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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 Pécsvarad 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
vertebrate 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 Paratethys 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.

Ancrpakr. IlnanuHe Mecsek y J3 Mabapckoj npeacrTaB/bajy U3JAUTHYTH
MOAMHCKHU 6J10K [laHOHCKOT 6aceHa. tbuxoB HEOreHCKU MOKpUBa4Y 00yxBaTa
HacJlare Kako U3 cpefmwoMmuoneHckor LenTpannor [lapateTunca, Tako U U3
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K/by4He peun:

IlaHoHcKo jesepo, Llenmpasanu
Ilapamemuc, nnaHuxe Mecsek,
Meuwoguma @ocuiHa 3ajedHuyda,

KAaCHOMUOLEHCKOT (IaHOHCKOT) 604aTHOT je3epa [laHoH. [y MJIaHUHCKOT
¢$poHTa, NaHOHCKU necak Pécsvarad memryape caZp>kui MEMIOBUTY GOCUIIHY
3ajeJHULY KUNUMeHaKa, Koja Jlaje YBUJL Y KOTHEHEe U BOJeHe >KUBOTUHCKe
BpPCTe TOKOM Pa3/IMYMTUX BPEMEHCKHUX HHTEPBasa MUOLIeHa.

@®oCcHI0HOCHU NIecak aKyMyJIUpaH je npe 7,6-6,8 MUIMOHA TOAMHA, Y BUCOKO-
eHepreTCKOM JINTOPAJTHOM OKpy»Kewy [laHOHCKOT je3epa, Ha 1ITa yKa3yjy
octany Mekyana. PocusHa 3ajeJHULA KUUMehaKa je peJJaTUBHO Pa3HOJIH-
Ka y nopehemy ca 6pojeM mpoHaheHux ¢pocua. HajpacnpocrpamweHuja rpymna
BO/IEHUX CHcapa, 00yxBaTa HajMakbe YeTUPHU BPCTE OJOHTOLIETA U HEKOJIUKO
TaKCOHA MUCTULETA, KOjU Cy MPBOOUTHO XKUBeau y [lapaTeTHcy TOKOM
6asena u capmara. OcTtanu Hocopora Cy NpeTaJioKeHW W3 CceJMMeHaTa
KapraTcKe U HajpaHHje MaHOHCKe CTApOCTH. JeJlaH 3y6 ajKyJie je CUTypHe
6a/ieHCKe CTapoCTH, a pube U3 paMuimje ckyuia Takohe, BepoBaTHO AATUPAjy
u3 Tor nepuoja. Pocuu Apyrux puda (cnapuza, JaTua U auneHcepu/a),
LJUHOBCKHUX JJaXK/IeBHhaKa, Kophaya, KpOKO/MJIa U jeJieHa MOTy MOTULATH U3
CTapUjuX MUOLIEHCKUX HAcJIara, ajli Mory 6UTH U CHHXPOHH €A IECKOBUTHUM
Hacsarama. Tanupu u xxupade cy cUTypHO KHBeJIU Ha o6asaMa [laHoHCKOT
jesepa, BepoBaTHO UCTOBPEMEHO Ka/J, Cy U TaJI0KeHe HacJjare necka, ajau He
MHoOTO0 paHuje. Epo3uja, npuHoeme 1 Meliame GpayHe pe3y/nTar je u3/jM3ama
Y IeHYZlalMOHUX IIpolieca Ha MJlaHuHaMa Mecsek TOKOM ceiUMeHTALMOHUX
nporeca y [laHOHCKOM je3epy, ©3a3BaHUX HEOTEKTOHCKOM UHBEP3UjoM bace-
Ha. OBaj npuMep noka3yje Aa ynpKoC HECUTYPHOCTU Y OApPeAOU CTapoCTH
HeKMX $ocu/a, MelloBUTA dpayHa MOXKe NMPYKUTH BaXKHE MOJATKe O eBOJIY-

uHeep3uja 6aceHa

LUjU HEKOT o pydja.

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 localities, like
Pécs-Danitzpuszta (SEBE et al., 2021a) or Himeshaza
(Bupai 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 (SzaBo et al., 2021; BoTraLval 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 Miocene
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sediments. The sand pit of Pécsvarad 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 Pécsvarad 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 Pécsvarad, at the SE margin of the
Mecsek Mts. (Fig. 1). It covers an area of ~300x400 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.
[tis ~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
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Fig. 1. Location of the Pécsvdrad sand pit. Geological map modified from HETENYI et al. (1982). Satellite image from GoogleEarth, taken

on 23.06.2021.

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 Carboniferous granite and to some extent
Miocene sediments (Lower Miocene Szdszvar 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 Kalla Member
of the Békés Fm.

Fig. 2. Coarse sands in the SW wall of the Pécsvdrad 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 (KoNrAD & 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, SUMEGHY
(1939) mentioned Pécsvarad 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 SZOLLOSY (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 KazAr
(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
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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);
Jézsef Attila City Library and Museum Collection,
Komlé; 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 Mihdaly Pasin, an employee of the
KOKA Ké-és Kavicsbanyaszati Kft. operating the
Pécsvarad sand pit, and Laszl6 Kanizsai, Karoly Kiibler
and Arnold Kiibler from Komlé. Maté 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

Geol. an. Balk. poluos., 2024, 85 (1), 49-71
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redeposition. Compared to the number of finds, the
vertebrate fauna is relatively diverse and includes
both aquatic and terrestrial vertebrates. Here we
present the important representatives of the fossil
assemblage.

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.

1876). His specimens, reposited in the paleonto-
logical collection of the Royal Hungarian Geological
Institute, are still available for study at SARA. His
“C. partschi” moulds (# P1.4213) can be determined
as Congeria sp., whereas his “C. triangularis” speci-
mens (#P1.4212) as C. cf. triangularis and C. cf.
ungulacaprae.

KLEB (1973, p. 800) listed 7 species from Pécsvarad:
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 illustrations.

SzoLLOsY (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

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

Janos Bockh first collected fossils in the Pécsvarad
sandpit in 1874 and identified two dreissenid spe-
cies, Congeria partschi and C. triangularis (BOCKH,

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

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. 4. Lake Pannon cockles and dreissenids from the Pécsvdrad
sandpit. A, B: L. hungaricum (HORNES); C: Lymnocardium schmidti
(HORNES); D: Congeria balatonica PArTscH; E: Dreissena auricularis
(Fucus); E G: ,Pontalmyra” budmani (BRUSINA). Scale bars:

1cm
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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 Pécsvarad fish fauna is composed
of both chondrichthyans and osteichthyans. The
only Pécsvarad 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 Pécsvarad 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 Pécsvarad 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 aforementioned
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 Pécsvarad
latid vomer is large and well-preserved (Fig. 5 G). It
has arounded anterior margin, and it bears a fused,
arched tooth patch. Following parsimony, large
median fin spines with a generalized perciform
morphology 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 ) of Lates
have a large lower and an upper lateral fossa, sepa-
rated by a massive bone ridge.

Fig. 5. Fish fossils from the Pécsvdrad 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 (Kiibler 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.); 11, J1: articular view;
12, 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
incisiform 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 Pécsvarad 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.

56

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 attributed 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 BrRANDT (1873) and KazAr
(2003,2005a, 2006b). For another kentriodontid, the
larger Sophianaecetus commenticius, KazAr (2003) re-
ported and imaged a right humerus (V.60/707 in the
HNHM collection) from the Pécsvarad 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 KazAR (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
KazAR (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 (KazAr 2010).
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Fig. 6. Amphibian and reptile remains from the Pécsvdarad sand pit. A) cf. Testudo carapace fragment (?nuchal), internal and external
view (Kiibler 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 (Kiibler 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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Fig. 7. Odontocete fossils from the Pécsvdrad 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. Kazdr
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)

Some stout, thick vertebral spinous processes found  from Pécs-Danitzpuszta by KazAr (2010), are attribu-
at the locality, similar to those referred to this species ted to Pachyacanthus suessi as well, where the highly
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pachyostotic thickening of the vertebral spines is
typical (KazAr 2010). Odontocetes are further repre-
sented by an unidentified scapula fragment, possibly
belonging to a kentriodontid; a metacarpal and
phalanges; several vertebrae; 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 arib, 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 Miocene sands in
the nearby sand pit of Pécs-Danitzpuszta were
investigated by CseErPAK (2018). Based on the mor-
phological 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 complete length of the
humerus - the Pécsvarad humerus (Fig. 8 C) can be
identified as Cetotherium priscum. With its length of
17-18 cm, the specimen is above the upper limit of

A

the size range presented by CsErPAK (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 (Kapi¢, 1907) or M. agrami
(vAN BENEDEN, 1884; Paunovi¢, 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
cetotheriids (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

C

Fig. 8. Mysticete remains from the Pécsvdrad 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-

B

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 diameter of the
antler suggest that it belonged to a young individual.

b L

Fig. 9. Terrestrial mammal fossils and coprolites from the Pécsvdrad 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 Il (JPM 57.99.1.); D)
cf. Csakvarotherium proximal phalanx (Kiibler 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

rior and posterior roots are slightly concave, simi-
larly to the Tapirus specimen HNHM V.71.30 from
Ajnacské 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. CERDENO 1986;
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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 Csakvar cave (Kretzoi, 1954), and
Helladotherium (GaAL, 1943; Kormos, 1911). The up-
ward strongly widening Pécsvarad specimen can
rather be attributed to Csakvarotherium.

Several vertebrate coprolites of various sizes and
shapes are also part of the Pécsvarad 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 (RoMAN et al,,
2024).

In the Hungarian Natural History Museum, an
amphicyonide tooth (Hubacyon (Kanicyon) pannoni-
cus) is inventoried with the location Pécsvarad.
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KRrETZ01 (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 Pécsvarad”. This
description fits the sand pit of Pécs-Danitzpuszta
and not that of Pécsvarad. We therefore consider
this specimen erroneously localised in the museum
inventory and do not discuss it together with the
Pécsvarad assemblage.

Discussion

Depositional environment and age of the
sediment

The Pannonian mollusc fauna of the Pécsvarad
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., MULLER & SzONOKY, 1990; MEz6
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 Szonoky et al., 1999). The original
diversity of the Pécsvarad assemblage was likely
higher, but poor preservation hinders the species-
level identification of additional forms.

The biostratigraphic position of the Pécsvarad
layers is constrained by the presence of Lymno-
cardium schmidti, which first appears in the littoral
Prosodacnomya carbonifera Zone (MULLER & 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;
SzTaNO 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 & SzTANO, 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,
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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 Pécsvarad assemblage indicates the
nearby presence of freshwater habitats during the
Miocene. Acipenseridae fossils have also been
reported from the nearby Pécs-Danitzpuszta sand
pit (SzaBo et al., 2021).

Itis 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 (SorsiNIl, 1975; FROESE & Pauly, 2024 and
references therein). Fossils of Latidae have already
been reported from the Miocene of the Paratethys
(SzaBo 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 widespread
in shallow, temperate-tropical waters, where they
occupy a wide variety of habitats. The Pécsvarad
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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., SoLr,
1991; ScHuLrZ et al., 2010; MikuZ & SosTER, 2013;
ScHuLtz, 2013; BOSNAKOFF, 2014; SzaB0, 2019; SzABO
& Kocsis, 2020; Szago 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 Pécsvarad fish fauna reflects a
connection to open marine habitats. Scombridae
fossils are also known from the Miocene sands of the
Pécs-Danitzpuszta sand pit (SzaBo et al,, 2021).

To sum up, the Pécsvarad 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 (SzeNnTesI et al., 2020; SzenTEs], 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
(SzenTeEs! 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 (VADASZ,
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1935; Korpos, 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 (MtyNARSkI & RoCEk, 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 (PaveLiC et al., 2016, 2022; ANDRIC-
ToMASEvIC etal., 2021). Trionychids prefer freshwater
or slightly brackish environments: slow-moving
rivers, swamps, and ponds (HoLkc, 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 Pécsvarad
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 (Korpos,
1985). In 1873, a partial Diplocynodon skeleton
(coll. Janos Bockh) was found SE of the settlement
Orfi-Banos, 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-
tropical climate and permanent water bodies
(Markwick, 1998; BoHME, 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; Hir et al.,,
2002). Conditions could have been appropriate for
Diplocynodon during the deposition of the Pécsva-
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 (KazAr, 2003, 2006b; GRIGORESCU &
KaZAR, 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 (KazAr, 2005a). Sophianaecetus
commenticius was described from the Sarmatian of
the Mecsek Mts. (KazAR, 2005b, 2006a). Pachyacan-
thus suessi, a toothed whale resembling the modern
river dolphins, has occurrences in the Sarmatian de-
posits of the Central Paratethys (KazAr, 2010).
According to KazARr, (2003), the Sarmatian Acro-
delphis letochae (BRaNDT, 1873) is a descendant of
the smaller-sized Badenian cf. Acrodelphis sp., which
is described from the Vienna Basin, and points to an
evolutionary trend of strong size increase. Based on
this, the new indeterminate humerus from Pécsvarad
might have belonged to the older, Badenian form. So,
apart from this latter find, the majority of the Pécs-
varad 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; SzaB6 et al., 2021;
FEICHTINGER 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 (SzaBo 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; GORJANOVIC-KRAMBERGER,
1884; Kabi¢, 1907; P1a, 1937; Paunovi¢, 1993; GOLDIN
& Rapovi¢, 2018; CserpAk, 2018). According to CSERPAK
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(2018), Cetotherium priscum remains of the Central
Paratethys found in situ come from Sarmatian de-
posits (BRANDT, 1873; GORJANOVIC-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 & STARTSEY, 2016). Considering that — even
if restricted - marine conditions were last present
in the study area during the Sarmatian, the Pécsva-
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 Paratethys (vAN BENEDEN, 1884; KADIC,
1907; PauNovi¢, 1993; HoLEc & SaBoL, 1996). Thus, at
least some of the Pécsvarad 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
(PanDoLF1 et al,, 2023). In the Miocene of the Panno-
nian Basin, the small Tapiriscus pannonicus has
been reported from the MN11 locality Csakvar in
Hungary (KreTZo1, 1951; GUERIN & EISENMANN, 1994),
and from the Turolian site Sarmadsag in Romania
(CopRrEa, 1994), which are approximately coeval with
the deposition of the Pécsvarad sands. Although the
preservation of the Pécsvarad 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 Pécsvarad
assemblage must have been reworked.

Primitive giraffids are known in Europe from the
MNS5 zone, while the group diversified in the Late
Miocene (ROsSNER & HEssiG, 1999). Giraffid finds
from Hungary are all dated to the Late Miocene:
Csakvar has most recently been classified into
MN11 (MEgszAros, 2000), while among the localities
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which yielded Helladotherium, Hatvan belongs to
the MN12 (GaAL, 1943; BERNOR et al., 2003) and
Polgardi to the MN13 zone (Kormos, 1911; RABEDER,
1990). The Pécsvarad 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 (ROSSNER & HEssIG, 1999).

The detailed investigation of the extremely rich
coprolite assemblage of the nearby Pécs-Danitzpuszta
sand pit showed that the coprolites in the Upper
Miocene sands might have been reworked from any
time interval of the Miocene (RoMAN etal., 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.) (HAMOR 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 Pécsvarad 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 (SzABO et al,, 2021), and
at another locality to the east, Himeshdaza, shark and
ray teeth are also abundant (Kocsis et al., 2009; Bupal
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etal., 2019), while only a single shark tooth has been
found at Pécsvarad. In contrast, today Sarmatian
rocks crop out only in a narrow band near the
Pécsvarad 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 Pécsvarad 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 (KoNRAD & SEBE, 2010; SEBE et
al, 2016; SEBg, 2021). Uplift and consequent de-
nudation of the mountains happened partly simul-
taneously with Lake Pannon deposition. It seems
that at Pécsvarad, 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
underlying 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 Pécsvarad 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.
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Fossils from the Upper Miocene (Pannonian) sands of the Pécsvdrad sand pit (Eastern Mecsek Mts., SW Hungary)

Pe3ume

®ocuiiu U3 rOPpHOMHUOLLEHCKUX
(maHOHCKHX) IeCKoBa Ha
JokaauTety Pécsvarad (ucrounu
0604 Mecsek nu1anuHa, J3 Mabapcka)

[lnanune Mecsek Ha jyrosamagy Mabapcke
Npe/ICTaB/bajy U3JAUTHYTH MOJAUHCKU 6J10K [laHOH-
CKor GaceHa, uarpabeH oj cTeHa ropmwer naJjeo-
30MKa U Me3030MKa. buX0OB HeOreHCKU NOKpUBay
obyxBaTa HacJsare cpejimer MuoleHa lleHTpasHor
[lapaTeTHca U KaCHOMHUOLIEHCKe OpaKUiHe cefu-
MeHTe [[aHOHCKOT je3epa. JIMMOHUTCKU NECKOBHU
ropHer MUoLeHa (IaHOHCKe CTapOCTH Y peruoHal-
Hoj ctpaTturpaduju LenTpanHor [lapateruca) cy
TUIIMYHEe Hacsare [laHOHCKOT je3epa U jaBJbajy ce
Oy 1esor o6oga Mecsek miaHuHa. Ha Hekum
JIOKaJINTEeTHUMa, Kao To cy Pécs-Danitzpuszta niu
Himeshdaza, neckoBUTH ceZJUMEHTHU Cafip>Ke Melllo-
BUTY QOCUJIHY 3ajeIHULY KHUMeHaKa Koja je mpe-
TaJIoXKeHa U3 Pa3/IMUUTUX CTAPUjUX MUOLEHCKUX
jeAMHMIa U NOTOM je Jell0OHOBaHa 3ajejHO ca
dayHoM KacHOr MUoLeHa. [[OBPIIMHCKU KOTI ITecKa
Ha JiokaauTeTy Pécsvarad o6usyje He moce6HO
60oraToM, aJiy peJlaTUBHO PAa3HOJMKOM 3ajeJHULOM
bOCHUIHUX KHYMEHaKa, CaKylJ/beHUX YIJIaBHOM
HeJaBHO. Y pajy je NpuKasaH KpaTakK ONUC U
npoieHa ¢ocusHe payHe sokanuTeTa Pécsvarad.

AKTHBHM TOBPUIMHCKH KOTI IleCKa HaJasu ce |3
on rpajia Pécsvarad, Ha JU o6oauMa nuiaHvHe Me-
csek. 3aysuma nmoBpiuHy oj oko 300 x 400 m ca
JlebbuHOM Hacsara oz 35 m. [leckoBU Koju cagprxe
desnacnaTe ce ekcnjoaTUIly 3a NoTpebe HHAY-
CTpHje, HIIP, 32 IPOU3BO/ Y QUHE KEPAMUKE.

KacHomMuouneHcke MOJIYCKE

JIMMOHUTCKHU Necak caZpku 06u/be GOCUTHUX
MeKylIlala ca YeCTUM JiyMaKesiaMa. AparoHUTCKe
JBYLITYPE Cy Y NOTIYHOCTH PACTBOPEHE, a CA4yyBaHU
cy camo Kauaynu u otucuu. Tokom 2014 u 2018.
rofiuHe, U3 MeCKOBa Cy CaKyl/beHe U ojpebheHe
cnepnehe Bpcre: Dreissena auricularis (ci. 4e), Con-
geria balatonica (cn. 4d), C. cf. ungulacaprae, Lymno-
cardium schmidti (ca. 4c), L. hungaricum (cJ1. 4a, b),
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,Pontalmyra” budmani (ca. 4f, g), Pseudocatillus
simplex (Fuchs), Lymnocardiinae u Zagrabica sp.

Apyru 6ecKuuMemalm

[leckoBHU cajZip>ke U MpeTaloKeHe jypcke Gesie-
MHHUTE U KDUHOUACKE YalllHuIie.

Pube

®dayHa puba ce cacToju of] prba ca XpCKaBUaBUM
ckesieToM (chondrichthyans) u pu6a ca komrranum
ckesieToM (osteichthyans). Jequnu npoHaheH 3y6
ajkyJie je y GparMeHTHPAHOM CTamwy U 6e3 KopeHa,
aJid yKasyje Ha TOpHU JaTepaslHU 3y6 OJOHTO-
cnapu/icke ajkyse. [IpoHaheHu cy v npeacTaBHULU
damunnja Acipenseridae u Scombridae.

Boao3emuu

Jenuuu nponaheHu GoCcUIHU MaTepHjaT BOJO-
3eMalia je mpe/cTaB/beH pparMeHTUPAHUM Kay/jaJl-
HUM NPII/bEHOM [TMHOBCKOT JaXKJAeBwaka Andrias
cf. scheuchzeri.

I'mu3aBuu

'MHU3aBIy Cy npeAcTaB/beHU GOCUIHUM OCTa-
[[MMa KOpHada ¥ Kpokoguaa. Octanu Kopmwava cy
YeCTH U NpeJCTaB/beHU cy GpparMeHTHMa Kapa-
MakKca, BpaTHUM NPLIIEHOBMMA U KOCTHMA y/10Ba
KOjU [103BOJbaBajy ujeHTudukanujy o Testudines
indet. OcTanu KpokoJuJaa cacToje ce oA 3yba u
HEKOJIMKO ¢parmMeHaTa oCTeojepMa U MOTy ce
npunucatu poay Diplocynodon (cn. 6 E, E, G).

Cucapu

Hajsehu peo ¢ocunHux ocraTaka cucapa
MOTHUYE O/ KUTOBA U JlesidprHa. HajopojHuju octanu
npunazajy Bpctu Kentriodon fuchsii. KonHeHu
cucapu npunazaajy damunujama Tapiridae u Rhino-
cerotidae, 1ok cy ocTtaiu xxupacda npecTaB/beHU
poxnom Csakvarotherium.
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