischen Museums in Wien, Serie A, 
112: 537–568. 

KELDER, N.A., SANT, K., DEKKERS, M. J., MAGYAR, I., VAN DIJK, G.A., 
LATHOUWERS, Y.Z., SZTANÓ O. & KRIJGSMAN, W. 2018. Paleo ‐
magnetism in Lake Pannon: Problems, pitfalls, and 
progress in using iron sulfides for magnetostrati ‐
graphy. Geochemistry, Geophysics, Geosystems, 19: 25 
https://doi.org/10.1029/2018GC007673 

KLEB, B. 1973. Geologie des Pannons im Mecsek. Annals 
of the Hungarian Geological Institute53 (3): 750–943. 

KLESPITZ, J. 2009. Bányaföldtani tapasztalatok a pécsváradi 
homokbányában [Mine geology in the Pécsvárad sand 
mine– in Hungarian]. Építőanyag [Journal of  Silicate 
Based and Composite Materials], 61 (4):  124–127. 

KOCSIS, L., VENNEMANN, T.W., HEGNER, E., FONTIGNIE, D. &  
TÜTKEN, T. 2009. Constraints on Miocene oceanogra ‐
phy and climate in the Western and Central Para‐
tethys: O‐, Sr‐, and Nd‐isotope compositions of marine 
fish and mammal remains. Palaeogeography, Palaeo ‑
climatology, Palaeoecology, 271: 117–129.  
doi:10.1016/j.palaeo.2008.10.003 

KONRÁD, GY. & SEBE, K. 2010. New Records of Young Tecto‐
nic Phenomena in the Western Mecsek Mts. and their 
Surroundings. Földtani Közlöny, 140 (2): 445–468. 

KORDOS, L. 1985. A magyarországi eggenburgi – szarmata 
képződmények szárazföldi gerinces maradványai, 
biozonációja és rétegtani korrelációja [Terrestrial 
vertebrate remains from the Eggenburgian to Sarma‑
tian of Hungary: Biozonation and stratigraphic corre‑
lation – in Hungarian]. Annual Report of the Geological 
Institute of Hungary, 1983: 157–166. 

KORMOS, T. 1911. Der pliozäne Knochenfund bei Polgárdi 
[The Pliocene bone find of Polgárdi – in Hungarian]. 
Földtani Közlöny, 41 (1): 171–189. 

KOVALCHUK, O., OTERO, O., BARKASZI Z., MURRAY, A.M. &DIVAY, 
J.D. 2024. A new species of Lates (Perciformes, Lati‐



KRISZTINA SEBE, MÁRTON SZABÓ, ZOLTÁN SZENTESI, LUCA PANDOLFI, NOÉMI JANKÓ & IMRE MAGYAR

Geol. an. Balk. poluos., 2024, 85 (1), 49–7168

1

dae) from the Late Miocene of Ukraine and notes on 
the latest records of lates perches in the Eastern 
Paratethys. Journal of Vertebrate Paleontology, DOI: 
10.1080/02724634.2023.2299314 

KRETZOI, M. 1951. A Csákvári Hipparion‐fauna  [The  
Hipparion‑fauna from Csákvár – in Hungarian].  
Földtani Közlöny, 81 (10–12): 384–417. 

KRETZOI, M. 1954. Befejező jelentés a Csákvári barlang 
őslénytani feltárásáról [Final report on the palaeonto‑
logical excavations of the Csákvár cave – in Hunga‐
rian]. Annual Report of the Geological Institute of 
Hungary on 1952: 37–69. 

KRETZOI, M. 1985. Neuer Amphicyonide aus dem Altpan‐
non von Pécs (Südungarn). Annales Historico‑Natura‑
les Musei Nationalis Hungarici, 77: 65–68. 

LENNERT, J., SZÓNOKY, M., GULYÁS, S., SHATILOVA, I.I., GEARY, D.H., 
MAGYAR, I., SZUROMI‐KORECZ, A. & SÜTŐ‐SZENTAI, M. 1999. 
The Lake Pannon fossils of the Bátaszék brickyard. 
Acta Geologica Hungarica, 42 (1): 67–88. 

MAGYAR, I. 1992. An Upper Pannonian s.l. (Miocene) mol‐
lusc fauna from Fehérvárcsurgó (Hungary). Annales 
Universitatis Scientiarum Budapestinensis de Rolando 
Eötvös Nominatae, Sectio Geologica, 29: 285–302. 

MAGYAR, I. 2021. Chronostratigraphy of clinothem‐filled 
non‐marine basins: Dating the Pannonian Stage. 
Global and Planetary Change, 205: 103609, 10 p. 
https://doi.org/10.1016/j.gloplacha.2021.103609 

MAGYAR, I. & GEARY, D.H. 2012. Biostratigraphy in a Late 
Neogene Caspian‐type lacustrine basin: Lake Pannon, 
Hungary. In: BAGANZ, O. V., BARTOV, Y., BOHÁCS, K. & 
NUMMEDAL, D. (Eds.). Lacustrine sandstone reservoirs 
and hydrocarbon systems. AAPG Memoir, 95: 255–264. 
DOI:10.1306/13291392M953142 

MAGYAR, I. & SZTANÓ, O. 2008. Is there a Messinian uncon‐
formity in the Central Paratethys? Stratigraphy, 5 (3‐
4): 245–255. 

MAGYAR, I., SZTANÓ, O., SEBE, K., KATONA, L., CSOMA, V., GÖRÖG, Á., 
TÓTH, E., SZUROMI‐KORECZ, A., ŠUJAN, M., BRAUCHER, R., RUSZ‐
KICZAY‐RÜDIGER, ZS., KOROKNAI, B., WÓRUM, G., SANT, K., KEL‐
DER, N. & KRIJGSMAN, W. 2019: Towards a high‐resolution 
chronostratigraphy and geochronology for the Panno‐
nian Stage: Significance of the Paks cores (Central 
Panno nian Basin). Földtani Közlöny, 149 (4): 351–370. 
https://doi.org/10.23928/foldt.kozl.2019.149.4.351 

MARKWICK, P.J. 1998. Fossil crocodilians as indicators of 
Late Cretaceous and Cenozoic climates: implications 
for using palaeontological data in reconstructing  

palaeoclimate. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 137: 205–271. 

MERELLA, M., COLLARETA, A., CASATI, S., DI CENCIO, A. & BIA‐
NUCCI, G. 2021. An unexpected deadly meeting: deep‐
water (hexanchid) shark bite marks on a sirenian 
skeleton from Pliocene shoreface deposits of Tuscany 
(Italy). Neues Jahrbuch für Geologie und Paläontologie 
– Abhandlungen, 301 (3): 295–305. DOI: 
10.1127/njgpa/2021/1012 

MÉSZÁROS, L. GY. 2000. New results for the Late Miocene 
Soricidae stratigraphy in the Pannonian Basin. News‑
letters on Stratigraphy, 38 (1): 1–11. 

MEZŐ, Á., SZÓNOKY, M.,GEARY, D. H. & MAGYAR, I. 1999. Mass 
occurrence of Congeria balatonica in the C. rhomboidea 
Zone of Southern Hungary: mollusk fauna of the Hird 
sand pit. Acta Geologica Hungarica, 42: 57–65. 

MIKUŽ, V. &ŠOSTER, A. 2013. Spodnjemiocenske ribe in želva 
iz Žvarulj pri Mlinšah (Centralna Parate tida)[Lower Mio ‑
cene fishes and turtle from Žvarulje near Mlinše, Slovenia 
(Central Paratethys) – in Slovenian]. Geologija, 56 (2): 
199–218. doi:10.5474/geologija.2013.013 

MŁYNARSKI, M. & ROČEK, Z. 1985. Chelonians (Reptilia: Tes‐
tudines) from the Lower Miocene locality Dolnice 
(Bohemia, Czechcoslovakia). Casopis pro mineralogii 
a geologii, 30 (4): 397–400. 

MÜLLER, P. & MAGYAR, I. 1992. Stratigraphic significance of 
the Upper Miocene lacustrine Cardiid Prosodacnomya 
(Kötcse section, Pannonian basin, Hungary). Földtani 
Közlöny, 122: 1–38. 

MÜLLER, P. & SZÓNOKY, M. 1990. Faciostratotype the Tihany‐
Fehérpart (Hungary) (“Balatonica Beds”, by Lőrenthey, 
1905). In: STEVANOVIĆ, P., NEVESSKAJA, L.A., MARINESCU, F.L., 
SOKAĆ, A. & JÁMBOR Á. (Eds.). Chronostratigraphie und 
Neostratotypen, Neogen der Westlichen (“Zentrale”) 
Paratethys, VIII, Pl1 Pontien. JAZU and SANU, Zagreb‐
Beograd, 427–435. 

NELSON, J.S., GRANDE, T.C. &WILSON, M.V.H. 2016. Fishes of 
the World. 5th Edition. Hoboken, New Jersey, John 
Wiley & Sons, 707 pp.  

OTERO, O. 2004. Anatomy, systematics and phylogeny of 
both Recent and fossil latid fishes (Teleostei, 
Perciformes, Latidae). Zoological Journal of the 
Linnean Society, 141: 81–133. 

PANDOLFI, L. & MARTINO, R. 2023. Taxonomy and phylogeny 
of the smallest Miocene rhinocerotid Parvorhinus n. gen. 
(Mammalia, Rhinocerotidae). Palaeoworld, 33: 229–240. 
https://doi.org/10.1016/j.palwor.2023.01.009 



Fossils from the Upper Miocene (Pannonian) sands of the Pécsvárad sand pit (Eastern Mecsek Mts., SW Hungary)

Geol. an. Balk. poluos., 2024, 85 (1), 49–71 69

PANDOLFI, L., SORBELLI, L., OMS, O., RODRIGUEZ‐SALGADO, P., CAM‐
PENY, G., GÓMEZ DE SOLER, B., GRANDI, F., AGUSTÍ, J. & MA‐
DURELL‐MALAPEIRA, J. 2023. The Tapirus from Camp dels 
Ninots (NE Iberia): implications for morphology, 
morphometry and phylogeny of Neogene Tapiridae. 
Journal of Systematic Palaeontology, 32 (1): 2250117, 
24 p. DOI: 10.1080/14772019.2023.2250117 

PAUNOVIĆ, M. 1993. Mesocetus aff. agrami (Mysticeti, 
Cetotheriidae) aus den mittelmiozänen Ablagerungen 
Nordbosniens. Rad Hrvatske akademije znanosti i 
umjetnosti. Prirodne znanosti, 463 (26): 1–12. 

PAVELIĆ, D., KOVAČIĆ, M., BANAK, A., JIMÉNEZ‐MORENO, G., MAR‐
KOVIĆ, F., PIKELJ, K., VRANJKOVIĆ, A., PREMUŽAK, L., TIBLJAŠ, 
D. & BELAK, M. 2016. Early Miocene European loess: a 
new record of aridity in southern Europe. GSA Bulletin, 
128: 110–121. doi: 10 .1130 /B31280 .1 

PAVELIĆ, D., KOVAČIĆ, M., TIBLJAŠ, D., GALIĆA, I., MARKOVIĆ, F. & 
PAVIČIĆ, I. 2022. The transition from a closed to an open 
lake in the Pannonian Basin System (Croatia) during 
the Miocene Climatic Optimum: Sedimentological evi‐
dence of Early Miocene regional aridity. Palaeo ‑
geography, Palaeoclimatology, Palaeoecology, 586: 
110786, 13 p.  
https://doi.org/10.1016/j.palaeo.2021.110786 

PIA, J. 1937. Von den Walen des Wiener Miozäns. Kurze 
Übersicht der Kenntnisse und Fragen. Mitteilungen 
der Geologischen Gesellschaft in Wien, 29: 357–428. 

RABEDER, G. 1990. Die Säugetiere des Pontien in Österre‐
ich und Ungarn. In: STEVANOVIC, P. M., NEVESSKAYA, L.A., 
MARINESCU, F., SOKAC,A. & JÁMBOR, Á. (Eds.).  Chronostra‑
tigraphie und Neostratotypen, Neogen der Westlichen 
(“Zentrale”) Paratethys 8, Pontien, JAZU and SANU, 
Zagreb‐Beograd, 821–836. 

RAFINESQUE, C.S. 1815. Analyse de la Nature, ou Tableau de 
l’Univers et de Corps Organisées. Palermo. 

ROMÁN, ZS., SEGESDI, M., SEBE, K., FÖLDES, T., BAKRAČ, K., VIRÁG, A. 
& BOTFALVAI, G. (2024). Paleontological and taphonomical 
investigations of the exceptionally rich concentration of 
Miocene vertebrate coprolites from Pécs‐ Danitzpuszta 
(Hungary, Mecsek Mts.). Historical Biology, 16 p.   
https://doi.org/10.1080/08912963.2024.2324435 

RÖSSNER, G.E. & HESSIG, K. 1999. The Miocene land mammals 
of Europe. Verlag Dr. Friedrich Pfeil, München, 515 pp. 

SACCHI, M., HORVÁTH, F. & MAGYARI, O. 1999. Role of uncon‐
formity‐bounded units in the stratigraphy of the con‐
tinental record: a case study from the Late Miocene of 
the western Pannonian Basin, Hungary. In: DURAND, B., 

JOLIVET, L., HORVÁTH, F. &SÉRANNE, M. (Eds). The Mediter‑
ranean Basins: Tertiary Extension within the Alpine 
Orogen. Geological Society, London, Special Publicati‐
ons, 156: 357–390. 

SCHULTZ, O. 2013. Pisces. Catalogus Fossilium Austriae, 3: 
1–96. 

SCHULTZ, O., BRZOBOHATÝ, R. &KROUPA, O. 2010. Fish teeth 
from the Middle Miocene of Kienberg at Mikulov, 
Czech Republic, Vienna Basin. Annalen des Naturhis‑
torischen Museum in Wien 112 (A): 489–506. 

SEBE, K. 2021: Structural features in the Miocene sedi‐
ments of the Pécs‐Danitzpuszta sand pit (SW Hun‐
gary). Földtani Közlöny, 151 (4): 411–422. DOI: 
10.23928/foldt.kozl.2021.151.4.411 

SEBE, K., KONRÁD, GY. & HORVÁTH, J. 2016. Tektonikai jelen‐
ségek a Mecsekalja‐öv pannóniai rétegeiben: Pécs,  
Ifjúság útja és környéke [Structural features in Upper 
Miocene sediments in a composite fault zone: Ifjúság 
Street, Pécs, SW Hungary–in Hungarian]. Természet‑
földrajzi Közlemények a Pécsi Tudományegyetem Föld‑
rajzi Intézetéből, 2015 (1): 1–11. 

SEBE, K., KOVAČIĆ, M., MAGYAR, I., KRIZMANIĆ, K., ŠPELIĆ, M., BI‐
GUNAC, D., SÜTŐ‐SZENTAI M., KOVÁCS, Á., SZUROMI‐KORECZ, 
A., BAKRAČ, K., HAJEK‐TADESSE, V., TROSKOT‐ČORBIĆ, T. & 
SZTANÓ, O. 2020. Correlation of upper Miocene–Plio‐
cene Lake Pannon deposits across the Drava Basin, 
Croatia and Hungary. Geologia Croatica, 73 (3): 177–
195. https://doi.org/10.4154/gc.2020.12 

SEBE, K., KONRÁD, GY. & SZTANÓ, O. 2021a. An exceptional 
surface occurrence: the middle to upper Miocene suc‐
cession of Pécs‐Danitzpuszta (SW Hungary). Földtani 
Közlöny, 151 (3): 235–252. 
DOI: 10.23928/foldt.kozl.2021.151.3.235 

SEBE, K., SZABÓ, M., MAGYAR, I. & SZENTESI, Z. 2021b. A ten‐
gertől a Pannon‐tóig: a Pécs‐danitzpusztai homokbá‐
nya miocén ősmaradványai [From sea to Lake Pannon: 
the Miocene fossils of the Pécs‑Danitzpuszta sand pit – 
in Hungarian]. Studia Komloensis, 1 (1): 73–84., HU 
ISSN 2732‐3692 

SEBE K., SZABÓ M., SZENTESI Z., PANDOLFI, L., BUDAI, S. & GREGO‐
RITS, M. 2023. A Mecseki alsó–középső miocén tavi össz‐
let makrofaunája: előzetes eredmények [Macrofauna of 
the Lower – Middle Miocene lacustrine succession in the 
Mecsek Mts.: preliminary results – in Hungarian]. In: 
BOSNAKOFF, M., SZIVES, O. &FŐZY, I. (Eds.). 26. Magyar Ős‐
lénytani Vándorgyűlés, Pécsvárad. Program, Előadás‐
kivonatok, Kirándulásvezető [26th Meeting of 



KRISZTINA SEBE, MÁRTON SZABÓ, ZOLTÁN SZENTESI, LUCA PANDOLFI, NOÉMI JANKÓ & IMRE MAGYAR

Geol. an. Balk. poluos., 2024, 85 (1), 49–7170

1

Hungarian Paleontologists, Program, abstracts and field 
gude]. Hungarian Geological Society, Budapest, 32–33. 

SOLT, P. 1991. Tengeri halmaradványok a Hasznos kör‐
nyéki felső‐miocénből [Marine fish fossils from the 
Upper Miocene around Hasznos– in Hungarian].  
Annual Report of the Geological Institute of Hungary 
1989, 473–480. 

SORBINI, L. 1975. Contribution à la révision des Bérycifor‑
mes et de quelques Perciformes primitifs de l’Eocène 
inférieur de Monte Bolca (Italie). Thèse de Doctorat 
d’Etat es Sciences Naturelles présentée à la faculté des 
Sciences de Paris, 223 pp. 

SÜMEGHY, J. 1939. Zusammenfassender Bericht über die 
pannonischen Ablagerungen des Győrer‐Beckens, 
Transdanubiens und des Alföld. Annals of the Hunga‑
rian Geological Institute,32 (2): 190. 

SZABÓ, M. 2019. Middle Miocene (Badenian) chondricht‐
hyan and osteichthyan remains from St. Margarethen 
(eastern Austria) in the vertebrate palaeontological 
collection of the Hungarian Natural History Museum. 
Fragmenta Palaeontologica Hungarica, 36: 53–95., 
DOI: 10.17111/FragmPalHung.2019.36.53 

SZABÓ, M. & KOCSIS, L. 2020. Supplementary data on the 
Middle Miocene (Badenian) fish assemblage of Nyirád 
(Hungary): revision and new results on faunal com‐
position and paleoenvironment. Palaeontographica 
Abteilung A, Palaeozoology – Stratigraphy, 315 (5‐6): 
121–191., DOI: 10.1127/pala/2020/0094 

SZABÓ, M., KOCSIS, L., BOSNAKOFF, M. & SEBE, K. 2021. A di‐
verse Miocene fish assemblage (Chondrichthyes and 
Osteichthyes) from the Pécs‐Danitzpuszta sand pit 
(Mecsek Mts, Hungary). Földtani Közlöny, 151 (4): 
363–410. DOI: 10.23928/foldt.kozl.2021.151.4.363 

SZENTESI, Z. 2021. Scattered fossils in the collection of 
Hungarian Natural History Museum: vertebrae of 
giant salamande, Andrias scheuchzeri (Holl, 1831): 
caudal vertebrae from the Late pannonian Miocene 
paleovertebrate locality of Pécs‐Danitzpuszta (Hun‐
gary) (Caudata: Amphibia: Cryptobranchidae). Anna‑

les Musei Historico‑Naturalis Hungarici, 113: 11–23. 
DOI: https://doi.org/10.53019/AnnlsMusHistNat‐
Hung.2021.113.11 

SZENTESI, Z., SEBE, K. & SZABÓ, M. 2020. Giant salamander 
from the Miocene of the Mecsek mountains (Pécs 
Danitzpuszta, southwestern Hungary). PalZ (Paläon‑
tologische Zeitschrift), 94: 353–366. 
https://doi.org/10.1007/s12542‐019‐00499‐2 

SZÖLLŐSY, L. 1994. A hímesházi és pécsváradi felső‐pannon 
(Balatoni) homokbányák képződményeinek összeha‐
sonlító vizsgálata [Comparative study of sediments of 
the Upper Pannonian (Balatonian) Hímesháza and 
Pécsvárad sand pits– in Hungarian]. MSc thesis, József 
Attila University of Szeged, 49 pp. 

SZÓNOKY, M., DOBOS‐HORTOBÁGYI, E., GULYÁS, S., SZUROMI‐ 
KORECZ, A., MÜLLER, P., GEARY, D.H. & MAGYAR, I. 1999. 
Árpád, a classic locality of Lake Pannon bivalves. Acta 
Geologica Hungarica, 42 (1): 89–108. 

SZTANÓ, O., MAGYAR, I., SZÓNOKY, M., LANTOS, M., MÜLLER, P., 
LENKEY, L., KATONA, L. & CSILLAG, G. 2013. Tihany Forma‐
tion in the surroundings of Lake Balaton: type locality, 
depositional setting and stratigraphy. Földtani Köz‑
löny, 143(1): 73–98. 

TARASENKO, K.K. & LOPATIN, A.V. 2012. New Baleen Whale 
Genera (Cetacea, Mammalia) from the Miocene of the 
Northern Caucasus and Ciscaucasia: 1. Kurdalagonus 
gen. nov. from the Middle–Late Sarmatian of Adygea. 
Paleontological Journal, 56 (5): 531–542. DOI: 
10.1134/S0031030112050115 

VADÁSZ, E. 1935. Das Mecsek‑Gebirge [The Mecsek Moun‑
tains– in Hungarian]. Hungarian Royal Geological Ins‐
titute, Budapest, 180 pp. 

VAN BENEDEN, P.J. 1884. Une Baleine fossile de Croatie,  
appartenant au genre Mésocète. Mémoires de l’Acadé‑
mie Royale des Sciences, des Lettres et des Beaux‑Arts 
de Belgique, 45: 1–29. 

VENCZEL, M. 2007. Late Middle Miocene amphibians and 
reptiles from Subpiatră (Bihor district, Romania). 
Nymphaea, 34: 39–66. 



Fossils from the Upper Miocene (Pannonian) sands of the Pécsvárad sand pit (Eastern Mecsek Mts., SW Hungary)

Geol. an. Balk. poluos., 2024, 85 (1), 49–71 71

Резиме 
 
Фосили из горњомиоценских 
(панонских) пескова на 
локалитету Pécsvárad (источни 
обод Mecsek планина, ЈЗ Мађарска) 
 
 
Планине Mecsek на југозападу Мађарске 

представљају издигнути подински блок Панон ‐
ског басена, изграђен од стена горњег палео ‐
зоика и мезозоика. Њихов неогенски покривач 
обухвата наслаге средњег миоцена Централног 
Паратетиса и касномиоценскe бракичне седи ‐
менте Панонског језера. Лимонитски пескови 
горњег миоцена (панонске старости у регионал ‐
ној стратиграфији Централног Паратетиса) су 
типичне наслаге Панонског језера и јављају се 
дуж целог обода Mecsek планина. На неким 
локалитетима, као што су Pécs‐Danitzpuszta или 
Himesháza, песковити седименти садрже мешо ‐
виту фосилну заједницу кичмењака која је пре ‐
таложена из различитих старијих миоцен ских 
јединица и потом је депонована заједно са 
фауном касног миоцена. Површински коп песка 
на локалитету Pécsvárad обилује не посебно 
богатом, али релативно разноликом заједницом 
фосилних кичмењака, сакупљених углавном 
недавно. У раду је приказан кратак опис и 
процена фосилне фауне локалитета Pécsvárad. 
Активни површински коп песка налази се ЈЗ 

од града Pécsvárad, на ЈИ ободима планине Me‐
csek. Заузима површину од око 300 х 400 m са 
дебљином наслага од 35 m. Пескови који садрже 
фелдспате се експлоатишу за потребе инду ‐
стрије, нпр, за производњу фине керамике.  
 
Касномиоценске молуске 
 
Лимонитски песак садржи обиље фосилних 

мекушаца са честим лумакелама. Арагонитске 
љуштуре су у потпуности растворене, а сачувани 
су само калупи и отисци. Током 2014 и 2018. 
године, из пескова су сакупљене и одређене 
следеће врсте: Dreissena auricularis (сл. 4e), Con‑
geria balatonica (сл. 4d), C. cf. ungulacaprae, Lymno‑
cardium schmidti (сл. 4c), L. hungaricum (сл. 4a, b), 

„Pontalmyra” budmani (сл. 4f, g), Pseudocatillus 
simplex (Fuchs), Lymnocardiinae и Zagrabica sp.  
 
Други бескичмењаци 
 
Пескови садрже и преталожене јурске беле ‐

мните и криноидске чашице. 
 
Рибе 
 
Фауна риба се састоји од риба са хрскави авим 

скелетом (chondrichthyans) и риба са коштаним 
скелетом (osteichthyans). Једини пронађен зуб 
ајкуле је у фрагментираном стању и без корена, 
али указује на горњи латерални зуб одонто ‐
спаридске ајкуле. Пронађени су и представници 
фамилија Acipenseridae и Scombridae. 
 
Водоземци 
 
Једини пронађени фосилни материјал водо ‐

земаца је представљен фрагментираним каудал ‐
ним пршљеном џиновског даждевњака Andrias 
cf. scheuchzeri. 
 
Гмизавци 
 
Гмизавци су представљени фосилним оста ‐

цима корњача и крокодила. Остаци корњача су 
чести и представљени су фрагментима кара ‐
пакса, вратним пршљеновима и костима удова 
који дозвољавају идентификацију до Testudines 
indet. Остаци крокодила састоје се од зуба и 
неколико фрагмената остеодерма и могу се 
приписати роду Diplocynodon (сл. 6 E, F, G). 
 
Сисари 
 
Највећи део фосилних остатака сисара 

потиче од китова и делфина. Најбројнији остаци 
припадају врсти Kentriodon fuchsii. Копнени 
сисари припадају фамилијама Tapiridae и Rhino‐
cerotidae, док су остаци жирафа представљени 
родом Csakvarotherium. 
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