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Elsé borito: Lymnocardium schedelianum, a biostratigraphic marker species from the Pannonian

calcareous silts of the Pécs-Danitzpuszta sand pit (photo: Krisztina SEBE)

Hdtsé boritd: Steeply dipping layers of the uppermost part of the Lake Pannon calcareous marls,
the overlying transitional calcareous silts and the lower portion of the limonitic sands in the

northern wall of the sand pit in 2021 (photo: Krisztina SEBE)
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Osszefoglalds

Kozépsd miocén (badeni) makrogerinctelenek Pécs-Danitzpusztdrol

Badeni normadl tengeri iiledékekbdl szarmazé makrogerincteleneket — korallokat és puhatestiieket — vizsgaltunk a
pécs-danitzpusztai homokbdnydbdl. A korallok a fels6 miocén, pannon-tavi homokban athalmozva fordulnak eld, és a
Lajtai Formdacid kozépss badeni Pécsszabolcsi vagy fels6 badeni Rédkosi Mészkd Tagozatdbdl szarmazhatnak. Az azo-
nositott hét taxon szubtrépusi éghajlatra és 6nallé korallzatonyok hidnyara utal. A puhatestiiek a felsé badeni Badeni For-
macio Szildgyi Agyagmarga Tagozatdnak és a Lajtai Formacié Rédkosi Mészk Tagozatanak szalban all6 rétegeibdl szar-
maznak. A kagylok uralta fauna az adott id6szak Kozéps6-Paratethysre jellemzd fajait tartalmazza.

Kulcsszavak: Mecsek, badeni, korall, puhatestii, lajtamészkd

Abstract

This paper examines Badenian (middle Miocene) macroinvertebrates — corals and molluscs — from the Pécs-Danitz-
puszta sand pit (Mecsek Mts, SW Hungary) in order to extend our knowledge on Miocene normal marine deposits of the
Mecsek region. Corals occur reworked in the upper Miocene sand that was deposited in the brackish Lake Pannon, and
presumably originate either from the middle Badenian Pécsszabolcs or the upper Badenian Rakos Member of the Lajta
Formation. A total of seven taxa were identified. These taxa suggest subtropical conditions and a lack of coral reefs in the
Badenian. Molluscs were found in situ in the upper Badenian Szildgy Clay Marl Member of the Baden Formation and the
Rékos Member of the Lajta Formation. They dominantly consist of bivalves and represent benthic assemblages typical
of the middle Miocene Central Paratethys.

Keywords: Mecsek Mts., Badenian, coral, mollusc, Leitha limestone

Introduction

Miocene sedimentary formations are common around
the Mecsek Mts. (HAMOR 1970, CHIKAN 1991, SEBE et al.
2015). Among these, deposits accumulated under normal
marine conditions occur only in the Badenian (correspond-
ing to the Langhian and Serravallian standard stages). At
some sites the various bioclastic limestones, calcareous
sands and silts contain abundant invertebrate faunas. De-
spite this, the number of papers describing Badenian inver-
tebrates from the Mecsek area is rather limited. STRAUSZ
(1923, 1928) studied the mollusc fauna and the Miocene
stratigraphy at Mecsekjanosi (now part of Komld), Szopok
(later Mecsekfalu, now part of Komld) and Mecsekpoloske.

Later, two voluminous monographs dealt with the mollusc
fauna of Hidas (CSEPREGHY-MEZNERICS 1950) and the East-
ern Mecsek (BOHN-Havas 1973). Recently, the Muricidae
gastropods were studied in detail from OrfG-Tekeres, Me-
csekpoloske, Kisbattydn, Hidas and Hosszuhetény by Ko-
VACS (2020).

As for the Miocene corals, many studies have been pub-
lished about these in Hungary (HEGEDUS 1970, HEGEDUS &
JANKOVICH 1972, KOPEK 1954, OOSTERBAAN 1990, REUSS
1872, ScHoLz 1970); however, only very few mention sites
from the Mecsek. STRAUSZ (1923, 1928, 1942) reported coral
fragments from the Leitha limestone north of Mecsekjanosi
(now part of Komld), patch reefs in the same horizon near
Mecsekpoloske, and coral-bearing clay near Bodolyabér, but
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provided neither taxonomic details nor illustrations. FOLDI et
al. (1967) listed “Anthozoa remains” in the faunal list of the
Tekeres Schlieren south of Hossziihetény, without any further
details, while HAMOR (1970) mentioned solitary corals from
the upper part of the same unit in the borehole Koml6-XL1I,
drilled between Komldé and Ménfa. SOOSNE (2013) described
colonial corals from Mecsekpoloske and included photos as
well. She identified the colonies as belonging to hexacorals
and stated that they needed precise taxonomic classification.
The summary work of F6zy & SZENTE (2014) writes that “fine
corals can be found in the Mecsek around Pécsszabolcs”. The
most characteristic forms of the Hungarian localities are
Tarbellastraea, Porites and Montastraea (OOSTERBAAN
1990). However, a detailed examination and description of the
corals of the Mecsek region is lacking.

The Pécs-Danitzpuszta sand pit, which exposes upper
Miocene Lake Pannon brackish-water calcareous marls and
sands, is a famous and well-known fossil locality for upper
Miocene (Pannonian) molluscs and diverse vertebrate re-
mains (SzABO et al. 2021). The latter include redeposited
middle Miocene (mostly Badenian) bones and teeth of ma-
rine fishes and mammals, but until now Badenian marine
molluscs have not been reported from here. A few dozens of
scleractinian corals have been found in the last few years in
the sand pit by private collectors. These corals were redepo-
sited into the upper Miocene sands. The artificial trench ex-
cavated at the sand pit in September 2018 exposed some
upper Badenian sediments in situ, at the lower part of the
220 m thick section (SEBE et al. 2021). These Badenian
layers yielded uncommon and not very diverse, poorly
preserved mollusc fauna.

This short paper reports on Badenian molluscs and
corals to extend our knowledge on Miocene normal marine
deposits of the Mecsek region.

Material and methods

The studied corals were collected from the upper Mio-
cene sands of the sand pit. The sand quarried in the pit was
deposited in the brackish Lake Pannon. The examined speci-
mens are parts of collections of the Mining and Geological
Survey of Hungary (Budapest, uninventoried material), of
the Local History and Natural History Museum Collection in
Komlé, and of the private collection of Ferenc CSERPAK in
Budapest (uninventoried material). In total, 37 coral speci-
mens were examined. Analysis of the specimens was carried
out using a stereo microscope (Leica Zoom 2000) and a
digital caliper. Taxonomic assignment was based on macro-
structural features, e.g., colony shape, calice size and shape,
calicular wall, septum development, morphology of the
columella and coenosteum characteristics.

Badenian molluscs were collected from in situ Badenian
rocks in the exploratory trench at Pécs-Danitzpuszta. They
come from the massive, crumbly, sandy limestone of layer
71 and from the thick-bedded calcareous marls of layer 72
(for the sedimentary succession see SEBE et al. 2021). The

studied specimens are housed in the palaeontological
collection of the Hungarian Natural History Museum, Bu-
dapest (inventory numbers INV 2021.62 —2021.75).

Results

Corals

All examined specimens are fragments of coral colonies
(Figure ). The size of the fragments varies between 0.8 and
8.7 centimetres. Macroscopic features were sufficient to
identify the specimens at the genus level, since the diagnos-
tic characters had been preserved on all specimens. The 37
specimens were assigned into seven taxa. (7able I.). Basic
morphometric data are presented in 7able I1.

Most of the specimens are colony fragments and the
deeper regions of calices are filled with sand. On the surface
of the largest specimen, Tarbellastrea reussiana, few typical
borings of the mytilid Lithophaga sp. (Figure 1) were also
observed.

Molluscs

Altogether 45 mollusc specimens were identified (layer
71: 25; layer 72: 20, Table III). With the exception of the
calcite-shelled ostreids, all of the specimens are external or
internal moulds (Figure 2). Nearly all of the molluscs be-
long to bivalves (44); gastropods are represented by a single
Rissoa specimen.

All members of the fauna are typical in the middle Mio-
cene benthic assemblages of the Central Paratethys, also
including the Mecsek area (CSEPREGHY-MEZNERICS 1950,
BoHN-HAvas 1973). In the absence of pectinids, this mol-
lusc fauna is not suitable for a more accurate biostratigraph-
ic assignment, as the identified species have relatively long
stratigraphic ranges.

Discussion

As appropriate circumstances for corals (e.g., normal
salinity and sufficiently warm sea water) were present in the
area only in the Badenian (F6zy & SZENTE 2014, SEBE et al.
2019), it is evident that the corals of Pécs-Danitzpuszta origi-
nate from Badenian rocks. The potential source rocks are the
littoral Leitha limestones: either the middle Badenian Pécs-
szabolcs (“lower Leitha limestone™) or the upper Badenian
Rékos (“upper Leitha limestone””) Member of the Lajta For-
mation . The lower Pécsvarad Member crops out north of the
sand pit (HAMOR et al. 1966), while the upper Rdkos Member
is identified in the exploratory trench in the sand pit, just
below Sarmatian rocks (SEBE et al. 2021). Since no corals
have been reported from either of the two stratigraphic units
yet, the question of provenance of the corals that were found in
the sand pit remains open. Still, the presence of corals is a
hitherto unreported feature of Badenian deposits in the area.
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Figure 1. Scleractinian corals from Pécs-Danitzpuszta

A - Tarbellastrea reussiana MILNE-EDWARDS & HAIME, 1850 (Local History and Natural History Museum Collection, Komlo) with Lithophaga boring (arrow), B - Tarbellastrea tenera
Reuss, 1847 (Private collection of Ferenc CSERPAK, Budapest), C - Porites collegniana MICHELIN, 1842 (Collection of the Mining and Geological Survey of Hungary, Budapest), D - cf.
Cladangia conferta REuss, 1847 (Private collection of Ferenc CSERPAK, Budapest), E - cf. Plesiastrea sp. (Collection of the Mining and Geological Survey of Hungary, Budapest), F - cf.
Astroides subirregularis Osasco, 1897 (Local History and Natural History Museum Collection, Komld)

1. dbra. Telepes kikorallok (Scleractinia) Pécs-Danitzpusztdrol
A - Tarbellastrea reussiana MILNE-EDwARDS & HAIME, 1850 (Komloi Helytorténeti és Termé: domanyi Gyijjtemény) Lithophaga fitrds nyomdval (nyil), B - Tarbellastrea tenera REUSS, 1847
(CSERPAK Ferenc magangyujtemenye Budapest) C - Porites collegniana MICHELIN, 1842 (Magyar Bdnydszati és Foldtani Szolgdlat gyiijteménye, Budapest), D - ¢f. Cladangia conferta REUSS,

1847 (CSERPAK Ferenc ingy wve, Budapest), E - ¢f. Plesiastrea sp. (Magyar Bdanydszati és Foldtani Szolgdlat gyiijteménye, Budapest), F - ¢f. Astroides subirregularis Os4sco, 1897
(Komldi Helytirténeti és Természettudomdnyi Gytijtemény)

Table I. The list of identified taxa in the three collections
1. tablazat. A harom gyiijteményben azonositott telepes kékorallok (Scleractinia) listdja

Collection of the Mining and Geological Survey of Hungary (Budapest):

cf. Astroides subirregularis OSAsCO, 1897 (1 specimen)
cf. Plesiastrea sp. (1)

Porites collegniana MICHELIN, 1842 (1)
Tarbellastraea cf. reussiana MILNE-EDWARDS & HAIME, 1850 (20)
Tarbellastraea cf. tenera REUSS, 1847 (1)

cf. Tarbellastraea sp. 2)

Local History and Natural History Museum Collection (Komlé):

cf. Astroides subirregularis OSASCO, 1897 (1) (INV 2019.9.1))
Tarbellastraea reussiana MILNE-EDWARDS & HAIME, 1850 (2) (INV 2019.10.1., 2021.1.1.)
Private collection of FERENC CSERPAK (Budapest):

cf. Astroides subirregularis OSASCO, 1897 ()]

cf. Cladangia conferta REUSS, 1847 (2)

Tarbellastraea reussiana MILNE-EDWARDS & HAIME, 1850 ()

Tarbellastraea cf. reussiana MILNE-EDWARDS & HAIME, 1850 3)

Tarbellastraea tenera REUSS, 1847 (1)
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Table II. Species list and summary of the main diagnostic chara

cters used to identify the specimens

11. tablazat. A telepes kokorallok (Scleractinia) fajlistaja és a példdanyok azonositdsdhoz haszndlt fontosabb diagnosztikus tulajdonsdgok

Species Colony CD(mm) No.septa No. cycles Coenosteum Columella
Astroides subirregularis M 3.0-8.5 28-32 4 Sm S
Cladangia conferta M, B 4.5-6.5 34-36 4 Cos S-P
Plesiastrea sp. M 2.0-4.5 20-24 3 Cos -
Porites collegniana E 0.6-1.1 12-20 3 Sp T
Tarbellastraea reussiana M 1.0-3.1  24-30(?) 3—(4) Cos T
Tarbellastraeasp. M 1.0-2.8 22-28(?) 3—(4) Cos T
Tarbellastraea tenera M 1.6-2.2 24 3 Cos T

Colony: B = branching, E = encrusting, M = massive. CD = ca
smooth, Sp = spongy. Columella: P = papillose, S = spongy, T =t

licular diameter. Coenosteum: Cos = costae present, Sm =
rabecular

Telelepforma: B = dgas, E = kéregszerii, M = gumdszerii. CD = kehelydtméré. Koztesvdz: Cos = borddzott, Sm =sima, Sp = szivacsos.

Kolumella: P = szemdlcsszerii, S = szivacsos, T = trabekuldris

The low (<10) number of identified species suggests less
favourable circumstances for corals (KIESSLING 2001, PANDOL-
FI12011, ScHOLZ 1970). Due to the subtropical rather than tropi-
cal climate of the Central Paratethys, typical coral reefs did not
form in the Mecsek region, similarly to other localities in the
northern part of Hungary and Austria (OOSTERBAAN 1990, PiL-
LER & KLEEMANN 1991). It is likely that the Badenian corals of
the Mecsek may have lived in small scattered banks or formed
patch reefs and coral carpets (see RIEGL & PILLER 2000).
Although no completely intact colony was found among the
specimens, the preservation of the corals was very good. In
some cases Lithophaga sp. borings were also observed,
similarly to corals described by PILLER & KLEEMANN (1991).
Molluscs provide information on the Lajta Formation as
well. The mollusc fauna of the Leitha limestone is less di-
verse, but more numerous than that of the underlying Szildgy
Clay Marl: only four bivalve taxa are present, with a strong
dominance of Cubitostrea digitalina (21 out of 25 speci-
mens). Ostreids are represented by thin-shelled and predomi-
nantly small-sized specimens. Cubitostrea digitalina is an
epibenthic shallow-water suspension feeder, attached to hard
surfaces of the sea bottoms. The small size of the specimens
may refer to unfavourable environmental conditions for
Cubitostrea. Venus multilamella and Myrtea spinifera be-
long to vagile infauna and they prefer soft muddy bottoms.

The less numerous mollusc fauna of the Szildgy Clay
Marl is much more diverse (10 taxa; one gastropod and
nine bivalve species), and the most common species, Ve-
nus (Ventricoloidea) multilamella is less dominant (6/20
specimens). The single gastropod, Rissoa, is of a small
sized herbivorous taxon, living mostly on brown algae.
All bivalve species belong to the inbenthos and they lived
freely in muddy or fine sandy substrate, indicating a
several tens of metres deep, low-energy depositional
environment. Some of the bivalves (Myrtea, Acantho-
cardia, Pitar, and Crassatina) are suspension feeders,
whereas others (Nuculana, Tellina, and Gastrana) are
detritus feeders. Most of the bivalve external moulds show
evidence of bioerosion trace fossils within the dissolved
original shell materials.

Conclusions

This is the first study where Miocene coral species from
the Mecsek region are identified. The relatively low number
of species suggests subtropical conditions and a lack of
typical coral reefs in the Badenian. Molluscs indicate
similar ecological conditions and a decreasing water depth
in the late Badenian.

Table ITI. The list of identified taxa in the studied mollusc material
111. tablazat. A vizsgalt anyagban azonositott puhatestii taxonok listdja

Layer 71 (Rakos Member of Lajta Formation; SEBE et al. 2021):

Cubitostrea digitalina (EICHWALD, 1830) (21 specimens) (INV 2021.62.)
Pectinidae indet. (1) (INV 2021.63.)

Myrtea spinifera (MONTAGU, 1803) (1) (INV 2021.64.)

Venus (Ventricoloidea) multilamella (LAMARCK, 1818)  (2) (INV 2021.65.)

Layer 72 (Szilagy Clay Marl Member of the Baden Formation; SEBE et al. 2021):
Rissoa turricula EICHWALD, 1830 (1) (INV 2021.66.)
Nuculana (Saccella) fragilis (CHEMNITZ, 1784) (1) (INV 2021.67.)

Cubitostrea digitalina (EICHWALD, 1830) (2) (INV 2021.68.)
Venus (Ventricoloidea) multilamella (LAMARCK, 1818)  (6) (INV 2021.69.)
Tellina? sp. (1) (INV 2021.70.)
Myrtea spinifera (MONTAGU, 1803) (1) (INV 2021.71.)
Acanthocardia? sp. (2) (INV 2021.72.)

Pitar rudis (PoLl, 1795)
Crassatina moravica (HORNES, 1870)
Gastrana fragilis (LINNAEUS, 1758)

(2) (INV 2021.73.)
(2) (INV 2021.74.)
(1) (INV 2021.75.)
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Figure 2. Molluscs from the Badenian layers of the Pécs-Danitzpuszta sand pit

J

A = Rissoa turricula EXCHWALD, 1830, B = Venus (Ventricoloidea) multilamella (LAMARCK, 1818), C = Cubitostrea digitalina (EICHWALD, 1830), D = Crassatina moravica (HORNES, 1870),
E = Tellina? sp., Venus (Ventricoloidea) multilamella (LAMARCK, 1818), F = Cubitostrea digitalina (EICHWALD, 1830), G = Pitar rudis (PoL1, 1795), Nuculana (Saccella) fragilis (CHEMNITZ,
1784), H = Myrtea spinifera (MONTAGU, 1803), I = Acanthocardia? sp., J = Myrtea spinifera (MONTAGU, 1803). Scale = 5 mm

2. dbra. A pécs-danitzpusztai homokfejtd badeni rétegeinek puhatestii-maradvinyai

A =Rissoa turricula ErcawarLp, 1830, B =Venus (Ventricoloidea) multilamella (Lamarck, 1818), C = Cubitostrea digitalina (EicawaLp, 1830), D = Crassatina moravica (HORNES, 1870), E =
Tellina?sp., Venus (Ventricoloidea) multilamella (Lamarck, 1818), F = Cubitostrea digitalina (ErcawaLp, 1830), G =Pitar rudis (PoLi, 1795), Nuculana (Saccella) fragilis (CHEMNITZ, 1784),
H =Myrtea spinifera (Mont4cu, 1803), I = Acanthocardia? sp., J = Myrtea spinifera (MonTAGU, 1803). Méretardny =5 mm
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Szarmata és pannoniai puhatestii faundk kiilonleges helyi sorrendje Pécs-Danitzpusztdrol

Osszefoglalds

A panndniai puhatestiek kozel két évszazados kutatdsa sordn kideriilt, hogy a kiillonb6z6 faundk foldrajzi elterjedése
szabdlyos mintdzatot mutat. Mivel a Pannon-t6 medre oldalirdnyban épiil6 iiledékcsomagokkal toltédott fel, a medencé-
nek a behordastdl tavoli részén kondenzdlt tiledékképzddés folyt, a peremektdl a medence kozepe felé pedig egyre fia-
talabb sekélyvizi iiledékek rakddtak le. A medencébdl kiemelked§ aljzati magaslatok kornyékén, amennyiben ezek iile-
dékforrasként szolgdltak, megtorik ez a szabdlyos trend. A késé miocén korai szakaszdban a Mecsek is ilyen kiemelkedés
volt. A Pécs-Danitzpusztdn feltart 200 méter vastag szarmata—panndniai rétegsor képzddését a helyi szerkezeti és
iledékképzddési viszonyok idSben ugy alakitottdk, hogy a kiilonboz puhatestli faundk egyedi, masutt eddig nem
tapasztalt sorrendben kovetik egymast.

A rétegsor aljan taldlhat6 szarmata tengeri faundt egy édesvizi vagy oligohalin (alacsony sétartalmat elviseld) egyiit-
tes koveti, amely a mikrofauna alapjan még szintén szarmata kord. Bar a koviiletek megtartési dllapota nem teszi lehet6vé
biztos kovetkeztetések levondsdt, ugy tlinik, hogy az egyiittes fajai — elsGsorban a tiidscsigdk — a legid6sebb panndniai
fauna seit képviselik.

A kovetkez6 6smaradvany-tartalmu rétegekben egy ,.torpe” faunat taldlunk: a kis méretd, de valtozékony, ,,szarmata
tipusi” szivkagylok tomege sok helyr6l ismerds a Pannon-medencében a szarmata—pannoniai hatar kozelébol. Ezeknek
a kagyloknak az alapos taxondmiai vizsgdlata a jov6 feladata; minden bizonnyal megtaldlhatok koztiik a jol ismert
szarmata és panndniai formakat 6sszekots, mindeddig ismeretlen formak.

A rétegsor kovetkezd, jelentSs részét a Pannon-medence déli felében nagy elterjedést mutaté ,,fehér margdk™ teszik
ki. Ezek a Pannon-t6 szublitordlis és profundalis zéndjdban halmozddtak fel, faundjuk alapjan pedig két egységre bont-
haték ugyanigy, mint Horvatorszdgban vagy Szerbidban: a Lymnocardium praeponticum Zénéra (vagy Radix croatica
Zobnara), melynek becsiilt kora 11,6—11,4 milli6 év, és a Congeria banatica Zénara, amely 11,4 és 9,7 milli6 év kozott kép-
z8dott a Pannon-medencében.

A fehér marga lerakédédsa azonban Pécs-Danitzpusztdn ennél hamarabb véget ért. K&zetliszt tilepedése viltotta fel,
amelynek gazdag szublitordlis puhatest(i faundja a Lymnocardium schedelianum Zénéba tartozik; korat 10,5-10,2 millié
évre tehetjiik. Ez a fauna gyakori a Bécsi-medencében, a Dél-Bdnsagban és a Pannon-medence egyéb peremi teriiletein,
de sehol nem taldltdk meg a fehér margak fedjében. Horvatorszagban és Szerbidban a mélyvizi margak képz&dése
ebben az id6ben is zajlott és tovabb folytatddott.

A pécs-danitzpusztai rétegsort végiil egy vastag, limonitos homoktest fedi. A homokboél kagylok és csigak lenyoma-
tai és kobelei kertiltek elS. A fauna tipikus sekélyvizi, litordlis kornyezetre utal, rétegtanilag a Lymnocardium conjungens
Zobna fels6 részébe tartozik, kora 10,2—10,0 millié évre becsiilhet. Hasonl6 faundk ismertek Burgenlandbdl, Szerbidbol,
a Partiumbdl, de ezeken a helyeken soha nem a L. schedelianum Zéna kdzvetlen fed6jébdl, mint Danitzpusztan.

Pécs-Danitzpusztan tehat olyan faundk egymashoz valé rétegtani viszonyat lehet tanulmédnyozni, amelyek eddig nem
voltak megfigyelhetSk egyetlen szukcesszidban vagy akdr egymdshoz nagyon kozeli foldrajzi pozicidban sem.

Kulcsszavak: miocén, Pannon-to, puhatestiiek, biosztratigrdfia, paleodkologia, Mecsek, szarmata—pannoniai hatdr

Abstract

As the almost 200-year palaeontological research revealed, the geographical distribution of various fossil mollusk
faunas in deposits of the late Neogene Lake Pannon displays a regular pattern. The lake basin was filled by lateral
accretion of sediments, resulting in condensed sedimentary successions in the distal parts of the basin and successively
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younger shallow-water deposits from the margins towards the basin center. Exposed intra-basin basement highs, how-
ever, broke this strict pattern when they acted as sediment sources during the lake’s lifetime. The Mecsek Mts in southern
Hungary was such an island in Lake Pannon during the early late Miocene. Deposition of the 200 m thick Sarmatian—
Pannonian sedimentary succession in Pécs-Danitzpuszta at the foot of the Mecsek Mts was thus controlled by local
tectonic and sedimentary processes, resulting in a unique succession of facies and mollusk faunas. A typical, restricted
marine Sarmatian fauna is followed by a distinct freshwater or oligohaline interval, which, according to micropalacon-
tological evidence, still belongs to the Sarmatian. Although poor preservation of fossils does not allow firm conclusions,
it seems that freshwater Sarmatian snails were the ancestors of the brackish-water-adapted early Pannonian pulmonate
snail taxa. The successive “Sarmatian-type” dwarfed cockle fauna is similar to those widely reported from the Sarma-
tian—Pannonian boundary in various parts of the Pannonian Basin; however, a thorough taxonomic study of its species is
still lacking. The bulk of the sedimentary succession corresponds to the sublittoral to profundal “white marls,” which are
widespread in the southern Pannonian Basin. In Croatia and Serbia, they are divided into the Lymnocardium praepon-
ticum or Radix croatica Zone (11.6—11.4 Ma) below, and the Congeria banatica Zone (11.4-9.7 Ma) above; this division
can be applied to the Pécs-Danitzpuszta succession as well. Sedimentation of the calcareous marl, however, ceased at
Pécs-Danitzpuszta at about 10.5-10.2 Ma ago (during the younger part of the Lymnocardium schedelianum Chron),
when silt was deposited with a diverse sublittoral mollusk fauna. Similar faunas are known from the Vienna Basin,
southern Banat, and other marginal parts of the Pannonian Basin System, but not from Croatia and Serbia, where depo-
sition of the deep-water white marls continued during this time. Finally, the Pécs-Danitzpuszta succession was capped
with a thick, coarse-grained sand series that contains mollusk molds and casts representing a typical littoral assemblage.
This littoral fauna is well-known from easternmost Austria, northern Serbia, and northwestern Romania, but never
directly from above the sublittoral L. schedelianum Zone. The fauna is characteristic for the upper part of the Lymno-
cardium conjungens Zone and has an inferred age of ca. 10.2—-10.0 Ma. The Pécs-Danitzpuszta succession thus allows to
establish the chronostratigraphic relationship between mollusk faunas that have not been observed in one succession nor

in close proximity to each other in other parts of the Pannonian Basin.

Keywords: Miocene, Lake Pannon, mollusks, biostratigraphy, palaeoecology, Mecsek Mts, Sarmatian—Pannonian boundary

Introduction

The upper Miocene (Pannonian) lacustrine to deltaic
basin fill of the Pannonian Basin in Central Europe is ex-
posed along the basin margins and around the intrabasinal
basement highs (today hills or mountains) as a consequence
of a Pliocene to Recent basin inversion (RUSZKICZAY-RUDI-
GER et al. 2020 and references therein). The lacustrine layers
exposed in the Pécs-Danitzpuszta sand pit in South Hungary
at the foot of the Mecsek Mts (Figure 1A) first gained fame
as a textbook example of intra-Pannonian tectonic processes
that tilted the lacustrine white marls and the lower part of the
overlying limonite-stained sands into a vertical position
(VADASZ 1953; BARTHA 1966; KLEB 1968, 1973). In these re-
ports, the dislocated layers were interpreted as “lower Pan-
nonian”, whereas the overlying, almost horizontal sand
layers were identified as “upper Pannonian”. These assign-
ments, however, were poorly supported with biostratigraph-
ic evidence. Only faint, poor-quality pictures of “Congeria
sp. and Lymnocardium sp. in a calcareous marl layer”, “Me-
lanopsis-bearing calcarenite”, and “Congeria balatonica”
from the sand were published to support this interpretation
(BARTHA 1966, KLEB 1973). Based on the lithological fea-
tures, the white marl of the outcrop was correlated with the
Congeria banatica-bearing white marls of Croatia and Ser-
bia (“Slavonian” or “Beocin-type” beds and fauna), whereas
the overlying limonitic sand was tentatively correlated with
the Congeria balatonica- and Lymnocardium schmidti-
bearing, 7-8 million-year-old sand apron that covers the
southern foothills of the Mecsek Mts (BARTHA 1964, 1966;
KLEB 1968, 1973; KAZAR et al. 2007).

Later the outcrop also became famous as a palaeontolo-

gical site. The marl is the type locality of some endemic Pan-
nonian calcareous nannofossils (BONA & GAL 1985, 1987),
and the overlying sand layers were discovered to be a Mecca
for vertebrate palaeontologists and amateur collectors by
yielding an amazing amount and variety of reworked Mio-
cene vertebrate fossils (SzABO et al. 2021, and references
therein). The biostratigraphic position and age of the fossil-
iferous Pannonian lacustrine sediments, however, remained
obscure. In the last two decades, however, large amounts of
mollusk fossils were collected from the outcrop. In addition,
a trench was excavated in 2018 on top of the tilted beds to
expose the layers that underlie the marl (Figure IB); this
trench revealed a Badenian to Sarmatian to Pannonian (mid-
dle to upper Miocene) succession with several fossiliferous
layers (Figure 2).

In this study, we present the mollusk record of the Sar-
matian—Pannonian succession of the outcrop (its Badenian
fossils are discussed in DULATI et al. 2021) and evaluate the
mollusk fauna from biostratigraphic and palacoecological
points of view. We compare the assemblages with other
well-known faunas. For a detailed geological context and
description of the succession, the reader is referred to SEBE
etal. (2021).

Material and methods

The studied material includes fossils recently collected
layer-by-layer from both the trench (Layers D50 to D1) and
along a section on the northern wall of the pit (Layers D212
to D227, Figures 1B, 2), as well as specimens collected ear-
lier by Krisztina SEBE and her students from the University
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scope. Photos were taken by two cameras
(macroscopic images: Canon EOS 40D digital
camera with Canon EF 100 mm {/2.8L IS USM
macro lens; microscopic images: Zeiss
AxioCam MRc 5 camera mounted on the Zeiss
microscopes with the help of the AxioVision
40x64 v.4.9.1.0 software). Some of the bor-
rowed museum specimens were photographed
in the Bakony Museum of the Hungarian Natu-
ral History Museum, Zirc.

Comparison of our specimens with the type
materials reposited in the Natural History Mu-
seum Vienna (NHMW), Geological Survey of
Austria, Vienna (GBA), Croatian Natural His-
tory Museum, Zagreb (HPM) and Mining and
Geological Survey of Hungary, Budapest
(MBFSZ) led to some clarification of taxo-
nomic identities and uncertainties that are im-
portant for correct age determination (see in

46°N-

18°170'E 18°1T30°E

Appendix). At the genus level we followed a
conservative approach. All dreissenids pos-
sessing an apophysis (an appendix that served
as pedal retractor catchment) are attributed
here to Congeria, because subdivision of this
large group into monophyletic flocks, support-
ed by compelling morphological and stratigra-
phical arguments, has not happened so far. We
use the genus Lymnocardium collectively for
all Lake Pannon cardiids that have not been
separated into clearly established genera, but
putitinto a quotation mark where morphologi-
cal dissimilarity to the type of Lymnocardium
argues for a different — as yet undecided —
generic placement.

Figure 1. A: Location map of the Pannonian Basin surrounded by the Alps, Western, Eastern
and Southern Carpathians and Dinarides with the geographical names referred to in the text.
B: Satellite photo of the sand pit with the location of the exploratory trench and the logged
surveys (SEBE et al. 2021)

1. dbra. A: Az Alpokkal, Karpatokkal és Dinariddkkal koriilvett Pannon-medence a szovegben
hivatkozott foldrajzi nevekkel. B: Miiholdas felvétel a pécs-danitzpusztai banydrol a kutatédrok és a

Mollusk assemblages and
depositional environments

vizsgalt szelvények jelolésével (SEBE et al. 2021)

of Pécs, Laszl6 KaNIZsAL a private collector, Istvan CZICZER
(University of Szeged), Imre MAGYAR, and others, from vari-
ous parts of the Pannonian succession during the last two
decades. The investigated fossils are reposited in the Natural
History Museum, Budapest; Local History and Natural His-
tory Museum Collection, Komlé; and Mining and Geolo-
gical Survey of Hungary, Budapest. The fossils collected by
the authors were cleaned and prepared in the laboratory of
the Department of Palacontology at the E6tvos Lorand Uni-
versity, Budapest, and in the Natural History Museum, Bu-
dapest. Polyvinyl acetate was used for solidifying fragile
fossils. For mollusk determination, a Zeiss SteREO Discov-
ery.V12 modular binocular stereo microscope was used in
the Laboratory of MOL Plc., Budapest. Thin sections were
prepared in the Laboratory of MOL Plc.,and they were in-
vestigated with a Zeiss Axio Imager.A1l polarizing micro-

The Sarmatian—Pannonian succession of
the Pécs-Danitzpuszta section can be divided
into several intervals based on the mollusk fau-

na. In this chapter, a brief description of each interval is
given with its typical fossil mollusk content, its character-
istic lithology, and the inferred depositional environment.
The full list of the identified taxa for each layer is given in
the digital annex of this paper.

Unit 1. Layers D55 to D47 yield moulds (“steinkerns”)
of poorly preserved restricted marine species, such as Ervi-
lia sp. (a fragment), Lymnocardiinae sp. (Plate I, figures 2—
3), and Dreissenidae sp. (Plate I, figure 1).

Unit 2. The overlying layers (D43-D37), consisting of
marl, tuffaceous sand and limestone, contain a poorly pre-
served gastropod fauna with freshwater forms, such as lym-
naeids [Radix cf. croatica (Plate I, figures 5-6), ?Lymnaea
sp. (Plate I, figures 4, 7, 10)], planorbids (Plate I, figure §8),
hydrobiids (Plate I, figures 11, 13), and the neritid Theo-
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Figure 2. Lithologic log of the pécs-Danitzpuszta succession, with sample locations and layer and unit numbers. Faunal intervals are discussed in the text. (SEBE et

al. 2021)

2. dbra. A Pécs-danitzpusztai homokbdnya kizépso-késé miocén szelvénye a vizsgalt mintdk helyével és a fauna biosztratigrdfiai és paleodkologiai értékelése alapjdn

elkiilonitett intervallumokkal. (SEBE et al. 2021)

doxus sp. (Plate I, figure 9). A land snail also occurred,
whereas bivalves are completely missing from these layers.

Unit 3. The limestone layers D35 and D33 are densely
packed with moulds of small cardiids and a few hydrobiids
(Plate II, figures 1-20). The cardiids show very high
variability in terms of outline, convexity, and rib pattern.
Many of them are similar to various Sarmatian and Panno-

nian taxa, such as Inaequicostata pia (Plate 11, figures 1-2),
L. nigra (Plate II, figures 11-12), Obsoletiformes fischeri-
formis (Plate II, figure 9), O. kaudensis (Plate I, figures 5,
10), Plicatiformes plicatus, Planacardium sp. (Plate II,
figure 3), “Lymnocardium” praeponticum (Plate II, figure
4) and others (Plate II, figures 6-8). Due to their extreme
variability and poor preservation, we are not confident about
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these identifications (see Digital annex). Similar cardiid
faunas have been described from various parts of the Panno-
nian Basin, but the identification of the species remains
ambiguous even when the preservation of the shells is good
(e.g., JEKELIUS 1944). These assemblages, which undoubt-
edly include so far unknown links between the Sarmatian re-
stricted marine and Pannonian brackish lacustrine cardiids,
deserve a thorough study in the future.

Unit 4. The fauna embedded into the calcareous marl of
Layer D12 consists of cardiids [“Lymnocardium” cf. prae-
ponticum (Plate 11, figures 11-12), “L.” cf. plicataeformis
(Plate 111, figure 15), Lymnocardium sp. (Plate II1, figures
13—14)], dreissenids [Congeria cf. banatica (Plate 111, fig-
ures 1-4), C. cf. martonfii (Plate IlI, figure 5), C. cf. ram-
phophora (Plate 111, figure 9), C. cf. neumayri (Plate 11,
figure 10), and Congeria div. sp. (Plate 111, figures 6-8)],
planorbids (Gyraulus tenuistriatus and Orygoceras fuchsi),
lymnaeid (Radix croatica; Plate III, figures 17-19) and
hydrobiid (Prososthenia sundecici and Micromelania stria-
ta) snails. This fauna is widespread in the southern Panno-
nian Basin and its embedding layers are distinguished as
“Croatica formation” in Croatia. The environmental inter-
pretation of the fauna is controversial; usually it is inter-
preted to represent shallow, strongly freshened water, but
there are arguments for a sublittoral or even profundal habi-
tat (for a detailed discussion see SEBE et al. 2020).

Unit 5. The marl, calcareous marl and limestone layers
between D7 and D112 yielded small, thin-shelled cardiids
[Paradacna cf. syrmiensis, P. abichi (Plate 1V, figures 1-5),
“Lymnocardium” margaritaceum (Plate 1V, figures 10-11),
and Lymnocardiinae sp. (Plate 1V, figures 6-9)], dreissenids
(Congeria czjzeki and C. banatica) and snails [Hydrobiidae
sp., Micromelania striata (Plate 1V, figure 13), Velutinopsis
sp. (Plate 1V, figure 12), Gyraulus sp., Orygoceras fuchsi,
and O. brusinai (Plate 1V, figure 14)]. This fauna is also
well-known in the southern Pannonian Basin under the
names “Slavonian” or “BeocCin-type” or “Banatica” fauna,
and it is widespread in the white marls of Voivodina (Ser-
bia), Slavonia and Medvednica Mts. (Croatia), and southern
Burgenland and eastern Styria (Austria) (e.g., GORJANOVIC-
KRAMBERGER 1899, SAUERZOPF 1952, SREMAC 1981, STEVA-
NOVIC & PAPP 1985, VRSALIKO 1999, VASILIEV et al. 2007, GA-
NIC et al. 2010, RUNDIC et al. 2011, TER BORGH et al. 2013). It
is characterized by small-sized and thin-shelled mollusks,
commonly cardiids, some dreissenids, and mostly pul-
monate snails. These mollusks are interpreted to have lived
in the sublittoral to profundal depth of Lake Pannon.

Unit 6. The soft clay of D212 and white marl of D213
contain scattered specimens of Congeria partschi firmo-
carinata. This species lived in the sublittoral zone of Lake
Pannon (e.g., HARZHAUSER & MANDIC 2004).

Unit 7. The fossil fauna of Layer D215, a 60 cm thick
quartz sandstone, is unique within the marl succession. It
contains compressed molds of Melanopsis fossilis (Plate IV,
figure 16), M. ct. vindobonensis, Unio cf. atavus (Plate 1V,
figure 15), Congeria sp., and Lymnocardium sp. The large
Melanopsis species and Unio atavus were typical shallow-

water, littoral dwellers in Lake Pannon (e.g., HARZHAUSER et
al. 2007). As both the under- and overlying, fine-grained
layers contain sublittoral fauna, the littoral shells and sand of
D215 were probably transported into the sublittoral zone by
gravity flows.

Unit 8. The uppermost ca. 6 m of the fine-grained suc-
cession, consisting of yellow silty marl and clayey siltstone
(D219-D226), contains the most diverse mollusk assem-
blage of the entire section. Preservation is variable: fresh
and dissolved shells, imprints as well as moulds were found.
The fauna includes Congeria partschi firmocarinata (Plate
V, figure 1), C. zsigmondyi (Plate V, figures 2-3), Dreisse-
nomya primiformis (Plate V, figures 4-7), Lymnocardium
schedelianum (Plate VI, figures 1-2), L. winkleri (Plate V,
figures 12—15), L. aff. boeckhi (Plate V, figures 8-11), ,,L.”
carnuntinum (Plate VI, figures 3—4), “L.” tegulatum (Plate
VI, figures 5-7), “L.” cf. asperocostatum (Plate VI, figure
12), “L.” aff. danicici (Plate VI, figure 8), “Lymnocardium”
ctf. proximum (Plate VI, figure 9), “Pontalmyra” otiophora
(Plate VI, figure 13), Caladacna aff. steindachneri (Plate
VI, figure 19), Paradacna sp. (Plate VI, figures 10-11),
?Parvidacna sp., 7Pseudocatillus sp. (Plate VI, figure 15),
?Phyllocardium sp. (Plate VI, figure 20), Lymnocardiinae
sp. (Plate VI, figures 14, 16—18), Orygoceras fuchsi, O.
brusinai, Gyraulus tenuistriatus (Plate VI, figure 22),
Melanopsis fossilis, M. austriaca (Plate VI, figure 21), and
?Micromelania sp. This assemblage shares a number of
species (C. partschi firmocarinata, C. zsigmondyi, D. pri-
miformis, L. schedelianum, and “L.” carnuntinum) with the
fauna of Hennersdorf (near Vienna; Papp 1953, 1985; HARzZ-
HAUSER & MANDIC 2004) and also with the fauna of Campia
(Langenfeld) and Nicolinti (Nikolincz) in southern Banat, at
the foothills of the Southern Carpathians, Romania (C.
zsigmondyi, L. winkleri, “L.” carnuntinum (=L. pseudo-
suessi), and “L.” tegulatum) (HALAVATS 1882, 1886). Most
of these mollusks are known to have lived in sublittoral envi-
ronment (e.g., HARZHAUSER & MANDIC 2004, CZICZER et al.
2009). Parvidacna, Pseudocatillus, and Phyllocardium are
littoral dwellers (e.g., MULLER & SZONOKY 1990), but they
are represented by few specimens only, with incomplete
preservation and/or in early ontogenetic stage, which makes
their identification uncertain. The few specimens of the
shallow-water Melanopsis could have been re-deposited
from a littoral environment.

Unit 9. In the limonite-stained sand (D227) that overlies
the marl succession, the aragonitic. shells were completely
dissolved, leaving behind cavities between the imprints of
the inner and outer shell surfaces. In most cases, only the ce-
mented internal mold (“steinkern”) was preserved and col-
lected. As the mollusks are scattered in the sand, most speci-
mens were collected from the heaps left behind by the in-
dustrial sieving of the sand. Thus, the exact stratigraphic
position of the fossils within the sand body was impossible
to reconstruct. In spite of this, three stratigraphic units could
be distinguished: the lowermost part, the bulk of the sand,
and the uppermost part separated from the bulk of the sand
by a well-established unconformity surface.
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From the lowermost part of the sand, Congeria partschi
(Plate VII, figure 6) and Lymnocardium schedelianum were
identified. The former species occurred in abundance in
some samples (Plate VIII, figure 5). Species from the bulk of
the sand include Congeria ungulacaprae (Plate VII, figure
4-5), C. hemiptycha (Plate VII, figures 1-3), C. partschi
(Plate VIII, figure 2-3), C. balatonica (Plate VIII, figure 1),
Lymnocardium schedelianum (Plate VIII, figure 10), L. cf.
conjungens (Plate VIII, figure 9), L. cf. tucani (Plate VIII,
figures 6-8), L. cf. proximum, “L.” carnuntinum, “L.” aff.
danicici (Plate VIII, figure 5), Phyllocardium complanatum
(Plate VIII, figure 11), and Melanopsis cf. fossilis. The
following species were collected from the top of the sand:
Congeria ungulacaprae, Dreissenomya dactylus (Plate
VIII, figure 4), Lymnocardium cf. conjungens, L. cf. hant-
keni, Lymnocardium sp., and Melanopsis vindobonensis.

The composition of the entire fauna recovered from the
sand is very similar to that of the classical Vr¢in, Karagaca
creek site in Serbia (PAVLOVIC 1927, 1928) and to the littoral
Pannonian faunas of Burgenland, Austria (SAUERZOPF
1952, LUEGER 1980, MAGYAR et al. 1999), Medvednica
Mts., Croatia (BRUSINA 1892), and Simleu Basin, Romania
(CHivu et al. 1966, N1cORICI & KARACSONYI 1983, BARTHA
et al. 2021). All the identified species are known from, and
most of them are restricted to, littoral sandy deposits. The
common occurrence of articulated valves excludes long
post-mortem transport of the shells in the shoreface.
Gravitational re-deposition of the shells together with the
embedding sand from the littoral zone to a deeper
depositional environment, however, is conceivable (e.g.,
BRETT & BAIRD 1986).

Biostratigraphy and age

Unit I. The marginal marine mollusk fauna of layers D55
to D47 indicates Sarmatian age (Figure 3).

Unit 2. The age of the freshwater fauna from D43-D37 is
difficult to assess. Radix croatica is a marker fossil of the
lowermost Pannonian in the white marls of Croatia and Ser-
bia (e.g., VRSALIKO 1999, VASILIEV et al. 2007, SEBE et al.
2020), but Radix cf. croatica occurs here with other fresh-
water forms but without brackish cardiids. The preservation
of the mollusks from these layers does not allow a detailed
morphological comparison with their well-established Pan-
nonian counterparts. As the microfauna indicates Sarmatian
age (SzuroMI-KORECZ et al. 2021), we assume that these
mollusks represent a freshwater Sarmatian fauna, with the
probable ancestors of the early Pannonian forms.

Unit 3. The mass occurrence of small, mostly “Sarma-
tian-type” cardiids (D35-D33) at the Sarmatian—Pannonian
boundary is a commonly reported phenomenon in the Pan-
nonian Basin, and it is alternately assigned into the upper-
most Sarmatian or lowermost Pannonian in the literature
(Figure 3).

Unit 4. The fauna from layer D12 is attributed to the ba-
sal Pannonian “Lymnocardium” praeponticum Zone, which
was interpreted to have an age of 11.6—11.4 Ma (MAGYAR &
GEARY 2012; Figure 3).

Unit 5. Interval D7-D112 can be correlated with the C.
banatica Zone, although Congeria banatica itself occurs
only sporadically. Some of the identified taxa were first
described from similar C. banatica-bearing white marls in
Slavonia (GORJANOVIC-KRAMBERGER 1899). The age of the
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Figure 3. Stratigraphic chart for the late middle Miocene to early late Miocene with the mollusk zones of the Pannonian (according to MAGYAR
& GEARY 2012 and HARZHAUSER et al. 2004) and with the biochronostratigraphic interpretation of the Pécs-Danitzpuszta faunal units.
C. P.: Central Paratethys; Bad: Badenian; L. prae. - R. cro.: “Lymnocardium” praeponticum - Radix croatica; C.: Congeria

3. dbra. A pécs-danitzpusztai feltardasban azonositott puhatestii faundk biosztratigrdfiai helyzetének és koranak értelmezése. A rétegtani tablazat

MaGYAR & GEARY (2012) és HARZHAUSER et al. (2004) alapjdn késziilt.

Roviditések: C. P: Kozépsi-Paratethys; Bad: badeni; L. prae. - R. cro.: “Lymnocardium” praeponticum - Radix croatica; C.: Congeria
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C. banatica Zone is estimated between 11.4-9.7 Ma (Ma-
GYAR & GEARY 2012; Figure 3).

Units 6 and 7. The interval D212-D215 contains species
(Congeria partschi firmocarinata and Unio atavus) that
were interpreted as markers of “Zone E” by Papp (1951,
1953), similarly to some species of the overlying Unit 8
(Figure 3).

Unit 8. The mollusk assemblage from D219 to D226
belongs to the Lymnocardium schedelianum Zone, the age
of which was constrained between 11.0 and 10.2 Ma by Ma-
GYAR & GEARY (2012). The diverse fauna of this interval
resembles the fauna of Hennersdorf in the Vienna Basin
(PaPp 1953) and that of Campia and Nicolinti in southern
Banat (HaLAvATs 1882, 1886). Based on astronomically
tuned logs, the age of the carefully studied Hennersdorf
outcrop was given as 10.4-10.3 or 10.5-10.4 Ma (“Zone E;”
HARZHAUSER et al. 2004 and HARZHAUSER et al. 2013, re-
spectively). As to the age of the Campia and Nicolinti fau-
nas, they are placed stratigraphically above the Valencien-
nius-bearing Ciuchici (“Csukics”) outcrop (HALAVATS
1886, MARINESCU et al. 1977); therefore, they must be
younger than the first appearance datum of Valenciennius
(9.6-9.7 Ma or slightly older; see CzICzER et al. 2009).
There are two lines of evidence, however, which suggest that
the Pécs-Danitzpuszta fauna should be older than the
Campia and Nicolinti mollusks. First, L. aff. boeckhi from
Pécs-Danitzpuszta strongly resembles L. boeckhi from
Campia, but the pentagonal rib cross-section and the
straight anterior edge of the valve are less pronounced and
less stable patterns in the former. Considering the mode of
evolution in several cardiid lineages in Lake Pannon (MUL-
LER & MAGYAR 1992, GEARY et al. 2010), it seems reason-
able to suppose that the Pécs-Danitzpuszta form might
represent the ancestral, less developed state of L. boeckhi.
Second, the ostracod assemblages from Campia contain a
lot of newly appearing, “Pontian-type” species (OLTEANU
1989, 2011), whereas the Pécs-Danitzpuszta fauna seems to
belong to the older Amplocypris abscissa Zone (CSOMA et
al. 2021), similarly to the Hennersdorf locality (DANIELOPOL
et al. 2011). Considering the above arguments, the age of
Unit 8 most probably falls between 10.5 and 10.2 Ma
(Figure 3).

Unit 9. The littoral fauna of the overlying sand is very
similar to the fauna that PAvLoviC (1927, 1928) described
from Serbia and to the Pannonian faunas of Burgenland,
Austria, both belonging to the upper part of the Lymnocar-
dium conjungens Zone (ca. 10.2-9.6 Ma; MAGYAR & GEARY
2012). Considering that the sand directly overlies the at least
10.2 Ma old marl succession, the best estimate for the age of
the sand body is 10.2-10.0 Ma (Figure 3). The only species
in the sand whose known stratigraphic range is not conform
with this interpretation is Dreissenomya dactylus; it was
described from the "Congeria balatonica Beds" (L. deco-
rum Zone; Figure 3) of Lake Balaton, with a first known
appearance in the L. ponticum Zone. The specimens from
Pécs-Danitzpuszta reveal, however, that this form is
identical with D. lithodomiformis PavLovIC (1927) from

Vr¢in; thus, the known life span of D. dactylus has to be
extended to ca. 10.2-8.1 Ma (see Appendix).

Discussion

There are two peculiarities in the facies order and timing
in the Pécs-Danitzpuszta outcrop that make this succession
unique: the occurrence of a freshwater fauna close to the top
of the Sarmatian, and the timing and development of silici-
clastic sedimentation and faunal change in the upper part of
the succession.

In the upper part of the Sarmatian stage, a freshwater unit
(Unit?2) overlies restricted marine (Unit 1) deposits. This 3-m-
thick freshwater interval contains pulmonate snails (lym-
naeids and planorbids), hydrobiids, and neritids. No marine or
brackish-water forms occur in these layers. The next fossili-
ferous unit (Unit 3), however, is almost completely devoid of
snails (apart from a few hydrobiids), and contains an abun-
dance of various small cardiids. Cardiids have marine origin
and they occur in freshwater only extremely rarely. Thus, Unit
3 can be interpreted as having deposited in brackish water.
The fauna of Unit 4 contains both pulmonate snails, similar to
(and partly identical with?) the species of Unit 2, and some
small cardiids, again similar to the species in Unit 3. The com-
mon occurrence of originally freshwater pulmonates (lym-
naeids and planorbids) and brackish-water cardiids in these
lowermost Pannonian layers is a source of controversy in en-
vironmental interpretation (SEBE et al. 2020). A possible sce-
nario is that the salinity of the Sarmatian seawater decreased
to such an extent that it exerted stress on marine cardiids and,
at the same time, allowed freshwater pulmonates to enter the
brackish lake. The cardiids responded by adopting r-strategy
(e.g., MONTES et al. 2020), whereas the pulmonates took ad-
vantage of their ability to survive in waters of up to 10—11 psu
salinity (Stagnicola palustris, Radix ovata, and Lymnaea
stagnalis are recent examples from the bays of the Aland
Islands in the Baltic Sea; CARLSSON 2006). All these faunal
changes from Unit 1 to 4 took place under relatively stable
conditions in the depositional environment, where clay and
limestone layers formed alternately.

The bulk of the Pécs-Danitzpuszta section consists of
white or light grey calcareous marls with mollusks that are
widespread in the southern part of the Pannonian Basin and
can be studied in surface outcrops in the Croatian and Serbian
parts of the basin. These marls were deposited in the profun-
dal zone of Lake Pannon, away from the entry points of in-
tense clastic input, under slow sedimentation rates. Deposi-
tion of these marls lasted as long as favorable conditions
prevailed. The top of the marl was subsequently eroded in the
outcrops of Beocin, Serbia (TER BORGH et al. 2013) and NasSice,
Croatia (VASILIEV et al. 2007); the age of the uppermost layers
preserved below the unconformity is 9.9 Ma in Beocin based
on magnetostratigraphy (TER BORGH et al. 2013) and less than
8 Ma in NasSice based on dinoflagellate stratigraphy (BARA-
NYI, pers. comm.). In contrast, in Pécs-Danitzpuszta, the marl
is capped with the 10.5-10.2 Ma old sublittoral Lymnocardi-
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um schedelianum Zone (Unit 8); the deposition of the distal
marls thus ended here much earlier than in the Croatian and
Serbian localities. Finally, the overlying littoral fauna that
represents the upper part of the Lymnocardium conjungens
Zone has been known elsewhere from above the sublittoral
Lymnocardium soproniense Zone (10.2-8.9 Ma; in Burgen-
land, MAGYAR et al. (1999) and in the Simleu Basin, BARTHA et
al. 2021), or directly from above pre-Neogene basement
(PavLovic 1927, 1928), but never from above the L. schedelia-
num Zone. The Pécs-Danitzpuszta faunal succession thus
testifies a temporal overlap between the Congeria banatica
Zone deposited in the profundal depth of Lake Pannon, the
Lymnocardium schedelianum Zone representing sublittoral
sedimentation, and the upper part of the Lymnocardium con-
Jjungens Zone that formed in shallow, littoral waters of the lake.

Conclusions

Deposition of the Sarmatian—Pannonian succession at
the foot of an intrabasinal basement high, the Mecsek Mts,
was controlled by local tectonic and sedimentary processes
that overprinted the regional trends. As a consequence, this
succession offers a unique opportunity to correlate various
mollusk assemblages that do not usually occur in a single
vertical succession or in close proximity to each other in
other parts of the Pannonian Basin.
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Plate I - 1. tabla

Sarmatian mollusks from the Pécs-Danitzpuszta exploratory trench (D55 to D37 interval, Units 1 and 2). 1: Dreissenidae sp., D55; 2: Lymnocardiinae sp., D55;
3: Lymnocardiinae sp., D47; 4: ?Lymnaea sp., D43; 5: Radix cf. croatica, D43; 6: Radix cf. croatica, D40; 7: ?Lymnaea sp., D39; 8: Planorbidae sp., D37; 9: Theodoxus
sp., D37; 10: ?Lymnaea sp., thin section, IN, D39; 11: Limestone densely packed with gastropods, mostly hydrobiids, D43; 12: Gastropod and ostracod segments,
thin section, 1N, D40; 13: Hydrobiid snail and ostracod segments, thin section, 1N, D39

Szarmata puhatestiiek a pécs-danitzpusztai kutatodrokbol (D55-D37, 1. és 2. szakasz). 1: Dreissenidae sp., D55; 2: Lymnocardiinae sp., D55; 3: Lymnocardiinae sp., D47;
4: ZLymnaea sp., D43; 5: Radix ¢f. croatica, D43; 6: Radix ¢f. croatica, D40; 7: ZLymnaea sp., D39; 8: Planorbidae sp., D37; 9: Theodoxus sp., D37; 10: Lymnaea sp.,
vékonycsiszolat, IN, D39; 11: Csigds mészkd, foként Hydrobia-félékkel, D43; 12: Csiga- és kagylosrak-metszetek, vékonycsiszolat, IN, D40; 13: Hydrobia-féle csiga- és
kagylosrdak-metszetek, vékonycsiszolat, IN, D39

Plate IT — I1. tabla

Sarmatian-type mollusks of layer D35 (Unit 3), Pécs-Danitzpuszta, exploratory trench. 1-2: Inaequicostata cf. pia; 3: ?Planacardium sp.; 4: “Lymnocardium” cf.
praeponticum; 5 and 10: Obsoletiformes cf. kaudensis; 6-8: Lymnocardiinae sp.; 9: Obsoletiformes cf. fischeriformis; 11-12: Inaequicostata cf. nigra; 13-15: Cardiid
bivalves in thin sections, 1N; 16-20: Hydrobiid snails in thin sections, IN

Szarmata tipusi puhatestiiek a D35-0s rétegbdl (3. szakasz), Pécs-Danitzpuszta, kutatodrok. 1-2: Inaequicostata cf. pia; 3: ’Planacardium sp.; 4: “Lymnocardium” ¢f.
praeponticum; 5 és 0: Obsoletiformes cf. kaudensis; 6-8: Lymnocardiinae sp.; 9: Obsoletiformes cf. fischeriformis; //-12: Inaequicostata cf. nigra; 13- 15: Cardium-
féle kagylok vékonycsiszolatokban, IN; 16-20: Hydrobia-féle csigdk vékonycsiszolatokban, IN

Plate III — I1I. tabla

Pannonian mollusks of layer D12 (Unit 4), Pécs-Danitzpuszta, exploratory trench. 1-4: Congeria cf. banatica; 5: Congeria cf. martonfii; 6-8: Congeria div. sp.; 9:
Congeria cf. ramphophora; 10: Congeria cf. neumayri; 11-12: “Lymnocardium” cf. praeponticum; 13-14: Lymnocardium sp.; 15: “Lymnocardium” cf. plicataeformis;
16: Ostracod valve and quartz grains in thin section, IN; 17-19: Radix croatica; 20: Hydrobiidae? sp.

Pannoniai puhatestiiek a D12-es réteghdl (4. szakasz), Pécs-Danitzpuszta, kutatodrok. 1-4: Congeria cf. banatica; 5: Congeria ¢f. martonfii; 6-8: Congeria div. sp.; 9:
Congeria ¢f ramphophora; /0: Congeria ¢f neumayri; //-12: “Lymnocardium "¢f. pragponticum; /3- /4: Lymnocardium sp.; 15: “Lymnocardium " ¢f. plicataeformis;
16: Kagylosrak teknd és kvarcszemcsek vékonycsiszolatban, IN; 17-19: Radix croatica; 20: Hydrobiidae? sp.

Plate IV —IV. tabla

Pannonian mollusks of the white marls (D7 to D215 interval, Units 5-7), Pécs-Danitzpuszta sand pit. 1-5: Paradacna abichi; 6-9: Lymnocardiinae sp.; 10-11:
“Lymnocardium” margaritaceum; 12: Velutinopsis sp.; 13: Micromelania striata; 14: Orygoceras brusinai; 15: Unio cf. atavus; 16: Melanopsis fossilis

Panndniai puhatestiiek a fehér mdrgabol (D7-D215, 5-7. szakasz), pécs-danitzpusztai homokbdnya. 1-5: Paradacna abichi; 6-9: Lymnocardiinae sp.; 10-11:
“Lymnocardium” margaritaceum, /2: Velutinopsis sp.; /3: Micromelania striata; /4: Orygoceras brusinai; /5: Unio ¢f. atavus; /6: Melanopsis fossilis

Plate V — V. tabla

Pannonian mollusks of the silts (D219 to D226 interval, Unit 8), Pécs-Danitzpuszta sand pit. 1: Congeria partschi firmocarinata; 2-3: Congeria zsigmondyi, 4-T.
Dreissenomya primiformis; 8-11: Lymnocardium aff. boeckhi; 12-15: Lymnocardium winkleri

Panndéniai puhatestiiek az aleurolitbol (D219-D226, 8. szakasz), pécs-danitzpusztai homokbdnya. I1: Congeria partschi firmocarinata,; 2-3: Congeria zsigmondyi; 4-7:
Dreissenomya primiformis; 8- //: Lymnocardium aff. boeckhi; /2- 15: Lymnocardium winkleri

Plate VI - VI. tabla

Pannonian mollusks of the silts (D219 to D226 interval, Unit §), Pécs-Danitzpuszta sand pit. 1-2: Lymnocardium schedelianum; 3-4: “Lymnocardium”
carnuntinum; 5-T. “Lymnocardium” tegulatum; 8: “Lymnocardium” aff. danicici; 9: “Lymnocardium” cf. proximum; 10-11: Paradacna sp.; 12: “Lymnocardium” cf.
asperocostatum; 13: “Pontalmyra” otiophora; 14 and 16-18: Lymnocardiinae sp.; 15: ?Pseudocatillus sp.; 19: Caladacna aff. steindachneri; 20: ? Phyllocardium sp.; 21:
Melanopsis austriaca; 22: Gyraulus tenuistriatus

Pannoniai puhatestiiek az aleurolithol (D219-D226, 8. szakasz), pécs-danitzpusztai homokbdnya. 1-2: Lymnocardium schedelianum; 3-4: “Lymnocardium”
carnuntinum; 5- 7 “Lymnocardium” tegulatum; 8: “Lymnocardium” gff. danicici; 9: “Lymnocardium” ¢f. proximum; /0- /1: Paradacna sp.; 12: “Lymnocardium” ¢f.
asperocostatum, /3: “Pontalmyra” otiophora; /4 and 16- 18: Lymnocardiinae sp.; 15: ?Pseudocatillus sp.; 19: Caladacna aff- steindachneri; 20: ?Phyllocardium sp.; 21:
Melanopsis austriaca; 22: Gyraulus tenuistriatus

Plate VII — VII. tabla

Pannonian mollusks of the limonitic sand (Layer D227, Unit 9), Pécs-Danitzpuszta sand pit. 1-3: Congeria hemiptycha; 4-5: Congeria ungulacaprae; 6: Congeria
partschi

Panndniai puhatestiiek a limonitos homokbol (D227-es réteg, 9. szakasz), pécs-danitzpusztai homokbdnya. I-3: Congeria hemiptycha,; 4-5: Congeria ungulacaprae; 6:
Congeria partschi
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Plate VIII — VIII. tabla

Pannonian mollusks of the limonitic sand (Layer D227, Unit 9), Pécs-Danitzpuszta sand pit. 1: Congeria balatonica; 2-3: Congeria partschi; 4. Dreissenomya
dactylus; 5: “Lymnocardium” aff. danicici; 6-8: Lymnocardium cf. tucani; 9: Lymnocardium cf. conjungens; 10: Lymnocardium schedelianum; 11: Phyllocardium
complanatum

Pannoniai puhatestiiek a limonitos homokbdl (D227-es réteg, 9. szakasz), pécs-danitzpusztai homokbdanya. I: Congeria balatonica; 2-3: Congeria partschi; 4:
Dreissenomya dactylus; 5: “Lymnocardium” aff. danicici; 6-8: Lymnocardium ¢f. tucani; 9: Lymnocardium ¢f. conjungens; /0: Lymnocardium schedelianum; //:
Phyllocardium complanatum
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Plate I - 1. tabla
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Plate II - I1. tabla

5 mm
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Plate III — I1I. tabla
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Plate IV —IV. tabla
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Plate V — V. tabla
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Plate VI - VI. tabla
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Plate VII — VII. tabla
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Plate VIII — VIILI. tabla
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Appendix

Systematic Palaeontology

Our approach to taxonomic identifications is outlined in
chapter Material and methods.

Bivalvia LINNAEUS, 1758

Cardiidae LAMARCK, 1809

Lymnocardiinae STOLICZKA, 1870

Genus Lymnocardium STOLICZKA, 1870

Type species: Cardium haueri M. HORNES, 1862; original designa-
tion

“Lymnocardium” carnuntinum (M. HORNES, 1862)
(Plate VI, figs 3—4)

*1862 Cardium Carnuntinum M. HORNES, p. 204, pl. 30, fig. 2.

1882 Cardium (Adacna) Suessi BARB. — HALAVATS, p. 150, pl. 14,
figs 6-8.

1886a Cardium (Adacna) pseudo-Suessi HALAVATS, p. 127, pl. 6,
figs 1-5. [new synonym]

1886b Cardium (Adacna) pseudo-Suessi HAL. — HALAVATS, p. 128,
pl. 25, figs 3-4.

non 1899 Limnocardium pseudo-Suessi HAL. — GORJANOVIC-
KRAMBERGER, p. 236.

1953 Limnocardium carnuntinum (PARTSCH, HOERNES) — PAPP, p.
199, pl. 23, figs 17-19; pl. 24, Fig. 5.

1959 Limnocardium pseudosuessi HALAVATS — MILETIC-SPAJIC, pl.

8, figs 9-10.

1966 Limnocardium carnuntinum PARTSCH — CHIVU et al., p. 246,
pl. 2, fig. 5.

21968 Limnocardium pseudosuessi HALAVATS — SAGATOVICI, pl. 14,
fig. 4.

1983 Limnocardium pseudosuessi (HALAV.) — KORPAS-HODI, p.
145, pl. 1, fig. 3.

1985 Limnocardium pseudosuessi (HALAVATS) — KORPAS-HODI in
JAMBOR et al., p. 227, pl. 19, fig. 2.

1985 Limnocardium carnuntinum (PARTSCH) — PAPP, p. 307, pl. 42,
figs 8-10.

2003 Lymnocardium (Lymnocardium) carnuntinum (HORNES) —
ScHULTZ, p. 616, pl. 87, figs 9-10; pl. 88, fig. 7.

2008 Lymnocardium pseudosuessi (HALAVATS) — CzICZER et al., pl.
30 figs Sa-b.

Type locality: Vienna, 10th district (Inzersdorf, Wienerberg)

Type material: Syntypes: NHMW, 1851/11/158

Remarks: Neither the description nor the illustrations by
HORNES (1862) refer to the distinct primary and secondary
radial ribs of this species. HALAVATS (1886) recognized L.
pseudosuessi as a new species based on this characteristic
rib pattern. A comparison of the syntypes of L. pseudosuessi

with those of L. carnuntinum, however, unanimously shows
that they represent the same species.

L. carnuntinum is widely known from the marginal parts
of the Pannonian Basin System, such as the Vienna Basin in
Austria, the Avala Mts. and Morava Valley in Serbia, the
southern Banat, Oas, and Simleu Basins in western Romania,
and in the margins of the Transdanubian Range in Hungary.

Stratigraphic range and age: The oldest known dated
occurrence of the species was reported from borehole La-
joskomdrom (Lk)—1, 585.3-572 m (KorrAs-HODI in JAM-
BOR et al. 1985), from the Spiniferites oblongus Zone (SUTO-
SZENTAI in JAMBOR et al. 1985), which is thought to be ca.
11.2-10.8 Ma (MAGYAR & GEARY 2012). The latest occur-
rences are known from the northwestern foreland of the
Transdanubian Range, dated as 9.4-8.9 Ma (Szdk Fm.;
KorprAs-HODI 1983; CziczeRr et al. 2009).

Lymnocardium schedelianum (Fuchs, 1870)
(Plate VI, figs 1-2; Plate VIII, fig. 10)

1862 Cardium apertum MUNSTER — M. HORNES, p. 201, pl. 29, figs 5-6.

*1870 Cardium Schedelianum FucHs, p. 354.

non 1884 Adacna Schedeliana PARTSCH — BRUSINA, p. 151, pl. 28,
fig. 43.

1903 Limnocardium Schedelianum PARTSCH — ANDRUSOV, p. 39,
pl. 3, figs 18-21.

non 1943 Limnocardium schedelianum PARTSCH — GILLET, p. 58,
pl. 5, fig. 11.

21943 Limnocardium schedelianum PARTSCH var. sarbiense Gillet,
p-59,pl. 5, fig. 12.

1953 Limnocardium schedelianum (PARTSCH) — PAPP, p. 198, pl.
24, fig. 3.

1966 Limnocardium schedelianum PARTSCH— CHIVU et al., p. 246,
pl. 2, fig. 7.

1967 Limnocardium schedelianum (PARTSCH) — SPAIIC, p. 115, pl.
2, figs 1-5.

1980 Limnocardium schedelianum PARTSCH — STEVANOVIC, pl. 4,
fig. 13.

1980 Limnocardium schedelianum (PARTSCH) — LUEGER, pl. 3, fig. 1.

1983 Limnocardium schedelianum (PARTSCH) — NICORICI &
KARACSONYL, pl. 3, fig. 2.

1985 Limnocardium schedelianum (PARTSCH) — PaPp, p. 307, pl.
42, fig. 11.

1988 Lymnocardium cf. soproniense VITALIS — MAGYAR, p. 212, pl.
1, fig. 4.

1995 Lymnocardium schedelianum (BRUSINA) — FORDINAL, p. 32,
pl. 5, fig. 2.
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1999 Lymnocardium schedelianum (PARTSCH) — MAGYAR et al., p.
672, pl. 1, fig. E.

2003 Lymnocardium (Lymnocardium) schedelianum (FUCHS) —
ScHULTZ, p. 626, pl. 89, figs 10, 12.

Type locality: Brunn am Gebirge (Fuchs 1870)

Type material: Syntypes: NHMW, 1846/37/668

Remarks: In the 19th century, this species was confused
with Lymnocardium apertum (MUNSTER) (see HORNES 1862;
Fuchs 1870). A possible source of this confusion was that a
typical L. schedelianum specimen was labelled in the old
collection of the Natural History Museum Vienna as coming
from Tihany, where L. apertum is a common species. As the
recent revision of L. schedelianum (see ScHuULTZ 2003)
maintained the notion of HORNES (1862), Fuchs (1870), and
ANDRUSOV (1903) that this species occurs in Tihany, we find it
important to emphasize that repeated exhaustive collections in
Tihany (HALAVATS 1902, LORENTHEY 1905, VITALIS 1908,
BARTHA 1959, MULLER & SZONOKY 1990, SZTANO et al. 2013)
failed to yield L. schedelianum specimens from any outcrop of
the region. To our best understanding, this species evolved into
other forms and thus went extinct by the time when the Tihany
beds were deposited (MAGYAR et al. 2016). Therefore, we
argue that the Tihany specimen of L. schedelianum in the
Vienna museum collection was mislabeled.

In fact, L. schedelianum can be easily distinguished from
L. apertum by its more elongated outline, higher number of
ribs, and significantly larger size. It shows, however, very close
resemblance to L. soproniense VITALIS and L. variocostatum
VITALIS, which can be considered as its descendants (MAGYAR
etal. 2016).

Lymnocardium schedelianum is a widely distributed
species in the Pannonian Basin: it occurs in the Vienna
Basin in Austria and the Czech Republic, in the Danube
Basin in Austria, Slovakia, and Hungary, in the northern and
eastern margins of the Great Hungarian Plain in Hungary
and Romania, south of the Danube and the Sava in Serbia
and Bosnia, along the Sava in Slovenia, and in Burgenland
in Austria. Lymnocardium schedelianum is recovered from
both sublittoral clay layers and littoral sand deposits.

Stratigraphic range: Lymnocardium schedelianum and
L. conjungens Zones (?11.0-9.6 Ma). According to Papp
(1953), the oldest occurrences of the species belong to
“Zone D” in the Vienna Basin (10.6-10.4 Ma according to
HARZHAUSER et al. 2004). The youngest specimens in the
sublittoral deposits are ca. 10.2 Ma and ca. 9.6 Ma old in the
littoral deposits (MAGYAR et al. 2016).

Lymnocardium winkleri (HALAVATS, 1882)
(Plate V, figs 12—15)

*1882 Cardium (Adacna) Winkleri nov. form. HALAVATS, p. 153, pl.
15, figs 3-4.

1883 Cardium (Adacna) Winkleri nov. form. HALAVATS, p. 169, pl.
15, figs 3-4.

1959 Limnocardium winkleri HALAVATS — MILETIC-SPAIIC, pl. 8,
fig. 14.

21962 Limnocardium winkleri HALAVATS — SZELES, p. 56, pl. 3, fig. 4.

21971 Limnocardium winkleri HALAVATS — SZELES, p. 327, pl. 1, fig. 8.

(N1977 Pseudocatillus sp.— V. LUBENESCU & D. LUBENESCU, pl. 3,
figs 17-18.

(N1977 (?) Pseudocatillus sp. — V. LUBENESCU & D. LUBENESCU,
pl. 4, fig. 8.

1978 Limnocardium lukae STEV. — STEVANOVIC, p. 341.

1980 Limnocardium Winkleri lukae n. subsp. STEVANOVIC, p. 128,
139, pl. 3, figs 19-22. [new synonym]

21980 Limnocardium winkleri HAL. — STEVANOVIC, pl. 4, fig. 11.

71983 Limnocardium winkleri (HALAV.) — KORPAS-HODI, p. 145, pl.
1, fig. 4.

71985 Limnocardium winkleri lukae STEV. — KORPAS-HODI in
JAMBOR et al., p. 227, pl. 19, fig. 3.

1987 Limnocardium winkleri lukae STEVANOVIC — JAMBOR et al., pl.
4, fig. 3.

71992 Limnocardium winkleri lukae STEV. — KORPAS-HODI, pl. 1,
fig. 4.

71995 Lymnocardium aff. winkleri (HALAVATS) — MAGYAR, fig. 4F.

Type locality: Campia (Langenfeld, Néramezd) (HALA-
VATS 1882)

Type material: Syntypes: MBFSZ, P1. 6379

Remarks: Lymnocardium winkleri represents the early
stage of the probably anagenetic evolutionary lineage that
leads to L. majeri (HORNES) then to L. peregrinum (in the
Eastern Paratethys). For this lineage EBERZIN (1947) erected
the subgenus Arpadicardium. Distinction of the subspecies L.
winkleri lukae (STEVANOVIC, 1980) is probably not justified,
because neither the description nor the illustration of this
subspecies contained any obvious diagnostic feature by which
it could be distinguished from L. winkleri. Therefore, here we
treat L. winkleri lukae as a junior synonym of L. winkleri.

Stratigraphic range: The stratigraphic range of the species
is weakly constrained. The oldest dated occurrence is known
from the Lajoskomarom (Lk)-1 borehole, 577.6 m, belonging
to the Spiniferites oblongus Zone (ca. 10.8—11.2 Ma) (JAMBOR
et al. 1985). Stratigraphically upward, the transition to L.
majeriis gradual, and no criterion has been suggested so far for
the distinction between the two chronospecies.

Dreissenidae GrRAY, 1840

Genus Congeria PARTSCH, 1835

Type species: Congeria subglobosa PARTSCH, 1835; subsequent
designation, STOLICZKA, 1870

Congeria hemiptycha BRUSINA, 1902
(Plate VII, figs 1-3)

1892 Congeria subglobosa PARTSCH — BRUSINA, p. 180.

v #1902 Congeria subglobosa hemiptycha BRUS. — BRUSINA, pl. 20,
figs 1-3.

1927 Congeria Pancic¢i nov. spec. PAVLOVIC, p. 16, pl. 2, figs 5-7;
pl. 3, figs 1-3. [new synonym]

1928 Congeria Pancici nov. spec. PAVLOVIC, p. 11, pl. 2, figs 5-7;
pl. 3, figs 1-3.

1939 Congeria subglobosa hemiptycha BRUS. — KOLLMANN, p. 55.

1944 Congeria hemiptycha BRUSINA — JEKELIUS, p. 146, pl. 62, fig. 4.

1952 Congeria pancici pancici PAVLOVIC — SAUERZOPF, p. 4.

1952 Congeria pancici hemiptycha BRUSINA — SAUERZOPF, p. 4.

1952 Congeria pancici longiconcha n. ssp. SAUERZOPF, p. 11, pl. 1,
figs 3—4. [new synonym]
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1953 Congeria pancici pancici PAVLOVIC — PApp, p. 176, pl. 17,
figs 1-2.

1959 Congeria subglobosa mlavica n. ssp. MILETIC-SPAJIC, p. 108,
121, pl. 5, fig. 1. [new synonym]

1959 Congeria cf. pancici PAVLOVIC — MILETIC-SPAJIC, pl. 5, fig. 2.

1968 Congeria subglobosa longitesta PApp — SAGATOVICI, pl. 12,
fig. 27; pl. 13, figs 1-2.

1974 Congeria hemiptycha BRUSINA — MILAN et al., p. 32.

1980 Congeria pancici — LUEGER, pl. 2, fig. 1.

1980 Congeria sp. — LUEGER, p. 111, pl. 2, fig. 4.

1981 Congeria pancici pancici PAVLOVIC — V. LUBENESCU, p. 167,
pl. 10, fig. 1.

1981 Congeria subglobosa hemiptycha BRUSINA — V. LUBENESCU,
p- 170-171, pl. 10, fig. 3.

1983 Congeria pancici pancici PAVLOVIC — NICORICI & KARACSO-
NYL p. 231, pl. 1, figs 1-2.

1985 Congeria pancici PAvLOVIC — Papp, p. 301, pl. 39, figs 1-2.

v 1988 Congeria sp. — MAGYAR, p. 212, pl. 1, fig. 1.

2003 Congeria pancici pancici PAVLOVIC — SCHULTZ, p. 811, pl.
110, figs 1-3.

2003 Congeria pancici longiconcha SAUERZOPF — SCHULTZ, p. 812,
fig. 20.

Type locality: Zagreb—MarkusSevec (BRUSINA 1902)

Type material: Syntypes: HPM, 2787-433, 392.1-4,
393.1-11

Remarks: The “holotype” designation by MILAN et al.
(1974) cannot be accepted as valid lectotype designation
according to ICZN Article 74.5. The “stratum typicum” is
also erroneously given by MIiLAN et al. (1974) as “marls;” the
species occurred in sand (see BRUSINA 1892).

The only difference between the type specimens of C.
hemiptycha BRUSINA and C. pancici PAVLOVIC is that the
former has a corrugated posterior field. The presence and
degree of corrugation, however, is highly variable among
the specimens, and can hardly be considered a diagnostic
feature.

Congeria hemiptycha occurs in littoral sands in the
Vienna Basin (Austria), Kdl Basin (Hungary), Oas and
Simleu Basins, Banat region and Transylvanian Basin
(Romania), Avala Mts. (Serbia), Medvednica Mts. (Croa-
tia), and several locations in Burgenland (Austria).

Stratigraphic range and age: According to PApp (1985),
this species occurs in “Zone D” (very rarely) and “Zone E”
(common and typical). ScHULTZ (2003), however, listed a lot
of localities belonging to “Zone D”” and some even to “Zone
C”. Following the age model of HARZHAUSER et al. (2004),
C. hemiptycha was already present at ca. 10.6 Ma (begin-
ning of “Chron D”), but its first appearance and ancestry
remains vague. The youngest occurrences belong to the
upper part of the Lymnocardium conjungens Zone and thus
can be as young as ca. 9.6 Ma. After that, C. hemiptycha
disappeared from the fossil record so the lineage probably
went extinct.

Congeria partschi firmocarinata Papp, 1953
(Plate V, fig. 1)

*1953 Congeria partschi firmocarinata n. ssp. PApp, p. 174, pl. 16,
fig. 7.

1977 Congeria partschi firmocarinata PApP — V. LUBENESCU & D.
LUBENESCU, pl. 2, figs 6-7.

? 1980 Congeria partschi firmocarinata PAPP — LUEGER, p. 118,
121, pl. 2, figs 2-3.

1985 Congeria partschi firmocarinata — PApp, p. 296, pl. 38, fig. 3.

2005 Congeria partschi firmocarinata PAPP — SCHULTZ, p. 815, pl.
110, figs 4-5; pl. 111, fig. 4.

Type locality: Hennersdorf (PApp 1953)

Type material: Holotype: NHMW, 787/1969, Coll. Papp
632

Remarks: Although our specimens were heavily
deformed by lithostatic pressure, it can be established that
the Pécs-Danitzpuszta and Hennersdorf specimens are
morphologically indistinguishable.

Stratigraphic range and age: According to PApp (1953,
1985), this species is restricted to “Zone E”, dated as 10.4—
10.1 Ma by HARZHAUSER et al. (2004).

Congeria zsigmondyi HALAVATS, 1882
(Plate V, figs 2—-3)

*1882 Congeria Zsigmondyi n. form. HALAVATS, p. 154, pl. 15, figs
7-10.

1883 Congeria Zsigmondyi n. form. HALAVATS, p. 171, pl. 15, figs
7-10.

1897 Congeria zsigmondyi — ANDRUSOV, p. 214, pl. 11, figs 21-26.

1944 Congeria zsigmondyi HALAVATS — JEKELIUS, p. 144, pl. 60,
figs 4-7, excl. f. 8.

1953 Congeria zsigmondyi HALAVATS — PAPP, p. 175, pl. 16, figs 5-6.

1966 Congeria zsigmondyi HAL. — BARTHA, pl. 3, figs 1-3.

21971 Congeria szigmondyi [sic!] HALAVATS — GRAF et al., text-fig.
3: 3, pl. 1, figs 2-6, 10-11.

1971 Congeria zsigmondyi HALAVATS — BARTHA in GOCZAN &
BENKO, pl. 25, figs 1-3.

1981 Congeria zsigmondyi HALAVATS — V. LUBENESCU, pp. 164—
165, pl. 9, fig. 5.

1985 Congeria zsigmondyi HALAVATS — PAPP, p. 297, pl. 38, figs 7-10.

1999 Congeria zsigmondyi — MAGYAR, p. 11, fig. 2.

2001 Congeria zsigmondyi HALAVATS — GULYAS, fig. 7.

2004 Congeria zsigmondyi — HARZHAUSER & MANDIC, p. 342, fig.
9/2.

2005 Congeria zsigmondyi HALAVATS 1882 — SCHULTZ, p. 828, pl.
113, figs 2-3.

Type locality: Campia (Langenfeld, Néramezd) (HALA-
VATS 1882)

Type material: Syntypes: MBFSZ, P1. 1

Remarks: This species is commonly reported from vari-
ous parts of the Pannonian region: Vienna Basin in Austria,
NW Romania, Transylvanian Basin, southern Banat, and
Mecsek Mts in Hungary.

Stratigraphic range and age: According to PApp (1985),
this species is restricted to clays of “Zone E.” ScHULTZ (2005),
however, lists a few localities conditionally assigned to “Zone
D.” The Soceni locality is also considered older than Zone
“E,” but the occurrence of C. zsigmondyi in Soceni is question-
able, because three of the four depicted specimens in JEKELIUS
(1944) are from Campia, and the only specimen depicted from
Soceni probably represents another species. On the other hand,
the type locality of the species is most probably somewhat



Foldtani Kozlony 15174 (2021)

359

younger than “Zone E” in the Vienna Basin. Thus, the age
interval of C. zsigmondyi can be estimated as 10.6-9.6 Ma.

Genus Dreissenomya Fuchs, 1870
Type species: Congeria schroeckingeri FucHs, 1870; original
designation

Dreissenomya (Sinucongeria) dactylus (BRUSINA, 1894)
(Plate VIII, fig. 4)

1894 Congeria dactylus n. sp. BRUSINA, p. 243.

1900 Congeria dactylus BRUSINA — ANDRUSOV, p. 80, 125.

1902 Congeria dactylus BRUs. — BRUSINA, pl. 20, figs 9-13 (14—
17?).

1915 Dreyssensiomya [sic!] dactylus BRUS — VITALIS, p. 334, pl. 2,
figs 2-3.

1927 Dreissensiomya lithodomiformis nov. spec. PAVLOVIC, p. 24,
pl. 4, figs 1-2. [new synonym]

1928 Dreissensiomya lithodomiformis nov. spec. PAVLOVIC, p. 17,
pl. 4, figs 1-2.

1974 Congeria dactylus BRUSINA — MILAN et al., p. 26.

1990 Congeria dactylus BRUSINA — BASCH, p. 555, pl. 3, fig. 3.

1992 Dreissenomya (Sinucongeria) dactyla (BRUSINA) — BASCH &
ZAGAR-SAKAC, p. 27, pl. 17, figs 3-6.

2005 Mpytilopsis cf. scrobiculata scrobiculata (ANDRUSOV) —
ScHuLTZ, p. 798, pl. 105, figs 9-10.

2015 Dreissenomya dactylus (BRUSINA) — KATONA et al., p. 149, pl.
11, fig. 8.

Type locality: “between Balatonkenese and Si6fok”
(BRUSINA 1894), i.e., south of Balatonkenese

Type material: Lectotype: HPM, 2789-435 (subsequent-
ly designated by MILAN et al. 1974)

Remarks: BRUSINA (1894) characterized his new species
as “presenting the appearance of a Lithodomus,” but he did
not give further description. In our view, his remark can be
considered a valid diagnosis because D. dactylus is the only
dreissenid that resembles the marine mytilid boring bivalve
“Lithodomus™ (Lithophaga), also known as date mussel.
PavLoviC (1927, 1928) also noted this similarity, hence the
name lithodomiformis. The species was illustrated from
Balatonkenese (BRUSINA 1902), Tihany (VITALIS 1915),
Vr¢in-Karagaca creek (PAVLOVIC 1927, 1928), Jagnjedovec
(BascH 1990, BAscH & ZAGAR-SAKAC 1992), Vosendorf
(ScHurTz 2005), and Balatonalmadi (KATONA et al. 2015).

Stratigraphic range and age: The oldest known occur-
rence, Vosendorf, is assigned to “Zone E” of Papp (1951,
1953), dated as 10.4—10.1 Ma (HARZHAUSER et al. 2004). The
occurrences in Tihany, Balatonalmédi and Balatonkenese
belong to the Lymnocardium decorum Zone, 8.7-8.0 Ma
(MAGYAR & GEARY 2012), whereas the biostratigraphic
position and age of the Jagnjedovec material (BASCH 1990)
is unknown to us.

Gastropoda CUVIER, 1795

Hydrobiidae STIMPSON, 1865

Genus Micromelania BRUSINA, 1874

Type species: Micromelania cerithiopsis BRUSINA, 1874; subse-
quent designation, DOLLFUS, 1912

Micromelania striata GORJANOVIC-KRAMBERGER, 1890
(Plate IV, fig. 13)

v *1890 Micromelania striata KRAMB.-GORJ. — GORJANOVIC-
KRAMBERGER, p. 157, pl. 6, figs 9-9a.

(?)1893 Micromelania lapadensis nov. form. LORENTHEY, p. 311,
pl. 4, fig. 14b. [new synonym?]

1985 Micromelania striata GORJ.-KRAMB. — JAMBOR et al., pl. 23,
figs 5-6.

1987 Micromelania striata GORJ.-KRAMB. — JAMBOR et al., pl. 8,
figs 5-6.

2013 Micromelania sp. — TER BORGH et al., fig. 9:20.

Type locality: Zagreb—Vrapce (GORJIANOVIC-KRAMBER-
GER 1890)

Type material: Syntypes: HPM, 5165-330/1-2 (MILAN et
al. 1974); GBA

Remarks: In addition to the syntypes reposited in HPM, a
specimen collected by the author of the species is also
available in the type collection of GBA.

The shell has 9—11 whotls with fine parallel growth lines
and longitudinal striae, resulting in a square grid ornamen-
tation. This can only be observed on well-preserved shells or
sometimes on imprints. Micromelania lapadensis described
by LORENTHEY (1893) is probably a junior synonym of M.
striata, but the figure of LORENTHEY does not allow precise
comparison.

Stratigraphic range and age: This species was described
and mentioned from old Pannonian offshore (sublittoral and
profundal) marls all over the Pannonian Basin proper
(Vrapce, Medvednica Mts., Croatia — GORJANOVIC-KRAM-
BERGER 1890; Lopadea Veche, Transylvanian Basin,
Romania — LORENTHEY 1893; Lajoskomdrom-1 borehole,
Hungary — JAMBOR et al. 1985, 1987; Beocin, Fruska Gora
Mts., Serbia—TER BORGH et al. 2013). It is acommon species
in the Lymnocardium praeponticum, Congeria czjzeki and
Congeria banatica Zones (from 11.6 to 9.5 Ma).

Lymnaidae RAFINESQUE, 1815

Genus Radix MONTFORT, 1810

Type species: Radix auriculatus MONTFORT, 1810; original
designation

Radix croatica (GORJANOVIC-KRAMBERGER, 1890)
(Plate III, figs 17—19)

v *1890 Limnaea croatica KRAMB.-GORJ. — GORJANOVIC-KRAM-
BERGER, p. 154, pl. 6, figs 1-3.

?v 1890 Limnaea extensa KRAMB.-GORJ. — GORJANOVIC-KRAM-
BERGER, p. 155, pl. 6, fig. 4. [new synonym?]

1944 Radix (Limnaea) croatica Kr.-G. — Mo0s, p. 344.

1956 Radix kobelti BRUSINA — PAPP, p. 71.

1967 Radix croatica (GORJIANOVIC-KRAMBERGER) — TAKTAKISH-
VILL, text-fig. 7a.

1985 Radix croatica (GORJ.-KRAMB.) — JAMBOR et al., pl. 23, fig. 4.

1985 Radix kobelti REUSS — STEVANOVIC & Papp, pl. 27, fig. 11.

1987 Radix croatica (GORJ.-KRAMB.) — JAMBOR et al., pl. 8, fig. 4.

2013 Radix kobelti REUSS — TER BORGH et al., fig. 9:19.

Type locality: Zagreb—Vraple (GORIJANOVIC-KRAM-
BERGER 1890)
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Type material: Syntypes: HPM 5178-343-5180-345
(MILAN et al. 1974), GBA

Remarks: In addition to the syntypes reposited in HPM,
a specimen collected by the author of the species is also
available in the type collection of GBA, subsequently
labelled as “syntype.”

Fine growth lines, four whorls (in most cases, just three
whorls can be seen, the last whorl covers the third one), and a
strongly widening last whorl with an oval and rimmed aperture
characterize this species. Protoconch can be observed only in
well-preserved specimens. Limnaea extensa species of GOR-
JANOVIC-KRAMBERGER is probably a steinkern of a R. croatica
specimen and shows the internal structure and ornamentation
and all the four whorls of R. croatica. Radix kobelti is not a
synonym of R. croatica, but it is frequently confused with R.
croatica. Radix kobelti is a shallow-water species of young
Pannonian (“Pontian”) sands, whereas R. croatica is a typical
member of old Pannonian marls and limestones.

Stratigraphic range and age: This species was described
and mentioned from old Pannonian offshore (sublittoral and
profundal) marls all over the Pannonian Basin (Vrapce,
Medvednica Mts., Croatia — GORJANOVIC-KRAMBERGER
1890; Kostanjek/Podsused, Medvednica Mts., Croatia —
PApP 1956, VRSALIKO 1999; Gojlo-4 and Bujavica-9 bore-
holes, Sava Basin, Croatia — Moos 1944; Lajoskomarom—1
borehole, Hungary — JAMBOR et al. 1985, 1987; Beocin,
Fruska Gora Mts., Serbia — STEVANOVIC & PaPP 1985, TER
BoORGH et al. 2013). Lymnocardium praeponticum mollusk
biozone = “Croatica Beds” in Croatia (from 11.6 to 11.45
Ma). It is a common member of the L. praeponticum — R.
croatica dwarf fauna.

Planorbidae RAFINESQUE, 1815

Genus Gyraulus CHARPENTIER, 1837

Type species: Planorbis albus O. F. MULLER, 1774; subsequent de-
signation, DALL, 1870

Gyraulus tenuistriatus (GORJANOVIC-KRAMBERGER, 1899)
(Plate VI, fig. 22)

v *1899 Planorbis tenuistriatus KRAMB.-GORJ. — GORJANOVIC-
KRAMBERGER, p. 129, pl. V fig. 7.

1956 Planorbis (Gyraulus) cf. tenuistriatus GORJ.-KRAMBG. —
Papp, p. 70.

1977 Planorbis tenuistriatum [sic!] GORJ.-KRAMB. — V. LUBENES-
cu & D. LUBENEscU, pl. 2 fig. 5.

1984 Gyraulus sp. — V. LUBENESCU & PoPEscu, pl. 1 fig. 8.

1985 Gyraulus tenuistriatus (GORJ.-KRAMB.) — JAMBOR et al., pl.
23 fig. 3.

1987 Gyraulus tenuistriatus (GORJ.-KRAMB.) —JAMBOR et al., pl. 8 fig. 3.

2009 ,,Gyraulus” tenuistriatus (GORJANOVIC-KRAMBERGER) —
Cziczer et al., fig. 60.

2010 ,.Gyraulus” tenuistriatus (GORJANOVIC-KRAMBERGER) —
MAGYAR, fig. 11.

2013 Gyraulus praeponticus (GORJ.-KRAMB.) — TER BORGH et al.,
fig. 9: 17-18.

2016 Gyraulus sp. — MANDIC et al., fig. 17.

2016 Planorbi [sic!] sp. — WANEK, p. 29, fig. 5.

2019 Gyraulus tenuistriatus (GORJANOVIC-KRAMBERGER) — BOTKA
etal., fig. 3: f.

Type locality: Babindol, south of LondZica (Gorjanovic¢-
Kramberger 1899)

Type material: Syntype: HPM 5457-607

Remarks: According to ICZN Article 74.5, the “holo-
type” designation by MILAN et al. (1974) cannot be accepted
as valid lectotype designation.

This species has a planispiral shell with four whorls and
fine growth lines, which can be thickened forming a slightly
bulging ornamentation. Width of the aperture is ca. 1/3 of the
shell width. It clearly differs from G. praeponticus GORIANO-
VIC-KRAMBERGER, which has only three whorls and wider
aperture.

Stratigraphic range and age: This species was described
and mentioned from old Pannonian offshore (sublittoral and
profundal) marls all over the Pannonian Basin (LondZica,
Krndija Mts., Croatia — GORJANOVIC-KRAMBERGER 1899;
Kostanjek/Podsused, Medvednica Mts., Croatia — PApP
1956; Lajoskomdrom—1 borehole, Hungary — JAMBOR et al.
1985, 1987; localities of the northern foreground of the
Transdanubian Range, Hungary — Cziczer et al. 2009;
Beocin, Fruska Gora Mts., Serbia — TER BORGH et al. 2013;
various localities from the Transylvanian Basin, Romania —
V. LUBENESCU & D. LUBENEscU 1977, LUBENEScU 1981,
LUBENESCU & PoPEScU 1984, MAGYAR 2010, WANEK 2016,
BoTkA et al. 2019). It is a common species in the Lymno-
cardium praeponticum, Congeria czjzeki and Congeria
banatica Zones (from 11.6 to 9.5 Ma).

Genus Orygoceras BRUSINA, 1882
Type species: Orygoceras cornucopiae BRUSINA, 1882; sub-
sequent designation, COSSMANN, 1921

Orygoceras fuchsi (KiTTL, 1886)

*1886 Creseis Fuchsin. f. KITTL, p. 50, pl. 2, figs 1-3.

v 1890 Orygoceras levis KRAMB.-GORJ. — GORJANOVIC-KRAMBER-
GER, p. 158, pl. 6, fig. 11. [new synonym]

v 1892 Orygoceras corniculum BRUSINA n. sp. — BRUSINA, pp. 169-171.

1893 Orygoceras levis Kramb.-Gorj. ? — Lérenthey, pp. 310-311.

1902 Orygoceras corniculum BRUSINA — BRUSINA, pl. 2, figs 34-37.

1902 Orygoceras corniculum BruUs. — LORENTHEY, pp. 194-196,
pl. 11, figs 20-22; pl. 12, fig. 11.

1944 Orygoceras fuchsi KITTL — JEKELIUS, p. 118, pl. 43, figs 22-23.

1956 Orygoceras fuchsi fuchsi (KITTL) — PAPP, p. 70.

1985 Orygoceras laevis [sic!] GORJ.-KRAMB. — JAMBOR et al., pl.
23, figs 7-8.

1985 Orygoceras fuchsi fuchsi (KitTL) — PAPP, p. 288, text-figs 38—
39:1-2c.

1987 Orygoceras laevis [sic!] GORI.-KRAMB. — JAMBOR et al., pl. 8,
figs 7-8.

1999 Orygoceras fuchsi KITTL — LENNERT et al., pl. 5, figs 10-11.

2010 Orygoceras levis GORIANOVIC-KRAMBERGER — MAGYAR, fig.
29b:E.

2019 Orygoceras levis GORJANOVIC-KRAMBERGER — BOTKA et al.,
fig. 3:g.

Type locality: Forchtenstein (KiTTL 1886). According to
LORENTHEY (1903), the type locality is not correct, the speci-
mens described and figured by KitTL (1886) must have origi-
nated from the Sopron area, where old Pannonian layers are
exposed.
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Type material: unknown

Remarks: The species has a thin, smooth, dentaliform
shell. Growth lines can sometimes be seen. Protoconch is a
half smooth whorl. According to LORENTHEY (1903), O.
corniculum is a junior synonym of O. fuchsi. We share this
opinion and add that the same applies to O. levis.

Stratigraphic range and age: This species was
described and mentioned from old Pannonian offshore
(sublittoral and profundal) marls all over the Pannonian
Basin (?Forchtenstein, Eisenstadt—Sopron Basin, Austria —
KitTL 1886; Vrapce, Medvednica Mts., Croatia — GORJA-
NOVIC-KRAMBERGER 1890; Lopadea Veche, Transylvanian
Basin, Romania — LORENTHEY 1893; MarkuSevec, Medved-
nica Mts., Croatia — BRUSINA 1892, 1902; Ripanj, gumadija
Hills, Serbia — BrusiNa 1902; Budapest-Kébanya, Pan-
nonian Basin and Tinnye, Zsambék Basin, Hungary —
LORENTHEY 1902; Soceni, Pannonian Basin, Romania —
JEKELIUS 1944; Lajoskomdrom—1 borehole, Hungary —
JAMBOR et al. 1985, 1987; Kostanjek/Podsused, Medved-
nica Mts., Croatia — PAPP 1956; Leobersdorf, Vienna Basin,
Austria — PApp 1985; Oarba de Mures and Gusterita,
Transylvanian Basin, Romania — MAGYAR 2010, BOTKA et
al. 2019). It is a common species in the Lymnocardium
praeponticum, Congeria czjzeki, and Congeria banatica
Zones (from 11.6 to 9.5 Ma). Sporadic occurrences were
reported from the much younger Congeria rhomboidea
Zone (from 8 to 75 Ma) as well.

Orygoceras brusinai GORJANOVIC-KRAMBERGER, 1890
(Plate IV, fig. 14)

v *1890 Orygoceras Brusinai KRAMB.-GORJ. — GORJANOVIC-
KRAMBERGER, p. 158, pl. 6, figs 10—10a.

v 1892 Orygoceras filocinctum BRUSINA n. sp. — BRUSINA, p. 171.
[new synonym]

v 1892 Orygoceras cultratum BRUSINA n. sp. — BRUSINA, p. 171.
[new synonym)]

1902 Orygoceras filocinctum BRUSINA — BRUSINA, pl. 2, figs 23-28.

1902 Orygoceras cultratum BRUSINA — BRUSINA, pl. 2, figs 29-33.

1902 Orygoceras cultratum BRUS. — LORENTHEY, p. 196, pl. 12, fig.
13; pl. 13, figs 2-5.

1902 Orygoceras filocinctum BRrUS. — LORENTHEY, p. 197, pl. 11,
fig. 23; pl. 12, fig. 12; pl. 13, fig. 1.

1944 Orygoceras fuchsi filocinctum BRUSINA — JEKELIUS, p. 118, pl.
43, figs 24-25.

1944 Orygoceras fuchsi cultratum BRUSINA — JEKELIUS, p. 118, pl.
43, figs 26-28.

1956 Orygoceras fuchsi brusinai GORJ.-KRAMBG. — PAPP, p. 70.

1985 Orygoceras fuchsi filocinctum BRUSINA — PAPP, p. 288, text-
fig. 40:3a-b.

2010 Orygoceras brusinai GORJANOVIC-KRAMBERGER — MAGYAR,
fig. 29b:D.

Type locality: Zagreb—Vrapce (GORJIANOVIC-KRAMBER-
GER 1890)

Type material: Syntype: HPM 5162-327

Remarks: This species has thin dentaliform shell, orna-
mented with rings on the upper part. Growth lines can some-
times be seen on well-preserved specimens. Protoconch is a
half smooth whotl. Orygoceras brusinai, O. filocinctum,
and O. cultratum are probably junior synonyms. Orygoce-
ras cultratum bears less rings, which are far from each other,
while O. filocinctum has more, closer spaced rings. How-
ever, this observation might be a matter of the preservation
state or intraspecific variability.

Stratigraphic range and age: This species was described
and mentioned from old Pannonian offshore (sublittoral and
profundal) marls all over the Pannonian Basin (Vrapce,
Medvednica Mts., Croatia — GORJANOVIC-KRAMBERGER 1890);
Markusevec, Medvednica Mts., Croatia— BRUSINA 1892, 1902;
Budapest-K&banya, Pannonian Basin and Tinnye, Zsambék
Basin, Hungary — LORENTHEY 1902; Soceni, Pannonian Basin,
Romania — JEKELIUS 1944; Kostanjek/Podsused, Medvednica
Mts., Croatia — PAPP 1956; Leobersdorf, Vienna Basin, Austria
—Papp 1985; Oarba de Mures, Transylvanian Basin, Romania —
MAGYAR 2010). Orygoceras brusinai is less common than O.
fuchsi in the Lymnocardium praeponticum, Congeria czjzeki
and Congeria banatica Zones (from 11.6 to 9.5 Ma).
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Egy vdltozatos miocén halfauna a Mecsekbdl, a pécs-danitzpusztai homokbdnydbol

Osszefoglalds

A Ko6zépsd-Paratethys tengeri iiledékeiben igen gyakoriak a porcos- és csontoshal-maradvanyok, nemcsak szor-
véanyleletek, hanem komplex, vdltozatos halfaundk formdjaban is jelen vannak. Munkdnk a pécs-danitzpusztai
homokbénya felsé miocén (panndniai) iiledékeibdl gydjtott és eddig csak hidnyosan tanulmanyozott halfaundt mutatja
be. Osszesen 22 227 halfosszilidt vizsgaltunk meg, melyek 17 porcoshal- és 16 csontoshal-taxont képviselnek. A
leletanyag dontd tobbsége sarga, limonitos, durvaszemcsés, kavicsos homokbdl keriilt el§ izoldlt leletek formdjaban.
A homokbdl el6keriilt halfauna porcoshalai k6zo6tt az Odontaspididae (55,5%) és a Myliobatidae (14,4%) csalddok
domindlnak, mig a csontos halak kozott a Sparidae (77,1%) csaldd. Recens analdgidk alapjdn a homokbdl elSkertilt 17
porcos-, valamint 12 csontoshal-taxon idsebb, kozéps6é miocén (badeni) iiledékekbdl halmozddott 4t. A homok alatti
mészmargabdl artikuldlt és asszocidlt Latidae csontoshal-maradvanyok keriiltek el6. Ezek egykoriak a bedgyazd
iledékkel és édesvizi-brakk kornyezetet jeleznek. Izolalt csontoshal-maradvényok szintén elSkeriiltek a mészmdrgdbal,
ugy mint hallékovek, fogak, pikkelyek, csigolydk €s dllkapocselemek, melyeket a Gadidae, Gobiidae, Sparidae és
Latidae csalddokhoz soroltunk. Ezek akar dthalmozottak is lehetnek, igy paleookoldgiai jelentdségiik csekély.

Azismertetett taxonok recens leszdrmazottainak ismert 6koldgiai igényei alapjan a homokban taldlt 6sszes porcoshal
és a csontoshalak tobbsége badeni kord iiledékekbsl halmozddott at. Egyes csontoshal-taxonok maradvanyai
koprolitokbdl is elSkeriiltek, ami azt bizonyitja, hogy ezek a halak prédadllatként a helyi tdpldlékhalézat részei voltak. A
tengerieml8s-csontokon felfedezett, nagyragadozé cadpaknak tulajdonitott harapdsnyomok a K6zEépsd-Paratethys badeni
leletanyagaibdl eddig nem voltak ismertek. A homokbdl eldkeriilt Acipenseridae- és Latidae-maradvanyok brakk-
és/vagy édesvizi tiledékekhez kothetSek, emiatt szinte barmely kornyékbeli miocén formaciobol athalmozddhattak.

Tdrgyszavak: Paratethys, Pannon-to, harapdsnyomok, anadromous

Abstract

Chondrichthyans and osteichthyans are widely reported from marine sediments of the Central Paratethys, not only by
sporadic occurrences, but also by complex, diverse fish assemblages. Here we present a rich fish fauna from the upper
Miocene (Pannonian, Tortonian) lacustrine sediments exposed in the Pécs-Danitzpuszta sand pit, in the SW Pannonian
Basin. Altogether 22 227 specimens were investigated, and they could be classified into 17 chondrichthyan and 16
osteichthyan taxa. Among the chondrichthyans Odontaspididae (55.5%) and Myliobatidae (14.4%) are the most
abundant, while the bony fishes are dominated by the Sparidae (77.1%). The limonitic, yellow, coarse-grained, gravelly
sands yielded an extremely large amount of isolated fish fossils. A considerable part of the vertebrate material of the
sands is likely reworked from older, middle Miocene (Badenian and Sarmatian, i.e. Langhian and Serravallian)
sediments. The late Miocene calcareous marls underlying the sands also yielded a variety of fish remains. From these
remains, associated and articulated latid bones are coeval with the sediment and suggest freshwater and brackish
conditions in the area, in accord with other biotic data. Other, isolated fossils, namely teeth, otoliths, cycloid scales and
jaw elements of Gadidae, Gobiidae, Sparidae and Latidae could have been reworked and thus have a very limited palaeo-
ecological significance.

Based on habitat preferences of extant relatives, all chondrichthyans and most osteichthyan taxa found in the sands
must be of Badenian origin. The abundant remains allow for some inferences on the environmental conditions during the
Badenian. They suggest tropical-subtropical climate and a shallow, coastal environment with connection to more open
water habitats. Remains of some osteichthyan taxa were found in coprolites, showing that these taxa were part of the food
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chain as prey items. Sirenian ribs and odontocete limb bones bearing tooth marks refer to trophic relations between
marine mammals and large macropredatory sharks. The Pécs-Danitzpuszta record of shark-attributed bite marks on
marine mammal bones is only the second one in the Badenian of the Central Paratethys after recent report from the
Styrian Basin. Acipenserids and latids of the sands, linked to brackish and/or freshwater environments, could have

originated from any Miocene stratigraphic units.

Keywords: Paratethys, Lake Pannon, bite marks, anadromous

Introduction

The Central Paratethys was a widely extended part of
the epicontinental Paratethys sea, covering large areas of
the Pannonian Basin System (ROGL 1998, KovAC et al.
2007, TER BORGH et al. 2013). The Paratethys was isolated
from the Tethys during the late Eocene — early Oligocene
(ROGL & STEININGER 1983, STEININGER et al. 1988, ROGL
1998; DERCOURT et al. 2000), and was last connected to the
Mediterranean Tethys in the Badenian (KOVACOVA et al.
2009). Repeated closure and reopening of oceanic
gateways resulted in a distinct palaeobiogeographical
province in the Central Paratethys (BALDI 1983, ROGL
1998). Badenian fish faunas (often with main focus on
chondrichthyans and teleost otoliths) are widely reported
from Central Paratethyan marine sediments of the
Pannonian Basin (ScHUBERT 1902, 1905, 1906, 1912;
FERENCZI 1915; NoszKy 1925; BRZOBOHATY & SCHULTZ
1978; Korpos & SoLt 1984; SoLt 1987; SEBE et al. 2015;
SzaBO 2019; SzaB6 & Kocsis 2016a and references
therein, 2020). These faunas are dominated by marine taxa
with a characteristic presence (or sometimes dominance)
of chondrichthyans. Meanwhile, the early and middle
Badenian otolith associations indicate typical tropical to
subtropical marine environments with normal salinity and
connections both to the Atlantic and Mediterranean
realms. The increasing number of gadids in the otolith
assemblages relates to the gradual cooling (due to the
expansion of the Antarctic ice sheet) during the late
Badenian (BRzOBOHATY et. al. 2007, KOVACOVA et al.
2009). A significant transition in the fish fauna reflects
immense environmental changes in the late Badenian and
early Sarmatian. The abundance of previously dominant
mesopelagic fishes declined or they completely disappear-
ed and were replaced by a prosperous shallow water ende-
mic fauna. This altered fish assemblage was more adapted
to brackish marine conditions (SCHWARZHANS et al. 2015).
The revised and detailed evaluation of these faunas started
in the last few years. Documented Sarmatian fish faunas of
the Pannonian Basin exclude chondrichthyans, and are
mainly based on otoliths (e.g. REICHENBACHER et al. 2018).
These faunas indicate nearshore marine to brackish
environments.

Despite the available, overwhelmingly rich fossil
material, the Miocene fish assemblages of the Mecsek
Mountains (southern Hungary) still remain poorly known,
although these localities have been recognized for a long
time (SEBE et al. 2015), and attract countless palaeonto-
logists and amateur collectors. Besides middle Miocene

sites, several localities exist in the Mecsek Mts where fish
remains occur in upper Miocene (Pannonian in Central
Paratethys nomenclature) lacustrine deposits. Due to
reworking, these deposits include both middle and late
Miocene fossils. Some of these localities have been visited
and sampled so many times and for such a long time that
they can be considered as classic localities for palaeonto-
logists. The famous Pécs-Danitzpuszta sand pit is one of
these localities with its extremely rich fossil vertebrate
record including various aquatic, semiaquatic and ter-
restrial taxa (see KrRETZOI 1985; Kocsis 2002; BENE 2003;
KoreTsky 2003; JunAsz 2006, 2009; KazAr 2003, 2005,
2006, 2010; KAZAR et al. 2007; KONRAD et al. 2010; F6zy
& SzeNTE 2012, SEBE et al. 2015; SzENTESI et al. 2019;
CSERPAK 2018).

The aim of the present study is to improve our
knowledge about the chondrichthyan and osteichthyan
diversity of the Central Paratethys basin during the middle
and early late Miocene by detailing the diverse ichthyofauna
unearthed from the Pécs-Danitzpuszta sand pit and its
palaesoenvironmental and palaeobiogeographical aspects.

Geological setting

The Pécs-Danitzpuszta sand pit is located at the eastern
edge of the city of Pécs (centre of the western wall:
46°6°1.86”N, 18°16°56.56”E), in SW Hungary, along the
southern margin of the Mecsek Mts (Figure I). The sand pit
exposes two main lithological units, light grey, white or
yellowish grey calcareous marls and silts (Endr6d Marl
Formation), and the overlying yellowish brown, coarse
limonitic sands (Kalla Member of the Békés Fm). Both were
deposited in the brackish Lake Pannon during the late
Miocene (KLEB 1973). Due to compression along the
marginal fault of the Mecsek Mts, the whole exposed
succession is strongly tilted, with beds reaching an over-
turned position in the northern part of the outcrop (KONRAD
& SEBE 2010, SEBE 2021).

In the top of the calcareous marl unit, a 4-5 metre thick
calcareous silt contained some fish remains. These beds,
numbered as layers 219-225 in the sedimentary log of the
quarry (SEBE et al. 2021), are exposed in the northern wall of
the sand pit in subvertical position. They represent a
transition from the carbonate-dominated open lacustrine
deposits towards the overlying clastics. They contain a
diverse thermophilous macroflora (HABLY & SEBE 2016),
and a rich brackish sublittoral mollusc assemblage
indicating an age of 10.5-10.2 Ma (BOTKA et al. 2021).
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Figure 1. Geological setting of the Pécs-Danitzpuszta sand pits. Base geological map modified from CHIKAN & BuDal (2005). The arrow indicates the location of
the exploration trench. Abbreviations: T: Triassic; J: Jurassic; M1-2: lower-middle Miocene; M3: upper Miocene (Pannonian) rocks; “S” indicates the southern

sand pit across the main road

1. d@bra. A pécs-danitzpusztai homokbdnydk elhelyezkedése. Foldtani térkép CHIKAN & Bupai (2005) utdn. A nyil a kutatédrok helyét mutatja. Roviditések: T: triasz; J: jura;
M1-2: alsé - kozépsd miocén; M3: felsé miocén (panndniai) kozetek. Az ,S” betii a déli banyagodor helyét jeloli

Beside some scattered bones and teeth, the silt layers
provided associated partial skeletons and articulated
skeletal parts (Figure 2B).

The overwhelming majority of the fish remains were
collected from the overlying limonitic sands that are the
main product of the sand pit. The sands are exposed in a
stratigraphic thickness of at least 140 m, mostly in the
western wall of the quarry (SEBE et al. 2021). They are
coarse to very coarse grained, often gravelly, with poorly
sorted sandy gravel interbeds (Figure 2A). The bedding
dip gradually decreases southward and upsection, from
vertical in the northern part of the sand pit to less than 10°.
The sand particles had been sourced from the older

Miocene and basement rocks of the mountains. The age of
the sand is 10.2-9.6 Ma based on the recovered mollusk
assemblage (BoTKA et al. 2021).

A few fish fossils were unearthed in another sand pit
across the main road (Figure 1B). This smaller exposure is
east of the large sand pit, on the southern side of the road
(,,southern pit”), and exposes sands and sandstones with a
smaller average grain size, where fine sands and even thin
(<20 cm) clay intercalations occur as well. The bedding dip
is less than in the northern sand pit. Although it lies in strike
direction of the large sand pit, no individual layers could be
correlated between the two sites, thus their stratigraphic
relationship is uncertain. The southern quarry probably

Figure 2. Typical appearance of lithologies providing fish remains. A) Poorly sorted gravelly sand providing inarticulated, mainly reworked vertebrate bones and
teeth; B) calcareous silt with mollusk shells (white) and in situ fish remains (brown) (ruler for scale is 10 cm long)

2. dbra. A halmaradvanyokat tartalmazo két kozettani egység jellemzd megjelenése. A) Rosszul osztdlyozott kavicsos homok, melybdl izoldlt, foleg athalmozott csontok és
Jogak keriiltek elé. B) Mészmdrga molluszkahéjakkal (fehér) és in situ halmaradvdanyokkal (barna) (a vonalzé hossza 10 cm)
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represents sediments somewhat more distal to the shore.
Because of the uncertainty, fossils of this southern sand pit
are treated separately from the rest of the material.

Material and methods

The vertebrate remains were collected by hand-quarry-
ing, screen-washing, and dry sieving with 2-4 mm sieves.
Vertebrate fossils found in the sands are exclusively in-
articulated remains, often fragmentary, eroded to a varying
degree, and reddish-brown to yellowish in colour due to
limonite. Needles and brushes were used for cleaning, and
broken specimens were repaired with cyanoacrylate ad-
hesive (superglue).

Both museum and private collection specimens were
investigated. Institutional abbreviations: MGSH — Mining
and Geological Survey of Hungary, NHMUS — Hungarian
Natural History Museum, PTE — University of Pécs, NHCEU
— Natural History Collection of the Eo6tvos University,
JACLMC - Jézsef Attila City Library and Museum Collection
(Komlo).

Systematics and tooth terminology of sharks and rays
follow that of CAPPETTA (2012), in accordance with BOR et
al. (2012), REINECKE et al. (2011, 2014) and HOVESTADT &
HOVESTADT-EULER (2013). Osteichthyan systematics are
based on NELSON et al. (2016). Osteological terminology of
bony fishes mainly follows CARNEVALE & GODFREY (2018)
and PurDY et al. (2001), although latid anatomical ter-
minology follows exclusively that of OTERO (2004).
Terminology of otoliths follows that of NOLF (1985).

In case of well-marked heterodonty in some of the
described chondrichthyans (e.g., Odontaspididae indet.,
Notorynchus primigenius, Hemipristis serra) the teeth were
figured according to their in-life jaw position. Artificial tooth
sets were also illustrated (see H. serra and Galeocerdo
aduncus). For the Systematic Palaecontology (describing
Plate I-XVII) see Appendix. Digital Annex 1 includes data on
the studied museum and private collection materials.

Discussion

Palaeoenvironmental inferences and age of fish
remains of the calcareous marls

Fish remains from the older white marls are much less
abundant and less diverse than from the younger sands,
therefore they allow fewer inferences on the palaecoenviron-
ment. However, only the marls contain fish fossils which are
certainly in situ and thus able to provide information on the
coeval environmental conditions.

The associable latid cranial and postcranial remains and
the articulated actinopterygian hyoid region could not have
been redeposited, therefore they must be coeval with the
host sediments. Biostratigraphic dating of this interval of
the marls gave an age range between 10.5 and 10.2 Ma

(Botka et al. 2021), thus these fishes inhabited the brackish
Lake Pannon at this time. Latid fishes have already been
reported from the middle Miocene sediments of the Central
Paratethys (see SCHWARZHANS et al. 2017). Latids generally
are of freshwater preference, but some taxa survive in
brackish and estuarine waters as well (SORBINI 1975; FROESE
& PauLy 2019 and references therein), thus they suggest the
presence of freshwater environments (rivers) in the area,
connected to the brackish lake. This agrees with the palaeo-
botanical results, which reconstructed extensive swamps for
the lakeshore lowlands and indicated freshwater habitats
farther away from the shores as well (HABLY & SEBE 2016).
The freshwater interpretation also agrees with the presence
of giant salamander remains of possibly Pannonian origin,
which require riverine habitats for their reproduction
(SzeNTESI et al. 2019).

Unfortunately, a precise habitat preference is not
possible to infer based on the single gadid otolith found in
the marls, as it is not possible to identify the fish more
precisely than family rank. Extant sparid fishes are
generally marine, but brackish and freshwater taxa are also
known among them (NELSON et al. 2016). As the sparid
material of the marls is incomplete and not identifiable
precisely, it has no palacoenvironmental significance either.
The case is similar to the unidentified actinopterygians:
unless they are identified at a lower taxonomic level, their
palaeoenvironmental implication is highly limited. Thus,
the possible age of the isolated, possibly reworked fossils
from the listed taxonomic groups remains unknown as well.

Palaeoenvironmental inferences and age of fish
remains of the sands

Preliminary reports on the fish fauna of the sand pit
appeared in only few documents. Regarding the
chondrichthyan taxa, Kocsis (2002) reported a fauna list of
Carcharias cuspidata, C. acutissima, Isurus desori, I.
hastalis, Lamna sp., Carcharocles megalodon, Hemipristis
serra, Galeocerdo aduncus, Carcharhinus priscus, Sphyrna
sp., Myliobatis sp., Aetobatis arcuatus, Dasyatis sp. Most of
these taxa were recorded in our study, though with updated
views on the taxonomy and taxonomical ranks of the
material. Later JuHAsz (2006) described a somewhat
different fauna composition based on poorly preserved
material. However, we consider the JuHAsz (2006) report
invalid, due to clear misidentifications and/or the lack of
informative illustrations in case of the following taxa:
Striatolamia aff. macrota, Synodontaspis hopei, Carcha-
rias cf. cuspidata, Lamna sp., Scyliorhinus distans and
Negaprion eurybathrodon. Concerning the bony fish fauna,
BENE (2003) reported the genera Archosargus, Chryso-
phrys, Dentex, Diplodus, Pagellus, Pagrus, Sparnodus and
Sparus from the same fossiliferous formation of the pit. This
material is poorly preserved as well, and except for
Diplodus, Pagrus and Sparus (note, that the latter two
genera are represented by clearly identifiable bone elements
in the sands; see above), we consider these taxa invalid.
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Moreover the isolated molariform and conical teeth of these
genera are not clearly distinguishable.

The numerous fish taxa of the sands make up a dominantly
marine fish fauna, with a wide range of ecological re-
quirements, including forms indicating tropical through
subtropical to temperate, and littoral through neritic to
pelagic habitats (Digital Annex 2). However, it is known that
a considerable percent of the vertebrate remains in the sands
is reworked from older, middle Miocene (Badenian and
Sarmatian) sediments (KAzAR et al. 2007, SEBE et al. 2015),
and this is obviously the case for the fish fossils as well.
Regarding their environmental preferences and the general
range of taxa, the fishes found in the sands can be divided
into 2 groups.

1. The chondrichthyan faunal elements and most of the
osteichthyan forms are typical marine animals and require
euhaline conditions. As marine conditions with normal
salinity are restricted to the Badenian in the area (PALCU et
al. 2015; SEBE et al. 2015, 2019), these fossils must be of
Badenian age. Strontium isotope analyses (*’Sr/*Sr) of a
shark tooth from Danitzpuszta also corroborate the
Badenian origin, however other teeth from here and the
nearby Himeshaza reworked site yielded much younger
ages, which most possibly reflect diagenetic overprint
(Kocsis et al. 2009, Kocsis 2016). The chondrichthyan
fauna is very similar to other Badenian assemblages in the
Central Parathethys (SzaBO & Kocsis 2016a) in terms of
composition and abundance. The teeth of the Odonta-
spididae (55.5%) and Myliobatidae (14.4%) families are the
most abundant. These forms, accompanied by the also
common dasyatids, could indicate widespread shallow,
coastal environments in the Badenian, under a subtropical-
tropical climate. The presence of relatively large and pelagic
forms (e.g., Isurus, Cosmopolitodus, Alopias) together with
littoral/neritic habitat taxa (e.g., Squatina, Dasyatis) could
reflect connections toward more open seas. Deeper water
can be related to the asymmetric, quickly deepening, rift-
related basins, which are known in the area in the Badenian
(BALDI et al. 2002). The marine osteichthyan fauna is
dominated by Sparidae (Diplodus sp., Pagrus cinctus and
Sparus umbonatus, not counting the indeterminate sparid
remains; altogether 77.1% of the fish material found in the
limonitic sands). Sparid fishes are widespread in shallow,
temperate-tropical waters. Common inhabitants of pelagic
waters (e.g., Sphyraenidae, Scombridae) reflect connection
with open water habitats. Labridae and Scaridae are
typically reef-associated forms, their presence could refer to
anearby coral reef, which is also testified by re-worked coral
fragments found in the sand (DuLAlI et al. 2021).

2. Two noteworthy taxa, acipenserids (sturgeons) and
latids (latid perches) might have different palacoenviron-
mental significance. Modern acipenserids typically inhabit
high-energy environments, including freshwater lacustrine
and riverine, estuarine, and less typically nearshore marine
habitats (BEMis & KYNARD 1997). Extant sturgeons are
considered to be anadromous (NELSON et al. 2016), meaning
that adults migrate upstream to spawn but they spend most

of their lives feeding in river deltas and estuaries. The other
interesting taxon is Lates sp., represented by the largest
variety of skeletal elements. Extant African Lates species
have a freshwater preference, but Lates niloticus (Nile
perch), the latid geographically and anatomically closest to
the studied fossil material, has been reported to survive in
brackish and estuarine waters as well (e.g., Lake Maryut in
Egypt) (SORBINI 1975; FROESE & PAULY 2019 and references
therein). The lifestyle of these two fishes, especially that of
acipenserids, which require fluvial environments for
spawning, is related to freshwater, which indicates the
presence of a nearby, probably fluvial environment. Given
the wide salinity tolerance of latids, and that riverine
environments are reconstructed both for the late Miocene
and — based on various vertebrate remains — for the middle
Miocene (e.g., KAZAR et al. 2007), the original age of these
fish fossils remains unknown.

Trophic interactions of the marine vertebrate fauna
found in the sands

Extremely large amounts of vertebrate coprolites were
found in the limonitic sands. They are irregular to elongate,
usually with rounded edges, most of them are straight, but a
few specimens have weakly curved axes. It is unknown if the
producers of these coprolites were aquatic, semiaquatic or
terrestrial animals. However, some coprolite specimens
contain vertebrate inclusions, such as jaws of various
osteichthyan taxa like sparids and scarids (Figure 3). These
occur in several coprolite morphotypes, suggesting that fish
served as prey for various animals.

As several large predators occur among the fish taxa
described here, it is also worth examining what could have
provided their food source. Based on the feeding habits of
their extant relatives and fossil evidence of feeding habits,
the presence of five selachians from the sands (Notorynchus
primigenius, Cosmopolitodus hastalis, Isurus oxyrinchus,
Otodus (Megaselachus) megalodon and Galeocerdo
aduncus) can be related to the presence of marine mammals.
The modern hexanchid Notorynchus cepedianus consumes
a wide variety of prey, including elasmobranchs, teleosts
and even marine mammals (EBERT 2002 and references
therein). Modern Isurus species (ecologically close
ancestors of C. hastalis) prey on a wide variety of cartila-
ginous and bony fishes, cephalopods and various further
invertebrates, but very large individuals could occasionally
catch small pelagic cetaceans (dolphins) (COMPAGNO 2002).
The trophic spectrum of Otodus (Megaselachus) mega-
lodon could have covered a wide range of prey items, e.g.
invertebrates, chondrichthyans, osteichthyans, marine
reptiles, seabirds, sirenians, various cetaceans and seals
(COLLARETA et al. 2017). The modern tiger shark Galeo-
cerdo cuvier also preys on a large variety of invertebrates,
chondrichthyans, osteichthyans, sea turtles and marine
mammals (COMPAGNO 1984).

Over the years of collecting, a large range of marine
mammals has been collected in the Pécs-Danitzpuszta sand
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Figure 3. Coprolites from the limonitic sands

A) Sparidae indet. jaw element in coprolite (KANiZsal L. coll.). B) Close-up of image A. C) Sparidae indet. teeth in coprolite (CSERPAK F. coll., inv. nr: Dp9164). D) Close-up of image
C. E) Calotomus sp. upper pharyngeal tooth plate in coprolite (CSERPAK F. coll., inv. nr.: Dp3923). F) Close-up of image E. Scale bars: 20 mm

3. dbra. Koprolitok a limonitos homokbdl

A) Sparidae indet. dllkapocselem koprolitban (Kanizsai L. gytijteménye), B) Kizeli kép az A abrardl. C) Sparidae indet. fogak koprolitban (CSERPAK F. gyiijteménye, leltdri szam: Dp9164), D)
Kozeli kép a C dbrdrdl. E) Calotomus sp. garatfoglemez koprolitban (CSERPAK F. gyiijteménye, leltdri szama: Dp3923), F) Kozeli kép az E dbrdrdl. Méretardanyok: 20 mm
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pit. These marine mammals could have served as preys for
large sharks. KAzAR (2003, 2005, 2006, 2010) reported the
following odontocetes from Pécs-Danitzpuszta: Acrodel-
phis letochae, Pachyacanthus suessi, Delphinoidea indet.,
Kentriodontidae indet., Kentriodon fuchsii, ?Kentriodon
sp., Sophianacetus commenticius. CSERPAK (2018) reported
humeri of mysticetes cf. Cefotherium priscum, ,,Cetotheri-
um” aff. maiopicum and cf. Cetotheriidae indet. in detail.
One phocid species, Praepusa magyaricus has been
described from the locality (KORETSKY 2003, GASPARIK M.
in SEBE et al. 2015). Sirenians are also known from the pit,
they are most commonly represented by rib fragments,
occassionally by isolated teeth, but incomplete limb bones
and vertebrae are also known in private collections. The
hundreds of unidentified sirenian remains most probably
belong to the genus Metaxytherium (GASPARIK in SEBE et al.
2015). Odontocetes from the limonitic sands are attributed
to the Sarmatian, however, family Kentriodontidae occurs in
the Badenian of the Central Paratethys as well (KAzZAR
2006), therefore it can not be excluded that some Pécs-
Danitzpuszta kentriodontids may originate from the
Badenian. It cannot be excluded that two of the cetotheriid
baleen whale taxa (,,Cetotherium” aff. maiopicum and cf.
Cetotheriidae indet.) are of Badenian origin (CSERPAK
2018). The seal remains probably belong to the Sarmatian
Stage (KORETSKY 2003), while the sirenians most likely
represent the Badenian (KAzAR 2003, after KORDOS L. pers.
comm.). Thus, the middle Miocene marine mammals
known from the area (some kentriodontid odontocetes,
mysticetes and sirenians) could have served as preys for the
large sharks during the Badenian.

Cetotheriidae (a cetacean family known from the sands,
CSERPAK 2018) is an extinct baleen whale family, characterized
by generally small body sizes (2.5-7 metres of length)
(BOUETEL & DE MuizoN 2006, BOESSENECKER 2013, GOL'DIN
2018), which made these mysticetes suitable for predation by
adult Otodus (Megaselachus) megalodon. As an example,
CoLLARETA et al. (2017) identified Piscobalaena nana,
member of family Cetotheriidae as prey or scavenging item for
Otodus (Megaselachus) megalodon in the upper Miocene
deposits of southern Peru. During the early to middle Badenian,
sirenians were also abundant in the Central Paratethys
(KrETZOI 1951; KORDOS 1985, 1992). These generally slow-
moving, herbivorous mammals could have also been common
prey items for the Pécs-Danitzpuszta Otodus (Megaselachus)
megalodon individuals, since their body provided a large
amount of fat required to fulfil the caloric demands of these
large-sized sharks (after LAMBERT et al. 2010).

In order to confirm direct trophic connections between
predator and prey, we checked the available marine mammal
material for tooth marks. Up to now, a radius of a kentrio-
dontid, a radius of an indeterminate odontocete, and a sirenian
rib (all are housed in private collections) have been found to
bear tooth marks possibly corresponding to sharks (Figure 4).
It is worth mentioning that the low number of shark vs. marine
mammal predational evidence may be linked to the re-
deposition of these remains, which might have damaged the

bones or eroded away fine surface structures (e.g. tooth
marks). Based on the suggested age of the local marine
mammals (see above), it is highly plausible that
kentriodontids, cetotheriids, and sirenians provided a stable
food source (either as living preys or carcasses) for macro-
predatory sharks in the Mecsek area during the Badenian. Up
to the present paper, only a single occurrence of similar
remains has been published from the middle Miocene of the
Central Paratethys by FEICHTINGER et al. (2021), who reported
a shark-bitten partial skeleton of an immature sirenian
(Metaxytherium cf. medium) from the Styrian Basin
(Austria).

A major marine extinction event occurred in the Central
Paratethys at the Badenian—Sarmatian boundary (ROGL et al.
1978, PaLcU et al. 2015). At this time, the conditions changed
from open marine to brackish, caused by sea level drop of the
Mediterranean and the resulting closure of the Slovenian Strait.
During the early Sarmatian the Central Paratethys has re-
gained connection to the Mediterranean through the Eastern
Paratethys (ROGL 1998) and new pinnipedian and cetacean taxa
— particularly small odontocetes — arrived, replacing the Bade-
nian taxa (= Sarmatian Marine Mammal Event; GRIGORESCU &
KazARr 2006). However, no post-Badenian occurrence of these
large sized macropredatory sharks have been reported from the
Central Paratethys, indicating that these taxa did not return to
the region after the Badenian.

Fish fossils and the reworking of older
sediments

Fish remains not only provide palacoecological data, they
can also be used to constrain the sedimentary units that got
reworked to build up the sand body of Danitzpuszta. Based on
the mineralogical composition, KLEB (1973) proposed that the
provenance of the sands had been older Miocene rocks. Fish
fossils provided data to identify the source units.

Chondrichthyans restricted to normal marine conditions
must come from Badenian sediments. Potential litho-
stratigraphic units supplying these remains are the lower—
middle Badenian nearshore Budafa Formation and its
offshore counterpart, the Tekeres Schlieren Member of the
Baden Fm, the middle and upper Badenian littoral Lajta
Limestone Fm, and the upper Badenian Szilagy Claymarl
Member of the Baden Fm. Other taxa that tolerated brackish
or freshwater may have originated from any Badenian or
younger Miocene rock units of the area.

No vertebrate fossils have been reported from the middle
Miocene rocks in the direct surroundings of the sand pit.
However, the lithostratigraphic units in question are known
to contain fish remains elsewhere in the Mecsek region.
Among Badenian marine deposits, shark and sparid teeth
occur in the Budafa Fm. and in the Lajta Limestone Fm in
the western Mecsek Mts. (KOrRDOS & SoLT 1984, SzABO in
SEBE et al. 2015), and various otoliths dominated by gobiids
and gadids in the Szildgy Claymarl (BOSNAKOFF 2013). In
the Badenian brackish-water Hidas Lignite Fm. a gobiid-
dominated otolith assemblage was reported from the eastern
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Figure 4. Bite marks on marine mammal bones from the limonitic sands

A) Kentriodontidae indet. radius (KaNi1zsa1 L. coll.), B) Close-up of the tooth mark in figure A. C) Odontoceti indet. distal fragment of ulna (Kanizsai L. coll.), D) Close-up
of the tooth mark in figure C. E) Sirenian rib (KaNizsar L. coll.), F) Close-up of the tooth marks in figure E. Scale bars: 10 mm

4. dbra. Harapdsnyomok a limonitos homokbdl szdarmazo tengeriemlds-csontokon.

A) Kentriodontidae indet. radius (Kanizsai L. gyiijteménye), B) Kozeli kép az A dbran ldthaté harapdsnyomrdl. C) Odontoceti indet. ulna disztdlis toredéke (KaNizsal L. gyiijteménye),
D) Kozeli kép a C dbran lathato harapdsnyomrdl. E) Tengeritehén-borda (Kanizsal L. gyiijteménye), F) Kozeli kép az E dbran ldthato harapdsnyomokrol. Méretaranyok: 10 mm
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Mecsek Mts (BARANYAI 2010). Sarmatian laminites in the
western part of the mountains contain yet unidentified fish
skeletons (KORDOS & SoLt 1984, KONRAD & DuLa12013).
Direct evidence for reworking possibilities was provided
by an exploration trench excavated in the NW part of the
sand pit in order to reveal the underlying rock units (Figure
1; SEBE et al. 221). The trench exposed upper Badenian and
Sarmatian deposits below the upper Miocene ones. In the
Upper Badenian sandy limestone layer D-71 of the trench, a
shark tooth with close relation to the Odontaspididae genus
Araloselachus was found (Figure 5A, B). Similar teeth
occur in the Lake Pannon sands of the pit (see above). The

difference between the teeth in the Pannonian and Badenian
sediments is that the fresh, in situ tooth in the middle
Miocene limestone is reddish white and all the fine surface
characteristics are preserved on its main cusp, while teeth in
the Pannonian sands are heavily worn and rusty brown due
to limonite impregnation. Sarmatian deposits also revealed
unidentifiable fish bone fragments.

Although no vertebrate fossils have been reported from
the lower and middle Miocene rocks of the area, in the
Danitzpuszta sand pit dozens of vertebrate, dominantly fish
remains — mostly teeth and bone fragments — can be
collected during a single visit without major effort, by hand-

Figure 5. Fish remains from the exploration trench (A, B) and the southern pit (C-F)

A, B) Odontaspididae indet. tooth (PTE_5161). C, D) Acipenseridae indet. dermal scutes (KR1zsAN S. coll.). E, F) Lates sp. quadrate (PTE_5162). A) in lingual view; B) in labial view;
C, D) in dorsal view; E) in posterior view; F) in lateral view. Scale bars: A, B) 5 mm; C, D) 20 mm; E, F) 30 mm

5. dbra. Halmaradvanyok a kutatodrokbol (A, B) és a déli banydbol (C-F).

A, B) Odontaspididae indet. fog (PTE_5161). C, D) Acipenseridae indet. borcsontok (KRizsAN S. gyiijteménye). E, F) Lates sp. quadratum (PTE_5162). A) lingudlis nézet; B) labidlis nézet; C, D)
dorzalis nézet; E) poszterior nézet; F) laterdlis nézet. Méretardnyok: A, B) 5 mm; C, D) 20 mm; E, F) 30 mm
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picking. The strong enrichment of vertebrate fossils in the
Lake Pannon sands indicates intense denudation of the
terrestrial hinterland at the time of sedimentation. When
older Miocene rocks were exposed at, or transported to the
lake, wave action could continue their comminution, while
winnowing effect could have removed the fine silisiclastic
fractions, leaving the coarse material (i.e., coarse sand,
gravel, and gravel-sized fossils) to accumulate. The high
carbonate content of some limestone- or marl-dominated
units could become dissolved. The syn-sedimentary uplift
of the mountains (SEBE 2021) could further increase the
denudation rate.

The smaller southern sand pit contains much fewer
fossils than the northern one, and fish remains found here
exclusively belong to fresh- or brackish-water, eurihaline
forms, namely acipenserids and latids (Figure 5C—F). This
may be linked to the fact that it represents partly an upward
and partly a lakeward continuation of the succession ex-
posed in the northern sand pit. Vertebrate remains
redeposited from older sediments are enriched in the basal
layers of the sand unit — in the northern pit— and did not seem
to travel far from the shore either. These, together with the
taxonomic composition of the fossils suggest that acipen-
serid remains found here may not be redeposited, but these
fishes may have lived in Lake Pannon.

Conclusions

The upper Miocene brackish lacustrine sediments of the
Pécs-Danitzpuszta sand pit yielded a wealth of fish remains.
22 227 specimens were investigated, and they were classified
into a total of 33 taxa. Following analogies of modern
relatives, all the 17 chondrichthyans (namely Notorynchus
primigenius, Squatina sp., Odontaspididae indet., Cosmo-
politodus hastalis, Isurus oxyrinchus, Otodus (Megasela-
chus) megalodon, Alopias exigua, Antodus retroflexus,
Hemipristis  serra, Carcharhinus priscus, Galeocerdo
aduncus, Sphyrna laevissima, Dasyatidae indet., Aetobatus
arcuatus, Aetomylaeus sp., Myliobatis sp., Rhinoptera cf.
schultzi) and 12 identified osteichthyan taxa (namely
Carangidae indet., Sphyraena sp., cf. Thunnus sp., Scomb-
ridae indet., Labrodon sp., Trigonodon jugleri, Calotomus
sp., Sciaenidae indet., Diplodus sp., Pagrus cinctus, Sparus
umbonatus, Tetraodontiformes indet.) found in the sands are
regarded to belong to the Badenian Stage and must therefore
have been redeposited into the upper Miocene sediments
from Badenian rocks. Vast majority of the fossils came from
the limonitic sands, among these specimens chondrichthyans
are dominated by Odontaspididae (55.5%) and Myliobatidae
(14.4%), while among the bony fishes the Sparidae (77.1%)
are the most abundant. Acipenserids and latids do not fit into
the typical marine conditions of the Badenian. Extant adult
sturgeons inhabit freshwater and brackish habitats (river
deltas and estuaries), and modern latids prefer brackish and
freshwater environments. Brackish or freshwater could be
present in the area throughout the Miocene, thus remains of

these taxa may have been re-deposited from any Miocene
stratigraphic units. Bone elements bearing tooth marks and
coprolites prove that sparids, scarids and some marine
mammals — sirenians and some of the local kentriodontids —
were part of the food chain as preys, hunted among others by
macropredatory sharks. As the Pécs-Danitzpuszta sirenians
are attributed to the Badenian, the proof of their trophic
interaction further supports their suggested age. The Pécs-
Danitzpuszta record of shark-attributed bite marks on bones
of marine mammals is the second one in the Badenian of the
Central Paratethys.

The calcareous marls underlying the sands yielded
associated latid cranial and postcranial fossils and an
articulated hyoid region of an indeterminate actinoptery-
gian, which must be coeval with the host sediment, i.e.,
upper Miocene (Pannonian). The detailed evaluation of the
latter remain could be part of a future study, as articulated
Miocene fishes are very rare in the Mecsek Mts. Latids
suggest freshwater and brackish conditions in the area, in
accordance with other biotic data. The age of isolated fish
remains (representing Gadidae, Gobiidae, Sparidae and
further, yet indeterminate actinopterygian taxa) coming
from the same layers is unsure, as they do not provide
environmental implications.
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Plate I — 1. tabla
Fish remains from the calcareous marls — Halmaradvinyok a mészmargibol

A, B, Gadidae indet. otolith (PTE_5151), A, internal view, B, external view. C—E, Gobiidae indet. teeth (PTE_5152, PTE_5153), C and D,
profile view, E, labial view. F, Gobiidae indet. otolith (PTE_5154) in internal view. G-P, Lates sp.; G, associated parasphenoid and
ethmoid bones (PTE_5155); H-L, associable postabdominal vertebrae (PTE_5148); H, set of vertebrae in a piece of the embedding
calcareous marl; I, J, prepared vertebra; K, L, prepared vertebra; M, N, second abdominal vertebra (PTE_5149); O, P, Lates sp. caudal
vertebra (PTE_5150). A, Fin internal view; B in external view; C, E in profile view; D in labial view; I, K, M, O in lateral view; J, L, N in
articular view; P in anterior view. Scale bars: A, B, 5mm; C, F, 0.5 mm; D, E, 0.25 mm; G-P, 10 mm

A, B, Gadidae indet. otolith (PTE_5151), A, belsd nézet, B, kiilsd nézet. C-E, Gobiidae indet. fogak (PTE_5152, PTE_5153), C és D,
profilnézet, E, labidlis nézet. F, Gobiidae indet. otolith (PTE_5154) belsd nézetben. G-P, Lates sp.; G, asszocidlt parasphenoid és
ethmoideumok (PTE_5155); H-L, asszocidlt posztabdomindlis csigolydk (PTE_5148); H, mészmdrgdban iild csigolydk; I, J, kiprepardlt
csigolya; K, L, kiprepardlt csigolya; M, N, mdsodik abdomindlis csigolya (PTE_5149); O, P, Lates sp. farki csigolya (PTE_5150). A, F,
belsd nézet; B, kiilsd nézet; C, E, profilnézet; D, labidlis nézet; I, K, M, O, laterdlis nézet; J, L, N, izesiilési feliilet feldli nézet; P, anterior
nézet. Méretaranyok: A, B, 5 mm; C, F, 0.5 mm; D, E, 0.25 mm; G—P, 10 mm

Plate II — I1. tabla
Fish remains from the calcareous marls — Halmaradvanyok a mészmargabal

A, Sparidae indet. premaxilla (PTE_5156) in medial view. B, Actinopterygii indet. tooth (PTE_5157). C, Actinopterygii indet. tooth
(PTE_5158). D, Actinopterygii indet. cycloid scale (PTE_5159). E, Actinopterygii indet. articulated hyoid elements (PTE_5160). Scale
bars: A, 10 mm; B, C, ] mm; D, 5 mm; E, 50 mm

Halmaradvdanyok a mészmdrgdbol. A, Sparidae indet. premaxilla (PTE_5156) medidlis nézetben. B, Actinopterygii indet. fog
(PTE_5157). C, Actinopterygii indet. fog (PTE_5158). D, Actinopterygii indet. cycloid pikkely (PTE_5159). E, Actinopterygii indet.
artikuldlt hyoid csontelemek (PTE_5160). Méretardnyok: A, 10 mm; B, C, I mm; D, 5 mm; E, 50 mm

Plate I1I — I11. tabla

Chondrichthyan remains from the limonitic sands — Porcoshal-maradvanyok a limonitos homokbal

A-R, Notorynchus primigenius; A-C, upper anterior tooth (PTE_5005); D-F, upper anterior tooth (SOVER L. coll.); G, H, upper
anterolateral tooth (KANizsAI L. coll.); I, J, upper anterolateral tooth (PTE_5002); K, L, upper anterolateral/ lateral tooth (PTE_5000); M,
N, lower anterolateral/ lateral tooth (PTE_5003); O, P, lower anterolateral/ lateral tooth (BEcsI L. coll.); Q, R, lower lateral tooth
(PTE_5004). S-X, Squatina sp.; S—U, anterior tooth (NHMUS VER 2020.178.); V=X, lateral tooth (KaNizsa1 L. coll.). A, D, G, I, K, M,
0, Q, S, Vin lingual view; B, E, T, W in profile view; C, F, H, J, L, N, P, R, U, X in labial view. Scale bars: A-R, 10 mm; S—-X, 5 mm

A-R, Notorynchus primigenius; A-C, felsé anterior fog (PTE_5005); D—F, fels¢ anterior fog (SOVER L. gyiijteménye); G, H, felsd
anterolaterdlis fog (Kanizsai L. gyijteménye); I, J, felsd anterolaterdlis fog (PTE_5002); K, L, felsé anterolaterdlis/ laterdlis fog
(PTE_5000); M, N, alsé anterolaterdlis/ laterdlis fog (PTE_5003); O, P, alsé anterolaterdlis/ laterdlis fog (BECSI L. gytijteménye); Q, R,
also laterdlis fog (PTE_5004). S-X, Squatina sp.; S-U, anterior fog (NHMUS VER 2020.178.); V-X, laterdlis fog (KANizsAI L.
gyiijteménye). A, D, G, I, K, M, O, Q, S, V, lingudlis nézet, B, E, T, W, profilnézet; C, F, H, J, L, N, P, R, U, X, labidlis nézet. Méretardnyok:
A-R, 10 mm; S=X, 5 mm

Plate IV —IV. tabla
Chondrichthyan remains from the limonitic sands — Porcoshal-maradvanyok a limonitos homokbél

A-H, Odontaspididae indet.; A, B, anterior tooth (PTE_5020); D-F, anterior tooth (PTE_5021); G, H, upper lateral tooth (PTE_5038).
I-R, Cosmopolitodus hastalis; 1, upper tooth (PTE_5056); J, lower tooth (PTE_5054); K, upper tooth (SOVER L. coll.); L, upper tooth
(SOVER L. coll.); M, upper tooth (SOVER L. coll.); N, upper tooth (KANizsAl L. coll.); O, upper tooth (KANizsAI L. coll.); P, upper tooth
(Kanizsar L. coll.); Q, upper tooth (KANizsAl L. coll.); R, upper tooth (KANizsAI L. coll.). S-V, Isurus oxyrinchus; S, T, upper tooth
(Kanizsar L. coll.); U, V, upper tooth (Kanizsai L. coll.). A, D, G, I-R, S, U in lingual view; B, E in profile view; C, F, H, T, V in labial
view. Scale bars: 10 mm

A-H, Odontaspididae indet.,; A, B, anterior fog (PTE_5020); D—F, anterior fog (PTE_5021); G, H, felsd laterdlis fog (PTE_5038). I-R,
Cosmopolitodus hastalis; 1, felsd fog (PTE_5056); J, alsé fog (PTE_5054); K, felsd fog (SOVER L. gyiijteménye); L, felsé fog (SOVER L.
gyiijteménye); M, felsd fog (SOVER L. gyiijteménye); N, felsé fog (KANIzsAI L. gyiijteménye); O, felsé fog (KANIzsAI L. gyiijteménye); P, felsé
fog (Kanizsal L. gyiijteménye); Q, felsd fog (KANIZsAI L. gyiijteménye); R, felso fog (KANIZsAI L. gyiijteménye). S—V, Isurus oxyrinchus; S,
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T, felso fog (KANIzsAL L. gyijteménye); U, V, felsé fog (KaNizsal L. gytijteménye). A, D, G, I-R, S, U, lingudlis nézet; B, E, profilnézet; C,
F, H, T, V, labidlis nézet. Méretardnyok: 10 mm

Plate V — V. tabla
Chondrichthyan remains from the limonitic sands. Otodus (Megaselachus) megalodon teeth —
Porcoshal-maradvanyok a limonitos homokbdl: Otodus (Megaselachus) megalodon fogak

A, B, upper anterior tooth (KaANizsarl L. coll.); C, D, upper anterior tooth (PTE_5014); E-H, ?anterolateral tooth with pathological
deformity (BEcsi L. coll.; G, H, close-ups of the pathological section of the distal cutting edge); I, J, lower anterior tooth (Kocsis L. coll.);
K, L, distal tooth (BEcsI L. coll.); M, N, posterior tooth (CSERPAK F. coll., inv. nr.: Dp2095); O, P, juvenile anterior tooth (BEcsi L. coll.).
A,C,E, I, K, M, Oin lingual view; B, D, F, J, L, N, P in labial view. Scale bars: A-F, I, J, 50 mm; K, L, 20 mm; M-P, 10 mm

A, B, felsd anterior fog (KaNIZsal L. gyijteménye); C, D, felsé anterior fog (PTE_5014); E-H, patologids ?anterolaterdlis fog (BECSI L.
gyiijteménye; G, H, Kozeli képek a disztdlis vagoél patologids részérdl); 1, J, also anterior fog (Kocsis L. gyidjteménye); K, L, disztdlis fog (BECSI
L. gyiijteménye); M, N, poszterior fog (CSERPAK F. gyiijteménye, leltdri szam: Dp2095); O, P, fiatal egyed anterior foga (BECSI L. gyiijteménye).
A CE I K M, O, lingudlis nézet; B, D, F, J, L, N, P, labidlis nézet. Méretardnyok: A-F, I, J, 50 mm; K, L, 20 mm; M—P, 10 mm

Plate VI — VI. tabla
Chondrichthyan remains from the limonitic sands — Porcoshal-maradvanyok a limonitos homokbdl

A-D, Alopias exigua; A, B, lateral-anterolateral tooth (BEcsr L. coll.); C, D, lateral-anterolateral tooth (A. ANDERSON coll.). E-P,
Anotodus retroflexus; E, F, lateral tooth (KaNizsar L. coll.); G, H, ?anterolateral tooth (CSErPAK F. coll.); I, J, lateral tooth (KANIZsAI L.
coll.); K, L, lateral tooth (KaNizsal L. coll.); M, N, anterolateral tooth (KANizsa1 L. coll.); O, P, ?anterolateral tooth (KaNizsar L. coll.).
A,C,E, G, LK, M, Oinlingual view; B, D, F, H, J, L, N, P in labial view. Scale bars: A-D, 5 mm; E-P, 10 mm

A-D, Alopias exigua, A, B, laterdlis-anterolaterdlis (BEcsi L. gyiijteménye); C, D, laterdlis-anterolaterdlis fog (A. ANDERSON gyiijtemé-
nye). E-P, Anotodus retroflexus; E, F, laterdlis fog (KaNizsal L. gytijteménye); G, H, ?anterolaterdlis fog (CSERPAK F. gyiijteménye); I, J,
laterdlis fog (KANizsAI L. gyiijteménye); K, L, laterdlis fog (KANizsAI L. gyiijteménye); M, N, anterolaterdlis fog (KANIZSAI L. gyiijteménye);
O, P, ?anterolaterdlis fog (KANizsAl L. gyiijteménye). A, C, E, G, I, K, M, O, lingudlis nézet; B, D, F, H, J, L, N, P, labidlis nézet.
Méretardnyok: A—-D, 5 mm; E-P, 10 mm

Plate VII — VII. tabla

Chondrichthyan remains from the limonitic sands — Porcoshal-maradvanyok a limonitos homokbél

A-K, Hemipristis serra artificial tooth set; A, B, upper lateral tooth (SOVER L. coll.); C, D, upper anterior tooth (PTE_5047); E, upper
anterior tooth (PTE_5043); F-H, lower lateral tooth (PTE_5042); I-K, lower anterior tooth (PTE_5041). L-U, Galeocerdo aduncus
artificial tooth set; L, M, distal tooth (PTE_5012); N, O, lateral tooth (PTE_5011); P, Q, lateral tooth (PTE_5009); R, S, anterolateral tooth
(PTE_5008); T, U, anterior tooth (PTE_5006). V-A’, Carcharhinus priscus; V, W, anterior tooth (PTE_5030); X, Y, lateral tooth
(PTE_5032); Z, A’, lateral tooth (PTE_5029). B’-E’, Sphyrna laevissima; B’, C’, lateral tooth (PTE_5017); D’, E’, lateral tooth (BEcSI
L.coll.).A,C,E,F,LLL,N,P,R, T, V, X, Z,B’, D’ in lingual view; G, J in profile view; B, D, H, K, U, S, Q,O,M, W, Y, A’, C’, E’ in labial
view. Scale bars: A-M, 10 mm; V-E’, 5 mm

A-K, Hemipristis serra sematikus kompozit fogazat; A, B, felsd laterdlis fog (SOVER L. gyiijteménye); C, D, felsd anterior fog (PTE_5047);
E, felsé anterior fog (PTE_5043); F-H, alsé laterdlis fog (PTE_5042); I-K, also anterior fog (PTE_5041). L-U, Galeocerdo aduncus
sematikus kompozit fogazat; L, M, disztdlis fog (PTE_5012); N, O, laterdlis fog (PTE_5011); P, Q, laterdlis fog (PTE_5009); R, S,
anterolaterdlis fog (PTE_5008); T, U, anterior fog (PTE_5006). V-A’, Carcharhinus priscus, V, W, anterior fog (PTE_5030); X, Y,
laterdlis fog (PTE_5032); Z, A’, laterdlis fog (PTE_5029). B’-E’, Sphyrna laevissima; B’, C’, laterdlis fog (PTE_5017); D’, E’, laterdlis
fog (BEcsiL. coll.). A, C,E,FFI,L,N,P,R T, V,X, Z, B’, D’, lingudlis nézet; G, J, profilnézet; B, D, H, K, U, S, Q, OO M, W, Y, A’, C’, E’,
labidlis nézet. Méretardnyok: A—M, 10 mm; V-E’, 5 mm

Plate VIII — VIII. tabla
Chondrichthyan remains from the limonitic sands — Porcoshal-maradvanyok a limonitos homokbél

A-C, Dasyatidae indet. female-type tooth (NHMUS VER 2020.209.). D-F, ?Dasyatidae indet. female-type tooth (NHMUS VER
2020.210.). G-Q, Aetobatus arcuatus; G, lower tooth plate (NHMUS VER 2020.146.) specimen embedded in a piece of limonitized sand
in occlusal view, H, Close-up of image G; I, J, lower tooth plate (PTE_5065); K, L, lower tooth plate (PTE_5064); M—Q, upper tooth plate
(NHCEU coll.). R-A’, Aetomylaeus sp.; R-V, tooth plate (NHCEU coll.); W—A’, tooth plate (PTE_5070). A, D, G, H, I, K, M, R, W, in
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occlusal view; C, F, J, L, P, U, Z in basal view; B, E, Q, V, A’ in profile view; N, S, X in lingual view; O, T, Y in labial view. A-C, 2 mm;
D-F, 1 mm; G, I-Q, W-A’, 10 mm; R-V, 20 mm

A-C, Dasyatidae indet. ndstény fog (NHMUS VER 2020.209.). D-F, ?Dasyatidae indet. ndstény fog (NHMUS VER 2020.210.). G-Q,
Aetobatus arcuatus; G, also fog (NHMUS VER 2020.146.) egy darab limonitos homokba dgyazva, H, Kozeli kép a G dabrdrdl; I, J, also fog
(PTE_5065); K, L, alsé fog (PTE_5064); M—Q, felsé fog (NHCEU gyiijtemény). R-A’, Aetomylaeus sp.; R-V, fog (NHCEU gyiijtemény);
W-A’, toredékes fog (PTE_5070). A, D, G, H, I, K, M, R, W, okkluzdlis nézet; C, F, J, L, P, U, Z, bazdlis nézet; B, E, Q, V, A’, profilnézet;
N, S, X, lingudlis nézet; O, T, Y, labidlis nézet. Méretardnyok: A—C, 2 mm; D-F, I mm; G, I-Q, W-A’, 10 mm; R-V, 20 mm

Plate IX - IX. tabla

Chondrichthyan remains from the limonitic sands — Porcoshal-maradvanyok a limonitos homokbél

A-T, Myliobatis sp.; A-D, partial lower tooth plate (PTE_5068); E-H, partial upper tooth plate (CSERPAK F. coll.); I-L, partial lower tooth
plate (NHCEU coll.); M—-Q, incomplete medial tooth (Kanizsar L. coll.); R-T, lateral tooth (PTE_5069). U-I’, Rhinoptera cf. schultzi;
U-Y, lateral tooth (NHCEU coll.); Z-D’, lateral tooth (PTE_5071); E’-I’, lateral tooth (NHCEU coll.). J’-M’, K’, Myliobatiformes
indet.; J’, K’, partial caudal spine (PTE_5079); L, M, partial caudal spine (PTE_5078). A, E,I, M, R, U, Z, E’ in occlusal view; B, F, J,
N, S, X, C’, H in basal view; C, G, K, Q, T, Y, D’, F’, I in lateral view; O, V, B’, G’ in labial view; D, H, L, P, W, A’ in lingual view; J’,
L in dorsal view; K’, M’ in ventral view. Scale bars: A-L, U-M’, 10 mm; M-T, 5 mm

A-T, Myliobatis sp.; A-D, részleges also ragolemez (PTE_5068); E-H, részleges felsd rdgolemez (CSERPAK F. gyiijteménye); I-L,
részleges also ragolemez (NHCEU gyiijtemény); M—Q, toredékes medidlis fog (KANIZSAI L. gyiijtemény); R-T, laterdlis fog (PTE_5069).
U-I’, Rhinoptera cf. schultzi; U-Y, laterdlis fog (NHCEU gyiijtemény); Z-D’, laterdlis fog (PTE_5071); E’-I’, laterdlis fog (NHCEU
coll.). J’-M’, K’, Myliobatiformes indet.; J', K’, részleges faroktovis (PTE_5079); L', M’, részleges faroktovis (PTE_5078). A, E, I, M, R,
U, Z, E’, okkluzdlis nézet; B, F, J, N, S, X, C’, H’, bazdlis nézet; C, G, K, Q, T, Y, D’, F’, I, laterdlis nézet; O, V, B’, G’, labidlis nézet; D,
H, L, P W, A’ lingudlis nézet; J', L, dorzdlis nézet; K’, M’, ventrdlis nézet. Méretardnyok: A—L, U-M’, 10 mm; M-T, 5 mm

Plate X — X. tabla
Chondrichthyan remains from the limonitic sands — Porcoshal-maradvanyok a limonitos homokbél

A-H, Chondrichthyes indet. vertebrae; A, B, vertebra morphotype 1 (KANizsal L. coll.); C-E, vertebra morphotype 1 (CSERPAK F. coll.,
inv. nr.: Dp6291); F-H, vertebra morphotype 2 (CSERPAK F. coll., inv. nr.: Dp1826). I, J, Chondrichthyes indet. cartilage (CSERPAK F. coll.,
inv. nr.: Dp7690). A, C in articular view; B, D in profile view; E, H in medial view; F, in dorsal or ventral view; G, in oblique view; I, in
outer view; J, in inner view. Scale bars: 10 mm

A-H, Chondrichthyes indet. csigolydk; A, B, csigolya morfotipus 1 (KANIZsAI L. gytijteménye); C—E, csigolya morfotipus 1 (CSERPAK F.
gyiijteménye, leltdri szam: Dp6291); F-H, csigolya morfotipus 2 (CSERPAK F. gytijteménye, leltdri szam: Dp1826). I, J, Chondrichthyes
indet. porcmaradvdny (CSERPAK F. gyiijteménye, leltdri szam: Dp7690). A, C, artikuldcios feliilet feldli nézet; B, D, profilnézet; E, H,
medidlis nézet; F, dorzdlis vagy ventrdlis nézet; G, dontott nézet; 1, kiilso nézet; J, belsd nézet. Méretardny: 10 mm

Plate XI — XI. tabla
Osteichthyan remains from the limonitic sands — Csontoshal-maradvanyok a limonitos homokbol

A-J, Acipenseridae indet.; A, B, skull element (KANizsAI L. coll.); C, D: dermal scute (PTE_5163); E, F, dermal scute (NHMUS VER
2020.212.); G, H, pectoral spine (PTE_5135). I-N, Carangidae indet.; [-K, dentary (KaNizsaAr L. coll.); L-N, dentary (NHMUS VER
2020.158.). O, P, Sphyraena sp. tooth (PTE_5083) in two different views. A, C, E, J, M in dorsal view; B in ventral view; D, F in anterior
or posterior view; G, I, L in lateral view; H in posterior view; K, N in medial view. Scale bars: 10 mm

A-J, Acipenseridae indet.; A, B, koponyaelem (Kanizsai L. gyiijteménye); C, D: bércsont (PTE_5163); E, F, bércsont (NHMUS VER
2020.212.); G, H, melliiszo-tovis (PTE_5135). I-N, Carangidae indet.; I-K, dentale (KANIzsAI L. gytijteménye); L—N, dentale (NHMUS
VER 2020.158.). O, P, Sphyraena sp. fog (PTE_5083) két nézetben. A, C, E, J, M, dorzdlis nézet; B, ventrdlis nézet; D, F, anterior vagy
poszterior nézet; G, I, L, laterdlis nézet; H, poszterior nézet; K, N, medidlis nézet. Méretardnyok: 10 mm

Plate XII — XII. tabla

Osteichthyan remains from the limonitic sands — Csontoshal-maradvanyok a limonitos homokbél

A-O, cf. Thunnus sp.; A-C, premaxilla (KaNizsar L. coll.); D-F, dentary (NHMUS VER 2020.161.); G-I, dentary (MGSH coll.); J-L,
abdominal vertebra (MGSH coll.); M-0O, caudal vertebra (NHMUS VER 2020.174). P-A’, Scombridae indet.; P, Q, premaxilla
(PTE_5094); S-U, dentary (PTE_5097); V=X, dentary (PTE_5095); Y-A’, dentary (PTE_5096). A,D,G,K,N, P, S, V, Y in lateral view;
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B, Q in ventral view; M in ?ventral view; C, F, I, R, U, X, A’ in medial view; E, H, J, T, W, Z in dorsal view; L, O in ?anterior view. Scale
bars: 10 mm

A-O, cf. Thunnus sp.; A—C, premaxilla (KANizsAI L. gyitijtemény); D—F, dentale (NHMUS VER 2020.161.); G-I, dentale (MGSH
gyiijtemény); J-L, abdomindlis csigolya (MGSH gyiijtemény); M—O, farki csigolya (NHMUS VER 2020.174). P-A’, Scombridae indet.;
P, Q, premaxilla (PTE_5094); S-U, dentale (PTE_5097); V-X, dentale (PTE_5095); Y-A’, dentale (PTE_5096). A, D, G, K, N, P, S, V, ¥,
laterdlis nézet; B, Q, ventrdlis nézet; M, ?ventrdlis nézet; C, F, I, R, U, X, A’, medidlis nézet; E, H, J, T, W, Z, dorzdlis nézet; L, O, ?anterior
nézet. Méretardnyok: 10 mm

Plate XIII — XIII. tabla
Osteichthyan remains from the limonitic sands — Csontoshal-maradvanyok a limonitos homokbdl

A-D, Labrodon sp.; A, B, pharyngeal tooth plate (PTE_5082); C, D, pharyngeal tooth plate (KaNizsa1 L. coll.). E-H, Trigonodon jugleri
tooth (CSERPAK F. coll., inv. nr.: Dp2792). 1, J, Calotomus sp. pharyngeal tooth plate (CSERPAK F. coll., inv. nr.: Dp 3923) in two different
views. A, C, G in occlusal view; B, D in basal view; E in labial view; F in lingual view; H in profile view. Scale bars: 5 mm

A-D, Labrodon sp.; A, B, garatfoglemez (PTE_5082); C, D, garatfoglemez (KANIzsAI L. gyiijteménye). E-H, Trigonodon jugleri fog
(CSERPAK F. gytijteménye, leltdri szam: Dp2792). 1, J, Calotomus sp. garatfoglemez (CSERPAK F. gyiijteménye, leltdri szam: Dp 3923 ) két
nézet. A, C, G, okkluzdlis nézet; B, D, bazdlis nézet, E, labidlis nézet; F, lingudlis nézet; H, profilnézet. Méretardnyok: 5 mm

Plate XIV — XIV. tabla

Osteichthyan remains from the limonitic sands — Csontoshal-maradvanyok a limonitos homokbél

A-N, Lates sp.; A, B, vomer (JACLMC 2006.156.74); C-E, parasphenoid (NHMUS VER 2020.248.); F, basioccipital (NHMUS VER
2020.154.); G, H, quadrate (JACLMC 2006.145.113); I, J, quadrate (PTE_5109); K, L, premaxilla (Kanizsa1 L. coll.); M, N, premaxilla
(NHMUS VER 2020.165.). A, C, Fin ventral view; B, E in dorsal view; D, H, I, K, M in lateral view; G, J in posterior view; L, N in medial
view. Scale bars: 10 mm

A-N, Lates sp.,; A, B, vomer (JACLMC 2006.156.74); C-E, parasphenoideum (NHMUS VER 2020.248.); F, basioccipitale (NHMUS VER
2020.154.); G, H, quadratum (JACLMC 2006.145.113); 1, J, quadratum (PTE_5109); K, L, premaxilla (KANIzsAI L. gyidjteménye); M, N,
premaxilla (NHMUS VER 2020.165.). A, C, F, ventrdlis nézet; B, E, dorzdlis nézet; D, H, I, K, M, laterdlis nézet; G, J, poszterior nézet; L,
N, medidlis nézet. Méretardnyok: 10 mm

Plate XV — XV. tabla
Osteichthyan remains from the limonitic sands — Csontoshal-maradvanyok a limonitos homokbdl

A-L, Lates sp.; A, B, maxilla JACLMC 2006.145.114); C, D, dentary (KaNizsaI L. coll.); E, dentary (KaNizsal L. coll.); F, angulo-
articular (JACLMC 2015.9.84); G, angulo-articular (JACLMC 2015.9.120); H, anterior abdominal vertebra (PTE_5130); I, anterior
abdominal vertebra (NHMUS VER 2020.148.); J, postabdominal vertebra (MGSH coll.); K, L, median fin spine (PTE_5113). M-R,
Sciaenidae indet.; M—O, premaxilla (PTE_5106); P-R, premaxilla (PTE_5105). A, C,E, F, G, H, I, J, M, P in lateral view; B, K in anterior
view; D, O, R in medial view; L in posterior view, N, Q in ventral view. Scale bars: 10 mm

A-L, Lates sp.; A, B, maxilla (JACLMC 2006.145.114); C, D, dentale (KANIZSAI L. gyiijteménye); E, dentale (KANizsAl L. gyiijteménye); F,
angulo-articulare (JACLMC 2015.9.84); G, angulo-articulare (JACLMC 2015.9.120); H, anterior abdomindlis csigolya (PTE_5130); 1,
anterior abdomindlis csigolya (NHMUS VER 2020.148.); J, postabdomindlis csigolya (MGSH coll.); K, L, medidn uszotiiske
(PTE_5113). MR, Sciaenidae indet.; M—O, premaxilla (PTE_5106); P-R, premaxilla (PTE_5105). A, C, E, F, G, H, I, J, M, P, laterdlis
nézet; B, K, anterior nézet; D, O, R, medidlis nézet; L, poszterior nézet, N, Q, ventrdlis nézet. Méretardnyok: 10 mm

Plate XVI - XVI. tabla
Osteichthyan remains from the limonitic sands — Csontoshal-maradvanyok a limonitos homokbal

A, B, Diplodus sp.; tooth (NHMUS VER 2020.211.). C-K; Pagrus cinctus; C, D, premaxilla (SOVER L. coll.); E, F, premaxilla (KANIZSAT
L. coll.); G, H, premaxilla (KaNizsa1 L. coll.); I-K, dentary (PTE_5090). L-U, Sparus umbonatus; L, M, premaxilla (PTE_5088); N, O,
premaxilla (PTE_5089); P-R, dentary (NHMUS VER 2020.172.); S-U, enlarged crushing tooth (PTE_5085). V-Z, Tetraodontiformes
indet.; V=X, tooth plate (A. ANDERSON coll.; W, close-up of the occlusal surface); Y, Z, tooth plate (SOVER L. coll.). A in labial view; B in
lingual view; C, E, G, M, O in lateral view; L, P in ?lateral view; D, F, H, L, N in medial view; K, R in ?medial view; J, Q in dorsal view;
S, V. Y in occlusal view; T in profile view; U, X, Z in basal view. Scale bars: A, B, 1 mm; C-V, X-Z, 10 mm
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A, B, Diplodus sp. fog (NHMUS VER 2020.211.). C-K; Pagrus cinctus; C, D, premaxilla (SOVER L. gyiijteménye); E, F, premaxilla
(Kanizsal L. gyiijteménye); G, H, premaxilla (KaNizsal L. gyijteménye); I-K, dentale (PTE_5090). L-U, Sparus umbonatus; L, M,
premaxilla (PTE_5088); N, O, premaxilla (PTE_5089); P-R, dentale (NHMUS VER 2020.172.); S-U, megnagyobbodott, drlésre
modosult fog (PTE_5085). V-Z, Tetraodontiformes indet.; V-X, foglemezek (A. ANDERSON gyiijteménye; W, Kozeli kép az okklizdlis
felszinrol); Y, Z, foglemezek (SOVER L. gyiijteménye). A, labidlis nézet; B, lingudlis nézet; C, E, G, M, O, laterdlis nézet, I, P ?laterdlis
nézet; D, F, H, L, N, medidlis nézet; K, R, ?medidlis nézet; J, Q, dorzdlis nézet; S, V, Y, okkluzdlis nézet; T, profilnézet; U, X, Z, bazdlis
nézet. Méretardanyok: A, B, 1 mm; C-V, X-Z, 10 mm

Plate XVII - X VII. tabla

Osteichthyan remains from the limonitic sands — Csontoshal-maradvanyok a limonitos homokbél

A-L, Actinopterygii indet. hyperostotic bone elements; A, B, ?rib (MGSH coll.); C, D, ?rib (KaNizsar L. coll.); E, F, ?rib (MGSH coll.);
G, H, ?rib (NHMUS VER 2020.170.); I, J, vertebra (MGSH coll.); K, L, vertebra (MGSH coll.). A, C, E, G, J, L in lateral view; B, D, F,
H, I, K in medial view. Scale bars: 10 mm

A-L, Actinopterygii indet. hiperosztotikus csontelemek; A, B, ?borda (MGSH gytijtemény); C, D, ?borda (KaNizsal L. gyiijteménye); E,
FE, ?borda (MGSH gyiijtemény); G, H, ?borda (NHMUS VER 2020.170.); 1, J, csigolya (MGSH gyiijtemény); K, L, csigolya (MGSH
gyijtemény). A, C, E, G, J, L, laterdlis nézet; B, D, F, H, I, K, medidlis nézet. Méretardnyok: 10 mm
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—I. tabla

Plate 1
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Plate II - II. tabla




Foldtani Kozlony 151/4 (2021)

385

Plate III — I1I1. tabla
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Plate IV —IV. tabla
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Plate V — V. tabla
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Plate VI - VI. tabla
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Plate VII — VII. tabla
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Plate VIII — VIILI. tabla
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Plate IX - IX. tabla
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Plate X — X. tabla
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Plate XI - XI. tabla
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Plate XII — XII. tabla
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Plate XIII — XIII. tabla
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Plate XIV — XIV. tabla
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Plate XV — XV. tabla
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Plate XVI — XVI. tabla
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Plate XVII — XVII. tabla




Appendix

Systematic Palaeontology

Calcareous marls (Endréd Marl Fm)

Class Osteichthyes HUXLEY, 1880
Subclass Actinopterygii KLEIN, 1885
Order Gadiformes GOODRICH, 1909
Family Gadidae RAFINESQUE, 1810

Gadidae indet.
Plate I, A—E

Referred material: 1 otolith, 2 teeth.

Description: A relatively large otolith was referred to
an indeterminate gadid taxon (Plate I, A, B). The otolith is
elongated with smooth rims. The outer surface is smooth
without ornamentation except a well-defined furrow at
the rostral end. The inner face is moderately convex
lengthwise. The ventral rim is gently curved towards both
the anterior and the posterior tips, slightly rounded
anteriorly. The dorsal rim has a weakly developed pre-
dorsal angle, the medio-dorsal part is slightly depressed,
the postdorsal angle is marked. The dorsal rim bears a
deep pinch between the postdorsal angle and the posterior
tip. The anterior tip is bluntly pointed above the tiny
rostrum. The rather shallow sulcus is straight with median
position, ending in a narrow channel towards the anterior
rim. The ostium is slightly shorter than the cauda, the
collum is rather wide. The colliculi are shallow and do not
extend to the margins. The ostial colliculum is smaller and
has a trapezoidal shape. The caudal colliculum is fading
away towards the posterior rim. The pseudocolliculum is
well-developed. The ventral furrow is distinct and close to
the ventral rim.

Two teeth were referred to indeterminate gadid fishes
(Plate I, C—E). Their base is curved, and circular in cross-
section. The tooth base bears fine or moderately coarse
apicobasal striations. The slightly reclining cap is lanceolate.

Remarks: The morphology of the teeth does not provide
specific characteristics; therefore identification on a level
closer than Gadidae indet. is not posibble Morphologically
similar or identical teeth were published in BRZOBOHATY &
PANA (1985, pl. 58, fig. 28) and BoTkA et al. (2019, fig. 9A—
D) as gadid teeth. The otolith specimen is similar to otoliths
of Gadiculus (NOLF 2013) or Palimphemus (BRATISHKO et
al. 2015), but its closer identification requires further
specimens.

Family Gobiidae CUVIER, 1816

Gobiidae indet.
Plate I, F

Referred material: 1 otolith.

Description: Well-preserved, very small otolith. It is
rounded, and the sulcus is hardly visible. The sulcus is wide
with high ostial lobe and small cauda. The ventral furrow is
broad, running far from the ventral rim of the otolith. The
outer surface is convex and smooth without ornamentation.

Remarks: This specimen represents a juvenile individual,
therefore is mentioned only at family level.

Order Perciformes BLEEKER, 1859
Family Latidae JORDAN, 1888
Genus Lates CUVIER & VALENCIENNES, 1828

Lates sp.
Plate I, G—P

Referred material: 1 partial skeleton, 1 block of as-
sociable vertebrae, 2 isolated vertebrae.

Description: An incomplete parasphenoid with as-
sociable ethmoid bones embedded in a piece of marl (Plate
I, G). The parasphenoid (Plate I, G, par) is elongated and in
lateral view, it has a slightly curved ventral border. The
lateral ethmoids (Plate I, G, le) are slightly deformed, but
they possess the palatine facets.

A block of marl includes associable vertebrae (of which
two were prepared for closer examination) representing the
postabdominal section of the spine (Plate I, H-L).

A large, isolated vertebra possibly belongs to the second
abdominal position (Plate I, M, N). Based on its long haemal
spine another isolated vertebra represents the caudal
skeleton (Plate I, O, P).

Remarks: The morphology of the described remains
clearly refers them to the latid genus Lates (see MURRAY et
al. 2018, OTERO 2004). This taxon is extremely abundant in
the sands (see the section of the limonitic sands), from
where comparable skeletal elements were unearthed.

Order Spariformes BLEEKER, 1860
Family Sparidae BONAPARTE, 1832

Sparidae indet.
Plate I, A

Referred material: 1 premaxilla.
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Description: A fragmentary premaxillary bone was
referred to a sparid fish. This premaxillary bears an enlarged
molariform tooth, oval in occlusal view, and further, smaller,
hemisphaerical molariform teeth and empty tooth positions.
The broken tooth bases show radial ridges arranged around
a large circular pulp cavity.

Remarks: The specimen is similar to the remains of Sparus
umbonatus (see in the fauna of the limonitic sands), but it is
much smaller, and somewhat less robust, which indicate closer
resemblance to other sparids, e.g., Sparus auratus.

Actinopterygii indet.
Plate II, B-E

Referred material: 2 teeth, 2 cycloid scales, 1 articulated
hyoid region.

Description: A few isolated teeth (Plate II, B, C) and
cycloid scales (Plate 11, D) were referred to indeterminate
actinopterygians. The articulated hyoid region is of large
size (Plate I, E), it comprises a left and a right ceratohyal
(Plate I1, E, Ich and rch) with matching epihyals (Plate 11, E,
leh and reh) and a possible hypohyal (Plate I1, E, ?hh).

Remarks: The teeth and cycloid scales referred here are
of too general morphology and low number for a closer
identification. The investigation of the hyoid elements is yet
to be carried out, but it clearly differs from hyoid region of
gadiforms (HUSSAIN 1986, ENDO 2002), latids (OTERO 2004)
and sparids (DAY 2002). Until more fish remains are fund in
the Endréd Formation, here we refer these specimens as
unidentified actinopterygian remains.

Limonitic sands (Kalla Member
of the Békés Formation)

Class Chondrichthyes HUXLEY, 1880
Superorder Selachimorpha NELSON, 1984
Order Hexanchiformes DE BUEN, 1926
Family Hexanchidae Gray, 1851

Genus Notorynchus AYRES, 1855

Notorynchus primigenius (AGASSIZ, 1835)
Plate III, A—R

Referred material: 17 teeth.

Description: Both upper and lower teeth are known. Upper
anterior teeth (Plate III, A—F) have a single cusp, weakly
curved lingually. Upper anterolateral and lateral teeth (Plate
IlI, G-L) have a distally inclined main cusp, flanked by
cusplets both mesially and distally. The root of upper teeth is
flattened and rectangular, it gradually becomes wider than it is
high in distal direction along the upper jaw. Lower files (Plate
111, M—R), the most characteristic elements of the species have
a distally inclined main cusp, followed by up to 5 distal
cusplets. Further cusplets, smaller than the distal ones, are
situated mesially to the main cusp. This part of the crown is
usually eroded in the studied upper anterolateral-lateral and
lower hexanchid teeth. The root is wider than it is high, and —
similarly to that of upper teeth — it has a rectangular outline in
labial and lingual view.

Remarks: The hexanchid species N. primigenius is
widely reported from the Miocene marine sediments of the
Central Paratethys (e.g.,HOLEC et al. 1995; Kocsis 2007;
SzaBO & Kocsis 2016a, table 2). Its global fossil record
consists of isolated teeth only, found in Oligocene—Miocene
marine sediments of North America, Europe and Australia
(CAPPETTA 2012).

Order Squatiniformes DE BUEN, 1926
Family Squatinidae BONAPARTE, 1838
Genus Squatina DUMERIL, 1806

Squatina sp.
Plate 111, S—X

Referred material: 2 teeth.

Description: Both teeth are incomplete and miss nearly
the half of the root. The anterior tooth has an upright main
cusp perpendicular to the root (Plate III, S-U), while the
cusp of the lateral tooth is distally inclined (Plate III, V-X).
The crown of both specimens has convex labial and lingual
faces. In profile view, the crown is weakly curved lingually.
Both cutting edges are straight, no serrations are present or
preserved. The crown basally continues on the root lobes
both mesially and distally. Faint remains of the rounded,
labial apron (characteristic for the genus) are visible. The
preserved root portions refer to a triangular outline in basal
view (not illustrated).

Remarks: The dentition of Squatina is very stable over
geological times, therefore distinguishing species sloley
based on isolated teeth is not well-established (CAPPETTA
2012). Numerous Oligocene—Miocene reports show the
presence of the genus in the Central Paratethys (e.g., HOLEC
et al. 1995; Kocsis 2007; SzaBo & Kocsis 2016a, table 2;
SzABO et al. 2017).

Order Lamniformes BERG, 1958
Family Odontaspididae MULLER & HENLE, 1839

Odontaspididae indet.
Plate IV, A—H

Referred material: 1500 teeth.

Description:  Anterior teeth are Y-shaped, and
symmetrical in labial and lingual views (Plate IV, A-F). The
crown is slender and upright, with sigmoid profile. The
cutting edges are smooth all along, they run basally from the
tip, not reaching the crown base. The lingual face is strongly,
while the labial is only weakly convex to flat. Due to
reworking it is uncertain if the lingual crown face had any
surface ornamentation. The root is bilobate, with well-
separated lobes with rounded extremities. The lobes meet in
a large lingual protuberance, usually bearing a well-
developed nutritive groove. Faint remains of lateral cusplets
are present on both lobes of the best preserved specimens.
Upper lateral files are distinguishable by their distally
inclined main cusp, and non-sigmoid profile outline (Plate
1V, G, H).

Remarks: Miocene odontaspids of the Central Paratethys
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are represented by the genera Araloselachus, Carcharias and
Carcharoides (see SzaB6 2019; SzaBO & Kocsis 2016a, table
2; SzAaBO & Kocsis 2020). These taxa are easily distinguish-
able by the fine characteristics of the main cusp (robustness,
surface ornamentation, etc.) and the root (number and mor-
phology of cusplets, outline of the root lobes, etc.) (CAPPETTA
2012). All specimens are markedly worn due to reworking,
resulting in the disappearance of delicate surface features (e.g.,
lingual crown ornamentation, such as apicobasal folds), which
could help closer identification. We leave the teeth referred
here with open nomenclature. Nevertheless, the investigated
odontaspid material is most similar to two species, Carchaias
acutissima and Araloselachus cuspidatus, that are commonly
reported from the Central Paratethys (SzaBO & Kocsis 2016a
and references therein).

Family Lamnidae BONAPARTE, 1835
Genus Cosmopolitodus GLIKMAN, 1964

Cosmopolitodus hastalis (AGASSIZ, 1838)
Plate IV, I-R

Referred material: 170 teeth.

Description: Due to dignathic heterodonty upper and
lower teeth are easy to distinguish. Lower teeth, especially
lower anterior files, have a narrower crown, which is more
convex on its lingual face than the upper teeth. Upper teeth
have a high, triangular crown, with a weakly convex lingual
and a practically flat labial face. The cutting edges are
running from the tip to the crown base and are entirely
smooth. No lateral cusplets are present. The root of uppers is
moderately, while that of lowers is strongly bifurcate with a
weak lingual protuberance, usually having a foramen
(unclear in the Pécs-Danitzpuszta teeth).

Remarks: The species is of worldwide distribution from
Miocene to Pliocene marine sediments (CAPPETTA 2012). It is
also widespread in the Miocene of the Central Paratethys (e.g.
HoLEc et al. 1995; Kocsis 2007; SzaBo & Kocsis 2016a, table
2). Several aspects of the classification and taxonomy of C.
hastalis have been published in the last few decades, therefore
different names have been used for the species. C. hastalis was
originally grouped in genus Oxyrhina, and later in Isurus.
According to the hypothesis of GLIKMAN (1964), C. hastalis
and Carcharodon carcharias (Great white shark) represent
chronospecies as C. hastalis is replaced by a morphologically
intermediate form, named Carcharodon hubbelli and finally
C. carcharias (EHRET et al. 2012). To clarify this question is
beyond the aims of the present paper, and the classification
here follows that of CAPPETTA (2012).

Genus Isurus RAFINESQUE, 1810

Isurus oxyrinchus RAFINESQUE, 1810
Plate IV, S—V

Referred material: 13 teeth.

Description: The crown is narrow, triangular, distally in-
clined with a very weak curvature in profile view. The lingual
crown face is convex, while the labial face is flat. Both faces

and the cutting edges are entirely smooth. The cutting edges do
not reach the base of the crown. No lateral cusplets are present.
The root is bilobate and asymmetrical, caused by the distal
lobe being shorter than the mesial one. Characteristically, both
root lobes have angled extremities. The lingual protuberance is
moderately developed, with a nutritive foramen.

Remarks: Fossil teeth of this species are known from
Oligocene to Pliocene deposits, and they have been reported
from Miocene sediments of the Central Paratethys as well
(see REINECKE et al. 2011 and references therein).

Lamnidae indet.

Referred material: 7 teeth.

Description: These teeth are rather poorly reserved
crowns, which could belong to both of the Pécs-Danitz-
puszta lamnids. The crowns show a triangular outline in
labial and lingual view, the crown faces are smooth, and the
cutting edges are not serrated.

Remarks: Because of their poor quality, these teeth are
not described closer than family rank.

Family Otodontidae GLIKMAN, 1964
Genus Otodus AGASSIZ, 1838
Subgenus Otodus (Megaselachus) GLIKMAN, 1964

Otodus (Megaselachus) megalodon
(AGASSIZ, 1843)
Plate V

Referred material: 72 teeth.

Description: These massive “megalodon” teeth are the
most spectacular among all fish remains of the sands. The
crown is broad, triangular, erect, massive, it reaches its
maximum thickness at its base. The lingual crown face is
strongly convex, while the labial face is usually flat or only
slightly convex. The cutting edges are originally strongly
serrated, however from some of the Pécs-Danitzpuszta
specimens this feature was completly abraded off. The root-
crown boundary bears a chevron-shaped band of thinner
enameloid on the lingual crown face (= “lingual neck” in
BOESSENECKER et al. 2019; also called as “bourlette”). Going
backwards distally along the dentition, the height of the
teeth decreases, they gradually become wider, with an in-
creasing distal inclination. The root is thick and bifurcate
with a massive lingual protuberance. The lobes are usually
similar in size, and both have rounded extremities.

Remarks: A strongly pathological tooth is known in a
private collection (Plate V, E-H). Based on their size, some
teeth are referable to juvenile individuals (Plate V, M—P)
(GOTTFRIED et al. 1996, PIMIENTO et al. 2010, SHIMADA 2019).

Family Alopiidae BONAPARTE, 1838
Genus Alopias RAFINESQUE, 1810

Alopias exigua (PROBST, 1879)
Plate VI, A-D

Referred material: 2 teeth.
Description: Two lateral teeth were referred here; both
are higher than they are wide. The cusp is distally inclined,
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the cutting edges are smooth, no lateral cusplets are present.
The lingual crown face is strongly convex, while the labial is
nearly flat, except for its base, where it continues in
calloused enamel shoulders both mesially and distally, over-
hanging the root. A well-developed lingual protuberance
with nutritive grooves is present on both specimens. The
root lobes form an arched contour and posses rounded
extremities.

Remarks: Fossil teeth of Alopias are never common in
the Miocene sediments of the Central Paratethys. A. exigua
ranges from the Early Oligocene to the Middle Miocene
(REINECKE & RADWANSKI 2015; SzaBO & Kocsis 2016b,
2020). This species has previously been reported from only
one Badenian locality in Hungary (SzaBo & Kocsis 2020).

Genus Anotodus LE HoN, 1871

Anotodus retroflexus (AGASSIZ, 1843)
Plate VI, E-P

Referred material: 27 teeth.

Description: Medium to large alopiid teeth are typical,
relatively common in the studied material. The crown of
anteriors (unknown from the Pécs-Danitzpuszta material) is
symmetrical and erect, while that of laterals is distally
inclined, therefore weakly asymmetrical. In profile view, the
crown of all files slightly bends lingually. The cutting edges
are smooth, and the crown faces bear no ornamentation. The
root is bilobate, and the root lobes are thick and well-
separated. The labial crown enamel basally continues on
both root lobes as enamel heels. These heels slightly
overhang the lobes. The lobes have angled extremities, they
meet in a lingual protuberance, bearing a faint nutritive
groove, less typical with a large foramen.

Remarks: Genus Anotodus was erected by LE HON
(1871) and re-classified in Alopiidae by HERMAN (1979).
Until recently, the described teeth were widely regarded as
Isurus retroflexus, as a member of the family Lamnidae, but
the species were synonymized and replaced within the
Alopiidae (CAPPETTA 2012). KENT (2018) found smaller
teeth and anterior teeth of A. retroflexus more similar to
those of lamnids, and he included the species within
Lamnidae as Isurus retroflexus.

Order Carcharhiniformes CoMPAGNO, 1973
Family Hemigaleidae HASSE, 1879
Genus Hemipristis AGASSIZ, 1835

Hemipristis serra AGASS1Z, 1835
Plate VII, A-K

Referred material: 101 teeth.

Description: The species is characterized by clear
dignathic heterodonty. Upper teeth — except for the first
upper anteriors — have large, labiolingually flattened,
triangular, distally inclined crown with strongly serrated
cutting edges (Plate VII, A—E). The root of upper files is
asymmetrical, high and bilobate, bearing a lingual
protuberance. Lower anterior teeth have slender, upright

crown with slightly sigmoid profile view. The cross-section
is circular. Lower anterior teeth (Plate VII, I-K) less
typically bear a pair of lateral cusplets, which are missing
from all Pécs-Danitzpuszta lower anteriors as a result of re-
deposition. The cutting edge is smooth, it runs from the apex
only to the upper third of the apicobasal height. In lower
lateral files the teeth become asymmetrical (the mesial
cutting edge becomes longer), the number of lateral cusplets
increases (see figs Plate VII, F—H). The roots of all lower
files are bilobate, with a well-marked lingual protuberance.

Remarks: Teeth of H. serra are characteristic and easy to
identify. The species has been widely reported from the
Miocene of the Central Paratethys (see SzZABO & Kocsis
20164, table 2).

Family Carcharhinidae JORDAN & EVERMANN, 1896
Genus Galeocerdo MULLER & HENLE, 1838

Galeocerdo aduncus AGASS1Z, 1835
Plate VII, L-U

Referred material: 163 teeth.

Description: The teeth have a triangular crown bent
toward the rear, except for the very anterior teeth, which have
a somewhat more erect cusp. The lingual tooth face is
convex, while the labial is flat. Both crown faces are smooth.
The convex mesial cutting edge bears fine, irregular
serrations; however, this feature is worn away in most Pécs-
Danitzpuszta teeth. The distal cutting edge is short, straight
to slightly convex, finely serrated (all teeth studied here lack
this character due to re-working). It continues in a distal
enamel shoulder, which has a serration built up by rather
large serrations, large enough to be preserved in almost all
Pécs-Danitzpuszta teeth. The root is mesiodistally wide, the
lingual protuberance is low with a nutritive groove.

Remarks: This species is also widely reported from the
Miocene of the Central Paratethys (see SzaBO & Kocsis
20164, table 2). The Pécs-Danitzpuszta material covers all
important tooth positions. Teeth of the modern species G.
cuvier was also reporterd from late Miocene deposits (e.g.
PurDY et al. 2001) but their teeth are rather robust with
cutting edges bearing secondary serrations, which is
missing from the mesial cutting edge of G. aduncus
(CiGaLA-FuLGos1 & MoRI 1979). The serration of the Pécs-
Danitzpuszta teeth is typically worn, however their size,
shape and proportions somewhat differ from teeth of G.
cuvier.

Genus Carcharhinus BLAINVILLE, 1816

Carcharhinus priscus (AGASSIz, 1843)
Plate VII, V-A’

Referred material: 130 teeth.

Description: Both upper and lower teeth are present in the
studied material. Upper jaw dentition includes teeth with
triangular crowns. The crown is straight in profile view,
upright in anterior files, while distally inclined in lateral and
distal teeth. Lower teeth (not illustrated due to their poor pre-



404 S7ABO, M. et al.: A diverse Miocene fish assemblage from the Pécs-Danitzpuszta sand pit (Mecsek Mts, Hungary)

servation) also have an upright crown, more convex faces, and
are slightly bent lingually. The root is mesiodistally wide,
bilobate, and they meet in a low lingual protuberance with a
nutritive groove.

Remarks: This species has widely been reported from
the Miocene deposits of Europe, including those of the
Central Paratethys (SzaBO & Kocsis 2016a, table 2).
ANDRIANAVALONA et al. (2015) considered that C. priscus
may represent a species group rather than a discrete species.

Family Sphyrnidae GILL, 1872
Genus Sphyrna RAFINEQUE, 1810

Sphyrna laevissima (COPE, 1867)
Plate VII, B’-F’

Referred material: 6 teeth.

Description: Only lateral teeth are known from Pécs-
Danitzpuszta. The distally inclined crown has a convex lingual
and aflatlabial face. Both faces are smooth. The mesial cutting
edge is smooth all along; it is straight on its basal half, while
slightly convex on the apical half. The distal cutting edge is
smooth and short; it continues in a convex and smooth, distal
enamel shoulder. The root is mesiodistally wide and bilobate.
The lobes have rounded extremities, and they meet in a very
low lingual protuberance bearing a large nutritive groove.

Remarks: Hammerhead sharks are relatively uncommon
in the middle Miocene sediments of the Central Paratethys
(SzABO & Kocsis 20164, table 2).

Superorder Batomorphii CAPPETTA, 1980
Order Myliobatiformes COMPAGNO, 1973
Family Dasyatidae JORDAN, 1988

Dasyatidae indet.
Plate VIII, A—C

Referred material: 1 tooth.

Description: The only tooth referred here is small and
nearly complete; however, it is strongly worn due to re-
deposition. The crown is rectangular in occlusal view, and it
bears a well-developed but low transversal crest. The crest
separates the labial and the lingual visors. This morphology
refers the tooth to a female individual. Neither occlusal
ornamentation, nor facets on the basal crown surface are
visible. The root is bilobate, and a large foramen is situated
between the lobes.

Remarks: Various dasyatid species have been reported under
the genus Dasyatis from the middle Miocene of the Central
Paratethys (SzaBO & Kocsis 2016a, table 2), but the Pécs-
Danitzpuszta material is too worn for a closer identification,
therefore we leave it with open nomenclature until further
material is unearthed. It must be pointed out that the
classification of Dasyatidae has been revised (LAsT et al. 2016),
and previously described fossil “Dasyatis” species might belong
to other genera such as Himantura or Maculabatis.

?Dasyatidae indet.
Plate V111, D-F

Referred material: 1 tooth.

Description: The crown is low, bearing a lingually arched
transversal crest, which separates the labial and lingual faces
(or visors). In occlusal view, the crown shows a rounded
anterior margin, while the posterior outline is angular. No
apron is present. The crown is wider than the root, and the root
shows two widely separated lobes. The root lobes are slightly
shifted posteriorly. Based on the preserved characteristics, the
tooth belongs to a female individual.

Remarks: The only tooth referred here was collected and
illustrated by JuHASZ (2006, pl. 2, figs 3, 4), who identified
it as Raja sp. Poorly preserved rajid and dasyatid teeth show
similar morphology, therefore the taxonomical assignment
of this tooth remains confusing. Nevertheless, it shows more
affinity to dasyatids. The specimen was re-housed in the
NHMUS collection.

Family Aetobatidae AGAsSIZ, 1858
Genus Aetobatus BLAINVILLE, 1816

Aetobatus arcuatus (AGASSIZ, 1843)
Plate VIII, G-Q

Referred material: 50 teeth.

Description: Both lower (Plate VIII, G-L) and upper
teeth (Plate VIII, M—Q) were recognized in the Pécs-Danitz-
puszta material. Lower teeth are distally arched, they reach
their maximal lenght at their mediolateral midline. The
crown is low, it is separated from the root lobes by a lingual
bulge. The lingually shifted root is built up by numerous
parallel lobes. Upper teeth are fairly rectilinear, except for
the lingually bent lateral edges. The root of the upper teeth is
less shifted lingually and has about the same height as the
crown.

Remarks: A. arcuatus is a common eagle ray species in
the Miocene marine sediments of Europe (RADWANSKI
1965; SzABO & Kocsis 2016a, table 2). Its tooth remains are
easily distinguishable from those of other Miocene
myliobatiform taxa of Europe.

Family Myliobatidae BONAPARTE, 1838
Genus Aetomylaeus GARMAN, 1908

Aetomylaeus sp.
Plate VIII, R—-A’

Referred material: 17 teeth.

Description: The dentition of Aefomylaeus is similar to
that of Myliobatis (also present in the limonitic sands), but
significant morphological differences can be recognized in
the lower dentition. Aetomylaeus typically has seven
anteroposteriorly running tooth rows: one medial (or
central) and three-three lateral ones on both sides (CAPPETTA
2012). Unlike in Myliobatis, the medial files of Aetomylaeus
are arched. The root and the crown of the medial files are
thicker medially than laterally, the tooth is oblique in lateral
view. The labial side bears a rich ornamentation built up by
a dense network of ridges. The slightly lingually directed
rootis high, at some medial sections it can be higher than the
crown.
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Remarks: Aetomylaeus and Pteromylaeus have been
traditionally regarded as separate genera (e.g. CAPPETTA
2012). However, systematic analysis by WHITE (2014) sug-
gests that Pteromylaeus is a junior synonym of Aefo-
mylaeus, and this hypothesis is accepted here. The genus
Aetomylaeus is known from the middle Miocene, but its
appearance in the fossil record could have been much
earlier, since their teeth have often been confused with those
of Mpyliobatis spp. (CAPPETTA 2012). The genus is very
scarce in the middle Miocene of the Central Paratethys
(SzABO & Kocsis 20164, table 2).

Genus Myliobatis CUVIER, 1826

Myliobatis sp.
Plate IX, A-T

Referred material: 292 teeth and 3 partial tooth plates.

Description: In the Pécs-Danitzpuszta material Mylio-
batis is represented by tooth plates as well. Currently three,
partially preserved tooth plates are known, all have been
illustrated (Plate IX, A-L).

The isolated medial (Plate IX, M—Q) and lateral teeth
have straight and mediolaterally widened crown, with
angled lateral edges. Medial files are mediolaterally wider
than laterals (Plate IX, R-T), which are therefore more
hexagonal in occlusal view. The root of all files consists of
numerous, mediolaterally flattened, parallel lobes.

Remarks: These remains were distinguished from those
of Rhinoptera (also present in the limonitic sands) by having
arelatively lower crown, different root lobe proportions and
tooth connection structure. As dental characteristics of
Myliobatis are conservative over geological time, distin-
guishing the species only by their isolated teeth is uncertain.
For this reason, here we identify these remains only at the
genus rank. Myliobatis is abundant all over the Miocene
marine deposits of Europe, including those of the Central
Paratethys (SzaBO & Kocsis 2016a, table 2).

Myliobatidae indet.

Referred material: 77 teeth.

Description: Poorly preserved, worn or fragmentary
teeth of myliobatid morphology are referred here.

Remarks: Based on the connecting structures of the
teeth, they certainly do not represent the family Rhinopteri-
dae. Due to their poor preservation, we do not refer them
closer than family rank as multiple myliobatid genera in-
habited the area.

Family Rhinopteridae JORDAN & EVERMANN, 1896
Genus Rhinoptera CUVIER, 1829

Rhinoptera cf. schultzi HIDEN, 1995
Plate IX, U-I’

Referred material: 6 teeth.

Description: The Rhinoptera teeth are hexagonal in
occlusal view, the occlusal surface is weakly concave. The
crown is massive and thick. The root consists of numerous

parallel lobes and is lower apicobasally than the crown. It is
also less displaced lingually than those of Aetomylaeus and
Mpyliobatis (see above).

Remarks: Compared to teeth of Aetomylaeus and Mylio-
batis, the root of Rhinoptera teeth is not or only slightly
shifted lingually (SzaBO & Kocsis 2016a). Also, the
connection between the teeth is more complex in Rhinoptera
than in Aetomylaeus and Myliobatis (so-called ,,tenon and
mortise” connections; BOURDON 2002). Based on these
characteristics, the Pécs-Danitzpuszta teeth clearly re-
present the genus Rhinoptera.

Two species, R. schultzi and R. studeri have been re-
ported from the middle Miocene of the Central Paratethys
(SzABO & Kocsis 20164, table 2). R. schultzi differs from R.
studeri in having smaller teeth, with much thinner crown
with smaller width/length ratio, and also in the absence of
ornamentation of the labial and lingual faces (HIDEN 1995).
The differences between the proportions of the teeth of the
two species can be easily observed in lateral view (see
HIDEN 1995, text-fig. 11 and SzABO et al. 2017, figs 9p, u).
Based on the observable characters, the Pécs-Danitzpuszta
teeth are more similar to R. schultzi. However, because of the
quality and low number of the specimens referred here,
further teeth are required for a more certain identification.

Myliobatiformes indet.
Plate IX, J’-M"’

Referred material: 22 caudal spines.

Description: Myliobatiform caudal spines are also
known from the Pécs-Danitzpuszta site. All are incomplete,
and they have serrated lateral edges.

Remarks: Since all myliobatiform caudal spines have
very similar characters (HOVESTADT & HOVESTADT-EULER
2013), and the Pécs-Danitzpuszta specimens are very
fragmentary, a closer identification is impossible.

Chondrichthyes indet.
Plate X

Referred material: 22 vertebral centra, 1 piece of fos-
silized cartilage.

Description:  Although the chondrichthyan centra
referred here are incomplete, the preserved portions refer to
a circular outline in articular view. Centra of morphotype 1
(Plate X, A—E) are aseptate and short in profile view, giving
an overall discoid shape to the centra. No large ventral or
dorsal foramina are present. Morphotype 2 (Plate X, F-H)
bears large dorsal and/or ventral foramina, however, all
specimens referred here are fragmentary.

The only cartilage specimen referred here (Plate X, 1, J) is
built up by stellate units of cartilage tissue. Chondrichthyans
are characterized by the presence of tesserate mineralization of
the cartilaginous endoskeleton (MAISEY 2012).

Remarks: Vertebral centra morphologically similar to
centrum moprhotype 1 were published in LOPES et al. (2016,
figs 9.1-2) as ray vertebrae. Centra morphotype 2 are
generally similar to those of Carcharhiniformes (see PURDY
et al. 2001, fig 52; SzABO et al. 2017, figs 8k—n; SzZABO &
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Kocsis 2020, fig. pl. 10, figs 1-12), but they are too
incomplete for a close identification; therefore, they are left
with open nomenclature.

Fossilized cartilage is exceptionally rare, and it has only
been reported in case of a few specimens from the Oligocene—
Miocene of the Central Paratethys (SzaBO 2019). Cartilage
that makes up the chondrichthyan skeleton is easily crushed
and dissociated during fossilization (MAISEY 2012).

Class Osteichthyes HUXLEY, 1880
Subclass Actinopterygii KLEIN, 1885
Order Acipenseriformes BERG, 1940
Family Acipenseridac BONAPARTE, 1831

Acipenseridae indet.
Plate X1, A—-H

Referred material: 1 indeterminate skull element, 4
dermal scutes, 2 pectoral spines.

Description: The skull element (Plate XI, A, B) has an
ornamented outer surface, while a distinct descending
lamina (Plate X1, B, dl) is present on its ventral side. The
scutes (Plate XI, C—F) exhibits a strong, honeycomb like
ornamentation on its outer surface and a nearly smooth
inner surface. The lateral surfaces of the fin spine (Plate XI,
G, H) bear marked longitudinal ridges, and the posterior
surface have a deep concavity.

Remarks: Following parsimony, here we assign all Pécs-
Danitzpuszta acipenserid remains to a single taxon, until
further specimens lead us to a different conclusion. Although
the dermal scutes are exceptionally similar to that of Aci-
penser sturio (DESSE-BERSET 2011, fig. 7.4C), the studied
material is too incomplete for an identification closer than
Acipenseridae indet.

Order Carangiformes JORDAN, 1923
Family Carangidae RAFINESQUE, 1815

Carangidae indet.
Plate XI, I-N

Referred material: 2 dentaries.

Description: The dentaries are incomplete; and the
preserved portions refer to a subtriangular outline in lateral
view. A large neural foramen opens at the middle of the
symphysial edge on the outer surface of the dentary (Plate
X1, I, L, dnf). The symphysial edge is high and angular both
dorsally and ventrally. A wide longitudinal groove runs
along the lateral side of the bone, starting just behind the
symphysial edge. The mandibular sensory canal opens
anteriorly on the lateral surface of the bone, posteriorly to
the large neural foramen, and on the lateroventral side of the
dentary (Plate XI, I, L, dmo). The ventral margin of the
dentary bears a notch (Plate X1, I, L, no). Labially a row of
enlarged teeth runs along the dentary. Lingually, much
smaller teeth are arranged in multiple rows.

Remarks: Based on the tooth row morphology, the high
and angular symphyseal, and the arrangement of the lateral
foramina, the dentaries resemble the most those of extant

carangid genera (see TERCEIRE et al. 2019). However, due to
the low number and poor quality of the remains here we
identify them only as Carangidae indet.

Order Istiphoriformes BETANCUR-R et al., 2013
Family Sphyraenidae RAFINESQUE, 1815
Genus Sphyraena KLEIN, 1778

Sphyraena sp.
Plate XI, O, P

Referred material: 1 tooth.

Description: A single tooth is labiolingually flattened,
and has a triangular outline in profile view. The tooth bears
faint remains of fine striations, and the tip is missing.

Remarks: As the only tooth referred here is heavily worn
and incomplete, a species level identification is impossible.
Family Sphyraenidae (barracudas) includes genus Sphy-
raena only (GOTTFRIED et al. 2017). Genus Sphyraena has
previously been reported from the Miocene of the Central
Paratethys (ScHuLtz 2013, SCHULTZ et al. 2010, SzABO &
Kocsis 2020). There are 28 extant barracuda species around
the world, and all are common predators of tropical and
subtropical seas (FROESE & PAuLY 2019).

Order Scombriformes RAFINESQUE, 1810
Family Scombridae RAFINESQUE, 1815
Genus Thunnus SOUTH, 1845

cf. Thunnus sp.
Plate XII, A—O

Referred material: 1 premaxilla, 18 dentaries, 3 ver-
tebrae.

Description: The premaxilla (Plate XII, A—C) is slender,
slightly curved with a single row of small, closely
positioned, circular alveoli. Only the very base of the
ascending process (Plate XII, A, C, asp) is preserved. The
posterior shank of the premaxilla (Plate XII, A, C, ps) is
long. The bone surface is quite eroded; therefore, no charac-
teristic foramina are observable. The dentaries (Plate XII,
D-I) bear a thick medioventral plate (Plate XII, F, I, mvp). A
large neural foramen opens behind the symphysial edge,
above a shallow ventral notch (Plate XII, D, G, dnf and no).
The medial bone surface bears a posteriorly widening
groove with numerous foramina (Plate XII, F, I, gr and f).
The abdominal centrum (Plate XII, J-L) is characterized by
deep fossae separated by a strong median ridge along the
lateral sides. The caudal vertebral centrum (Plate XI1I, M—O)
has rectangular dorsal, ventral, and lateral outline, caused by
its dorsoventral compression. In anterior and posterior
views, the caudal vertebra shows a hexagonal outline.

Remarks: At the moment it is unclear whether this
morphotype represents a single taxon, but based on the
general appearance of the bones we tentatively refer the
remains to the same morphogroup until more specimens
disprove this. The specimens resemble the most those of
Thunnus (CARNEVALE & GODFREY 2018, Plate I.16A-E, G,
H; PurpyY et al. 2001, fig. 76; TERCEIRE et al. 2019); however,
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further specimens are required for a more precise iden-
tification.

Scombridae indet.
Plate XII, P-A’

Referred material: 1 premaxillary, 158 dentaries.

Description: This scombrid morphogroup represents a
rather large taxon. The premaxilla (Plate XII, P-R) is massive,
and it has a wide ascending process (Plate XII, P, R, asp),
which is only partially preserved. A major part of the posterior
shank is missing. The medial side of the premaxilla bears a
large, rounded depression with large foramina in it (Plate X1I,
R, d and f). Posteriorly to the base of the articular process a
large bulge is visible (Plate XII, R, b). The dentaries are of poor
quality, only their tooth-bearing portions are preserved. Both
the premaxillae and the dentaries bear a series of large, closely
spaced alveoli. A few specimens still have some fragmentary,
subtriangular teeth preserved in situ.

Remarks: Similarly, to the specimen PTE_5094, pre-
maxillae of extant Euthynnus, Scomber and Thunnus bear a
bulge-like structure posteriorly to the base of the ascending
process (TERCEIRE et al. 2019). However, the fossils here also
resemble those of large sized fossil scombrid taxa Acantho-
cybium solandri (CARNEVALE & GODFREY 2018, Plate
L.ISA-D; Purpy et al. 2001, fig. 77) and Pelamycybium
partschi (see ScHULTZ 2013, pl. 71, figs 1, 2). These Pécs-
Danitzpuszta scombrid elements are too fragmentary for a
more precise identification.

Order Labriformes KAUFMAN & LIEM, 1982
Family Labridae CUVIER, 1817
Genus Labrodon GERVAIS, 1857

Labrodon sp.
Plate XIII, A-D

Referred material: 2 pharyngeal tooth plates, 1 isolated
tooth.

Description: The two pharyngeal tooth plates have
triangular outline in occlusal view. Both specimens com-
prise multiple layers of phyllodont teeth. The posterior rows
include larger, oval teeth, while the more anterior rows
inlcude teeth with circular outline. An isolated tooth (not
illustrated) has been found with screening. Its basal surface
is characteristically ornamented by crenulations.

Remarks: Labrid fishes are widely reported from the
middle Miocene of the Central Paratethys (see BELLWOOD et
al. 2019, ScHuLtZ et al. 2010, SzaBO 2019, SzABO & KocsIs
2020). Based on the shape and proportions of the teeth and
the shape of the tooth plates, the Pécs-Danitzpuszta remains
resembles most the L. pavimentation (see AvILA et al. 2020,
BETANCORT et al 2016).

Genus Trigonodon SISMONDA, 1847

Trigonodon jugleri (MUNSTER, 1846)
Plate XIII, E-H

Referred material: 1 tooth.

Description: A single incomplete tooth is referred here.
The specimen is of incisiform morphology; therefore, it
belongs to the anterior section of the jaw apparatus.

Remarks: Diplodus jomnitanus, a fossil sparid wide-
spread in the Miocene of Europe also has large incisiform
teeth, but these are rectangular and more symmetrical in
labial view, unlike those of T. jugleri, which are mesio-
distally much wider, asymmetrical and have a trapezoid to
almost triangular outline. 7. jugleri is widely reported from
the middle Miocene of the Central Paratethys, and its oldest
fossils are from the early Miocene of Italy and Austria
(ScHuLTZ & BELLWOOD 2004, SZABO & Kocsis 2020).

Family Scaridae RAFINESQUE, 1810
Genus Calotomus GILBERT, 1890

Calotomus sp.
Plate X111, 1, J

Referred material: 1 pharyngeal tooth plate.

Description: The tooth plate is composed of three
parallel, anteroposteriorly running rows of small, ovoid to
sub-rectangular teeth. The specimen is sitting in a piece of
coprolite.

Remarks: Upper pharyngeal bones with 1-3 rows of
teeth are a unique character found only in the family
Scaridae (BELLWOOD & SCHULTZ 1991). Calotomus priesli, a
species described from the middle Miocene of Austria
(BELLWOOD & ScHULTZ 1991) is the only representative of
the genus from the middle Miocene of Europe. As this
species has been described from an articulated head region
of an individual, it is uncertain if the Pécs-Danitzpuszta
fossil represents the same species. Therefore, we describe it
as Calotomus sp. until further specimens provide more
taxonomical details.

Order Perciformes BLEEKER, 1859
Family Latidae JORDAN, 1888
Genus Lates CUVIER & VALENCIENNES, 1828

Lates sp.
Plate XIV, A—N and Plate XV A-L

Referred material: 11 vomers, 57 parasphenoids, 51
quadrates, 247 premaxillae, 7 maxillae, 446 dentaries, 80
fragmentary upper or lower jaw elements, 34 angulo-
articulars, 776 vertebrae, 114 fin spines.

Description: Vomers (Plate X1V, A, B) are stocky, and
they have a rounded anterior margin in ventral view. The
vomer bears a perfectly fused tooth patch (Plate X1V, B, tp)
in all latid species. The vomer distally connects to the
mesethmoid and the parasphenoid. The parasphenoid (Plate
XIII, C-E) is an elongated bone element, ranging along the
ventral side of the neurocranium. Parasphenoids referred
here have a ventral border slightly curved in lateral view. In
transverse section, their ventral face is slightly concave. A
well-developed median crest (Plate X1V, C, mc) is present
along the ventral surface, between the orbits. The
basioccipital (Plate XIV, F) bears a median ventral groove
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(Plate X1V, F, mvg), which does not reach the parasphenoid
(characteristic for all known extant and extinct species of
Lates). The most complete quadrates (Plate X1V, G-J) are
nearly as long as they are high. The articular condyle (Plate
X1V, G—J, ac) and the base of the posterior border are wide
compared to the rest of the bone. Latid premaxillae (Plate
X1V, K-N) are characterized by a long ascending process
(Plate X1V, M, N, asp), which are incomplete or missing in
all Pécs-Danitzpuszta specimens. The articular process is
large and globular (Plate X1V, K-N, ap). The anterior mar-
gin of the articular process bears a massive, dorsoventrally
running pad (Plate X1V, K, M, p). A large foramen for venous
vessels and the maxillary nerve branch opens at the base of
the articular process (Plate X1V, K, M, fvm). Unfortunately,
all Pécs-Danitzpuszta latid premaxillae lack the posterior
process. A very low longitudinal groove develops along the
alveolar process (Plate XIV, K, lg); it starts anteriorly just
below the articular process. The tooth plate develops along
the ventromedial surface of the alveolar process (Plate X1V,
L, N, tp). The maxilla of latids has a large posterior dorsal
plate, but this part of the bone is missing in all Pécs-
Danitzpuszta specimens (Plate XV, A, B). The shape of the
articular head is intraspecifically variable in extant forms.
The premaxillary internal process is medioventrally
directed (Plate XV, A, B, ip). The adductor mandibulae I
surface (Plate XV, A, ams) is situated posteriorly of the
extended lateral plate (Plate XV, A, B, Ip). The internal
process and the lateral plate are separated by a deep groove
(Plate XV, B, g). The dentary (Plate XV, C-E) bears a
medioventral plate and a large lateral groove (Plate XV, C-
E, mvp and lg). The upper foramen of the dentary is situated
anteriorly to the lateral groove (Plate XV, C, E, uf). A large
neural foramen opens near the middle of the symphysial
edge on the outer surface of the dentary (Plate XV, C, E, nf).
The mandibular sensory canal runs in a bony tube ventrally
bordered by the medioventral plate, it opens anteriorly on
the lateral surface of the bone, posteriorly to the large neural
foramen, and on the lateroventral side of the dentary (Plate
XV, C, E, mo). The ventral margin of the dentary bears a
notch posterior to the symphysis (Plate XV, D, E, no).
Angulo-articulars (Plate XV, F, G) have a wide and deep
glenoid cavity (Plate XV, F, G, gc). The mandibular sensory
canal runs in a bony tube with a posterior opening (Plate XV,
F, G, pmo) in a groove below the glenoid cavity on the lateral
side of the bone. Vertebrae (Plate XV, J-H) have striated
bone surface with enlarged lateral fossae. The anteriormost
vertebral centra are higher than they are long. These
proportion turns to the opposite caudally. The anterior
abdominal vertebrae have a large and deep primary lateral
fossa (Plate XV, I, H, plf). Postabdominal vertebrae have a
lower and an upper (or dorsal) lateral fossa (Plate XV, J, lIf
and ulf), which are separated by a bundle of striated bone.
All Pécs-Danitzpuszta specimen lack the neural spine, and
only their bases are preserved in some caudal vertebrae.
Median fin spines (Plate XV, K, L), similar to those of
generalized perciforms are here assigned to the genus Lates.

Remarks: Remains of Lates sp. are frequent osteichthyan

elements of the Pécs-Danitzpuszta sand pit. Altogether, this
is the anatomically best known Pécs-Danitzpuszta oste-
ichthyan.

Fossils of Lates are relatively common in the Cenozoic
of the old world. They are known from Italy, Portugal,
Austria, Moldavia, Croatia, Israel, Oman, Saudi-Arabia and
various localities in Africa (CARNEVALE & LANDINI 2001).
The oldest representative is from the Oligocene. The genus
started its diversification during the Miocene. Most finds
are isolated, and their identification is often problematic at
specific level (GAGNAISON & COSSARD 2013, MURRAY et al.
2018, OTERO & GAYET 2001). Here we leave the Pécs-
Danitzpuszta material undetermined.

Order Acanthuriformes JORDAN, 1923
Family Sciaenidae CUVIER, 1829

Sciaenidae indet.
Plate XV, M—R

Referred material: 61 premaxillae.

Description: The premaxillae are labiolingually curved,
they bear a flattened, elongated ascending process (Plate
XV, M, O, asp) and an oblong, well-developed articular
process (Plate XV, M, O, P, R, ap). The two processes are
incomplete in all investigated Pécs-Danitzpuszta pre-
maxillae. Large foramina open at the base of the articular
process (Plate XV, M, P, f). The labialmost tooth row
consists of enlarged teeth. Lingually to this row, smaller
teeth are arranged in multiple rows.

Remarks: The closely spaced labial teeth are similar to
those of Sciaenops (PURDY et al. 2001). Among all extant
genera, based on the labiolingual curvature of the
premaxillae and the arrangement and proportions of tooth
rows, the Pécs-Danitzpuszta sciaenid material resembles
most the Sciaena (TERCEIRE et al. 2019). Due to the low
number of the specimens referred here we identify them
only as Sciaenidae indet., until more specimens provide
further information.

Order Spariformes BLEEKER, 1860
Family Sparidae BONAPARTE, 1832
Genus Diplodus RAFINESQUE, 1810

Diplodus sp.
Plate XVI, A, B

Referred material: 27 teeth.

Description: The teeth referred here are labiolingually
flattened and show a rectangular labial (and lingual) outline.
The labial face is convex, while the lingual is concave. Both
faces are entirely smooth, and they lack any surface orna-
mentation.

Remarks: Teeth of the genus are very common in the
fossil record of the Central Paratethys (ScHuLtz 2013,
SzaBO & Kocsis 2020). BENE (2003) assigned 43 mola-
riform crushing teeth to this genus. However, if multiple
sparid taxa are present at the same fossil site, it is uncertain
if this tooth morphotype of sparids can be referred to a
genera. The original report of BENE (2003) does not
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include scale bars and the location of the material is
currently unknown. Until further material is discovered,
here we refer only 24 of the reported incisiform teeth to
Diplodus.

Genus Pagrus CUVIER, 1816

Pagrus cinctus (AGASSIZ, 1839)
Plate XVI, C—K

Referred material: 6 premaxillae, 1 dentary.

Description: The ascending process is missing in all
examined Pécs-Danitzpuszta premaxillae (Plate XVI, C—
H). In a private collection specimen, only the base of the
articular process is preserved (Plate XVI, D, ap). On the
medial side of the bone, a large foramen opens at the base of
the articular process (Plate XVI, D, F, f). The posterior
process (Plate XVI, C, E, G, pp) is low and wide, and it bears
well-developed longitudinal striation. Multiple rows of
circular tooth positions are running anteroposteriorly. All
premaxillae have non-functional teeth preserved inside the
bony base. The dentary (Plate XVI, I-K) is incomplete, and
it bears massive hemisphaerical teeth of molariform
morphology.

Remarks: This species is among the most widely
reported osteichthyans of the Miocene sediments of Europe
(Scuurtz 2013, SzaBO & Kocsis 2020). Well-preserved
premaxillae and dentaries of P. cinctus have been illustrated
by ScHuLTZ (2013, pl. 67, figs 9, 10).

Genus Sparus LINNAEUS, 1758

Sparus umbonatus (MUNSTER, 1846)
Plate XVI, L-U

Referred material: 30 premaxillae, 1 dentary, 15 in-
complete upper or lower jaw elements, 16455 isolated teeth.

Description: The premaxillae (Plate XVI, L-O) are
shorter and stockier than those of P. cinctus (see above). The
posterior process (Plate XVI, M, P, pp) is much higher, and
bears stritation. Only the base of the articular process (Plate
XVI, L, N, ap) is preserved in some specimens. Most of the
premaxillae have only empty tooth positions, but some have
in situ the enlarged, posterior molariform tooth preserved
(Plate XVI, N, pmt). The dentary (Plate XVI, P-R) is
incomplete, massive and stocky. The coronoid process
(Plate XVI, P, cp) is high. An enlarged, massive molariform
posterior tooth (Plate XVI, Q, R, mtd) is visible, matching
that observable in the premaxillae.

Remarks: This fish species was collected in the highest
number in the Pécs-Danitzpuszta sand pit. Its isolated,
enlarged molariform teeth were found in extremely high
numbers. A large percent of them bears signs of functional
wear (see BENE 2003), which together with the high number
of these teeth, indicates that these teeth regularly dropped
out and re-grew. SCHULTZ (2013, pl. 68, fig. 1) illustrated a
well-preserved premaxilla of S. umbonatus.

Sparidae indet.

Referred material: 569 teeth, 1 upper or lower jaw
element in coprolite.

Description: Isolated teeth of sparid morphology —conical
anterior and hemisphaerical posterior teeth — are referred here.

Remarks: As isolated teeth of fossil sparids are very
similar, in the presence of more than one sparid genera their
generic identification is uncertain (except for the enlarged
oval crushing teeth of S. umbonatus, see above).

Order Tetraodontiformes BERG, 1955

Tetraodontiformes indet.
Plate XVI, V-Z

Referred material: 4 tooth plates.

Description: The tooth plates referred here have subtrian-
gular outline in occlusal view. They are built up of overlapping
sheets of teeth that are fused together. The enamel surface is
richly crenulated (Plate XVI, W). The size of the tooth-sheets
decreases upwards.

Remarks: The order Tetraodontiformes includes numerous
extant and fossil families. Several tetraodontiform taxa have
been reported from the Miocene of Europe (ScHuLTZ 2006,
2013), however, their synonymy remains problematic (see
synonym lists in ScHuLTz 2013). More complete dental
remains are needed for a definite identification.

Actinopterygii indet.
Plate XVII, A-L

Referred material: 31 hyperostotic ribs, 34 hyperostotic
vertebrae, 30 indeterminate fragmentary bone elements,
1 dentary, 1 ?angulo-articular, 11 vertebrae, 1 skull element,
1 gill-arch element, 227 fin spines.

Description: Elongated droplet-shaped bones (Plate
XVII, A—H) and massive, stocky vertebrae (Plate XVII, I-L),
showing the signs of hyperostosis, are referred here. A very
high number of poorly preserved fragmentary fish bones are
also included here.

Remarks: Hyperostotic bones (or swollen bones) are the
result of hyperostosis, indicating an abnormally high amount
of primary bone deposition (FRANCILLON-VIEILLOT et al. 1990,
CHANET 2018). Such structures have been observed in 38
different teleost genera, but they are more frequent in
trichiurid, carangid and sciaenid taxa (SMITH-VANIZ et al.
1995). As bone characteristics of the specimens referred here
are unclear, and both Carangidae and Sciaenidae are re-
cognized in the Pécs-Danitzpuszta fish material, here we refer
these remains only as hyperostotic bones of indeterminate
actinopterygians. Fossil hyperostotic bones of Caranx caran-
gopsis, which are morphologically very similar to the Pécs-
Danitzpuszta specimens have been illustrated by ScCHULTZ
(2013, pl. 67, figs 13-15).

The large numbers of fragmentary actinopterygian
bones with no taxonomical characteristics are not identi-
fiable at lower taxonomical ranks.
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Osszefoglalds

A pécs-danitzpusztai homokbdnya miocén iiledékeinek szerkezeti elemei

A pécs-danitzpusztai homokbédnya a Mecsek hegységperemi vet6zondja mentén fekszik, kozépso és felsé miocén
(badeni—panndniai) tiledékeket tar fel. Az er6sen tektonizalt rétegsor kora panndniai és anndl fiatalabb deformdacidk nyo-
mait 6rzi, amelyeket mds feltdrasban nem tanulmédnyozhatunk. Jelen cikkben tobb mint hiisz év megfigyeléseit foglaljuk
Ossze, a deformdcids események korat puhatestd-rétegtan segitségével hatdroljuk be, €s ezek alapjan kovetkeztetiink a te-
riilet szerkezetalakuldsdra. A 10,2—-10,0 milli6 évvel ezel6tti idGszak elején EENy—DDK-i irdnyt extenzi6 (transztenzio)
hatdsara normalvetdk, arokszerkezetek, negativ virdgszerkezetek képzddtek. Arra mutatnak, hogy a litoszféra-megnyu-
lashoz kapcsol6dé vetdmiikodés még a késé miocénben is zajlott, bar kérdéses, hogy ez a deforméciés esemény a Pan-
non-medence geodinamikai fejlédéstorténetében a szin- vagy a poszt-rift fdzishoz tartozik-e. Nem sokkal kés6bb, még
mindig a 10,2—10,0 millié évvel ezel6tti idszak els6 felében a teriilet E-D-i vagy EENy-DDK-i 6sszenyomés al4 keriilt.
E fesziiltségmez6 hatdséra feltoldddsok alakultak ki a panndniai mészmargaban és homokban, és a teljes kozépso — fels
miocén tiledéksor meggyiir6dott, a réteglapok mentén cstiszds és aridegebb kdzetek blokkos elforgdsa tortént. Az éppen
leiilepedd homok rétegei dél felé vastagodtak, d6lésiik folyamatosan véltozott. A homokon beliil szogdiszkordancia ala-
kult ki, képz6désében a Pannon-t6 vizszintjének valtozasa is kozrejatszhatott. A kompresszids eseményt Afrika és Eur6-
pa kozeledésével magyardzhatjuk, de regiondlisan nem tudjuk korreldlni, id6sebb a medenceinverziéhoz kothets eddig
publikdlt szerkezeti eseményeknél.

Kulcsszavak: Pannon-medence, Mecsek, tektonika, poszt-rift, medenceinverzio

Abstract

The Pécs-Danitzpuszta sand pit in southern Hungary exposes middle and upper Miocene (Badenian to Pannonian/
Langhian to Tortonian) sediments along the mountain front fault zone of the Mecsek Mts and preserves an essential
record of tectonic events during and after the early late Miocene, which are not exposed elsewhere in the region. In this
paper we present structural observations recorded over 20 years of work, date the deformation events with mollusk bio-
stratigraphy and make inferences on the structural evolution of the area. At the beginning of the time interval between
10.2-10.0 Ma, NNW-SSE (to NW-SE) extension created normal faults and negative flower structures. These show that
extension-related fault activity lasted here up to the late Miocene. Shortly thereafter, still in the early part of the time
interval between 10.2—-10.0 Ma, N-S to NNW-SSE compression ensued and dominated the area ever since. Deforma-
tions under this stress field included reverse faulting in the Pannonian marls and sands, folding of the whole succession,
with bedding-plane slip and shearing-related block rotation in the already deposited middle and upper Miocene marl
layers and continuously changing bedding dips and southward thickening layers in the Pannonian sands. Lake level
changes of Lake Pannon must have played a role in the formation of an angular unconformity within the sands besides
compression. The compressional event can be explained by the Africa (Adria) — Europe convergence, but cannot be cor-
related regionally; it pre-dates basin inversion-related events reported from the region so far.

Keywords: Pannonian Basin, Mecsek Mts, tectonics, post-rift, basin inversion
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Introduction

The Pécs-Danitzpuszta sand pit in southern Hungary ex-
poses sediments from the early history of the late Miocene —
Pliocene brackish-water Lake Pannon, a descendant of the
Central Paratethys. It is located along the SE margin of the
Mecsek Mountains and is the most important and best-
known outcrop of the lower part of Pannonian (upper Mio-
cene) deposits in the region, both calcareous marls and limo-
nitic sands. It has long been known for the deformations
visible in the sands (VADASz 1960), and is a type locality of
Lake Pannon sediments in the Mecsek area (KLEB 1973).
Because of its large extent, its location along the mountain-
front fault zone, and because the exposed rock units repre-
sent an age interval hardly accessible elsewhere, it preserves
an essential record of tectonic events during and after the
early late Miocene.

Although multiple papers mentioned structural features
from the sand pit in the past decades (BENKovVICS 1997,
CsoNTos et al. 2002, KONRAD & SEBE 2010), they contain a
limited amount of observations, and the dating of events car-
ries uncertainties as well. Since then, we have collected nu-
merous structural measurements and observations across
the large sand pit. In order to expose structural features in the
Pannonian calcareous marls, a 50 m long trench was exca-
vated in 2018 in the northern part of the sand pit. This
created a marvelous exposure, revealing the downward con-
tinuation of the sedimentary succession and deformations in
the mountain-front fault zone, which cannot be observed
with other methods. Moreover, with the advance of mollusk
biostratigraphy, it became possible to link numerical ages to
Lake Pannon deposits (MAGYAR 2021), and this can be used
for a relatively accurate dating of tectonic events as well.
This dating is much needed in the fine-tuning of our know-
ledge about the structural evolution of the Pannonian Basin
(Fopor 2019), especially in the eventful Neogene (CSONTOS
etal. 1991; FoDOR et al. 1999, 2005; BADA et al. 2007). Here
we present structural observations collected in the sand pit
in the past >20 years and the structural evolution of the area
that can be deduced from the observations, with the highest
temporal resolution achieved so far.

Geological setting

The Pécs-Danitzpuszta sand pit lies on the southern
boundary fault zone of the Mecsek Mts, the Mecsekalja Fault
Zone (Figure I). It exposes two main lithological units of late
Miocene (Pannonian/Tortonian) age: light grey, white or yel-
lowish grey calcareous marls and silts (Endréd Formation) in
the northern wall, and the overlying yellowish brown, coarse
limonitic sands (Kéalla Member of the Békés Fm.) in the rest
of the area (Figure 2). The trench starting from the northern
wall of the sand pit exposed Sarmatian and Badenian (Lan-
ghian and Serravallian) mixed carbonate and clastic deposits
stratigraphically below the Pannonian sediments. The whole
succession is strongly tilted, thus younging is dominantly to-
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Figure 1. Tectonic setting of the Pécs-Danitzpuszta sand pit. Base map: Kon-
RAD et al. (2010)
Legend: Pz: Paleozoic; T: Triassic; J: Jurassic rocks; MFZ: Mecsekalja Fault Zone

1. dbra. A pécs-danitzpusztai homokbdnya szerkezeti helyzete. Alaptérkeép: KONRAD
etal (2010)
Jelmagyardzat: Pz: paleozoos, T: tridsz, J: jura kézetek. MFZ: Mecsekalja-6v

wards the south and not upwards. In the western wall, the li-
monitic sands are divided by an angular unconformity, ob-
served previously in more eastern outcrops, e.g., by VADASZ
(1960) or KLEB (1973). For a detailed description of the sand
pit, see SEBE et al. (2021).

Two deformation events were identified in the sand pit:
syn-sedimentary transtension during the deposition of the
lowermost part of the sands and syn- to post-sedimentary
N-S compression (KONRAD & SEBE 2010, CSONTOS et al.
2002). The tilting of the succession and the different dips
were explained with compression-related folding above a
blind, south-vergent thrust fault during the late Pannonian
(BENKOVICS 1997, CsoNTOS et al. 2002).

Methods

Structural measurements were carried out in various
parts of the sand pit. Kinematic indicators like slickenlines
were measured in the marls. They were absent in the limonit-
ic sands; thus, in these cases the stress orientations are infer-
red with some uncertainty from MOHR pairs (ANDERSON
1951, Fopor 2010). Because of the low dip angle and the
diffuse bedding planes, bedding dip measurements have un-
certainties especially in case of the sand layers above the un-
conformity and in the uppermost, gently dipping beds below
it. Stereoplots are lower hemisphere SCHMIDT projections.

Deformation events were dated by biostratigraphy, most-
ly by mollusks, based on the endemic species of Lake Pan-
non (MAGYAR & GEARY 2012; SEBE & MAGYAR submitted).
This provides a resolution on the order of magnitude of
~1 Ma. For this, systematic collection of mollusks was car-
ried out in the Pannonian calcareous marls. In the limonitic
sands, most mollusks came from the industrial sieving of the
sands, they were found in the coarse fraction remaining after
sieving. Thus their exact stratigraphic position was usually
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Figure 2. Stratigraphic units and bedding dips in the sand pit. All northerly dips belong to overturned beds. Marks in the cross-section indicate true dip angles
2. dbra. A banydban észlelt rétegtani egységek és rétegddlések. Az északias dolések dtbuktatott rétegek délései. A szelvény jelei a valodi dolésszdogeket mutatjak

unknown, it could only be confined to a relatively large por-
tion of the wall being extracted at the given time. We there-
fore executed collecting campaigns targeted for tectonically
interesting parts of the sand pit, e.g., above the unconformity
or at the very base of the sands.

Results

Bedding dips

The older, northern part of the succession — the Sarma-
tian deposits and most of the upper Miocene calcareous
marls — is dominantly overturned, with varying dip angles
(Figure 2E). Bedding dip then decreases within the upper
part of the Pannonian marls, i.e., it approaches the vertical in
the southern end of the trench (Figure 3). The marl/sand
boundary within the Pannonian succession is vertical or
subvertical, though both its dip angle and dip direction vary
along strike. Bedding dip returns to normal in the Pannonian
sands and decreases continuously towards the south, i.e.,
upsection, to ~15°, observable both in the western and
northeastern wall of the sand pit. This succession with the
continuously changing dip angles is truncated by a sharp an-
gular unconformity, visible in the western wall, and is over-
lain by nearly horizontal sand layers of the same lithology

(Figure 3, Figure 4A). Dip directions scatter around SSE for
layers with normal dip and N-NNW for overturned beds
(Figure 2).

unconformity

Figure 3. Northward-dipping, overturned Pannonian calcareous marls in the
trench (foreground), and south-dipping sands in the western wall of the sand pit
(background). Photo taken along the trench, looking southwest. Western wall
pictured in the top of the photo (cf., map of Figure 2)

3. dbra. Eszak felé dolG, dtbuktatott panndniai mészmdrgadsszlet a kutatédrokban
(elotérben) és délre dolo homokrétegek a banya nyugati falaban (hdttérben). A kép
az drok mentén késziilt, DNy felé nézve. A bdanya nyugati fala a kép felsé részén
ldthato (a feltdrdsok elhelyezkedését I a 2. abran)
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Figure 4. Structural features in the sands. A) Changing dip angle and angular unconformity in the western wall in 2016; B) reverse faults in the western wall
displacing dark limonitic bands (2021); C) tilted reverse faults in the NE wall highlighted by the displaced limonite banding (2020); D) changing dip angle in the
NE wall (2020); E-H) stereoplots of reverse faults: western wall (E), post-tilt faults of NE wall (F), syn-tilt faults of the NE wall in Fig. C, with pole of local bedding

dip (G), the latter backtilted with bedding (H)

4. dbra. Szerkezeti elemek a panndniai homokdsszletben. A) Viltozo rétegdilés és szdgdiszkordanc{a a nyugati falban 2016-ban; B) vastag limonitsa'vqkat elvetd
feltoloddsok a nyugati falban (2021); C) limonitosodds miatt ki]grepardlédott kibillent feltoloddsok az EK-i falban (2020); D) valtozo dolésszogii rétegek az EK-i falban
(2020); E-H) a feltoloddsok sztereogramjai: nyugati fal (E), az EK-i fal billenés utdni vetdi (F), a C kép billenés alatti vet6i az EK-i falban, a helyi rétegddlés polusponttal

Jelolve (G), valamint ez utobbiak a rétegddléssel visszabillentve (H)

The trench has revealed that the uppermost 1-2 m of the
steeply dipping layers are dragged downslope by surface pro-
cesses. In some cases this includes a change in dip direction:
e.g., in the Sarmatian and Badenian beds, the dip of the same
bed is southerly near the bottom of the trench, while norther-
ly (overturned) in the dragged upper part of the layers (see
Figure 5. in Sebe et al., 2021). This resolves the problem that
KONRAD & SEBE (2010) called attention to, namely that signi-
ficantly different bedding dips were observed within a dis-

tance of just a few metres (20-30° northerly and 70° souther-
ly dip within 10 m). The trench revealed that there is no fault
between the differently dipping layers; it is surface drag
(slope creep) that caused the difference in the dips. This also
means that dip angles recorded in small surface outcrops
should be handled with caution, even in seemingly in situ,
well-layered sediments. Because of the near-surface defor-
mation, bedding dips in the trench were measured at the
deepest possible location along a given bed.
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Figure 5. Syn-sedimentary normal fault arrays in sands. A) Northern end of the western wall, 2016. Bedding dips are all 80-70° to the south (Figure 2B), the
beds in the right side of the image appear overturned only because of the wide viewing angle. Stereoplots in Figure 64. B) Eastern end of the northern wall, 2020.
Note that the photo was taken oblique to the wall, approximately in strike direction of the layers. Stereoplots in Figure 6E

5. dbra. Uledékképzidéssel egyidejii normdlveté-rajok a homokban. A) A Ny-i fal északi vége 2016-ban. A rétegddlés végig délies, 70-80° koriili, a kép jobb oldaldn a
rétegek csak a széles ldtoszog miatt tiinnek dtbuktatottnak. A vetdk sztereogramja a 6A abran ldthato. B) Az északi fal K-i vége 2020-ban. A fénykép nem a falra
merdlegesen, hanem ferde szogben, a rétegek csapdsirdnydban késziilt. Sztereogram a 6E abran

Normal faults sands, composed of marls and calcareous silts) and in the

lowermost 15-20 m of the sands. An example just above the

Arrays of originally normal faults, both antithetic and  marl/sand boundary was shown by KONRAD & SEBE (2010)
synthetic, were recorded in the uppermost few metres of the  (Figure 6C). The deeper parts of the succession have not
calcareous marls (in the transitional interval towards the been exposed in large surfaces, so faults, even if existent,
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?strike-slip faults in sands backtilted

©

normal faults in sands

normal faults in marls backtilted

el

backtilted

normal faults in sands

backtilted 908 o .'.= 3 591900

Figure 6. Spatial orientation of normal and strike-slip faults
6. dbra. A normalvetok és eltolodasok térbeli helyzete

could go unnoticed. The fault arrays occur in subvertical
layers and thus appear mostly as reverse faults today, but
their geometries and their orientation relative to bedding
suggest that they formed as faults with normal component
before the tilting of the succession. Therefore, their present
dip data were backtilted with the local bedding dips to inves-
tigate their original orientation.

Faults in the sands are distributed at a few tens of cm
from each other and have displacements of a few tens of cm
(Figure 5). Strictly speaking, all types of faults in the sands
are deformation bands; however, for the sake of simplicity,
we refer to them as faults. As bed boundaries in the sand are
uneven and rather diffuse, it is hard to say if beds systemati-
cally thicken along one side of a certain fault. Nevertheless,
the faults, which have relatively low dip angles today, die out
and are sealed upwards, suggesting syn-sedimentary move-
ment. The sense of movement was mostly normal in these
cases, but also some reverse slips occur.

If backtilted with the local bedding dip, the faults have
ENE-WSW or NE-SW strikes and their dips reach relative-
ly steep angles, close to vertical (Figure 6A, C, E). Inthe NE
wall, the faults now appear as north-dipping reverse faults,
but their dip angles show too large scatter (Figure 5B, Fig-
ure 6F). If backtilted with the local bedding, their orienta-
tions give a symmetrical pattern typical of fault arrays with
normal component (Figure 6E). The backtilted pattern is si-
milar for the centre of the northern wall (Figure 6C). Slick-
enlines are not preserved in the coarse sands, but the rela-
tively steep dip angles and occasionally opposite (inverse
instead of normal) movement directions of some faults refer
to oblique — normal plus strike-slip — movement of the fault
arrays. So do flower structures like the one shown by KLEB

3;':, negative flower
*_structure in
Kleb (1973) »~

normal faults in sands

backtilted

(1973, figure 19). In the western wall, gently west- and east-
dipping faults show dominantly strike-slip displacement to-
day (Figure 5A); if backtilted, most of them become normal
faults as well, with strikes similar to the previous two loca-
tions (Figure 6A). Differently oriented further faults in this
wall may point to multiple deformation events. Less steep
south-dipping faults might have formed as reverse faults as
well during the tilting (folding) of the succession.

In the uppermost part of the marls, faults with originally
normal component appear at varying distances from each
other (Figure 7). At present, single faults could also be inter-
preted as reverse faults, but their convergence and merging
downsection (towards older layers) (Figure 7B) indicates
that they belong to normal fault sets. They often crosscut on-
ly a few layers (Figure 7A), sometimes they form antithetic
pairs. Although in cross-section they appear as normal faults,
slickenlines indicate oblique, dominantly strike-slip dis-
placement (Figure 6D).

Faults with normal component are restricted to a rela-
tively small interval of the sedimentary succession, and this
evokes the conclusion that they formed during the same de-
formation event, in the same stress field. The features point-
ing to normal displacement indicate that they were created
before the tilting of the succession. Besides being syn-sedi-
mentary, relatively short normal faults — crosscutting only a
limited number of layers — can also form along fold hinges
due to local stretching (fold-accommodation faults), in a
buried position. It cannot be excluded that normal faults
around the marl/sand boundary were created this way during
the folding of the succession. The asymmetry of some fault
groups in backtilted position (e.g., in the marls, Figure 6D
and Figure 7B) may refer to compression-related (syn-tilt)
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P,

Figure 7. Tilted normal faults (light red) and post-sedimentary thrusts between repeated layer packages (green, partly along bedding planes) in marls and silts.
A) Central part of northern wall, 2015. B) Detail of a parallel outcrop ~40 m to the west, 2020; hammer for scale. The sense of thrusts (whether originally north-

or south-vergent) could not be identified

7. dbra. Kibillent normdlvetdk (pirossal jelolve) és ismétloda rétegesoportok kozti késbbi feltoloddsok (zold, részben réteglapok mentén) a pannéniai mészmdrgasorozat
felsd részében. A) Feltdrds az északi fal kozépsd részén 2015-ben. B) Az elozotdl nyugatra kb. 40 m-re hiizodo parhuzamos feltards részlete, 2020. Nem volt megdallapithato,

hogy a feltoloddsok eredetileg észak vagy dél felé mozogtak

formation. No obvious bed thickening could be observed in
the succession along faults, which could be decisive in this
case. However, the appearance of normal faults in a concave
curvature, like the one above the 1 msign in Figure 7A, point
to syn-sedimentary movement.

Despite the narrow stratigraphic range of the normal
faults, their original, backtilted orientations show quite large
scatter even in this relatively small area (Figure 6). This does
not necessarily mean that they were created during separate
deformation events. An explanation for this may be the dif-
ferent competence of the marls and the sands. Another factor
that complicates the picture is that the sand pit lies on the
front of a basement block projecting south from the main
body of the mountains, between the Pécsbanya embayment
in the west and the mountain foreland in the east (Figure I).
This geometry caused different folding (tilting) directions in
the Neogene sediments around the basement block, the
strike orientations of tilted beds show an arcuate pattern
(Figure 2). Although the backtilting of earlier faults with the
local bedding dips should eliminate the effect of different
folding directions, the irregular mountain front geometry
still could have caused locally varying orientations of earlier
fault groups as well. This setting warns us not to differenti-
ate too many deformation events based on small differences
in fault orientations.

Strike-slip ? faults

In the western corner of the northern wall, steep, subpa-
rallel faults with westerly dips were observed (Figure 8,

Figure 6B). Their apparent displacements attain a maxi-
mum of a few tens of cm. Some of them have normal, some
others reverse sense; this may refer to strike-slip movement
for the whole fault array. It is uncertain which fault group
and deformation event they belong to. They are located very
close to the tilted normal faults of the western wall, but they
have different orientations (Figure 6). In case these two fault
groups are coeval, the strike-slip faults could have acted as
tear faults between normal ones. They could have formed
posterior to tilting as well, but their orientation does not fit
into a common stress field with the reverse faults.

Figure 8. Possible strike-slip faults near the western end of the northern wall.
Stereoplots in Figure 6A. Note the varying apparent reverse and normal
separation along the set

8. dbra. Valoszinii eltoloddsok az északi fal nyugati végében, vdltozo irdnyi
ldtszolagos elvetéssel. Sztereogram a 6. A abran
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Reverse faults

Reverse faults were observed in the Pannonian deposits,
both in marls and sands. Their size is variable, the smallest
ones crosscut only a few layers, while the largest ones dis-
place sediment packages with tens of metres of thickness.

Small faults can be observed in the Pannonian calcare-
ous marls, which crosscut layers and often terminate at bed-
ding planes (Figure 9). They appear as normal faults in their
present position, in the subvertical marl layers. However, the
rounded shape of the striations (‘“‘soft striae”) refers to an
early formation of the faults, before the complete lithifica-
tion of the deposit. If backtilted with the local bedding dip
(170/80), they point to SSE-vergent thrusting. A minor
sinistral component is indicated by the slickenlines. No ten-
sional features have been observed that post-date the large-
scale folding and tilting of the succession, and the backtilted
orientation of the studied faults fits the compression direc-
tion for the area, so they are most probably reverse faults that
formed at the onset of shortening, before the folding of the
succession.

Reverse faults crosscut the sands both in the western and
in the northeastern wall of the sand pit (Figure 4). They oc-
cur atirregular intervals. Due to the lack of slickenlines, it is
not possible to measure the exact slip direction along them;
their visible displacement is usually only a few tens of cm.
Most of the reverse faults must have formed when the layers
had already reached their present-day (tilted) position. There
was a group of reverse faults in the NE wall that enclose
acute angles (20-30°) with the bedding (Figure 4C, G). If
completely backtilted with the bedding, their orientation is
still asymmetric (Figure 4H). They become symmetrical at
an intermediate stage of tilting between the original and the
present bedding dip; thus, these can be syn-tilt features.

Figure 9. Small faults in the calcareous marls. A) Field photo of the originally
reverse, now tilted faults; B) their orientation in stereoplot; C) orientation back-
tilted to supposed original position

9. dbra. Kis vetok mészmdrgaban. A) Az eredetileg rdtoloddsos, kibillent vetdk tere-
pi képe; B) sztereogramjuk; C) visszabillentett, eredeti helyzetiik sztereogramja

The upper part of the Pannonian marls seems to be most
affected by reverse faulting. In most cases outcrop conditions
did not allow us to follow the exact trace of faults, but it was
possible to notice displacement or repetition of layers. Slip
planes often include bedding planes along parts of their
lengths (Figure 7, Figure 10B). A few m thick intervals were
observed to be repeated in the uppermost marl and silt lay-
ers, where slip happened mostly along bedding planes (Figure
7). The vergency of thrusting — whether originally north- or
south-vergent — could not be identified. Differences in the
thickness and the number of beds in the sedimentary succes-
sion at various locations in the sand pit also refer to partly
bedding-parallel thrusting. The interval between a tuff layer
(205 according to bed numbering in SEBE et al. 2021) and the
transitional, yellowish marl and calcareous silt interval
capping the “white marls” (from layer 218) is 9 m thick in the
centre of the sand pit, and includes two green clay — sand —
green clay packages (Figure 10A). It is only 5.5 m thick in
the NW part, with one clay-sand-clay package and another
clay layer missing there. In the seemingly conformable suc-
cession brecciated intervals occur from place to place, and
apparently continuous and undisturbed layers may change
their thickness or disappear along strike (Figure 10A). A
major thrust fault was exposed by excavations in the central
part of the sand pit in 2012, along which a wedge-like body
of the succession is repeated (Figure 10A (background) and
C, marked with arrows). The fault plane has a dip of
approximately 60° towards the SE in its present orientation,
while backtilting with local bedding dip gives an original
dip towards the NE at the time of its formation. Drag of
layers along the plane indicates presently top-to-SE normal,
originally SW-vergent reverse movement.

Folds

Folds are not widespread in the sand pit, but some fea-
tures point to large-scale folding. Bedding dips in the entire
sand pit give the general view of a large south-vergent asym-
metrical anticline, with its southern, subvertical limb mak-
ing up the northern wall of the sand pit, and a connected syn-
cline within the sand pit, with its lower, subhorizontal limb
lying below and to the south of the sand pit (Figure 2E, Fig-
ure 11C). This picture is in accord with the model proposed
by CsonTos et al. (2002). The fold axis is somewhat curved,
as shown by the laterally changing strike of the layers
(Figure 2). The fold amplitude must exceed 100 m; thus, the
curvature of the layers is rarely visible in outcrops of limited
size. One such location is in the northern wall, where land-
slides exposed vertically more extensive outcrops than else-
where, making the arcuate shape of the calcareous marl lay-
ers visible (Figure 7). Here only a small section of the fold is
exposed, thus the fold can be either an overturned or a re-
cumbent one; it is not possible to exactly assess the position
of the axial plane. The dip of the steep sand layers in the
western wall also somewhat increases upwards.

In the trench the lower part of the Pannonian marls and
the upper Sarmatian deposits have diverse lithologies. These
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Figure 10. Reverse faults in Pannonian calcareous marls and silts in the central part of the northern wall (A, C: 2012; B: 2016). In fig. C, arrows indicate the location
of thrust plane. D) Stereoplot of the major fault plane marked with arrows in A and C. E) The same, backtilted with local bedding dip

10. a@bra. Ratoloddsok a panndniai mészmdrgadsszlet tetejében az északi fal kozépsd részén (A, C: 2012; B: 2016). A C abrdn a nyilak a rdtoloddsi sik helyét mutatjak. D)
Az A és C dbra nagy, nyillal jelolt vetdsikjdanak sztereogramja. E) Ugyanez a helyi rétegddléssel visszabillentve

preserved signs of bedding-plane shearing, which can be relat-
ed to folding (Figure 11A). Where a competent rock type (hard
calcareous marl or limestone) was enclosed by incompetent,
soft layers (clays, clay marls), it became dissected by fractures.
The produced dominoes got rotated, and the rotation direction
is opposite to what would be produced by simple southward
thrusting (Figure 11B). Instead, it speaks for flexural slip along
bedding planes in a fold limb (Figure 11C).

Folding is visible in the sands as well (Figure 3, Figure 4).
In the western wall, the same sand layers become somewhat

0° Shearing along bedding planes

/).

reverse faulting

folding (flexural slip)

Figure 11. A) Rotated limestone dominoes between clay and marl layers in the
eastern wall of the trench; B-C) possible models to explain their formation

11. d@bra. Mészkdréteg nyirds hatdsdra elfordult darabjai agyag- és margarétegek
kozt a kutatodrok keleti falaban; B-C) keletkezésiik lehetséges magyardzatinak
modellje

steeper upwards, i.e., they seem to be gently folded. The
northern end of the unconformity surface within the sands is
also bent upward, indicating that the uplift and southward
thrusting of the hanging wall and the induced folding con-
tinued after the formation of the unconformity.

Some previous fold observations need to be reevaluated
based on the new observations. The “fold with subvertical
axis and several tens of metres of radius” reported by KON-
RAD & SEBE (2010) is now interpreted to have been produced
by mining-related landsliding, and the “heavily folded cal-
careous marl layer in green clay” within the same structure
is now explained by pedogenic precipitation instead of
deformation.

Discussion

Deformation events

The observed structural features can be arranged in chro-
nological order, and they define several deformation events.

1. Pre-tilt features

The earliest event happened before the tilting and fold-
ing of the sediments and is represented by the observed nor-
mal fault sets in the marls and sands (Figures 5, 6, 7) and the
negative flower structure of KLEB (1973, fig. 19) in the sands.
These features indicate syn-sedimentary transtension, which
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ceased shortly after the onset of sand accumulation. Based
on fault orientations, the main extension direction is estimat-
ed to be NNW-SSE to NW-SE. Tentatively, strike-slip faults
in the sands (Figure 8) can also be assigned to this event.

A part of the shortening-related structures also pre-dates
tilting, namely reverse faults in the marls (Figure 9). These
can be linked to the start of compression (already during
sand deposition), with NNW-SSE shortening.

2. Syn-tilt features

The majority of structures in the sand pit is connected to
the large-scale syn-sedimentary compressional deformation
of the deposits and fit the model of folding above a blind,
south-vergent thrust fault proposed based on scarce data by
BENKOVICS (1997) and CsoNTos et al. (2002). Bedding dip
directions and reverse fault orientations refer to N-S or
NNW-SSE compression during deformation. Folding of
the succession caused bedding-plane slip and shearing-re-
lated block rotation in the already deposited marl layers
(Figures 7, 11), while the sand layers accumulating during
that time acquired gradually changing bedding dips and ta-
pering shapes, thickening towards the south (Figures 2, 3).
In the sands some reverse faults formed during the folding
process and were then further tilted together with the sedi-
ments (Figure 4C, G, H). Erosional truncation of the folded
succession produced a sharp unconformity surface in the
sands. This angular unconformity can be correlated with the
one photographed by VADASZ (1960, p. 255), BARTHA (1971,
p. 144) and JuHAsz (1987, unpaginated table after p. 336).
Considering the areal extent of the sand pit at that time, the
photos were likely taken in the eastern third of the present-
day sand pit. The unconformity thus can be followed for ap-
proximately 500 m in the E-W direction. As this surface is
overlain by the same lacustrine sands that make up the suc-
cession below the surface, i.e., subaqueous sedimentation
returned, temporary erosion and renewed submergence can
be explained at least partly by lake level change and not just
by vertical tectonic movements (i.e., lake level fall and rise,
or tectonic uplift, then lake level rise). The facts that there
are no pedogenic features along the unconformity surface
and that the lithofacies of the sands below and above it is
identical suggest that emersion and erosional truncation of
the lower unit must have been fast.

3. Post-tilt features

Folding continued after the renewal of sand deposition,
shown by the upward bending of the unconformity surface.
Gently north- and south-dipping reverse faults in the sands
indicate that NS oriented shortening continued after the
layers have reached their present-day dips.

Age of deformations

BENKOVICS (1997) and CsoNToOS et al. (2002) placed the
shortening between the “lower” and “upper” Pannonian,
while KLEB (1973) wrote that the unconformity lies within
the “upper Pannonian” sands. Based on new palaeontologi-

cal results (BOTKA et al. 2021), now the age of deformations
can be confined using time-calibrated mollusk biostrati-
graphy. The mollusk association in the sand refers to the
younger part of the Lymnocardium conjungens littoral
mollusk biochron (9.6-11.0 Ma; Botka et al. 2021). The un-
derlying marls are dated into the youngest part of the Lymno-
cardium schedelianum sublittoral mollusk biochron (11.45-
10.2 Ma). Therefore, the age of the sands is estimated to
10.2-10.0 Ma (Botka et al. 2021). Extension could have
happened at the beginning of this interval, while compres-
sion dominated most of the time afterwards. Folding and
related features were syn-sedimentary, i.e., still before 10.0
Ma, somewhat earlier than the dating suggested by CSONTOS
et al. (2002) (“late Pannonian”). Post-tilt shortening may
have happened any time afterwards.

Geodynamic interpretation

The interpretation of the described deformation events
in a geodynamic framework is rather complex. The observed
pre-tilt NW-SE transtension along the Mecsekalja Fault
Zone before or around 10 Ma is in accord with the coeval
event along the same fault zone deduced by CSONTOS et al.
(2002, fig. 15) from a nearby geological cross-section at
Pécsszabolcs, just west of the Danitzpuszta sand pit. Further
observations (SEBE & MAGYAR, submitted) show that sedi-
mentation during the earliest Pannonian occurred in fault-
controlled subbasins near the mountain fronts in the Mecsek
Mts, similarly to the Transdanubian Range (FopOR 2008,
FoDoRr et al. 2021). These could mean that fault-controlled
syn-rift extension did not cease in the middle Miocene in the
region, as suggested by BALAzS et al. (2016), but continued
into the early late Miocene. Alternatively, the mentioned
events may belong already to the post-rift phase, implying
that fault activity continued in the region even in this phase
generally characterised by thermal subsidence and modest
deformation (e.g., HORVATH et al. 2006).

The ~N-S compression driving the progressive tilting,
folding, truncation and reverse faulting of the sediments
started between 10.2-10.0 Ma, and is again difficult to
evaluate. The “post-Sarmatian inversion event” proposed by
HORVATH (1995, 2007) might fit in time with the Danitz-
puszta compression features. This short inversion phase was
described to be manifested in a basinwide unconformity,
folding and uplift of pre-Pannonian rocks, the erosion of
Sarmatian deposits and non-deposition of early Pannonian
rocks, and placed in time between the latest Sarmatian and
the early Pannonian, ~12-9 Ma (HORVATH 1995, 2007;
FoDOR et al. 1999; HORVATH et al. 2006). It was attributed to
the docking/soft collision of the eastward moving basement
of the Pannonian Basin onto the European margin when
subduction stopped under the Eastern Carpathians and
consequently rifting also ceased in the basin (HORVATH
1995, 2007; BALAZS et al. 2016). In NW Croatia, TOMLIE-
NOVIC & CsoNTOs (2001) reported late Sarmatian, pre-
Pannonian (~12-11 Ma) shortening, while CSONTOS et al.
(2002) described folding and erosion at the Sarmatian-
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Pannonian boundary in the northern foreland of the Mecsek
Mts. However, observations in the Serbian part of the Pan-
nonian Basin, where compressional structures are lacking
near this horizon, speak against a basinwide, contemporane-
ous inversion event (MATENCO & RADIVOJEVIC 2012). The
10 Ma event at Danitzpuszta is very close in time to the end
of the rifting in the Pannonian Basin as proposed by BALAZS
et al. (2016); i.e., the syn-/post-rift boundary. However, the
NNW-SSE compression direction in the Mecsek makes it
difficult to regard this the “post-Sarmatian inversion event”,
which was characterised by E-W shortening (FODOR et al.,
1999). Local north-southerly compression (or transpression)
could be caused by a right-lateral (constraining) activity of
the entire Mecsek transpressive wedge, as proposed for the
neotectonic inversion phase due to the Adria push by CsON-
TOS et al. (2002).

The other candidate, neotectonic basin inversion started
~8.5-8 Ma years ago in the SW Pannonian Basin based on
new data and on published ones re-calibrated using mollusk
biostratigraphy (SEBE & MAGYAR submitted, based on data
from TOMLIENOVIC & CSoNTOS 2001, FODOR et al. 2005, UH-
RIN et al. 2009, MATENCO & RADIVOIEVIC 2012, SEBE et al.
2020), much later than the deformation documented in the
sand pit. Thus, shortening at the Pécs-Danitzpuszta site can
be related to the Africa (Adria) — Europe convergence based
on the compression direction, but within this process it is
difficult to correlate it with other deformation events in the
SW part of the Pannonian Basin; it pre-dates the events in
the region, which were interpreted to be linked to the onset
of neotectonic basin inversion.

Conclusions

The Pécs-Danitzpuszta sand pit exposed numerous struc-
tural features — tilted beds, faults and folds — from an interval
of the Neogene sedimentary succession of SW Hungary,
which is strongly underrepresented in surface outcrops. The
measurement of the features and the examination of their re-
lationships allowed us to discern two closely succeeding de-
formation events, while the dating of the deformed sedi-
ments with mollusk biostratigraphy enabled us to constrain
their timing. At the beginning of the time interval between
10.2-10.0 Ma, NNW-SSE extension (transtension) created
normal fault sets and negative flower structures and possib-

ly strike-slip faults in the Pannonian marls and the lower-
most part of the Pannonian sands. Right thereafter, still in
the early part of the mentioned time interval, NNW-SSE
compression ensued and has continued to dominate the area
ever since. Deformations under this stress field started with
small-scale reverse faulting in the Pannonian marls. They
continued with the folding of the succession, driven by
south-vergent thrusting of the mountains towards their
southern foreland. Folding created bedding-plane slip and
shearing-related block rotation in the already deposited
middle and upper Miocene marl layers and continuously
varying bedding dips, southward thickening layer shapes
and reverse faults in the Pannonian sands. In the formation of
an angular unconformity within the sands, lake level changes
of Lake Pannon must also have played a role besides com-
pression. Continuing shortening is shown by the bending of
the unconformity and additional post-tilt reverse faults.

The observations show that extension- or transtension-
related fault activity lasted here up to the late Miocene,
though its assignment to the syn- or post-rift phase of the
geodynamic evolution of the Pannonian Basin is uncertain.
The linkage of the following compressional deformation to
the post-rift phase or to the late-stage inversion of the basin
cannot be confirmed, either. The compressional event can-
not be correlated regionally; it pre-dates basin inversion-re-
lated events reported from the region so far.
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Események, rendezvények

Beszamol6 a X. Karpat-medencei Osszegyetemi
Terepgyakorlatrol
Papuk, Horvatorszag, 2021. augusztus 23—-29.

A 2011-ben létrejott program célja kiemelked§ hazai és kiilfoldi
foldtani szaktekintélyek egylittmiikodése révén a hazai foldtudoma-
nyi képzésben részt vevs egyetemi hallgatok részére, évente véltozd
helyszinekkel egy kozos, nydri, foldtani terepgyakorlat szervezése.
Az 6sszegyetemi terepgyakorlatok a hallgatékat komplex gondolko-
désra és gyakorlati feladatok megoldédsara 6sztonzik, amellyel mind a
terepi 1atdsmodjuk, mind a problémamegoldd készségiik fejlédik.
Tovédbbd a program célja a hallgaték kapcsolati rendszerének bdvi-
tése is, valamint egy olyan szakmai mihely létrehozdsa, amely
szervesen kotddik a Magyarhoni Foldtani Tarsulathoz, a foldtannal
foglalkoz6 szakemberek szakmai kdzosségéhez.

Idén tizedik alkalommal vettek részt kozos terepgyakorlaton a
hazai egyetemek foldtudomany szakos hallgatéi és az évente meg-
rendezésre keriil§ programhoz rendszeresen visszatérd, mar palya-
kezd®6 fiatalok. Augusztus 23. és 29. kozott egy felejthetetlen hetet
toltott el a kozel 20 résztvevd, idén elészor a horvatorszagi Papuk-
hegységben. Kiilon 6rom, hogy a programon egyre tobben vesznek
részt vidéki egyetemekrdl érkezett vagy ott végzett hallgatdk (kozel
2/3). A részt vevk nagy izgalommal — sokan mdr régi baritként —
érkeztek meg hétf6n, a nulladik napon a Zirci Ciszterci Apdtsag pécsi
széllashelyére, ahol egy ismerkedési est varta Sket.

A X. Karpét-medencei Osszegyetemi Terepgyakorlat hatnapos
programja augusztus 24-én reggel indult. Az els6 nap koriilbeliil
haromords busziit vért rdnk, mig megérkeztiink jankovaci szalla-
sunkhoz, ahol az els§ két nap terepi vezetdi, a Horvat Geoldgiai
Szolgalat, valamint a Zagrdbi Egyetem képviseletében Marija
HorvAT, Adriano BANAK és Uro§ BArRUDZUA fogadott minket. A
jankovaci parkerd6ben feldllitott papuki elvi rétegoszlop koriil
allva elsajatithattuk a hegységrdl rendelkezésre 4ll6 alapvetS fold-
tani, rétegtani és szerkezetfejlddési ismereteket. Ezutdn a Papuk
UNESCO Geopark tandsvényeinek feltdrdsait 1dtogattuk meg. Az
elsé napon tridsz dolomit, permotridsz sziliciklasztos kdzetek és
prealpi metamorf képz6dmények keriiltek teritékre. A nap végén
pedig Kutjevo vdrosaban vettiink részt borkéstolon, Horvétorszag
legnagyobb miiltu (a 13. szdzadban alapitott) és legnagyobb terii-
leten (>800 ha) mi{ikod6 bordszatdban, ahol megkdstolhattuk a
Kérpat—Pannon-térség legjobb olaszrizlingjeinek (horvétul grase-
vina) egyikét. A mdsodik napon a Papuk kréta vulkéni és telér-
k&zeteivel, variszkuszi granitoidokkal, valamint a hegység tridsz
karbonatkomplexumédval ismerkedtiink meg. A harmadik napon
Marijan KOVACIC vezetésével tanulmédnyoztuk a Papuk, a Krndija
és a Dilj hegységek miocén (als6 miocén, badeni, szarmata,
pannéniai) rétegsordt. A negyedik napon csatlakozott hozzéank a
Papuk UNESCO Geopark munkatdrsa Goran PAvIC, aki egy 28
km-es gyalogtiirara invitdlta a csapatot. A tdra célja a Papuk termé-
szeti értékeinek (geoldgiai és geomorfoldgiai érdekességek) meg-
ismerése volt. A tirsasdg megmadszta a 913 méter magas Ivacka
Glava csicsot, Velikdba érve pedig megtekintette a ,,House of the

Pannonian Sea” fosszilia-gy(Gjteményét. Az 5. napon a Pozsegai-me-
dencébe latogattunk, ahol meghivtik arésztvevdket a,,Polytechnicin
PoZzega” gyakorl6 pincészetébe. Az oktatdsi intézményben egyene-
sen az ott dolgozé szakoktatoktol és helyi didkoktdl ismerhettiink
meg a szlavoniai sz6lészet és bordszat részleteit a homoktalajos
diiloktdl a finom borokig. Ezutdan megtekintettiik Pozsega vérosat. A
6. napon a kordbban tervezett villanyi terep helyett még Horvat-
orszagban maradtunk, ugyanis az el6z8 napi programon felhivtdk a
figyelmiinket egy feltételezhetGen szarmata, gerinces faunit tartal-
maz6, felhagyott homokbanyira. fgy kaptunk az alkalmon, és meg-
latogattuk a lelShelyet, ahol kedviinkre gydjtogethettiink fog- és
csontmaradvanyokat, valamint koprolitokat. Miutan kidstuk magun-
kat a homokbdl, megindultunk hazafelé. Végiil Pécsett valtak el
utjaink egymadstol, azonban csupdn abban a reményben, hogy egy év
mulva a Tokaji-hegységben 1jbdl taldlkozunk.

A terepgyakorlat nem johetett volna létre, ha nincsenek lelkes
tdmogatdink, ezért szeretnénk nekik koszonetet mondani: Ma-
gyarhoni Foldtani Tarsulat, Horvat Foldtani Szolgélat, Zagrabi
Egyetem, Papuk UNESCO Geopark, Papuk Természeti Park, Geo-
Log Kornyezetvédelmi és Geofizikai Kft., Hantken Miksa Alapit-
véany, GeoLitera, Geomega Kft., KRILL Zrt., Papp Simon Alapit-
véany a Hazai Szénhidrogénfoldtani Oktatdsért, Biocentrum Kor-
nyezetvédelmi és Vizgazddlkoddsi Kft.

Szeretnék koszonetet mondani tovabba a terepgyakorlat 6sszes
vezetGjének és a két f6szervezdnek, BoTkA Dénielnek és SZEMERE-
DI Miténak, valamint SIMON Istvdn kordbbi Ifjusdgi Bizottsagi
elnoknek is.

A terepgyakorlat kirdnduldsvezetdjét letolthetik az aldbbi lin-
ken: http://foldtan.hu/hu/kirandulasvezetok. A terepgyakorlaton
késziilt képek az aldbbi helyen érhetSk el: http://mftib.blogspot.
com/p/iii-osszegyetemi-terepgyakorlat.html

MIKLOS Dora Georgina
MFT IB elntk

11. Kdzettani és Geokémiai Vandorgyiilés, Sopron,
2021. szeptember 2—4.

A tavalyi év helyett idén keriilt csak sor a 11. KGVGY-re
Atalakuldsok cimmel, ahol a vulkanolégia, képenylitoszféra, xe-
nolitok, granulit, leukofillit, karbonatit mellett sz6 volt csepp-
kovekr6l, izotdpardnyokrdl, hidrogéntarolasrdl, reaktivtranszport-
modellezésrol, nanoSrleményekrdl, permokarbon képz6dményekrol,
mikromineraldgiardl, titanitrél, névlegesen vizmentes dsvanyokrol.
Ezenkiviil még szerkezetfoldtani ismeretekkel és modellekkel is
gazdagodhattunk. Csak felsoroldsszer(ien, a teljesség igénye nélkiil, a
Biikki-paraautochtonon, Szamar-hegyen, Zemplénen és Borzsonyon
kiviil késziiltek tanulmédnyok a Pajzsi Komplexumrdl, a Firiza
bazaltrél, Sumovit Grebenrél, Orotvardl és Oldoinyo Lengairdl. ..

Az idei rendezvényt a metamorf kézettannak szenteltiik. A két
eladdi nap kozott egy, a Soproni-hegység metamorfitjait bemu-
taté szakmai kirdnduldson vettiink részt, amit a teriilet legjobb
ismerdje, TOROK Kdlman vezetett. Gneiszek, csillimpaldk, leuko-
fillitek kontaktusait, egymashoz valé viszonyait, metamorf fejls-
déstorténetiiket, valamint kapcsolataik és dtalakulasaik bizonyta-
lansdgét ismertiik meg.
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J6 hangulatd, csalddias rendezvény volt 78 regisztrélt részt-
vevovel, plusz segit6kkel, amely eseménynek az Eotvos Lordnd
Kutatdsi Hal6zat Foldfizikai és Urtudomanyi Kutatéintézet adott
otthont. A feszitett menetrend ellenére sokat tanultunk, megismer-
tiilk egymds futé munkdit, jokat vitaztunk, taldlkoztunk, beszél-
gettiink, ettiink és kirdndultunk.

Mint minden évben, a 30 év alatti hallgatok/kutatdk eladéasai
és poszterei is megmérettettek. Els6 el6addi kategéridban HALASZ
Noémi és PANCZEL Emese lett megosztott 1. helyezett, mig Ali
SHEBL Ali ELSHAZLY RADY 3. helyezést ért el. Tapasztalt el6ado-
ként 1. helyezett GAL Péter, 2. helyezett FEHER Kristdf, 3. helyezett
CSERESZNYES Déra lett.

Taldlkozunk jovére Aggteleken, a 12. K&zettani és Geokémiai
Viéndorgytilésen, amelyet a Csillagdszati és Foldtudomanyi Kuta-
tokozpont Foldtani és Geokémiai Intézet fog szervezni.

KIRALY Edit

24. Magyar Oslénytani Vandorgy(ilés
2021. szeptember 9—11.

Immar 24. alkalommal rendezte meg a Magyarhoni Foldtani
Tarsulat Oslénytani és Rétegtani Szakosztdlya a Magyar Oslény-
tani Vandorgy(ilést. A rendezvényt évrdl évre mashol tartjuk, igy a
helyi Gslénytani és rétegtani sajatossdgokat a helyszinen tudjuk
megvitatni, megismerve a Karpat-medence fontos geoldgiai ob-
jektumait. Ezittal a Zempléni-hegységben, Nagyhutan voltak az
el6adési napok. A rendezvény szinhelye a kozség melletti KSkapu
Vadiszkastély és Hotel volt. A konferencidhoz kapcsolédé egy-
napos buszos terepbejaras ezuttal a Pilhaza—Erd6bénye—Vizsoly—
Téllya dtvonalon tortént. A teriilet sajatossdgai miatt a terepi prog-
ramban kainozoos lel6helyek megtekintése szerepelt, kiilon kie-
melve a legijabb rétegtani eredményeket, melyekrSl SZEPESI Janos
irt kirdnduldsvezetSt és HARANGINE LUKACS Réka szdmolt be. A
terepi megdlldhelyek révid bemutatdsa az 52 oldalas konferencia-
kiadvany kotetében taldlhato.

A jelentkez6k szama 54 f6 volt, akik 21 hazai és 2 kiilfoldi
intézmény képviseletében vettek részt a rendezvényen, illetve mu-
tattdk be az elmult év legérdekesebb Gslénytani eredményeit. A
rendezvényt a Magyarhoni Féldtani Tarsulat Oslénytani-Rétegtani
Szakosztalydnak vezetSsége szervezte FOzy Istvan elnok és Szives
Ottilia titkar vezetésével. A rendezvényhez ebben az évben is kap-
csolddott egy un. ,,0. napi” ismeretterjesztd program, melynek ke-
retében a sdrospataki MNM Rékdczi Muzeuméanak Lovagtermé-
ben tartott el6adast FOzy Istvan. Az el6adds el6tt a helyi televizié
is interjut készitett az el6addval, a programon 38 {6 vett részt.

A konferencidn a hagyomdnyoknak megfelelGen az elsd és har-
madik napon hangzottak el szakmai el6addsok: a kollégak Ossze-
sen 5 szekcidban 25 el6adast tartottak és 9 posztert mutattak be. A
véltozatos program soran a recens tornddéiiledékektdl a csillag-
hegyi vampiron 4t a tridsz karni pluvidlis eseményig ismerhettiik
meg az aktudlis eredményeket.

Idén keriilt sor a szakosztdly haromévenkénti rendes tisztiji-
tdsdra is. A jeloldbizottsdgot PAZONYI Piroska vezette. A valasztd-
son a bizalmat a kordbbi elnok, FOzy Istvan kapta ismét tjabb
hdrom évre (2021-2024). Mellettilk a Vezetdség tagja maradt
Szives Ottilia titkar, PALFY Jozsef, Ost Attila, BOSNAKOFF Mari-
ann, Uj tagok BOTFALVAI Gdbor és VIRAG Attila, a VezetSség pot-
tagjai MOHR Emd&ke és KARADI Viktor lettek.

A konferencidt a Nemzeti Kulturdlis Alap tdmogatdsdval ren-

deztiik. A tdmogatast részben a terepi program buszkoltségére,
részben az absztraktkotet megjelentetésére forditottuk. Az NKA
palyazati keretbdl lehet&ségiink volt még 6 hallgaté teljes rész-
vételi koltségének fedezésére is. A hallgatdi tdmogatdsra a didkok
a beadott el6adds- vagy poszterkivonattal palydzhattak, az abszt-
raktokat a Magyarhoni Foldtani Tarsulat Oslénytani-Rétegtani
Szakosztalydnak vezetSsége biraltael. A dijakat a kordbbi évekhez
hasonldan az idén is a Hantken Miksa Alapitviny ajanlotta fel. A
dijazottak két kategéridban vehették at jutalmaikat. A hallgatéi
kategdridban az L., I, és a III. helyezést Kicst Anna Réka, SZABO
Kata Alexa és KoLLATI Réka (ELTE) nyerte el. A PhD-kateg6ria-
ban GERE Kinga, MAGYAR Janos és SzaBO Bence (ELTE) voltak a
nyertesek.

A Magyar Oslénytani Vandorgyflés szervezsi 24 éve rendii-
letleniil elkotelezettek a haladé hagyomanyok dpoldsa mellett; igy
a fiatal generdcié tagjai és a pdlyakezddk segitséget, Otleteket és
szakmai tdmogatdst kapnak a tapasztaltabb kollégakt6l. Eziton is
koszonjlik az NKA, az MFT és a Hantken Alapitvany timogatasat.

SziIves Ottilia
titkar

Kapolcs—Balatonhenye Geotép napi tira
2021. oktéber 10.

A Balaton-felvidéki Nemzeti Park Kapolcsrél indulé Geotdp
napi geotirdjan 10 elszdnt résztvevd indult dtnak az orszdg leg-
kiilonb6z6bb pontjairdl (Monostorapéti, Balatonfiired, Veszprém,
Székesfehérvdr, Sarvar, Szombathely), vdllalva akdr a varhat6
egész napos esot és a csaknem 14 km hosszu tdvot.

A tura el6tt bemutatdsra keriilt a Magyarhoni Foldtani Tarsulat
és a Foldtani Intézet térségre vonatkozé 4 ismeretterjeszts fold-
tani—f6ldrajzi kiadvanya.

Szinte hihetetlen médon az esé elkeriilte a csapatot, és tiszta ki-
latasnak oriilhettiink a Kirdly-k6 bazaltoszlopainak tetejérdl elénk
tarul6 Dorogdi-medencére és a Déli-Bakony vulkdni hegyeire.

Menet kdzben atléptiink szdmos hatart:

— A Déli-Bakonyban fekv$ Kapolcsrdl atgyalogoltunk a Bala-
ton-felvidékhez tartoz6 Balatonhenyére,

— abazalt haz4jabdl eljutottunk a karbonatos kzetek szigetére
(mely egykor valéban sziget volt a Pannon-t6 birodalméban),

—jartunk a Balaton-felvidéken mintegy 60 km hosszan végig
hizédo és 1,5 km mélységig lenyild Litéri-torés feltolddési sik-
janak mindkét oldalan,

—néhdny szdz méteren 3 kozettani hatért, és kozel 50 millié
évet hagytunk a hatunk mogott,

— és végiil, de nem utolsdsorban sajat hatdrainkat is feszeget-
tilk: egyik tdratdrsunk cip8jének mindkét talpa levélt menet koz-
ben...

Az, hogy 6 végig tudta jarni ezt a tirat, azért volt lehetséges,
mert

— kitart6 volt, és nem fordult vissza,

— a tobbiek nejlonzacskokkal, kotelekkel (ebbe bugyoldlta a
cip8jét) és buzditdssal segitették,

— és akadt egy veszprémi a csapatban, aki hazavitte Székes-
fehérvirra...

Azt hiszem, igazi csapattd kovdcsolddtunk ez alatt a hét 6ra
alatt, és mindenki sz€p élményekkel és hasznos ismeretekkel gaz-
dagodva mehetett haza.

A geotiirdn késziilt foték albuma az aldbbi linken tekinthetd
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meg: https://photos.google.com/share/AF1QipOQixX3Rr8yH3d
82KrKeWP_Y468qzL71rw9nObv1712663AyV8-
bj2jUdbhF7_sxQ?key=eDhCc2w3b09CNUtpVmhZSFhheERSX
zNZZndvVEp3

SARDY Julianna

Beszamolé a rudabanyai terepgyakorlatrol
2021. oktéber 16.

Jo szerencsét! koszonéssel kezd6dott a szombat reggeli taldl-
kozas Rudabdnydn, a Banyészattorténeti Mizeum el6tt, ahol a par-
koléban a geolégusok egymadst vartak.

Rendkiviil élveztiik az elsS, nem iskola dltal szervezett terep-
gyakorlatot, amelyen részt vettiink. Mint amilyen az amerikai fil-
mekben, csalddias hangulat, jokedv, figyelem és tudatossag jelle-
mezte a kirdnduldst. Rudabdnydra mar kordbban is szivesen el-
mentiink volna, de foldrajzi helyzete szdmunkra nem kedvezd.
BSc-s hallgatéként sok 4j ismerettel gazdagodtunk, amely a felké-
sziilt oktatoknak és tiravezet6knek koszonhet6 (FOLDESSY Janos
és NEMETH Norbert). Biztosan hasznunkra vélik a megszerzett tu-
dés a jovobeli tanulményainkhoz.

El6szor a Banyaszattorténeti Miizeumba latogattunk el, ahol a
térség banydszati multjat mutattdk be, emellett életnagysagi ba-
nyajarat-rekonstrukcidkat is lathattunk. Meg kell jegyzni, a szte-
reotipidknak ellentmondva, viszonylag nagy szélességtiek voltak.
Innen egy rovidebb kocsikdzds utdn elérkeztiink a banyat6hoz,
mely szemkdpriztatd latvanyt nydjtott, &m hozz4 kell tenni, hogy
az id6jdrds is a mi oldalunkon allt. Itt a kornyék foldtandra for-
ditottunk nagy figyelmet, ami igencsak részletesen volt elmesélve,
am le kell szogezni, hogy amilyen bonyolultnak tlint, nem is meg-
lepS. Nem tudtuk, hogy az itteni érctelep voltaképp nem is ,.egy
nagy”, hanem tobb kisebb 1épés sordn keletkezett érctelepek
Osszessége. Szimpatikus volt, hogy nem szdrazon tdlaltdk az infor-
mdcidkat, hanem gyakran példakkal szinesitették a mondanivaldt,
ami segitett a megértésben. Tetszett, hogy a helyszin kutatdsanak
problémads pontjairdl is sz6 esett, igy betekintést nyerhettiink, hogy
milyen bonyodalmakkal kell szimolni egy esetleges firds vagy
mintavétel kdzben.

Duskalhattunk a gy(jthet6 dsvdnyokban is, ilyenek tobbek kozott
a barit, termésréz, pirit, szfalerit, galenit, illetve muszkovit is. Ezeket
az egyes megallohelyeken kalapaccsal a ,,rutin meg az évek” alapjan
konnytszerrel meg lehetett taldlni, ki lehetett szedni. Bizonyos prak-
tikdkkal is segitettek minket, hogy miként lehet elkiiloniteni néhdny
Zn-tartalmu anyagot, amelyr6l még nem hallottunk.

Végiil, de nem utolsdsorban terepiink zaréakkordjaként meg-
latogattuk a vildghiri, Rudabédnyardl elnevezett Rudapithecus
hungaricus Latogatokdzpontot. Itt megfigyelhettiik a teriileten ta-
141t leleteket, a Rudapithecus jelent&ségérdl szo16 kisfilmet, me-
lyet KORDOS Laszl6 professzor riportja mutatott be. A helyszinen a
HERNYAK Gdbor emlékszobra 4llit emléket az egykori rudabédnyai
vasércbdanya f&geoldgusdnak, az el6ember-maradvianyok els6
megtaldléjdnak, akirdl a leletet Gabinak nevezték el.

Osszegezve, csak ismételni tudjuk magunkat, gy éreztiik,
hogy ennél keresve sem taldlhattunk volna jobb elfoglaltsagot egy
atlagos szombati napra, gyarapitottuk tuddsunkat, 4j embereket
ismertiink meg, szimpldn j6l éreztiik magunkat. Eziton is meg
szeretnénk koszonni a lehetSséget.

LESzKkO Mdrton Mildn,
ADAMCSIK Arpdd

Személyi hirek

Kimagasl6 elismerés az ELTE-nek és a magyar hidrogeolégus
szakteriiletnek, hogy a Hidrogeolégusok Nemzetkozi Szovetsége
(International Association of Hydrogeologists, IAH) a 2021. évi
elnoki dijat, a “Presidents' Award”-ot MADLNE SzONYI Juditnak
(MTA doktor, egyetemi docens, ELTE, TTK, FFI, Altalanos és
Alkalmazott Foldtani Tanszék, Toth Jézsef és Erzsébet Hidrogeo-
16gia Professzira vezets, ENeRAG H2020 projekt tudomédnyos
koordindtor) itélte oda. Ez a siker azért is egyediillld, mert ha-
zankban munkélkodé hidrogeolégus elészor részesiilt ebben az
elismerésben.

A kitiintetés dtaddsdra a Briisszelben rendezett 48. IAH Kong-
resszuson (2021. szeptember 6—10.), keriilt sor. MADLNE SZONYI
Judit kitiintetése a felszin alatti vizdramldsi rendszerek megérté-
sében és megismertetésében végzett magas szintii nemzetkozi
munkdjdnak elismerésén alapult. https://iah.org/about/awards/
presidents-award-2021

skoksk

CsAaTH Béla okleveles banyamérnoknek, Tarsulatunk tagjanak
a Miskolci Egyetem rektora Rubin oklevelet adott 4t 2021. augusz-
tus 21-én, kozmegbecsiilésre mélté munkassiga elismeréséiil.
CsaTH Béla a Miskolci Nehézipari Mszaki Egyetem Banyamér-
noki Kardn hetven éve szerzett oklevelet.

A Magyarhoni Foldtani Tarsulat vezetSsége j6 egészséget, erSt
és tovdbbi békés éveket kivan!

Gyaszhir

Féjdalommal tudatjuk, hogy

Martus Lészloné tagtarsunk 2021. julius 22-én elhunyt.
ANTAL Sandor tagtarsunk 2021. augusztusaban elhunyt.
KoOVACSNE Dr. Boproai Ilona 2021. oktéber 26-4n elhunyt.

Emlékiik sziviinkben és munkdaikban tovabb é1!

Konyvismertetés

BARNA Tamas, TOTH Laszl6: A mélységektol a
magassagokig. Asvanyok a Biblidban
(Kiadta: Barna Tamas, Kecskemét, 2020, 99 p.)

Szép kidllitasd, nagyon jé mindségli dsvanyfotdkat tartalmazd
album jelent meg Kecskeméten, amelynek a szovegét BARNA
Tamds, a fényképeket TOTH Ldszl6 készitette. Az dsvanyképeket
0sszefogd gondolati vezérfonal a Biblia. Ez a t€éma az utdbbi hisz
évben mar szinte kiilon mtifajt képvisel, amelyben az tt6r6 NaGY
Mihdly debreceni tandr 2003-ban kiadott konyve volt. 2006-ban
Kecskeméten is megjelent mér egy fiizet Asvanyok a Biblidban
cimmel, amely FUXREITER Andrdsnak az ottani Rdday Mizeum-
ban bemutatott dsvanygydjteményéhez szolgélt kidllitdsvezetSiil.
Ennek szerzGje FOGARASI Zsuzsa volt. Majd 2009-ben Ocsal
Arpéad Nyirbogdanyban is megjelentetett egy konyvet (Asvanyok a
Biblidban), mely az internetrdl szabadon letolthetd. Ennek beosz-
tdsa hasonl¢ a jelen kiadvanyhoz, de nem tartalmaz képeket.

Mig NAGY Mihdly miive egyértelmtien a Reformétus Egyhaz-
hoz és a Kdroli-Biblidhoz kot6dott, és erdsen missziondld szellemi
volt, BARNA Tamds inkdbb semleges valldsi tekintetben, és egy-



426

Hirek, ismertetések

arant hasznalta a Kdroli-Biblia régebbi, 1868-as és 1821-es kiada-
sait, valamint az 1973-as katolikus Biblidt. Ugyanakkor jelentSs
Ujitdsa a szerzének, hogy bevonta a zsid6 vallds ilyen témdju iratait
is, ezeket LOW Immadnuel (1854-1944) szegedi f6rabbi munkai
képviselik. A konyv elején az egész miivet is az § emlékének ajanl-
jék. Low Immadnuel olyan jelenség lehetett, mint a rémai katolikus
egyhdzban PROHASZKA Ottokdr vagy TOTH Mike, akik a teoldgiai
tuddsuk mellett komoly féldtudoméanyi és d4svanytani ismeretekkel
is rendelkeztek.

A Biblidban el6fordulé dsvanyokat a szerz6k harom nagy cso-
portra osztjdk: 1) fémek, 2) dragakovek, 3) egyéb dsvanyok. Az
egyes dsvanyok targyaldsa az alabbi mddon torténik:

El6szor az asvanytani alapokat idézik a szakirodalombo6l sz6rdl
szbra, nagyon helyesen nem a sajat megfogalmazasuk szerint, mertitt
fontos az adatok pontossidga. Erre elsGsorban FEHER Béla
Asvianykalauzit (2009) és a KOCH-SZTROKAY-féle Asvanytant (1986)
haszndljak. Ezt egészitik ki minden dsvénynal a szebbnél szebb fotok.
A képek szine is valdszeriinek tiinik, és kiilondsen jol érvényesiilnek
az éles kontird kristilyformdk. (Egy kép, a 16. dbra kissé
megtévesztd, mert a kalcedon kocka kristalyformat mutat, ami nem
sajat alakja, hanem val6szintileg fluorit utdni pszeudomorféza.)

Ezutan kovetkeznek a bibliai idézetek, felvaltva a haromféle
Biblidbdl. Nem lehet pontosan tudni, hogy mikor melyik kiadast
részesitik elényben, és inkdbb zavard, hogy egy helyen ugyan-
annak bibliai szakasznak egyes sorait kiilonb6z6 helyr6l idézik (pl.
Job 28. fejezete az arany cimszondl). A bibliai idézeteket rovid,
targyilagos tartalmi osszefoglaldsok és magyardzatok kovetik.

Taldn a legértékesebb rész az egyes dsvanyok leirdsdndl a
kultirtorténeti magyardzat, mely az 6kori Keletnek az 4svanyokrdl
val6 felfogasat idézi. Ez a dragakovek esetében f6leg két régebbi
publikacién alapul, Schmidt Sandor 1890-ben és DUDICHNE VENDL
Miria és KocH Sdndor 1935-ben kiadott munkain. Itt jelennek meg
Low Immadnuel irdsai is, aki a zsid6 hagyomdny szakértGje és az
Stestamentumi részek hivatott értelmezdje volt. A rabbinista {rds-
magyardzat sz€p példdjat adja példaul a Mdzes dltal készitett
érckigyorol, amely vorosrézbdl késziilt. A réz voros szinét bajelhd-
rité hatasunak tartottak, de LOW szerint nem ez hatott, hanem azok
koziil, akik ratekintettek, csupdn azok gyogyultak meg, akiknek a
szivében Isten szeretete volt jelen. Azt viszont nem tartom vald-
szinlinek, hogy a gydgyszerészek jelképe nem Aszklépiosz kigyo-
jatdl, hanem a bibliai érckigy6tdl szarmazna.

Az asvanyok csoportjai koziil mind a harom masféle targyalds-
médot kivant.

A fémek kozé tartoznak a nemesfémek, az arany és az eziist,
valamint a termésréz, amelyek valddi dsvdanyok. A tobbi fém,
részben aréz, de kiilondsen a vas, az 6n és az 6lom el6fordul ugyan
a természetben nagyon ritkdn terméselem formdjdban, de valddi
alkalmazdsuk mds ércdsvanyok feldolgozésa altal valik lehetSvé.
A bibliai emlitések is ilyen, mar kinyert fémekre, és nem az illetd

elem termésvaltozatdra vonatkoznak. Ezért a f6bb ércasvanyokat
is meg lehetett volna emliteni, amelyekbdl a bibliai korban ezeket
kinyerték. Kiilonosen Salamon kirdly Sinai-félszigeten taldlhaté
rézércbanydira vonatkozolag lett volna érdekes megtudnunk, hogy
amai tudomany fogalmaival milyen teleptani tipusba tartoznak, és
milyen ércdsvanyokat tartalmaztak.

A drigakovekkel kapcsolatban a szerzé ramutat, hogy az
asvany- és dragakdnevek azonositdsa a mai tudomanyos elnevezé-
sekkel nagyon bizonytalan, mert az 6korban még nem voltak pon-
tos meghatdrozdsi mddszerek, és az eredeti héber szavak jelentése
a tobbszoros forditds kovetkeztében is médosulhatott. Ez magya-
rdzza a mai bibliakiaddsok kozotti eltéréseket is. A dragakovek a
Biblidban f6leg két egymassal valdszintileg Osszefiiggé téma
keretében fordulnak eld, ez a f6pap hdsenje, azaz melltaskdja, a
masik az 1j Jeruzsdlem alapkovei a Jelenések konyvében. A 12-es
szdm mind a két helyen Isten népe teljességét jelképezheti. De
olyan magyardzatot is emlit a konyv, amely a dridgakoveket a 12
apostollal azonositja. Ez azzal lehet 6sszhangban, hogy az egyhiz
,»az apostoloknak és profétdknak alapkovén” épiil fel (Efézus
2,20).

A harmadik csoport egyéb dsvanyokat tartalmaz. Ezeket f6leg
praktikus felhaszndldsuk miatt emliti a Biblia. Ilyen a k§s6, amely-
nek azonban komoly szimbolikus jelentése is van, és az aszfalt,
amely szigorian véve nem is dsvany, de a bibliai tdjakon gyakran
eléfordul6 természetes anyag, valamint a kén. Ide tartoznak még a
leginkdbb kozmetikai célra vagy disztargyak készitésére hasznalt
asvanyok, az antimonit, a cinnabarit és az alabdstrom.

Bér tudom, hogy egy ilyen mi sem torekedhet teljességre, én
két tovabbi bibliai témat mégis bevettem volna a felsoroldsba. Az
egyik az eziistnél az a sz€p mondds, hogy ,.ha 6 kéfal, épitsiink
azon eziistbdl palotat” (Enekek Eneke 8,9), a masik Lot felesége,
aki sébédlvannyd valtozott. Bar nem dsvany, de nagy gyakorlati
jelentésége és a teremtésben jatszott szerepe miatt meg lehetett
volna még emliteni az agyagot, azaz ,,a fold porat”, amelybdl Isten
az embert formdlta. Van még egy rejtett utalds a bentonitra
Ezsaids 7,3-ban: igy sz6lt az Ur Ezsaidshoz: ,,Menj ki Sedrjastib
fiaddal egyiitt Ahdzhoz a Fels6-t6 vizvezetékének a végéhez, a
Ruhafest6k mezejéhez vezet6 ttra”. BENEKE német agyagdsvany-
kutatd, kolloidikus szerint itt bentonit talalhatd, azért voltak ott a
ruhafestok.

A Biblia az élet teljességét feldleli, és ez a benne emlitett
asvanyok sokféleségében is megnyilvanul. Ezt fejezi ki a konyv
cime: A mélységektSl a magassdgokig. A mélységekben taldlt
asvanyok a mennyei magassag kidbrazoldi lesznek.

A konyv megrendelhet a szerz6nél, dr. BARNA Tamads, Kecs-
kemét, e-mail cim: barnaesfiai @ gmail.com.

ViczIAN Istvdn



wagyarhon! Foldtani Tars,,, ag

| 80 R s 7O 151/4 (2021), 327-426

Tartalom — Contents

BoOTEA, Déniel, ROFRICS, Néra, KATONA, Lajos, MAGYAR, Imre: Sarmatian and Pannonian mollusks from Pécs-
Damitzpuszia, southern Hungary: a unique local faunal suceession. — Szarmata €5 panndnial puhatestid fawndk
kiiliin-leges helyi sorrendje Pécs-Danitzpuszidral,

DuLal, Alfréd, HENN, Tamds, SERE, Krisztina: Middle Miocene (Badenian) macroinvertebrates from Pécs-
Danitzpuszta (Mecsek Mts.,, SW Hungary). — Kdzépsd miocén (badeni) makrogerinctelenek Pécs-
Danirzpuszrdral.

SzapG, Mirton, Kocsis, Liszlo, BoSNAKOFF, Mariann, SEBE, Krisztina: A diverse Miocene fish assemblage
(Chondrichthyes and Osteichthyes) from the Pées-Danitzpuszta sand pit (Mecsek Mits., Hungary). — Egy
vdltozatos miocén halfauna a Mecsekbdl, a pécs-danitzpusziail homokbdnydbal,

SEBE, Krisztina: Structural features in the Miocene sediments of the Pécs-Danitzpuszta sand pit (SW Hungary). —
A pécs-daniizpuszial homokbdnya mivcén iiledébeinek szerkezeti elemei,

Hirek, ismertetések (Gsszedllitotta: CSERNY Tibor)

329

335

363

411

423

A kiadvany a Magyar Todomanyos Akadémia tdmogatdsaval késziilt.



	00_fedlap
	01_Cimnegyed_151_4
	02_Dulai_151_4
	03_Botka_151_4_resized
	04_Szabo_151_4_resized
	05_Sebe_tektonika_151_4_resized
	06_hirek_151_4
	07_hatlap



