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Elsd borito: Irregular limonite precipitation in the upper Miocene Lake Pannon sands of the Pécs-

Danitzpuszta sand pit (photo: Krisztina SEBE)

Hdtso borito: Deformed upper Miocene sand layers in the western wall of the sand pit in 2018

(photo: Gdbor CSILLAG)
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Stratigraphy and tectonics of the Neogene succession at the
southern foothills of the Mecsek Mountains: Investigation of the Pécs—
Danitzpuszta outcrop

Preface

The Pannonian Stage of the Central Paratethys comprises sediments that were deposited in Lake Pannon and
in the coeval fluvial environments during the late Miocene and Pliocene. These deposits are usually deeply
buried under Quaternary formations in the plains of the Pannonian Basin, and are exposed only along the
basin margins and around mountains located within the basin as a consequence of the latest Miocene to recent
basin inversion.

The Mecsek Mountains in SW Hungary represent a Mesozoic basement high that initially emerged from
Lake Pannon as an island (11.6-8 Ma), later it was flooded by the lake (8—7 Ma), and finally it was uplifted
due to the basin inversion. The sedimentary ,,apron” that formed around the Mecsek during the 8—7 Ma
transgression and the following regression of Lake Pannon is exposed in many outcrops and includes some
classical palacontological sites, such as Arpad (today Pécs-Nagyarpad), Hidas, and Biikkosd. The older
Pannonian beds, however, are known only in a few outcrops, among which the sand pit of Pécs—Danitzpuszta
is by far the largest and most spectacular.

The Danitzpuszta outcrop in the eastern outskirts of the city of Pécs was first mentioned in the literature in
1937 by 1. FEreNczi, and became widely known in 1953 when the Hungarian text-book ,,Geology of
Hungary” by E. VADASZ was published. Pannonian lacustrine layers tilted into vertical position and a plethora
of middle to late Miocene vertebrate remains made the outcrop well-known for structural geologists and
paleontologists. The lack of biostratigraphic investigations and age data from the lacustrine deposits,
however, hindered the temporal interpretation of both the structural and fossil reworking processes.
Therefore, we decided to launch a project for the detailed description and paleontological investigation of the
section. Following our request in 2018, the owners of the sand pit made a trench excavated across the crest of
the tilted layers, which uncovered the lowermost part of the Pannonian stage as well as the underlying
Sarmatian and Badenian stages. The trench, together with the succession exposed in the sand pit, opened an
exceptional opportunity not only to solve structural problems, but to conduct detailed sedimentological and
paleontological investigations along the thick Neogene sediment succession. A composite sedimentary log,
representing 220 m stratigraphic thickness across the Badenian, Sarmatian and Pannonian stages, was
assembled and sampled for biostratigraphic studies. The results of this research are presented here, in the 3%
and 4" issues of Foldtani K6z16ny Volume 151.

In the first paper, SEBE et al. (2021) give a description of the outcrop and of the composite log with the
interpretation of the depositional environments. Stratigraphically important algal remnants from the
succession are presented in two papers. COrIC (2021) divides the Sarmatian—Pannonian calcareous
nannofossil record into three units and seven subintervals based on the last occurrence of marine forms and
appearance of endemic lacustrine species. KrRiZzMANIC et al. (2021) identified a few stratigraphic marker
fossils in the largely endemic Pannonian dinoflagellate cyst assemblages. The microfossils of the succession
are also treated in two papers. SZUROMI-KORECZ et al. (2021) investigated the middle Miocene (Badenian and
Sarmatian) foraminifers and ostracods, and described a freshwater or oligohaline interval within the upper
part of the Sarmatian. Csoma et al. (2021) established the Pannonian ostracod stratigraphy of the succession,
and attempted a correlation to the biozones of the magnetostratigraphically dated Beocin succession.
Invertebrate macrofossils of the outcrop are presented in the following two papers. DULAI et al. (2021)
evaluate the small coral and mollusk fauna of the normal marine Badenien layers. BOTKA et al. (2021)
demonstrate that the Pannonian mollusk assemblages follow each other in a unique order within the
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succession. In the last paleontological paper, SZABO et al. (2021) present results on the origin of the mixed
vertebrate assemblage by studying Badenian to Pannonian fish remains. The volume is closed by a structural
geological paper (SEBE 2021), which integrates the biostratigraphic results into the tectonic studies to date the
deformation events.

By all these investigations, the Pécs—Danitzpuszta outcrop qualifies as one of the best-studied Neogene
successions in Hungary. Our research identified some specific phenomena, like controversy in marking the
Sarmatian/Pannonian boundary when traced by different fossil groups, or the presence of freshwater
environments during the late Sarmatian, which well deserve the attention of the international scientific
community. The outcrop, one of the rare continuous middle—upper Miocene sections in the Pannonian Basin,
offers a unique opportunity for further studies focused on these issues.

The research was mainly funded by NKFIH project PD104937 and the Hungarian— Croatian bilateral project
TET_16—1—2016—()OO4 (both with K. SEBE as Principal Investigator) and by NKFIH 116618 (with I. MAGYAR
as PI). The owner of the sandpit, Quartz Kft., and personally Béla MOLNAR, Ern6 BUKI and Gyongyi SZOLOSI
are thanked for kindly permitting and actively supporting our work in the large outcrop.

Pécs — Budapest, October 2021.

Krisztina SEBE and Imre MAGYAR
project leaders
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An exceptional surface occurrence:

the middle to upper Miocene succession of Pécs-Danitzpuszta (SW Hungary)

SEBE, Krisztina', KONRAD, Gyula', SZTANG, Orsolya?

"University of Pécs, Department of Geology and Meteorology, 7624 Pécs, Ifjisag dtja 6., Hungary;
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Egy kivételes feltdrds: a pécs-danitzpusztai homokbdnya kozépso—felsé miocén rétegsora

Osszefoglalds

A pécs-danitzpusztai homokbdnya az id8s pannoniai (felsé miocén) tiledékek legfontosabb feltdrdsa Magyarorszag
déli felén. 2018-ban drkolds tarta fel az ismert pannon-tavi osszlet fekiijét egészen a fels badeniig, ezzel mintegy 220 m
valddi vastagsdgban folyamatos rétegsor lett hozzaférhetS. Szerkezeti mozgdsok hatdsara a kozépsé miocén iiledékek és
a panndniai mészmdrga nagy része atbuktatott, a mészmarga-homok hatdr kérnyéke fiigg6leges, majd a panndniai ho-
mokban folyamatosan csokken a rétegddlés. A feltart rétegsor 5 m felsé badeni (valamikor 13,8-12,6 milli6 év kozott lera-
kddott) mészmargaval és homokos mészkovel (Lajtai Mészks) kezdddik, amely a KozépsS-Paratethys normadl sétartal-
mu vizében halmozddott fel, és szublitordlis, majd litordlis kornyezetet jelz6 puhatestlieket tartalmaz. Ezt 8 m vastag,
tulnyomorészt 6smaradvanymentes homok, k6zetliszt és kavics kveti, melynek kora bizonytalan, csak a legalsé aleurit-
réteg tartalmaz feltehetSleg dthalmozott badeni mikrofaunat. Ez az egység szarazfoldi hordalékkipon vagy annak vizbe
nyulo alsé részén rakddhatott le gravitacids tiledékfolydsokbdl. A rdkovetkezd 7,5 m vastag, mészks, marga és agyag vé-
kony rétegeinek valtakozasabdl allé szakasz szublitordlis Gsmaradvanyokat tartalmaz, gyors elontésre utalva. A benne
taldlhat6 foraminiferdk, ostracoddk, puhatestiick és mészvazu nannoplankton alapjan az iiledéklerakddas a késd szarma-
taban (valamikor 12,1 és 11,6 millié év kozott, Kozardi Formécid), a brakkvizii Paratethysben tortént, majd a panndniai
elején folytatodott. Az egyes Gsmaradvanycsoportok dltal jelzett hatdrok ugyanakkor nem esnek egybe. A szarmata vége
felé néhany rétegben id6szakosan csokkent a sétartalom, valésziniileg édesviz-bedramlds miatt. A panndniaiban folfelé
a mészmadrga valik uralkodévd, amelybe agyag-, valamint gradélt vagy szerkezet nélkiili kavics és homok(kd) rétegek
telepiilnek. Ezek a k&zetek nyilt, valdszintileg tobb szaz méter mély vizben rakddtak le. Az dsszesen 64 m vastag mész-
madrga sorozat a Pannon-medencében flrdsok ezreibdl ismert Endrédi Formaci6 ritka, jol feltart felszini el6forduldsat
képviseli. A kovetkezd 67 m vastag, kézetlisztes margdbdl és homokbdl 4116 dtmeneti szakasszal egyiitt a panndniai
korai szakaszédban, kb. 11,62 és 10,2 Ma kozt keletkezett. Ezutan kb. 140 m vastag limonitos, kavicsos homok kovetkezik,
amely a Békési Formacié Kdllai Tagozatdval rokonithatd. Osztdlyozottsdga és a szemcsék koptatottsdga jellemzGen
gyenge vagy kozepes, rétegei méteres vastagsaguak, szerkezetmentesek, hatdrukat leginkdbb a cementdcio és a mallas
véltozdsa mutatja. Nagy mennyiség(, id6sebb miocén Osszletekbsl dthalmozott Gsmaradvanyt és kavicsot, valamint
val6szintileg sekélyebb vizbdl szarmazé panndniai fosszilidkat tartalmaz. Kb. 10,2 és 10,0 Ma kozt rakédhatott le durva
hordaléku deltdk gravitdcios iiledékfolydsok altal taplalt mélyvizi alsé részén.

Kulcsszavak: Pannon-to, Paratethys, Mecsek, badeni, szarmata, pannoniai, Endrddi Formdcio

Abstract

The Pécs-Danitzpuszta sand pit is the most important outcrop of the oldest Pannonian (upper Miocene, Tortonian)
deposits in southern Hungary. A trench excavated in 2018 exposed Lake Pannon deposits and underlying Paratethys strata
down to the upper Badenian (Serravallian), and together with the sand pit they make up a continuous sedimentary succes-
sion with a true thickness of ~220 m. Due to tectonic deformation, middle Miocene deposits and carbonates in the lower-
most Pannonian are overturned. Layers become vertical close to the marl-sand boundary, then the dip changes to normal,
with continuously decreasing dip angles. The exposed succession starts with 5 m of upper Badenian (13.8-12.6 Ma old)
calcareous marls and sandy limestones with sublittoral, then littoral mollusks, which were deposited in the normal salini-
ty seawater of the Central Paratethys. The overlying 8 m of sand, silt, sandy breccia and conglomerate are fossil-free; only
the lowermost silt layer contains reworked Badenian microfauna. This unit probably accumulated from gravity-driven
flows in a fan-like, presumably terrestrial depositional setting. The next 7.5 m of frequently alternating thin-bedded lime-
stones, marls and clays with sublittoral biota represent rapid transgression. Foraminifers, ostracods, mollusks and cal-
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careous nannoplankton indicate late Sarmatian, then Pannonian age for this interval. However, the locations of the
boundaries indicated by the various groups are not consistent, making the position of the Sarmatian/Pannonian boundary
uncertain. The Sarmatian beds with marine fossils still accumulated in the Paratethys, between ~12.1-11.6 Ma, under
varying salinities due among others to temporary freshwater input. The Pannonian strata already represent sediments of
the brackish Lake Pannon. Above these beds, uniform calcareous marl becomes dominant with some clay layers and
graded or structureless conglomerate to sandstone interbeds. The deposition of the overall 64 m thick Pannonian calcare-
ous marl section took place in the open, probably few hundred metres deep water of the lake. It may represent a rare, well-
exposed surface occurrence of the Endréd Formation, which is known from thousands of wells in the Pannonian Basin.
Together with the overlying 6—7 m thick transitional interval of silty marls and sands they were deposited between ~11.62
and 10.2 Ma. They are followed by ~140 m of limonitic, pebbly sands. The sands have poor to moderate sorting and
rounding, metre-thick beds with transitional boundaries and abundant fossils and clasts reworked from older Miocene
units. Their accumulation may have occurred between 10.2 and 10,0 Ma by gravity flows connected to deep-water

portions of fan deltas.

Keywords: Lake Pannon, Paratethys, Mecsek Mts, Badenian, Sarmatian, Pannonian, Endréd Formation

Introduction

In southern Hungary sediments from the early phase of
the late Miocene Lake Pannon and the preceding middle Mio-
cene Paratethys sea crop out only in the Mecsek Mts. The
Pécs-Danitzpuszta sand pit along the SE margin of the moun-
tains is the most important and best-known outcrop of the
oldest Pannonian (upper Miocene, Tortonian) deposits, do-
minated by calcareous matls and limonitic 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). The sand pit is a well-known fossil
site as well, with abundant vertebrate remains in the sands,
including fishes, amphibians, reptiles as well as terrestrial and
marine mammals (KAzAR et al. 2007, KONRAD et al. 2010a,
SEBE et al. 2015, SzeNTESI et al. 2020, SzABO et al. 2021).
Since the 1990s intense excavation created newer and newer
outcrop profiles. By now works have reached the edge of the
concession area and sand extraction is nearing its end. Thanks
to the support of the mining company with excavating a trench
for research purposes in the northern margin of the sand pitin
2018, it was possible to significantly extend our knowledge on
the Miocene evolution of the area. The trench not only reached
the base of the upper Miocene succession, but also exposed
the underlying middle Miocene units.

Here we present the observations gathered during the
past decades on the sedimentary succession exposed by the
sand pit and the trench. Investigations focused on lithology
and stratigraphy, with the aim of describing the building
blocks of the succession, constraining their depositional
environment and the factors influencing sedimentation.

Geological setting

The Pécs-Danitzpuszta sand pit lies on the eastern edge
of the city of Pécs, at the foot of the Mecsek Mts (Figure I).
Its largest dimensions are approximately 700 m in W-E and
400 min N-S direction, the latter being roughly parallel with
the dip of the succession (Figure 2). Deposits crop out most-
ly along the western and northern walls. The sand pit itself
exposes two main lithological units of late Miocene (Panno-

nian) age: light grey, white or yellowish grey calcareous
marls and silts in the northern wall, and the overlying yel-
lowish brown, coarse, limonitic sands in the rest of the area.
The mountains directly north of the sand pit are built up of
Mesozoic rocks, mostly Lower Jurassic marls and sand-
stones, which are overlain by lower Miocene terrestrial grav-
els and sands and middle Miocene marine clastics and car-
bonates (Figure 1C). In the detailed geological map of the
area, Pannonian sediments are indicated to have a tectonic
contact with the middle Miocene strata north of them (HA-
MOR et al. 1966).

The locality lies along a fault zone that borders the Mecsek
Mts in the south (Mecsekalja Fault Zone). The exposed suc-
cession bears signs of syn-sedimentary deformation (KLEB
1973) and has undergone at least two phases of tectonic defor-
mation related to the activity of this fault zone (KONRAD &
SEBE 2010, SEBE 2021). Syn-sedimentary normal faults and
negative flower structures in the lower part of the sand indicate
coeval transtension. Tilting and even overturning of the
succession from the Badenian beds to the lowermost, faulted
Pannonian sand beds refers to strong compression in a later
phase. This deformation still occurred during the accumula-
tion of the sand, as shown by the gradual upward decrease of
the dip angle. An angular unconformity produced by this event
within the sands (Figure 2B) was also documented in earlier
publications (e.g., BARTHA 1971, KLEB 1973). As aresult of the
tilting, younging is dominantly towards the south (Figure 2B).
Early Pannonian compression is probably related to Adria-
Europe convergence; however, this event cannot be correlated
regionally, it pre-dates basin inversion-related events reported
from the region (SEBE 2021, SEBE & MAGYAR submitted).

— Figure 1. Geological setting of the Pécs-Danitzpuszta sand pit. A) Site
location relative to the reconstructed outlines of Lake Pannon at 10.8 Ma (from
MAGYAR et al. 1999), overlain on the background of modern topography. B)
Geological map of the area surrounding the sand pit (modified from CHIKAN &
Bupai 2005). Legend: T: Triassic; J: Jurassic; M1-2: lower-middle Miocene;
Ma3: upper Miocene rocks; MFZ: Mecsekalja Fault Zone. C) Miocene lithostra-
tigraphic units of the Mecsek region

— L dbra. A pécs-danitzpusztai homokbdnya foldtani kirnyezete. A) A feltdrds
helyzete a Pannon-to 10,8 millio évvel ezelotti kiterjedéséhez képest. A to korvonala
MAaGYAR et al. (1999) alapjin. B) A sziikebb kornyék foldtani térképe (CHIKAN &
Bupar 2005 alapjan modositva). T: tridsz; J: jura; M 1-2: alsé-kozépsé miocén; M3:
felsé miocén (pannoniai) kizetek; MFZ: Mecsekalja-vetozona. C) A Mecsek és kor-
nyezete miocén litosztratigrdfiai egységei
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2. dbra. A rétegsorfelvételek helye A) térképi nézetben, 2004-es légifelvételen és B)
kelet feldl, ferdén letekintve (GoogleEarth miiholdkép, 2019)

Methods

The deposits and structural features were documented
from time to time as the industrial excavation progressed.
The sedimentary succession was recorded in multiple logs
from the best-exposed sites at the given time (Figure 2). The
profiles presented in the current paper were selected to
cover the entire succession exposed in the sand pit. The
trench excavated in September 2018 (Figure 3) was 50 m
long, elongated NNE-SSW and extended the stratigraphic
column downward by a true thickness of 37 m.

Figure 3. Excavation of the trench in September 2018 at the northern margin of
the sand pit

3. dbra. Az drok mélyitése a banya északi oldaldn, 2018 szeptemberében
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During the documentation of the sedimentary succes-
sion standard field observations were carried out. Lithology,
grain size, thickness, types of bedding contacts, sedimen-
tary structures and macrofossil content were recorded with
cm-scale accuracy. Since logging was only possible in parts
of the succession at a given time, bed numbers of the sedi-
mentary succession are not consecutive and contain gaps,
and span from D72 (lowermost Badenian layer) to D227
(start of the limonitic sands). When stratigraphically over-
lapping sections were logged, some beds occurred in one
section and were missing in others. Nevertheless, it was pos-
sible to follow several important beds (e.g., tuff, clay with
carbonate concretions, clay-sand-clay triplet) for hundreds
of metres along the northern wall, allowing us to fit the
puzzle pieces of the sedimentary column together.

Systematic sampling was carried out from 83 layers for pa-
lynological, nannoplankton, ostracod, foraminifer and mol-
lusc studies (Figure 4). Detailed results of the specific investi-
gations are presented in the other papers of this journal volume
(Botkaetal. 2021, Csoma et al. 2021, Cori¢ 2021, DuLAlet al.
2021, KrizMANIC et al. 2021, SzaBO et al. 2021, SzuroMI-Ko-
RECZ et al. 2021). In addition, samples were taken for petro-
graphic investigations, authigenic '"Be/’Be-isotope dating,
and multiple radiometric dating methods from an upper Mio-
cene tuff layer. Their analysis is underway, therefore they will
not yet be discussed here.

Sedimentary succession

A continuous sedimentary succession with a true thick-
ness of ~220 m was documented in the trench and the sand
pit (Figure 4). Sediments from the bottom of the succession
to the top of the Pannonian marls were 80 m thick. The over-
lying Pannonian limonitic pebbly sands reached a thickness
of about 140 m, of which the lower ~60 m plus the succes-

Table I. Sedimentary facies and interpretation from the outcrop
I tabldzat. A feltart rétegsor litofdciesei és azok értelmezése

Lithofacies Grain size Macrofossils
Carbonates

diverse marine
bivalves, corals,

coarse bioclastic limestone .
corallinacean

algae
structureless microcrystalline ostracods,
limestone bivalves,

gastropods
laminated microcrystalline gastropods,
limestone bivalves

gray, structureless, (clayey) marl - -

sion above the unconformity were logged in detail, where
exposure allowed to take a continuous record. The further
~70 m below the unconformity were covered to a large ex-
tent during the logging, but point-like observations showed
that lithology did not change significantly in this interval.
The observed sedimentary facies are listed in Table 1.

The oldest part of the succession was exposed in the
exploratory trench (Figure 5). Due to tectonic deformation,
most of this interval is overturned, and the stratigraphically
lowest (oldest) layers are located in the north. Overturned
beds become steeper towards the south (upsection) until they
are vertical close to the southern end of the trench. From
there on, they change to normal but steep, southerly dips.

This section describes the main lithological and sedi-
mentological features of the succession, from bottom to top,
subdivided into intervals of similar lithologies. The paleon-
tological data justifying the age of the intervals and their
lithostratigraphic classification are presented in the discus-
sion section and the papers cited there. The ages of the dis-
tinguished sedimentary units provided by biostratigraphic
investigations are also used in the titles of the coming sec-
tions to help the orientation of the reader.

Badenian marl, bioclastic limestone (D72-71)

The lowermost exposed sediments, up to a thickness of
2 m, are yellowish white, fossiliferous limestone and calcare-
ous marl with a thickness of 2 m, hosting abundant mollusk
shells and imprints including Rissoa, Venus and Myrtea
species (DuLal et al. 2021). They are overlain by about 3 m
of coarse bioclastic limestone, calcarenite with mollusk
shells, shell fragments, remains of bryozoans and nodules of
corallinacean algae (Figure 6A). The macrofauna is domi-
nated by Cubitostrea shells (DULAI et al. 2021). A shark
tooth (cf. Araloselachus, SzABO et al. 2021) was found in the
calcarenites as well. Bedding is not visible, the rock is rather

- Examples, bed
Bed contacts thickness  Depositional processes -
no., or metres
(cm)
1 blc?loglcal, transported in D71
agitate waters
sharp, slightly ~ 3-33 plankton and benthic D55, D53, D48,
irregular biomass, quiet suspension D46, D43, D41,
settling, bioturbation D37, D35, D33,
D30,
D26
sharp, flat 20 plankton and benthic D51, D48
biomass, quiet suspension
settling, dysoxic bottom
transitional 20-35 biogenic with terrigenous, D49, D40,

input, suspension settling
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Table I. continuation
I tabldzat. folytatas

Lithofacies

gray or white, rarely laminated,
mostly structurless, very hard or
friable marl, calcareous marl

Siliciclastics

fossiliferous, greenish brown, gray
or white structureless clay or silt,
rare Mn nodules, rarely bentonitic

micaceous, poorly sorted,
structureless clay, silt(stone),
alternates with gS or Ss

structureless sandstone, rare
planar lamination, normal
gradation, alternates with gS or Fs,

polimictic composition

mostly structureless sand(stone),
rare planar lamination, normal
gradation, load structures;
moderately to well sorted, quartz-
rich composition

poorly sorted, structureless
granular, pebbly sand(stone),
occasionally normal gradation, ratio

of gravel and pebble varies: 10-30%

matrix-supported, poorly sorted,
structureless, sandy breccia, non-
graded with angular-subangular

clast

clast-supported conglomerate, c-vc

sandy matrix, normal gradation

clast-supported mud-clast
conglomerate, c-vc sandy matrix

Grain size

clay, silty
clay,
clayey silt

silty clay,
sandy silt

vf-m*

vf-ve

m-vc,
granule,
pebble

m-c,
pebble

granule,

pebble

pebble—
cobble

Macrofossils

bivalves,
gastropods, rare
horizontal
winding burrows

bivalve shells,
gastropods, large
ostracods

lack of
macrofossils,
some reworked
forams and

ostracods

absent

mostly absent,
rare bivalves

absent

absent

vertebrate
bones,
bivalves

vertebrates

vf: very fine-, f: fine-, m: medium-, c: coarse-; vc: very coarse-grained sand

Bed contacts

transitional or
sharp

sharp

sharp,
irregular

sharp or
transitional

sharp or
transitional

mostly
transitional,
rarely sharp

sharp

sharp,

erosional

sharp,
erosional

Bed

thickness

{cm)
3-100

8-210

1-90

10-60

10-200

10-400

10-100

20-40

Depositional processes

dominantly biogenic

suspension settling,
bioturbation; volcanic ash
fall

low-density gravity flows
{slurry flows)

high-density sandy
turbidity currents or grain
flows

high-density sandy
turbidity currents

high-density gravelly
turbidity currents or grain
flows

grain flow

high-density gravelly

turbidity currents

high-density sandy debris
flow

Examples, bed
no., or metres

D32, D28, D24,
D22, D20, D17,
D14, D12, D10,
D6-7, D3-0,

D101-

D56, D54, D52,
D50, D47, D45,
D42, D39, D38,
D36, D34, D31,
D25, D23, D21,
D18, D16-15,
D13, D11, D8-9,
D203, D210,
D212, D214,
D216; D219-

225; 170m

D63, D64, D67-
69, D70

D58, D61, D65,
D66-69

D113-114,
D117, D201-
202, D211,
D215; D218,
D220, D222;
D224, D227 and

above

D59-61
87m-145m

D62

87.5m, 102m,

135m, 136m,
137m, 168m,
172m, 173.5m,
176m

167.5m, 169 m
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Sarmatian

Pannonian

Figure 6. Typical lithofacies of the middle Miocene (Badenian and Sarmatian) and lowermost Pannonian sediments. A) Bed D71, Badenian sandy limestone, with
some Cubitostrea specimens indicated by arrows; B) Sarmatian greenish yellow tuffitic clay (D39); C and G) Limestone with small Lymnocardiinae specimens, D35,
base of the Pannonian succession; D) fossil-free clastics, mostly sands, with silt (e.g., D70) and gravel (D62) interbeds; E) small-scale limestone- marl-to-clay cycles
in the upper Sarmatian deposits; F) the Sarmatian/Pannonian boundary within alternating clay, marl and limestone beds, as indicated by microfossils (SZUROMI-
Korecz et al. 2021)
spsé miocen (badeni és szarmata) és legalso pannoniai iiledékek jellemzo litofdciesei. A) D71, badeni homokos mészkd; néhdny Cubitostrea maradvdnyt
zarmata zoldessdrga tufds agyag (D39); C és G) mészkd apro Lymnocardiinae-maradvanyokkal, D35, a pannoniai dsszlet kezdete; D) dsmaradvanymentes
tormelekes osszlet, uralkodoan homok, kozetliszttel (pl. D70) és kavicesal (D62); E) mészké-marga-agyag ciklusok a szarmata dsszlet felso részében; F) a mikrofosszilidk
dltal kijelolt szarmata-panndniai hatdr a valtakozo mészko-, mdrga- és agyagrétegeken beliil (SZuROMI-KORECZ et al. 2021)
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fragmented by irregular fractures. Particularly near the stra-
tigraphic top the interval consists of in situ carbonate frag-
mented by fractures into 40 cm large blocks. The rich micro-
fauna indicated a late Badenian (early Serravallian) age
(SzuroMI-KoORECz et al. 2021).

Sarmatian(?) silt, sand(stone), sandy breccia and
conglomerate (beds D70-57)

The following ca. 8 m thick interval is comprised of fri-
able to moderately cemented clastic rocks (Figure 6D) bar-
ren of macrofossils. Micropaleontological investigation of
silt layer D70 revealed some poorly preserved tests and frag-
ments, which are most likely redeposited from older (Bade-
nian) marine marls (SZUROMI-KORECZ et al. 2021). The next
ca. 5 m is made up of 0.7-0.9 m thick yellow, structureless,
micaceous beds of sandy silt and 1-7 cm thick clay beds,
alternating with thick medium-, fine- and very fine-grained
micaceous, quartz-rich sandstones. Bed contacts can be
sharp or transitional. Beds are structureless or faintly lami-
nated, normal gradation up to a thickness of 60 cm also oc-
curs. The uppermost 2.5 m is somewhat coarser, as normally
graded beds of coarse-grained granular sandstone and me-
dium to coarse breccia with granular sandy matrix appear.
The clasts are angular or subangular and immature; sorting
is variable but generally poor. The uppermost, 25 cm thick
bed (Figure 6EF) consists of clayey, granular, coarse sand-
stone; it is variegated with dark brown manganese-limonite
cementation and is capped by an unconformity.

Upper Sarmatian to Pannonian clay, limestone,
calcareous marl (D56-22)

Lithologically, the Upper Sarmatian deposits and the
lower part of the Pannonian ones are composed of a frequent
alternation of 2—10 cm thick limestone, marl and clay beds
(Figure 6F). There are several changes in the fossil faunas
(BoTkA et al. 2021, SzuroMI-KoRECZ et al. 2021, Coric¢
2021) in this part of the succession, however, their positions
are different for each fossil group. Therefore, an attempt was
made to establish independent, physical criteria to subdivide
the interval. The grain size variation is not significant; how-
ever, the bed thickness and carbonate content can be taken
into consideration. The lower part shows the alternation of
limestone and clay beds with an average thickness of ~0.2 m
(ranging from 6 to 50 cm). The proportion of clay is slightly
higher than that of carbonate (55 vs. 45%). Limestones have
a sharp base and become marly upwards, with a gradual and
irregular transition to clay. This small-scale cyclicity is rela-
tively well-developed in beds 55-52, 51-50, 4947 or 46-43
(Figure 6E). Greenish or yellowish brown clay beds are
structureless, occasionally tuffaceous (?44 and 39, Figure
6B), others contain mollusk (e.g., cardiid, dreissenid) shells
(beds 52, 50, 47). Very hard, micritic limestone beds mostly
lack any sedimentary structures except for the finely
laminated beds 51 and 48, the latter with very small bivalve
and gastropod shells. Other limestone layers yielded

abundant mollusks, mostly gastropods (e.g., Radix, Gyraulus
in beds 43 and 37), or mass occurrences of small, delicately
ornamented bivalve shells together with Hydrobiidae snails
buried in life position (bed 35) (Figure 6C, G). The overall
carbonate content slightly decreases upwards, thus the numb-
er of friable, structureless (49, 40, 24, 22) or laminated calca-
reous marl beds (32, 28) increases towards the younger strata.

Pannonian calcareous marl and clay (D21-2)

In the following interval the characteristic thickness of clay
interbeds increases to 0.5 m, while that of carbonate beds to up
to 6 m, with an average around 1 m. The overall ratio of
carbonate beds increases to about 75%. Clays are still greenish
or yellowish brown and structureless. Occasionally clay is
smeared into the fractures of brecciated limestone due to post-
sedimentary deformation (D19). Bedding is rather indistinct in
the calcareous marl, though the variation in the carbonate
content is shown by varying hardness. Mollusk shells (e.g.,
Radix) were found only in bed 12 (Figure 7A).

Pannonian calcareous marl with sandstone
interbeds (D1-217)

In this section the dominant lithology is light grey to
white calcareous marl, with bed thicknesses of 10-30 cm
(Figure 8). The carbonate content slightly fluctuates, other-
wise the rock is mostly structureless. Carbonate concretions
occur on the sole of some beds (Figure 7D) and along some
fractures. Elsewhere bedding-parallel 1-2 cm diameter bur-
rows were observed, filled with calcareous mudstone (Fig-
ure 7C). Some of the beds host abundant mollusk shells,
bivalves and gastropods (BoTkA et al. 2021), and large ostra-
cod carapaxes are also fairly common (Csoma et al. 2021).

Higher up in the succession intercalations of greyish
green clays, grey siltstones, and friable, weakly cemented
very fine to medium-grained sandstone and conglomerate
beds occur. Their thickness increases upwards (from 20 cm
to 1 m), and so does their frequency, hence the proportion of
carbonate beds decreases to ca. 70% in the uppermost 10 m
(see beds in Figure 4). Conglomerates have a sharp erosive
base and they are normally graded from medium-grained

— Figure 7. Lithofacies of the upper Miocene calcareous marl succession. A)
calcareous marl with mollusks (e.g., Radix croatica, Gyraulus tenuistriatus,
“Lymnocardium” cf. praeponticum) (D12); B) tuff in calcareous marl (D205);
C) bedding-parallel burrows from the upper part of the marl; D) concretions
along a bedding plane of the calcareous marl; E) clay and normally graded
gravelly sand and sandstone within the calcareous marl succession; F) moulds
of littoral gastropods in sandstone (D215); G) the boundary of the calcareous
marls and the transitional silt-sand unit; H) large Congeria partschi and
Lymnocardium schedelianum shells in the transitional silts (D219)

— 7. dbra. A felsé miocén mészmdrgasorozat jellemzd litofdciesei. A) mészmdrga
puhatestiiekkel (pl. Radix croatica, Gyraulus tenuistriatus, “Lymnocardium” ¢f.
praeponticum) (D12); B) tufa mészmdrgdaban (D205); C) réteglappal parhuza-
mos dsdsnyomok a mészmarga felsé részébol; D) konkréciok mészmdrga réteglap-
Jjdn; E) agyag-és graddlt kavicsos homok-betelepiilés mészmdrgdban; F) sekélyvizi
csigdk lenyomatai homokkdben (D215); G) a mészmdrga és az dtmeneti aleurit-
homok egység hatdra; H) Congeria partschi és Lymnocardium schedelianum
kagylohéjak aleuritban az dtmeneti egységben (D219)
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Figure 8. The upper part of the Pannonian carbonate-dominated succession in the northern part of the sand pit, with layer numbers. A) Sections 2-3 immediately
south of the trench pictured in 2018; B) section 5 in 2012; C) section 7 in 2015. For section locations see Figure 2

8. dbra. A pannoniai mészmdrgarétegsor felsd része a banya északi oldaldn, rétegszamokkal. A) 2. és 3. szelvény kozvetleniil az droktol délre, 2018-ban; B) 5. szelvény 2012-

ben; C) 7. szelvény 2015-ben. A szelvények elhelyezkedése a 2. abran ldthato

gravel to granular sand. Most sandstones are well-sorted,
oligomictic, quartz-rich and structureless; their boundaries
are sharp, erosive, or might show ball and flame structures.
They occasionally contain vertebrate remains, e.g., fish
teeth and bones and turtle shell fragments. D215 contains
compressed gastropods and bivalve shells (Figure 7F). A
greyish green clay bed (D205) contains abundant euhedral
biotites and volcanic glass pointing to an ashfall tuff (SEBE
et al. 2016); preliminary investigations identified it as an al-
kaline trachyte tuff (Figure 7B). Poorly preserved mollusks
are present in D216 and 212.

Pannonian sandstone, silty clay, siltstone:
transitional beds between the marls and the
limonitic, pebbly sandstone (D218-226)

The topmost ca. 6 m of the fine-grained succession con-
sists of alternations of yellow fossiliferous silty matrl, clayey
siltstone, siltstone and friable, quartz-rich very fine to me-

dium-grained structureless sandstone, representing a transi-
tion towards the overlying sandstone unit. These beds con-
tain abundant macrofloral remains, mostly leaves and branch
fragments and some fruits (HABLY & SEBE 2016). The top of
the youngest marl bed is irregular with a few cm deep, cy-
lindrical or funnel-shaped burrows filled with the overlying
sand. This sand bed (D218) also contains cm-sized rip-up
marl clasts and large amounts of mollusk shell fragments
(Figure 7G). The interval contained a rich profundal mollusk
assemblage (BoTka et al. 2021) (Figure 7H).

Pannonian limonitic, pebbly sand(stone)
(D227-)

The next ca. 140 m thick succession is divided into two
parts by an angular unconformity (Figure 2B, 9A) in the
western wall of the sand pit; in the NE wall only the portion
below the unconformity is exposed. The lower, relatively
steeply dipping series is further subdivided by a grey, ca.
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0.4-0.5 m thick clayey silt bed (at 170 m in Figure 4). The
majority of the succession is built up of alternating layers of
coarse to very coarse, partly pebbly sand and granule to
pebble sized gravel. The deposits are sandstones and conglo-
merates cemented by limonite and are friable to loosely ce-
mented. As the majority of the rock crumbles easily, for the
sake of simplicity the term ‘limonitic sand’ is used for the en-
tire section hereafter. Beds are parallel, with thickness rang-
ing from a few tens of cm-s to a few metres, they are marked
by minor fluctuations of grain size and sorting, i.e. the ratio of
sand to gravel. Metre-scale beds can be differentiated mostly
by limonite colouring, otherwise it is difficult to distinguish
layers, as bed contacts commonly are transitional. Gravel in-
tervals are poorly sorted, consisting mostly of subangular to
moderately rounded granules and medium to coarse pebbles.
In the pebbly sand beds the ratio of gravel varies between 5
and 50% (Figure 9C). The clasts have a polimictic composi-
tion with the dominance of quartzite. Lithics and some feld-
spars are possibly —perhaps indirectly — derived from a grani-
toid source area, others come from the reworking of older
Miocene clastics (mostly from Szdszvar and Budafa Forma-
tions). Locally, rip-up mud clasts up to a diameter of cobble
are dispersed in the pebbly sand (Figure 9D). The sand body
contains limonite-cemented moulds of Lake Pannon mol-
lusks. Vertebrate remains, among them marine fish and mam-
mal fossils reworked from middle Miocene deposits, are also
common.

In the lower part of the pebbly sand succession (Figure
4) 1 m wide and 10-15 cm deep scours or lenses appear.
Although well-developed grading is rarely present, in many
cases the low-relief rough erosional surfaces are often over-
lain by the coarsest fraction or the largest concentration of
gravel. Some irregular, slightly elongated patches of fine,
medium and coarse-grained sand appear, without forming
distinct burrows. Somewhat below the silt layer at 170 m
(Figure 4), a ca. 30 cm thick, clast- supported coarse pebble-
to cobble mud-clast conglomerate occurs with coarse, very
coarse sand matrix and sharp erosional base (Figure 9D).
The erosional base of another bed at 168.5 m s also paved by
small mud-clasts (Figure 9E). These beds cut into the “regu-
lar” pebbly sand, which is directly overlain by the thick silt
marker bed at 170 m within a 20-30 m distance.

Above the angular unconformity at 171 m mostly paral-
lel beds occur without pronounced changes of the lithology,
average grain size, clast shape or sorting with respect to the
sediments below. The first bed is a normally graded coarse
conglomerate with a thickness of ~1 m. It contains excep-
tionally well-rounded Paleozoic granite and Permian rhyo-
lite cobbles of up to 15 cm diameter, which originate from
the lower and middle Miocene Szdszvar and Budafa For-
mations (Figure 9C). The graded conglomerate bed inter-
fingers with well-sorted arcosic coarse grained sandstone,
which can be followed for several tens of metres above the
unconformity. A few limonite cemented marker beds also
help to correlate the succession. The youngest part of the
succession consists of metre-thick beds of coarse and very
coarse sandstone as well as poorly sorted pebbly sandstone,

with angular quartzite clasts. The topmost bed contains
well-rounded pebbles made up of rhyolite tuff. The lack of
traction-induced primary sedimentary structures (such as
cross-bedding) in the sandstones and gravelly sandstones is
evident both below and above the unconformity.

Interpretation

Lithostratigraphy and depositional environments

The classification of the exposed sediments into litho-
stratigraphic units is not straightforward. Several of the Mio-
cene formations previously reported from the area include
various lithologies, thus paleontological data are necessary
to identify them. However, our studies showed that different
fossil groups may show pronounced changes asynchronous-
ly in the sedimentary succession. This phenomenon has also
been reported from the Paratethys, e.g., in the Vienna Basin,
around the Badenian/Sarmatian boundary (HYZNY et al.
2012). The identification of chrono- and lithostratigraphic
units, therefore, remains somewhat ambiguous. Hereby, we
suggest a sub-division of the studied deposits into strati-
graphic units based on the integration of the observed litho-
facies variations and fossil assemblages.

Szilagy Clay marl Member of the Baden Formation
or Rakos Member of Lajta Limestone Formation
(upper Badenian)

The topmost part of the unit was exposed in the northern
end of the trench and is represented by the yellowish white
calcareous marl of layer D72. The rock contains a typical
Badenian mollusk fauna, where all bivalves are inbenthos
species in fine-grained deposits, referring to several tens of
metres of water depth (DuLAI et al. 2021). The microfauna
belongs to the upper Badenian Bolivina-Bulimina Zone
(13.82—12.65 Ma) and indicates agitated, relatively shallow
water with normal salinity (SZuROMI-KORECZ et al. 2021); it
must have been reworked into water depths below wave
base. The sediments exposed in the trench, similarly to those
in the surrounding area (HAMOR et al. 1968), contain more
carbonate than the typical Szildgy Clay marl. Therefore, this
unit can be classified as Szildgy Clay marl if the carbonate
content, the sublittoral depositional environment and the
existing stratigraphy of the region is considered, but can also
be regarded as a deeper water interval of the overlying Lajta
Limestone Fm. The depositional environment might have
been located close to the nearshore.

Rakos Member of the Lajta Limestone Formation
(upper Badenian)

The ~3 m thick sandy limestone and calcarenite of layer
D71 in the trench shows the typical features of the “Leitha
limestone”: carbonate-rich sediment with a rich macro- and
microfauna pointing to shallow and agitated water (DULATI et
al. 2021, SzuroMI-KORECZ et al. 2021). The microfauna in-
dicates a late Badenian age. Based on its stratigraphic posi-
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tion (above and/or interfingering with the Szilagy Clay marl
and directly below the Sarmatian rocks) and because of the
late Badenian age, these layers can be identified as the upper
part (Rdkos Member) of the Lajta Limestone Formation. In
the Mecsek mountains HAMOR et al. (1968) and HAMOR
(1970) defined the Szilagy Clay marl to include the “upper
Leitha limestone”, adding that the limestone represents a
nearshore environment and interfingers with the open-water
clay marl. However, in the surroundings of Danitzpuszta,
the limestone occurs in a well-defined, narrow belt includ-
ing the exposure of the trench. Therefore, it is more informa-
tive to differentiate these two stratigraphic units.

Kozard Formation (Sarmatian)

The interval between layers D70 to D36 is sharply divid-
ed into two different units: the lower, ca. 7-8 m thick part
from D70 to D57 includes silt, sand(stone) and conglome-
rate, whereas the overlying ca. 5 m show cyclic alternation
of thin clay, marl and limestone (D57-D36). The yellowish
brown silt of D70 has a reworked microfauna with Badenian
elements, poorer but similar to D71 (Szuromi- KORECZ et al.
2021). Based on its lithological similarity to the overlying
interval, we tentatively classify this layer as Sarmatian as
well. Beds D69 to D57 sampled for microfauna
investigations contained no microfossils, thus their age is
uncertain. The lack of normal salinity marine microfauna
points either to terrestrial exposure, or to deposition under
variable salinity conditions during the Sarmatian. The age
of beds D54 to D36 is indicated by the microfauna as late
Sarmatian, ~12.1-11.6 Ma (SzuroMI-KORECZ et al. 2021).
The variable salinity of the otherwise brackish Sarmatian
sea is supported by the biota of layers D37-40, which show
the influence of freshwater inflow as demonstrated by the
microfauna, the nannoplankton and the mollusks as well
(SzuroMI-KORECzZ et al. 2021, Cori¢ 2021, BotkA et al. 2021).

In the clastic succession there are no sedimentary struc-
tures pointing to traction currents. Poor sorting, angular
clasts, erosive bed contacts and few graded beds may point
to rapid deposition from small-volume, either subaerial or
subaqueous gravity-driven flows. Considering the lack of

«Figure 9. Typical lithofacies of the upper Miocene sands. A) alternating
coarse and granular very coarse sands with varying limonite cementation.
People for scale. The locations of other inserts are indicated. B) steep beds with
deformation bands in the upper part of the western wall of the sand pit; C)
close-up of the angular unconformity and some reverse faults; for facies codes
see Table I; D) poorly sorted sandy gravel with well-rounded cobbles above the
unconformity; E) granular, pebbly coarse sand (gPcS) overlain erosively by a
mud-clast conglomerate (MCC) and granular coarse sand (Gc¢S) beds in the
middle of the succession (beds at 168 m of Figure 4); F) parallel beds of
structureless coarse sand and coarse pebble gravel above the unconformity

9. abra. A felsé miocén homokdsszlet jellemzd litofdciesei. A) nagyszemii és dara-
kavicsos durvaszemii homok vdltakozdsa, vdltozo mértékii limonitos cementdcioval,
a reszletfotok helyének jelolésével; B) Meredeken dolo rétegek a bdnya nyugati
Jaldnak folsé részében; C) a diszkordanciafelszin kizelképe néhdny feltoloddssal: a
litofdcies-kodok magyardzatdt az 1. tablazat tartalmazza; D) rosszul osztdlyozott
homokos kavics a diszkordanciafelszin folott, jol koptatott hompalyokkel; E) kavicsos
nagyszemii homok (gPcS), folotte erozios felszin folott agyagkavics-konglomerdtum
(MCC) és darakavicsos nagyszemii homok (GeS) a homokdsszlet kozepe tajan (168
m koriili rétegek a 4. abra rétegsordn); F) szerkezetmentes nagyszemii homok és
nagyszemii kavics parhuzamos rétegei a diszkordanciafelszin folott

fossils, an alluvial or lacustrine fan-like depositional setting
is likely. The Fe—Mn encrusted unconformity on top of layer
D57, the appearance of clays, marls and limestones above,
together with the appearance of fossils denote a sharp
change in the depositional environment, probably from ter-
restrial to (brackish) marine. The overlying mudstones, re-
gardless of their carbonate content, indicate deposition in
quiet waters, devoid of wave agitation or intermittent cur-
rents, which could have transported sand into the system.
The microfauna also supports sublittoral water depths (Szu-
ROMI-KORECZ et al. 2021). Based on these, a rapid transgres-
sion, resulting in a water depth below storm wave base (few
tens of meters) and/or large distance to the source area and/
or a palaeogeography preventing coarse clastic input is in-
ferred. Based on the high proportion of fine-grained sedi-
ments — clays and marls —, this interval is assigned to the Ko-
zard Formation. The Sarmatian interval exposed in the
trench is significantly thinner than the thickness considered
typical of the area from borehole data (120-150 m in the
Pécsbanya Basin west of the sand pit; HAMOR et al. 1968) or
that inferred from dips and areal distributions indicated in
maps (HAMOR et al. 1966, HETENYI et al. 1982).

Endréd Formation (Pannonian)

The layers D35 to D225, with a total thickness of 64 m are
assigned to Endr6d Formation. The lower part of this unit
(beds D35-D22) s lithologically very similar to the upper part
of the underlying Kozdrd Fm., hence the boundary was
defined based on micropaleontological results: the last
occurrence of the typical Sarmatian marine foraminifers was
found in layer D36 (SZUurOMI-KORECZ et al. 2021), whereas the
first occurrence of typical Lake Pannon ostracods is located in
layer D35 (CsoMA et al. 2021). In addition, the cyclic
lithological pattern becomes less evident upwards, though the
alternation of limestone and clay beds persists. Upsection from
D14, gradually thickening, homogeneous marl intervals
become dominant with some graded or structureless
conglomerate to sandstone interbeds. Their deposition took
place in open, probably a few hundred metres deep waters,
most likely below or on a slope. This can be deduced from the
occurrence of 0.5-2 m thick coarse pebbly to sandy turbidite
beds, in accordance with the palynofacies and the appearance
of profundal mollusks (KrizMANIC et al. 2021, BOTKA et al.
2021). The material of clastic interbeds originated from the
dryland in the north. This could have been an island at that
time, as shown by the areal distribution of coeval sediments
(KLEB 1973, MAGYAR et al. 1999). The island was elongated in
the WSW-ENE direction and had dimensions of 10-15 km x
30-40 km. Both the size of the dryland and the sediment types
are comparable to those of the Battonya High in the E
Pannonian Basin (MAGYAR et al. 2004).

Within the Endr6d Fm. most of the Danitzpuszta section
(up to D217) represents the Tétkomlds Calcareous marl
Member. The sand pit is a rare surface occurrence of this
unit known from thousands of wells in the subsurface of the
Pannonian Basin. The few other studied outcrops of these
deposits are located in Croatia (e.g., NaSice, KOVACIC et al.
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2017, SEBE et al. 2020) and Serbia (Beocin, TER BORGH et al.
2013). The uppermost 67 metres, between layers D218 and
D226, show a transition towards the overlying sands, with
the increase of siliciclastic compounds and a decrease of
carbonate content.

It must also be noted that the outcrop offers a special
detailed view on the Sarmatian/Pannonian boundary. The
position of this boundary is not obvious, as there are discre-
pancies between the major changes in the different fossil
groups. This highlights an interpretation pitfall, even if al-
most all beds are investigated. In the mollusk fauna the first
appearance of Pannonian lymnocardiids (Lymnocardium
praeponticum) coincides with the first appearance of Lake
Pannon ostracods in layer 35 (BOTkA et al. 2021, CSOMA et
al. 2021). However, Sarmatian-type cardiids remain domi-
nant in layers 35-33, and they only disappear completely in
bed 12. In the nannoplankton record, the dominance of
endemic Lake Pannon taxa only starts in layer 20 (CORIC
2021), close to the position where calcareous marl becomes
dominant against the limestone-marl-clay cycles (layer 22).
Discrepancies between the positions of the Sarmatian/Pan-
nonian boundary based on different fossil groups — typically
mollusks, foraminifers and ostracods, organic walled micro-
plankton and calcareous nannoplankton — have also been
reported from other localities (HALMAI et al. 1982, JAMBOR et
al. 1987, KOKAY et al. 1991, HAMOR 1992), in a transitional
interval of mostly calcareous marls, previously defined as the
Zala Member of the Endr6d Formation (JAMBOR 1980). This
boundary question definitely needs further investigations.

The lowermost part of the calcareous marls (beds D35-
D12) contains a mollusk assemblage of the Lymnocardium
praeponticum sublittoral mollusk biozone (~11.62—11.45
Ma), the lowest zone of Lake Pannon sediments (BOTKA et
al. 2021). Upward the fauna changes into an assemblage
representing the Congeria banatica profundal mollusk bio-
zone (~11.45-9.6 Ma) without a sharp change in lithology.
Within this sediment interval, dinocysts in beds D3-Dl1
indicate Pontiadinium pecsvaradensis dinoflagellate Zone
(ca. 10.8 to 10.6 Ma) (KrizMANIC et al. 2021). The transi-
tional silt-sand unit (D218-226) belongs to the Lymnocar-
dium schedelianum sublittoral mollusk Zone (11-10.2 Ma).
Within this zone, the morphologies of some bivalve species
(e.g., Lymnocardium schedelianum, L. aff. boeckhi) and
interregional correlation of the mollusk fauna place the top
of the unit between 10.5 and 10.2 Ma (BoTtka et al. 2021).

Kalla Member of the Békés Formation
(Pannonian)

Coarse, gravelly sands from layer 227 upwards were de-
rived from a local source area in the Mecsek Mts. The total
thickness of clastic strata exposed in the sand pit exceeds
100 m and may attain 140 m. This unit has been classified
into the Kélla Formation (now a member of the Békés For-
mation) because of its local source. However, the sedimen-
tary features, the large-scale depositional architecture, the
depositional system or its stratigraphic position is different
from the typical occurrences of the Kalla Member (cf.,

SZTANO et al. 2010, CSILLAG et al. 2010, TOTH et al. 2010,
MAGYAR et al. 2016).

Any shallow-water setting with wave or current activity
can be excluded based on the absence of bedforms indicative
for traction currents. Instead, the relatively large bed thick-
ness (or amalgamation), the parallel bedding planes and the
occasional occurrence of graded beds points to large-volume
gravity-driven flows. No slide or slump structures indicating
a sloping topography at the site of accumulation were
observed. Initially, the depositional depth might have been as
large as for the marl, providing enough space for the
deposition of at least 100—140 m of coarse clastics. Most like-
ly fans or fan deltas could have developed near the source area
(the Mecsek Mts), while the studied coarse sands formed as
deep-water lobe deposits in their distal continuation. Finally,
typical Kélla beds and other members of the Békés Formation
are transgressive deposits, being covered by open lacustrine
marls, but the strata in Danitzpuszta reflect an opposite trend.
Flooding of the area is indicated by the underlying calcareous
marl, while the appearance of the coarse clastics reflects
regressive processes. The opening of new sediment sources
and/or transport routes may have been driven by a local base
level fall. The coeval coastal to nearshore deposits, i.e., coarse-
grained deltas representing the typical Kalla beds, may be
eroded by now, hence the succession can be regarded as an
unusual, distal variety of the Kélla Member. The trigger for
sand deposition remains unclear. The most obvious candidate
to initiate erosion and clastic input in the area is the start of
compression and thus the uplift of the mountains. However, it
seems to post-date the onset of sand accumulation (SEBE
2021). An increasingly humid climate and the corresponding
higher erosion potential has been reconstructed for 9.7-9.2
Ma for the Pannonian Basin (MAGYAR 2010), at least 0.5 Ma
after the onset of sand deposition. The re-arrangement of
sediment pathways on the lakefloor due to local tectonic
activity might have been a triggering factor; however, no
evidence is available at the moment to prove this.

The age of sand deposition is constrained partly by the
underlying marls (see above). The mollusk assemblages col-
lected from all parts of the gravelly sands, including those
above the unconformity, are identical. They belong to the up-
per part of the Lymnocardium conjungens littoral mollusk
biozone (9.6-11.0 Ma); within this interval the sands were
probably deposited between 10.2 and 10.0 Ma (BOTKA et al.
2021).

Evolution history

The Danitzpuszta succession records a complex chain of
events from the Badenian Paratethys to Lake Pannon. The
succession represents an area in the vicinity of an island
surrounded by shallow sea, where calcareous marls and
shallow water carbonate sands accumulated during the late
Badenian. When fully marine deposition ceased, the area
became either subaerially exposed or deposition continued
in brackish waters sometime between the latest Badenian
and the late Sarmatian, probably with a topographic relief
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allowing the formation of fans. In the late Sarmatian the area
became flooded again. Sedimentation took place in sublit-
toral brackish water, while the sediment sources were distal
or topographically limited. Environmental conditions hard-
ly changed when the Paratethys was replaced by Lake Pan-
non, but a gradual deepening took place and the deposition
of calcareous marls became dominant. The overlying silt-
stone and sandstone beds indicate a gradual increase of sili-
ciclastic input, revealing the exposure of a nearby source
area or a re-arrangement of the sediment feeder system. The
accumulation of coarse, pebbly sands commenced from
gravity flows on deep-water portions of fan deltas.

Conclusions

The sand pit and the trench in Pécs-Danitzpuszta exposed
a continuous sedimentary succession with a true thickness of
ca. 220 metres. They offer an exceptional outcrop of late Bade-
nian to early Pannonian marine, terrestrial and lacustrine de-
posits and give information on more than 4 Ma of changing
paleoenvironments in and near the Central Paratethys sea and
Lake Pannon. The outcrop provided a surface occurrence of a
continuous Sarmatian/Pannonian boundary section, where the
deposition appears to have been fairly continuous, and micro-
and macrofauna need to be used to locate the boundary. How-
ever, there are discrepancies between the potential boundaries

indicated by molluscs, foraminifers, ostracods and calcareous
nannoplankton, calling attention to the fact that differentiating
Sarmatian and Pannonian deposits formed in similar environ-
ments can be problematic in the field. The site is also a unique,
well-accessible surface exposure of the deep lacustrine End-
r6d Marl that formed in a paleogeographic setting analogous to
many of its subsurface occurrences.
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Mészvdzii nannofosszilidk Pécs-Danitzpuszta kozépsd/felsd miocén képzodményeibol

Osszefoglalds

A pécs-danitzpusztai homokbdnydban feltdrt kozéps6 és késd miocén (szarmata és panndniai) rétegsor 109 mintdjan
végeztilk el mészvazu nannofosszilidk mennyiségi vizsgélatat. A feltards also része, amely a szarmataba sorolhatd, ala-
csony diverzitdsu, normdl tengeri egyiittest tartalmaz, melyben a Calcidiscus leptoporus, Reticulofenestra pseudoumbi-
licus, Sphenolithus moriformis és a Syracosphaera spp. voltak az uralkod6 formdk, és amelyben a Didemnidae csalddba
tartoz6 el6gerinchuros zsakallatok (aszcididk) tii (Perforocalcinela fusiformis) is el6fordulnak. A k6zépsé és kés6 mio-
cén hatdra, azaz a szarmata/panndniai hatar a normal tengeri mészvazi nannofosszilidk utolsé el6forduldsandl hizhatod
meg. A feltdrds felsd részében az endemikus Isolithus spp. monospecifikus el6forduldsdval, illetve aszcididkkal jellem-
zett intervallumok valtakoznak. A feltards tetején egy rovid szakaszon gyakoriak a Noelaerhabdaceae csalddba tartozd
endemikus kokkolitok (Bekelithella echinata, Noelaerhabdus bozinovicae, N. jerkovici, Praenoelaerhabdus banaten-
sis). A nannofosszilia-egyiittesek drasztikus valtozasat a szarmata/pannéniai hatdron a K6zEépsd-Paratethys lefiz6désé-
nek kovetkeztében kialakult kornyezeti stressz okozta.

Kulcsszavak: szarmata, pannéniai, Pannon-to, mészvdzi nannofosszilia, biosztratigrdfia, paleookologia

Abstract

Quantitative analyses on calcareous nannofossils were carried out on 109 middle/late Miocene (Sarmatian/Panno-
nian) samples from the section at Pécs-Danitzpuszta sand pit (Hungary). The lower part of the section, which can be
assigned to the Sarmatian, contains normal marine low-diversity assemblages dominated by Calcidiscus leptoporus,
Reticulofenestra pseudoumbilicus, Sphenolithus moriformis and Syracosphaera spp. accompanied by didemnid ascidian
spicules (Perforocalcinela fusiformis). The middle/late Miocene (Sarmatian/Pannonian) boundary is characterized by
the last occurrences of normal marine calcareous nannofossils. The upper part of the section (Pannonian) can be subdi-
vided into intervals characterized by monospecific endemic nannofossils Isolithus spp. and ascidians, respectively. A
short interval with common endemic coccoliths belonging to the family Noelaerhabdaceae (Bekelithella echinata,
Noelaerhabdus bozinovicae, N. jerkovici, Praenoelaerhabdus banatensis) in the uppert part of the profile was also
documented. The drastic change in nannofossil assemblages at the Sarmatian/Pannonian boundary is a result of
paleoenvironmental stress caused by the isolation of the Central Paratethys from the Eastern Paratethys.

Keywords: Sarmatian, Pannonian, Lake Pannon, calcareous nannofossils, biostratigraphy, paleoecology

Introduction

As a consequence of the rise of the Alpine mountain belt
at around the Eocene/Oligocene boundary, the Tethys Ocean
disappeared and the Mediterranean and Paratethys Seas
were established as two different palaecogeographic units in
central and southern Europe (ROGL 1998). This biogeo-

graphic differentiation led to the development of the regio-
nal Paratethyan chronostratigraphic and geochronologic
system (ROGL 1998, 1999). During the Sarmatian, which
spans 12.7-11.6 Ma time interval (HARZHAUSER & PILLER
2007), the Central Paratethys was connected only to the
Eastern Paratethys (STEININGER & WESSELY 2000). Sub-
sequent isolation of the Central Paratethys from the Eastern
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Paratethys at the Sarmatian/Pannonian boundary led to the
formation of Lake Pannon in the Pannonian Basin system
(HARZHAUSER & PILLER 2007, and references therein). Dur-
ing the Pannonian Age (11.6-6.1 Ma, HARZHAUSER & PIL-
LER 2007), brackish conditions prevailed in the basin, which
made it impossible to use the standard calcareous nannofossil
zonation for the biostratigraphic subdivision of the upper
Miocene and Pliocene sediments in the Pannonian Basin.

Coccolithophores are a major group of unicellular ma-
rine phytoplankton used worldwide for the biostratigraphic
and palaeoecologic interpretation of marine sediments from
the Jurassic to the Quaternary. Ecologic factors, such as
water temperature, light regime, inorganic nutrient supply
(nitrate, phosphate, trace elements and vitamins) and water
stratification directly influence the distribution of calcare-
ous nannoplankton as photosynthetic haptophyte algae,
which live in the upper euphotic zone of oceans (WINTER &
SIESSER 1994). Generally, nannoplankton flourish in warm,
well-stratified, oligotrophic, mid-ocean environments, al-
though numerous species have a broad ecological tolerance
(BowN & YOUNG 1998).

JERKOVIC (1970, 1971) introduced a new family (Noe-
laerhabdaceae) with a new genus (Noelaerhabdus) and new
species from the Pannonian of the southern Pannonian Ba-
sin. BONA (1964) and BONA & GAL (1985) recognized the
endemic character of Pannonian calcareous nannofossils by
investigation of many localities in Hungary. They described
the new genus Bekelithella with a new species, B. echinata,
and another new species, Noelaerhabdus jerkovici, from
sediments exposed in Pécs-Danitzpuszta (BONA & GAL
1985). Pannonian sediments with Bekelithella echinata,
Noelaerhabdus bozinovicae, N. bekei and N. jerkovici from
the south-western part of the South Carpathians (Caran-
sebes-Mehadia Basin, Romania) were assigned to nanno-
plankton zones NN10/NN11 by MARUNTEANU et al. (1994).

18°17'0"E

Figure 1. Location of the studied sand pit and the sampled sections

Calcareous nannoplankton are thought to contribute
substantially to the material of offshore calcareous marls
(often mentioned as “white marls,” especially in Croatia and
Serbia) of Lake Pannon (Coric’ 2004, 2005a).

Calcareous nannofossils from Sarmatian and Pannonian
deposits of various localities in the North Croatian Basin
were investigated by GALOVIC & YOUNG (2012) and GALO-
VIC (2017). MARUNTEANU et al. (1994) and MARUNTEANU
(1997) investigated Pannonian calcareous nannofossils from
the Pannonian outcrops in the Transylvanian Basin (Roma-
nia) and established the evolutionary lineage of the genus
Noelaerhabdus. This lineage can be used as a basis for the
biostratigraphic subdivision of the Pannonian by calcareous
nannofossils.

According to the regional Central Paratethyan chrono-
stratigraphy (ROGL 1998, 1999), the middle Miocene is sub-
divided into the marine Badenian and Sarmatian Stages,
which comprise nannoplankton zones NN4 — lower NN7
(MARTINI 1971). The Pannonian regional stage includes the
entire upper Miocene and can be correlated to zones upper
NN7—-NNI1I.

In this paper a detailed investigation of calcareous nan-
nofossils from the middle—upper Miocene Pécs-Danitz-
puszta section (Hungary) is documented. The objective of
this study was to infer the stratigraphic position of the ex-
posed succession, and to record and interpret the palacoeco-
logical changes across the profile.

Geological setting

The Danitzpuszta outcrop, located in the eastern out-
skirts of the city of Pécs, is the largest exposure of Panno-
nian white marls in Hungary (Figure I). The sand pit itself
exposes upper Miocene Lake Pannon sediments: offshore

46°6'0"N

18°17'30"E

Legend: T (lilac): Triassic; J (blue): Jurassic; K (green): Cretaceous; M 1-2: lower-middle Miocene; M3: upper Miocene; Q: Quaternary

L. dbra. Avizsgdlt feltdrds helye a mintdzott szelvényekkel

Jelmagyardzat: T (lila): triasz; J (kék ): jura; K (zold): kréta; M 1-2: also és kozéps miocén; M3: felsd miocén; Q: kvarter
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calcareous marls with clay, clay marl and sand interbeds
along the northern wall, and yellowish brown, limonitic
coarse sands in the bulk of the pit. Due to tectonic deforma-
tion, the succession is tilted, thus the general younging di-
rection of the deposits is towards the south. In 2018 an explo-
ration trench was excavated in the northernmost part of the
sand pit, which revealed middle Miocene (Badenian and
Sarmatian) layers underlying the upper Miocene ones. For
details on the exposed sediments, the reader is referred to
SEBE et al. (2021).

Material and methods

In total 109 rock samples were analysed for calcareous
nannofossils from the 12 m —79 minterval of the Pécs-Danitz-
puszta outcrop, representing a total of 67 m stratigraphic
thickness (Figure 2). Sampling covered the whole Sarmatian
and Pannonian part of the section where appropriate litho-
logies — layers with carbonate content — were present. Sampl-
ing started with the first carbonate-bearing layer (D56) accord-
ing to the numbering of SEBE et al. (2021), above the
Badenian/Sarmatian boundary, defined by micropalaeonto-
logical investigations (SzuroMI-KORECZ et al., 2021).

Smear slides were prepared for all samples using stan-
dard procedures described by PERCH-NIELSEN (1985) and
examined under light microscope DMLP Leica using plane-
and cross-polarized light with 1000x magnification.

Quantitative data were obtained by counting at least 300
specimens from each smear slide that contained calcareous
nannofossils. Further 100 fields of view of each smear slide
were checked for important markers for the biostratigraphic
and palaeoecologic interpretation of calcareous nanno-
plankton (Digital annex). Table I contains an alphabetically
arranged list of autochthonous calcareous nannofossils
from the Pécs-Danitzpuszta section.

For the reticulofenestrids, the classification proposed by
nannotax3 (http://www.mikrotax.org/Nannotax3/) was ap-
plied. The following Reticulofenestra species were distin-
guished: R. minutula (GARTNER, 1967) HAQ & BERGGREN,
1978 (3-5 pum without slits), R. hagii BACKMAN, 1978 (3-5
um), R. perplexa (BURNS, 1975) WISE, 1983, R. cf. rotaria
THEODORIDIS, 1984 (subcircular to circular 5-7 um), R.
pseudoumbilicus (GARTNER, 1967) GARTNER, 1969 (5-7
um) and R. pseudoumbilicus (>7 pm).

Subdivision of genus Noelaerhabdus on the species level
(Noelaerhabdus bekei JERKOVIC, 1971, N. bozinovicae JER-
KOVIC, 1970, N. jerkovici BONA & GAL, 1985, N. mehadiscus
MARUNTEANU, 1996 and N. bonagali MARUNTEANU, 1995) is
based on the shape and length of the central spine. During the
preparation, the central spine usually became damaged or
broken and, therefore, species of this genus can be easily con-
fused with Praenoelaerhabdus banatensis that does not pos-
sess the central spine. Therefore, P. banatensis and Noelaer-
habus spp. were counted together for statistical treatment.
Coccoliths with diameter smaller than 3 um with closed
central area were assigned to Praenoelaerhabdus small.

Simple statistical analyses were calculated with EXCEL,
whereas complex analyses were performed using the prog-
ram PAST 4.03.

Clustering of samples was performed by WARD’s method
based on standardized Euclidean distances with a subsequent
determination of species that are indicative for the obtained
clusters (see later Figure 4). Nonmetrical Multidimensional
Scaling (nMDS), also based on standardized Euclidean dis-
tances, was used for the representation of the relationships
between samples in a low-dimensional space (see later Fig-
ure 5). The grade of changes in nannofossil composition
along the section was measured as distances between sub-
sequent samples in the low dimensional character space
gained by nMDS. Large distances indicate a strong turnover
in floral composition, and longer intervals of large distances
are typical for intensive environmental oscillations.

Results

Thirty-six of the 109 investigated smear slides were bar-
ren of calcareous nannofossils (Figure 2, Digital annex).
Eleven samples contained too low amount of fossils; these
were unsuitable for quantitative investigations. The rest of
the samples (62 in total) contained generally common to
abundant, well preserved calcareous nannofossils (Figure
3). All assemblages from the investigated section are cha-
racterized by low diversities, with a maximum value of 13
species in sample D41 (Figure 2).

According to the first and last occurrences of character-
istic nannofossil species and based on their quantitative dis-
tribution patterns, the Pécs-Danitzpuszta section can be
subdivided into three main intervals, which are further di-
vided into subintervals (Figure 2, Digital annex).

Interval 1): from the lowermost sample to the last occur-
rence of Reticulofenestra pseudoumbilicus (GARTNER, 1967)
GARTNER, 1969 (D56 to D35). This interval contains assem-
blages with normal marine nannofossils: Acanthoica cohenii
(JERKOVIC, 1971) AUBRY, 1999, Calcidiscus leptoporus (MUR-
RAY & BLACKMAN, 1898) LOEBLICH & TAPPAN, 1978, Spheno-
lithus moriformis (BRONNIMANN & STRADNER, 1960) BRAM-
LETTE & WILCOXON, 1967, Syracosphaera spp., Braarudo-
sphaera bigelowii (GRAN & BRAARUD, 1935) DEFLANDRE,
1947 Braarudosphaera bigelowi subsp. parvula STRADNER,
1960, and Coccolithus pelagicus (WALLICH, 1877) SCHILLER,
1930). Barren samples from this interval probably point to
short freshwater input. Interval 1 can be subdivided into two
subintervals, each characterized by its own assemblage:

— Subinterval 1a): from the lowermost sample (D56) to
D41 with the last common occurrence of Calcidiscus lepto-
porus as the upper boundary of this subinterval. Assem-
blages are rich in well-preserved nannofossils, accompanied
by Syracosphaera spp. and didemnid ascidian spicules (sea
squirts) assigned to Perforocalcinella fusiformis BONA,
1964. The uppermost two samples (D42, D41) contain high
amounts of Sphenolithus moriformis and Reticulofenestra
pseudoumbilicus. Sediments from the upper part (D46 to
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Figure 2. Sample locations and the subdivision of the Pécs-Danitzpuszta section based on calcareous nannofossils (clusters resulting from WARD’s method - see

Figure 4)

2. dbra. A pécs-danitzpusztai szelvény tagoldsa mészvdzii nannofosszilidk alapjdn (a csoportok elkiilonitése WARD mddszerével tortént, ld. 4. dbra)
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Table I. Distribution of autochthonous calcareous nannofossils in samples from the Pécs-Danitzpuszta section. The list is arranged in an

alphabetical order

I tabla. Az autochton mészvazii nannofosszilidk eloszldsa a pécs-danitzpusztai szelvény mintdiban (dbécésorrendben)

Species Specimen | Number of
number samples
Acanthoica cohenii (JERKOVIC, 1971) AuBRY, 1999 42 (s}
Bekelithella echinata BONA & GAL, 1985 11 5
Braarudosphaera bigelowii (GRAN & BRAARUD 1935) DEFLANDRE, 1947 2 2
Braarudosphaera bigelowi subsp. parvula STRADNER, 1960 13 )
Calcidiscus leptoporus (MURRAY & BLACKMAN, 1898) LOEBLICH & TAPPAN, 1978 1777 15
Calcidiscus pataecus (GARTNER, 1967) DE KAENEL & VILLA, 1996 2 2
Calciosolenia brasiliensis (LOHMANN, 1919) YOUNG in YOUNG et al., 2003 7 2
Catinaster cf. calyculus MARTINI & BRAMLETTE, 1963 1 1
Coccolithus pelagicus (WALLICH 1877) SCHILLER, 1930 27 15
Coronocyclus nitescens (KAMPTNER, 1963) BRAMLETTE & WILCOXON, 1967 4 2
Helicosphaera carteri (WALLICH 1877) KAMPTNER, 1954 %)
Isolithus pavelici Cori¢ , 2008 2582 25
Isolithus semenenko LYUL'EVA, 1989 2092 22
Isolithus spp. 89 13
Lithostromation perdurum DEFLANDRE, 1942 1 1
Praenoelaerhabdus banatensis MiHAJLOVIC 1993, Noelaerhabdus spp. 625 7
Praenoelaerhabdus small (<3 um) 1475 22
Perforocalcinella fusiformis BONA 1964 7691 49
Pontosphaera discopora SCHILLER, 1925 1 1
Pontosphaera multipora (KAMPTNER, 1948 ex DEFLANDRE in DEFLANDRE & FERT, 1954) > >
RoTH, 1970
Pontoshaera sp. 2 2
Reticulofenestra haqii BACKMAN, 1978 () 3
Reticulofenestra minutula (GARTNER, 1967) HAQ & BERGGREN, 1978 4 2
Reticulofenestra perplexa (BURNS, 1975) WISE,1983 4 2
Reticulofenestra pseudoumbilicus >7 pym (GARTNER, 1967) GARTNER, 1969 153 7
Reticulofenestra pseudoumbilicus 5-7 pm (GARTNER, 1967) GARTNER, 1969 164 7
Reticulofenestra cf. rotaria THEODORIDIS, 1984 7 2
Sphenolithus moriformis (BRONNIMANN & STRADNER, 1960) BRAMLETTE & WILCOXON, 1967 144 5
Sphenolithus sp. 2 1
Syracosphaera spp. 1945 24
Thoracosphaera spp. 16 7

D41) are characterized by decrease in abundance of nanno-
fossils.

—Subinterval 1b): from D40 to D35, between the last oc-
currence of Cd. leptoporus and the last continuous occur-
rence of Reticulofenestra pseudoumbilicus. Assemblages of
this subinterval contain rare but well-preserved nannofos-
sils dominated by R. pseudoumbilicus, Syracosphaera spp.
and P. fusiformis.

Interval 2 (clay-marl-limestone alternation): From the
last occurrence of R. pseudoumbilicus to the last occur-
rence of Syracosphaera spp. (D34 to D20). Assemblages
from this interval are dominated by small-sized noelaer-
habdaceae (with a diameter of 3um or less) assigned to
Praenoelaerhabdus small, P. fusiformis, and Syracosphae-
ra spp. This assemblage is accompanied by very rare A.
cohenii, C. pelagicus and R. pseudoumbilicus. Spora-
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dically, occurrences of these species can be a result of
reworking.

Interval 3): the upper part of the section in a thickness of
ca. 61 m (D19 to D225E). This interval is characterized by
blooms of didemnid ascidian spicules (P. fusiformis) and
endemic nannofossils belonging to the genus Isolithus (Iso-
lithus pavelici, Isolithus semenenko, Isolithus spp.). Samples
D2I9W to D223-2 contain endemic Praenoelaerhabdus
banatensis MIHAJLOVIC, 1993 (taxa without central spine),
Noelaerhabdus bekei JERKOVIC, 1971 (short spine in the cen-
tral area), N. jerkovici BONA & GAL, 1985 (longer spine) and
Bekelithella echinata BONA & GAL, 1985. Normal marine
nannofossils (A. cohenii, Catinaster cf. coalitus, C. pelagi-
cus, R. perplexa, R. haqii, R. pseudoumbilicus etc.) are very
rare in this interval. Interval 3 can be subdivided into the
following four subintervals based on the alternating predo-
minance of ascidians and Isolithus spp., respectively.

— Subinterval 3a) from sample D19 to D5 (between the
last occurrence of Syracosphaera spp. and first common oc-
currence of Isolithus spp.) is characterized by blooms of
ascidians, whereas the dominance of Praenoelaerhabdus
small was observed only in sample D11, and by the very
scarce presence of normal marine taxa (C. pelagicus, R.
hagqi, R. minutula, R. perplexa).

— Subinterval 3b): from sample D1 to D117W contains
assemblages with the blooms of Isolithus spp. with sporadi-
cally abundant ascidians (sample D116).

— Subinterval 3c): from sample D118 to D217. In the lower
part of this interval (D118 to D207) ascidians occur accom-
panied by diatoms and sponge spicules, whereas the upper part
is barren and does not contain any fossils (D209-D217).

Figure 3. Calcareous nannofossils from the Pécs-Danitzpuszta section

3. dbra. Mészvazii nannofosszilidk a pécs-danitzpusztai szelvénybol

1-4. Braarudosphaera bigelowi subsp. parvula STRADNER, 1960, D36.

S, 6 Braarudosphaera bigelowii (GRAN & BRAARUD, 1935) DEFLANDRE, 1947, D4l.

Ta, 9, 10. Praenoelaerhabdus banatensis MIHAJLOVIC, 1993, D219.

7b. Didemnid ascidian spicule, D219.

8, 11, 12. Praenoelaerhabdus small (<3um), 11: Sample D-219; 8, 12. D11.

13, 14. Coccolithus pelagicus (WALLICH, 1877) SCHILLER 1930, D41.

15a,22-24, 32. Calcidiscus leptoporus (MURRAY & BLACKMAN, 1898) LOEBLICH & TAPPAN,
1978, 15a: Sample D-39; 22-25, 37: D47.

15b, 16-18. Reticulofenestra pseudoumbilicus (GARTNER, 1967) GARTNER, 1969, 15b:
Sample D-39, 16, 17: Sample D-35, 18: D41.

19. Reticulofenestra perplexa (BURNS, 1975) Wiskg, 1983 D41.

20, 21. Sphenolithus moriformis (BRONNIMANN & STRADNER, 1960) BRAMLETTE & WIL-
COXON, 1967, Sample D-25; 28: D41.

25. Pontosphaera multipora (KAMPTNER, 1948 ex DEFLANDRE in DEFLANDRE & FERT,
1954) Roth 1970, D221.

26. Pontosphaera discopora SCHILLER, 1925, D25.

217, 28. Syracosphaera spp., D54.

29. Calciosolenia brasiliensis (LOHMANN, 1919) YOUNG in YOUNG et al. 2003, D55.

30, 31. Bekelithella echinata BONA & GAL, 1985, D221.

33, 37. Isolithus pavelici Cori¢, 2005, Figs 33, 45: D107; Figs 33, 44: D102.

34. Acanthoica sp.

35, 36, 40. Noelaerhabdus bekei JERKOVIC, 1971, D 221.

38, 39. Isolithus semenenko LULIEWA, 1989, D102.

41. Noelaerhabdus jerkovici BONA & GAL, 1985, D221.

42, 43. Catinaster calyculus MARTINI & BRAMLETTE, 1963, D221.

44-47, 51, 52. Didemnid ascidian spicules: Perforocalcinella fusiformis BONA, 1964, 45-
47.:D6; 43, 51, 52: D36.

48-50. Loose demosponge spicules, different types of oxeas, D204-3

53. Calcifying dinoflagellates ( Thoracosphaera spp.), D25.

54, 55. Planktonic gastropods, D25.

— Subinterval 3d) includes samples from the top of the
section (D219W to D225E). This short interval (ca. 4 m) is
characterized by occurrences of endemic calcareous nanno-
fossils belonging to family Noelaerhabdaceae JERKOVIC,
1970 emend. YOUNG & BOWN, 1997: Bekelithella echinata,
Praenoelaerhabdus banatensis, Noelaerhabdus bekei, N.
bozinovicae, N. jerkovici in samples D219 to D223-1 co-
occurring with ascidians. Subinterval 3d ends with samples
containing Isolithus spp. (Samples D223 and D225).

Thin green clay/silt layers from the top of the profile
Pécs-Danitzpuszta (D226, D226E) are barren of calcareous
nannofossils.

Very rare occurrences of Watznaueria barnesiae (BLACK
in BLACK & BARNES, 1959) PERCH-NIELSEN, 1968, Micula
staurophora (GARDET, 1955) STRADNER, 1963 and Nanno-
conus steinmannii KAMPTNER, 1931 throughout the whole
section point to reworking from the Cretaceous.

Species distribution by multivariate analyses

Cluster analysis by the Euclid method differentiated
three clusters (Figure 4).

A single species, Perforocalcinella fusiformis, is an indi-
cator component for clustering samples into Cluster 1. This
cluster includes 25 samples mostly from interval 2 and from
subintervals 3a and 3c. All samples from this cluster are
grouped in the 4™ quadrant of nMDS (Figure 5).

High percentages of endemic genus Isolithus spp. cha-
racterize Cluster 2, which groups in total 14 samples exclu-
sively from Subintervals 3b and 3d. Samples from Cluster 2
are placed in the 3" quadrant of nMDS (Figure 5).

Most significant species in Cluster 3 are Calcidiscus lep-
toporus, Syracosphaera spp., Sphenolithus moriformis, R.
pseudoumbilicus and Praenoelorhabdus small. This cluster
contains samples from Subintervals la (11 samples), 1b (2
samples), Interval 2 (6 samples), Subinterval 3d (with B.
echinatta, Praenoelaerhabdus banatensis and Noelaerhab-
dus spp.) and only one sample from Interval 3a. Samples from
Cluster 3 are grouped in the central part of nMDS (Figure 5).

Discussion

Palaeoecology

The interpretation of the palaeoenvironment is based on
the changes in abundance patterns of nannofossils within
assemblages. All samples contain very low diversity assem-
blages with higher values in the lower part of the section
(Intervals 1 and 2 with a maximum value of 13 taxa in D41,
Figure 2). Assemblages from the middle and upper part of
the section (Intervals 3a — d) consist mostly of only one or
two species. Calcareous nannofossil assemblages from the
lower part of the section (Intervals 1 and 2) are defined by
Calcidiscus leptoroporus, Reticulofenestra pseudoumbili-
cus, Syracosphaera spp. and Praenoelaerhabdus small as
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Figure 4. Dendrogram of sample clusters resulting from WARD’s method
4. dbra. A vizsgalt mintdk dendrogramja (WARD médszere alapjin)

main components. Isolithus spp. and didemnid ascidians are
dominating components in the upper part of the section in
Interval 3.

Didemnid ascidian spicules are generally common and
well-preserved in basins characterised by high bottom water
temperature, rapid sedimentation rate and low water circu-

lation (VAROL & HOUGHTON 1996). Perforocalcinella fusi-
formis that belongs to this group was described from the
lower Pannonian of the Mecsek Mountains (borehole Hi-
das), Hungary (BONA 1964). Blooms of P. fusiformis were
also documented from the upper Sarmatian in different parts
of the Central Paratethys (GALovIC 2017, CoRIC et al. 2017)
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Figure 5. Nonmetrical Multidimensional Scaling (nMDS) of samples

5. dbra. A mintdk eloszlasa nem-metrikus tobbdimenzios skdlazdsi modszerrel
(nMDS)

and, as sporadic occurrences, from the Badenian (KovAC et
al. 2005, 2008). The changes in occurrences of P. fusiformis
are strongly influenced ecologically by changes in palaeo-
conditions and cannot be used for biostratigraphic subdi-
vision.

Interval I with the highest diversity throughout the sec-
tion (average value 5.12 taxa/sample) contains assemblages
with normal marine nannofossils.

Subinterval 1a is dominated by Calcidiscus leptoporus,
an extant taxon with the first occurrence within NN2 (lower-
most Aquitanian) and still present in recent oceans. Ecolo-
gical preferences of C. leptoporus were investigated in Por-
tuguese coastal water by SILVA et al. (2009). This opportunis-
tic cosmopolitan coccolithophore species points to warmer,
low turbulent, normal salinity, oligotrophic waters. High oc-
currences of warm oligotrophic S. moriformis on the top of
Subinterval 1a (samples D42 and D41) point to a short in-
terval of increased salinity during Sarmatian. The absence
or only sporadic occurrence of Coccolithus pelagicus,
which is well-known as a marker of nutrient-rich cold water
(OkADA & MCINYRE 1979, WINTER & SIESSER 1994), and
those of helicoliths with ecological preference for upwelling
(PERCH-NIELSEN 1985, RAHMAN & ROTH 1990) support this
interpretation.

In Subinterval 1b, Calcidiscus leptoporus is replaced by
large R. pseudoumbilicus (>7 um). The abundance of this
species, together with the occurrences of B. bigelowii in the
top of Subinterval 1a and throughout Subinterval 1b, points
to a period of increased eutrophy within the Sarmatian. In-
creased nutrient supply was probably caused by more intense
river runoff. Abundant occurrences of B. bigelowii may

point to decreased salinity; however, this species never ex-
ceeds 2% in nannofossil assemblages from Pécs-Danitz-
puszta outcrop. Braarudosphaera bigelowii is predominant-
ly observed in neritic and shelf seas (PERCH-NIELSEN 1985).
An increase in species diversity from Subinterval 1a to Sub-
interval 1b confirms araise in the nutrient supply in the upper
part of Interval 1. Common occurrences of C. leptoporus, Sy-
racosphaera spp., and reticulofenestrids accompanied with
ascidians were also reported from the upper Sarmatian sedi-
ments from other parts of the Central Paratethys (GALOVIC
2017, SARINOVA et al. 2018), and are interpreted as a con-
sequence of decreasing water depth at the end of the middle
Miocene (as documented by e.g., PILLER et al. 2007).

Samples from Interval 1 are grouped into Cluster 3 (Fig-
ure 4) occupying the central and the upper part of nMDS, and
biostratigraphically can be attributed into the Sarmatian.

Interval 2 represents a thickness of ca. 3 m and contains
very low diversity assemblages with an average value of 3.14
taxa/sample. The lower part of this interval (D34 to D28) is
dominated by ascidians, whereas in the upper part (D27 to
D23) Praenoelaerhabdus small and Syracosphaera spp.
prevail. Acanthoica cohenii and ascidians are also common.

Genus Praenoelaerhabdus with P. banatensis is an en-
demic taxon described from Pannonian deposits of Serbia
(MIHAJLOVIC 1993). Small Praenoelaerhabdus with a dia-
meter less than 2 um were documented from the Sarmatian
and Pannonian of Croatia (COrIC et al. 2017). Blooms of
small Praenoelaerhabdus together with Syracosphaera spp.
during Interval 2 can be interpreted as a period of strongly
reduced salinity. It represents a transitional interval contain-
ing normal marine (A. cohenii and Syracosphaera spp.) and
endemic forms (Praenoelaerhabdus small) in a low diversi-
ty association. Samples of Interval 2 containing ascidians
are grouped into Cluster 1, whereas samples with coccoliths
(Syracosphaera spp, and Praenoelaerhabdus small) were
statistically grouped into Cluster 3.

The longest part of the section (ca. 61 m) belongs to In-
terval 3, which is subdivided into four subintervals accord-
ing to the predominance of P. fusiformis (Subintervals 3a
and 3c), Isolithus spp. (3b and 3d) or P. banatensis and Noe-
laerhabdus spp., respectively. Isolithus semenenko LULJE-
WA, 1989 was originally described from the lower Pliocene
marls of the Eastern Paratethys (Taman region, Russia).
The occurrences of this genus were documented in the up-
permost Sarmatian and Pannonian sediments of the Central
Paratethys in Croatia, Serbia and Romania (CORIC et al.
2017, GALoviC 2017). CHIRA & MALAcCU (2008) reported
about the abundance of various Isolithus species in the Pan-
nonian of Transylvania (Romania). CoRri¢ (2004, 2005a, b)
investigated quantitatively the calcareous nannofossils
from the Pannonian of Croatia (NaSice) and found periodi-
cally repeated blooms of Isolithus spp. alternating with
periods of blooms of P. fusiformis. Periods with blooms of
ascidian spicules (3a and 3c¢) can be interpreted as periods
of shallowing whereas intervals with abundant Isolithus
spp. (3b and 3d) can point to the opposite trend. Results of
quantitative analyses can be used for the correlation
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between various locations and sub-basins within the
Pannonian Basin.

Samples from Subintervals 3a and 3¢ (dominated by P.
fusiformis) are mostly grouped into Cluster 1 together with
samples from Intervals 1 and 2, which have similar compo-
sition, thus they cannot be separated from each other strati-
graphically. On the other hand, samples containing Isolithus
spp. (Subintervals 3b and 3d) build Cluster 2 (Figure 4),
clearly separated in the lower left part of the nMDS diagram
(third quadrant).

The middle part of Subinterval 3¢ (D200-1 to D207) is
characterized by the occurrences of well-preserved diatoms
and sponge spicules. HAJ0s (1985) investigated occurrences
of Pannonian diatoms from several localities in Hungary.
All occurrences may point to sedimentation in very shallow
areas, or lagoons dominated by NW wind. The investigated
diatom assemblages are very often accompanied by sponge
remains. Occurrences of sponge remains can be a sign of
extremely stressing conditions, such as water level variation
(MANCONI & PROZANTO 2015, 2016). Therefore, Subinterval
3c in the Pécs-Danitzpuszta section can be interpreted as a
period of strong shallowing. Interestingly, freshwater
sponge remains (Ephydatia fossilis) were first described
from the middle/upper Miocene from Hungary (Dubrovi-
cza) and Romania (Kevna Bremia) by TRAXLER (1894).

Subinterval 3d contains rich, well-preserved assem-
blages. The lower part of this Subinterval is dominated by
the co-occurrence of ascidians and endemic nannofossils,
such as Bekelithella echinata, Praenoelaerhabdus banaten-
sis, Noelaerhabdus bekei and Noelaerhabdus jerkovici. Oc-
currences of placoliths from family Noelaerhabdaceae is a
sign of short deepening of this part of the basin. Subinterval
3d ends with blooms of Isolithus spp.

Biostratigraphy

Generally, the Pécs-Danitzpuszta section can be subdi-
vided into a lower part (Intervals 1 and 2 including samples
D56 to D20) with normal marine calcareous nannofossils,
and an upper part (Interval 3 including samples D18 to
D225) characterized by the presence of ascidians and
endemic nannofossils and very rare marine nannofossils.

In the lower part of the section, the absence of Sphenoli-
thus heteromorphus DEFLANDRE, 1953 points to an age young-
er than NN5 (MARTINI 1971). Interval 1b contains a high
amount of R. pseudoumbilicus (up to 30% of total nannofos-
sils and about 90% of all counted reticulofenestrids). FOR-
NACIARI et al. (1996) used common and abundant R. pseudo-
umbilicus to define the Reticulofenestra pseudoumbilicus
Partial-range Subzone (MNNG6D) in the Mediterranean re-
gion, which can be correlated with the upper part of standard
nannoplankton Zone NN6. RAFFI et al. (2006) dated Highest
Occurrence (HO) of Cyclicargolithus floridanus (ROTH &
HAy in HAy et al. 1967) BUKRY 1971 at 12.1 Ma in the upper-
most Serravallian. The absence of C. floridanus in all inves-
tigated samples allows an attribution of the lower part of the
section (D56 to D20) to the upper NN6 or younger, which

can be correlated to the upper Sarmatian. The zone marker
for NN7, Discoaster kugleri MARTINI & BRAMLETTE, 1963,
was not observed in the section. The absence of discoasters
(open marine taxa) is most probably caused by the shallow-
ing environment during the Sarmatian in this area. Accord-
ing to the last continuous occurrence of marine nannofos-
sils, the Sarmatian—Pannonian boundary can be placed bet-
ween samples D20 and D19. Sample D36 contains common
Braarudosphaera bigelowi subsp. parvula STRADNER 1960.
Bloom of this small pentalith was observed in the upper
Sarmatian of the southern Vienna Basin (STRADNER 1960)
and was interpreted as the result of a drop in salinity.
Occurrences of this species confirm the attribution of this
part of the section into the upper Sarmatian.

The lower part of Subinterval 3d (samples D219 to D223)
is characterized by high amounts of ascidians, endemic
coccoliths Bekelithella echinata, Praenoelaerhabdus bana-
tensis, Noelaerhabdus bekei, Noelaerhabdus jerkovici and
only sporadic occurrences of normal marine species; thus, it
can be attributed to the Pannonian. MARUNTEANU (1997) pro-
posed an evolutionary lineage for the endemic Noelaerhab-
dus species in Transylvania. Due to the shallow position of the
section, only the nannofossil assemblages from the up-
permost part of the Pécs-Danitzpuszta section (Subinterval
3d) fit this proposed model. According to MARUNTEANU et al.
(1994), a similar endemic assemblage occurs above marine
species that represent the NN9 zone in the Temes Valley,
Romania. Thus, the endemic assemblage must be younger
than the beginning of NN9 Chron (10.55 Ma). Sample D221
contains the very rare Catinaster cf. calyculus MARTINI &
BRAMLETTE, 1963. This cup-shaped nannofossil has a short
stratigraphic range with the first occurrence within NN9 and
the last occurrence within NN10. Therefore, this part of the
section can be correlated either with NNO (9.53-10.55 Ma) or
with NN10 (8.29-9.53 Ma).

Conclusions

All samples from the Pécs-Danitzpuszta outcrop contain
low-diversity calcareous nannofossil assemblages. The sec-
tion can be divided into three intervals that reflect palacoeco-
logical changes during the late Sarmatian and Pannonian pe-
riod. Interval 1 (samples D56 to D35) is dominated by normal
marine nannofossils, such as C. leptoporus, R. pseudoumbili-
cus, S. moriformis, Syracosphaera spp., and by didemnid
ascidian spicules (sea squirts). This assemblage points to
warm, shallow oligotrophic marine conditions. A slight in-
crease in eutrophication in the upper part (Subinterval 1b) is
probably caused by enhanced nutrient supply by rivers. Inter-
val 2 (D34 to D20) displays very low diversity. The co-
occurrence of endemic Praenoelaerhabdus small and normal
marine A. cohenii and Syracosphaera spp. indicates a drop in
salinity, which can be interpreted as a stepwise transition from
marine to brackish lacustrine conditions. The longest interval,
Interval 3 (D18 to D225) is characterized by alternation of
monospecific assemblages with either P. fusiformis or Iso-



Foldtani Kozlony 151/3 (2021)

263

lithus spp. Assemblages dominated by ascidians (P. fusifor-
mis) are interpreted as periods of shallowing based on the co-
occurrences of diatoms and sponge remains within this inter-
val (3c). On the contrary, the intervals with abundant Isolithus
spp. are interpreted as periods of slight deepening. In addition,
a short interval (lower part of 3d) with endemic calcareous
nannofossils (B. echinata, Noelaerhabdus spp.) also indicate a
period of deepening of the basin. Changes in the Pannonian
assemblages are influenced by changes in environmental
circumstances, most probably water depth and salinity.

Based on the abundance of R. pseudoumbilicus and the
absence of S. heteromorphus and C. floridanus, Intervals 1
and 2 can be attributed to the upper NN6 (and/or NN7) stan-
dard nannoplankton zones (younger than 12.1 Ma), and are
interpreted here as belonging to the marine upper Sarma-
tian, whereas Interval 3 correlates with the brackish lacus-
trine Pannonian. Based on the occurrences of Bekelithella
echinata and species belonging to the genus Noelaerhab-
dus, the upper part of the section is attributed to NN 10 nan-
nozone. Our investigations show that quantitative assess-
ment of endemic calcareous nannofossils might be a tool for
stratigraphic correlation within the Pannonian.

The applied statistical methods document the response
of nannofossil assemblages to the rapid environmental
and paleoecological changes that took place during the
Sarmatian and Pannonian in this part of the Pannonian
Basin.
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Osszefoglalds

Dinoflagelldta cisztdak Pécs-Danitzpuszta pannoniai ,,fehér mdrgdjabol”

A kés6 neogén Pannon-t6 iiledékeinek rétegtani tagoldsaban és korreldcidjdban fontos szerepet jatszanak a szerves
vdzd mikroplanktonhoz tartozé dinoflagellatak cisztdi. A pécs-danitzpusztai homokbdnya pannéniai mészmarga réteg-
sordbol 66 palinoldgiai prepardtumot vizsgaltunk az liledékek rétegtani helyzetének és kordnak megdllapitdsa céljabol.
E fontos feltardsbol korabbi vizsgélatok sikerteleniil prébéltak dinoflagellata cisztdkat kinyerni. Az 4j gy(ijtésbdl 6 minta
tartalmazott j6 megtartdsu palinomorfikat. A rétegsor aljabdl vett mintdban (D25) valdszintileg dthalmozott kozépsd
miocén egyiittes volt. A kozéps6 szakasz mintdi (D3, D2, D1) a Pontiadinium pecsvaradensis z6nét jelezték (kb. 10,8—
10,6 M év). A margak fels6 részEébdl vett mintak (D219, D221) nem adtak tovabbi rétegtani informaciot, a Pontiadinium
pecsvaradensis zéndba tartoznak vagy anndl fiatalabbak. A k6zEépsd és fels6 szakasz mintdinak palinofaciese (D3-t6l
D221-ig) a szdrazfoldi behorddstdl tdvoli, nyugodt, alkalmanként oxigénszegény, valdszintileg mélyvizi iiledékképzo-
dési kornyezetet jelez.

Kulcsszavak: Mecsek, pannoniai, palinologia, dinoflagelldta ciszta, biosztratigrdfia

Abstract

Dinoflagellate-cyst based biostratigraphy is an important tool in the stratigraphical subdivision and correlation of the
Neogene Lake Pannon deposits. A total of 66 palynological samples were investigated from the Pannonian (upper Mio-
cene) marl succession exposed in the Pécs-Danitzpuszta sand pit in order to evaluate the biostratigraphical assignment
and constrain the age of the strata. Earlier attempts to recover dinoflagellate cysts from this important reference section
had failed. In our material, six samples contained well-preserved palynomorphs. One sample from the lower part of the
succession (D25) contained a probably reworked middle Miocene assemblage. Samples from the middle segment of the
succession (D3, D2, D1) indicate the Pontiadinium pecsvaradensis Zone (ca. 10.8 to 10.6 Ma). Samples from the top of
the marl (D219, D221) did not give additional stratigraphic information (P. pecsvaradensis Zone or younger). The
palynofacies of samples D3 to D221 indicates a relatively distal, calm, occasionally oxygen-deficient, probably deep
depositional environment.
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Introduction luscs have been studied and utilized for biostratigraphy for

over a century (e.g., GORJANOVIC-KRAMBERGER 1890, 1899;

Pannonian (late Miocene) “white marls”, deposited in
regions sheltered from siliciclastic sediment input in Lake
Pannon, are widely distributed in the southern part of the
Pannonian Basin. Having accumulated in an isolated water
body, their stratigraphic subdivision is problematic and re-
lies on a few groups of the endemic biota. Their fossil mol-

KocH 1902; SREMAC 1981 ; VRSALIKO 1999; TER BORGH et al.
2013). The organic-walled microplankton, first of all dino-
flagellate cysts and prasinophytes (green algae), also pro-
vide good stratigraphic markers in Lake Pannon deposits,
but they are scarcely known from the “white marls.” A rich
dinoflagellate cyst assemblage was reported from the
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NaSice outcrop in Slavonia, northeast Croatia, by BAKRAC
(2005) and BAKRAC in VASILIEV et al. (2007), and some
dinoflagellate cysts were presented from boreholes in SE
Hungary by SUTO-SZENTAI in MAGYAR et al. (2004). Apart
from these data, we are not aware of published dinoflagel-
late cyst assemblages from the Pannonian “white marls.”

The objective of this paper is the investigation of dino-
flagellate cysts from the largest surface exposure of these
rocks in Hungary, Pécs-Danitzpuszta, in order to provide
biostratigraphic and additional paleoenvironmental data for
the integrated stratigraphic evaluation of the section. Earlier
attempts to recover dinoflagellate cysts from the layers of
this outcrop all failed, but as our pilot samples gave promis-
ing results, a large set of samples was collected and investi-
gated. Earlier dinoflagellate studies from drill cores in the
neighbouring regions of SW Hungary (SUTG-SZENTAI 1982,
1989, 1994, 2000a, 2002) and the Drava basin (INA industri-
al reports by K. KrRizMANIC) provided a firm basis for the bio-
stratigraphic evaluation of the dinoflagellate assemblages.

The complex sedimentological and paleontological in-
vestigation of the Pécs-Danitzpuszta Neogene sequence
was supported by a Croatian—Hungarian bilateral research
project; our brief report on the dinoflagellates of the marls is
a contribution to this joint effort.

Geological setting

The outcrop is a sand pit, located within the administra-
tive area of Pécs, in the eastern outskirts of the city (Figure
1). The pit, together with an exploratory trench excavated in
its northwestern margin, expose a strongly tilted Badenian—

Sarmatian—Pannonian marl-dominated succession in 80 m
stratigraphic thickness, capped by Pannonian sands (SEBE et
al. 2021).

Sampling, material and methods

During a field trip in 2017, two pilot samples were taken
randomly for palynological analysis from the easily accessi-
ble uppermost part of the marl succession (Layers D219 and
D221) (Figure 1). As the samples yielded a well-preserved
dinoflagellate cyst association, the entire section was sam-
pled in two steps. A total of 72 samples (D72 to D1) were
taken from the Badenian—Pannonian succession exposed in
the exploratory trench, representing the lower 37 m of the
section (Figure ). Forty-one samples were chosen for paly-
nological preparation and subsequent palynological and pa-
Iynofacies analysis. However, only four samples, all belong-
ing to the Pannonian, contained dinoflagellate cysts, and only
three were suitable for biostratigraphical and environmental
interpretation. The upper part of the Pannonian marl suc-
cession (D101 to D226, representing 43 m stratigraphic
thickness) was investigated in 23 samples. All slides were
barren except sample D225 that contained an impoverished,
poorly preserved dinoflagellate cyst assemblage. Due to their
poor preservation the biostratigraphic or paleoecological
evaluation was not possible.

Processed in the standard way of palynological maceration
(MOORE et al. 1991), rock samples were washed in 7% hydro-
chloric acid (HCI), dried and ground in a laboratory crusher,
weighed (100 g) and set for dissolution of carbonates (with
18% HCI) and silicates (with 40% HF). The organic residue
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Figure 1. Location of the study area within the Pannonian Basin and stratigraphical position of the palynological samples from Pécs-Danitzpuszta. A: Location of
the sand pit; dark patch indicates extent of Lake Pannon at 10.8 Ma after MAGYAR et al. (1999a). B: Simplified stratigraphic log of the sand pit with sample positions.
Each segment of the vertical scale represents 10 m (the entire section is 90 m). C: Organic-walled microplankton zonation of Lake Pannon sediments (based on
SUTG-SZENTAI 1988, 2000b and BAKRAC et al. 2012, and modified according to exploration borehole data from Croatia)

1. abra. Helyszinrajz és rétegosziop. A: A pécs-danitzpusztai feltdrds helyzete a Pannon-medencében, sitéttel a Pannon-to elterjedése kb. 10,8 millio évvel ezelott (MAGYAR
etal. 1999a szerint). B: A feltdrds egyszeriisitett rétegoszlopa a produktiv mintdk helyeével. A fiiggileges skdla minden szegmense 10 métert keépvisel, a teljes rétegoszlop 90
mvastag. C: A Pannon-té iiledékeinek szervesvdzii mikroplankton zondcidja SUTONE SZENTAI (1988, 2000b) és BAKRAC et al. (2012) alapjdn, a horvdtorszdgi szénhidrogén-

kutatd fiirdsok adatai alapjan modositva
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was separated from undissolved inorganic mixture by treat-
ment with a heavy liquid (ZnCl,, s.g. 2.1 kg/l) and sieved
through a 15 mm sieve. Finally, palynological slides were
prepared using glycerin gelatin as the mounting medium.

Palynological slides were analysed by a Leitz Aristoplan
light microscope and an Olympus DP 25 digital camera with
the corresponding Stream Motion software for photography
and documentation. An Olympus BX51 fluorescence light
microscope was used for palynofacies characterisation and
control of reworked palynomorphs.

For each sample, the Thermal Alteration Index (TAI)
was determined. This is part of a visual kerogene analysis
(ScuwaB 1990) where the colour of different palynofacies
constituents, including sporomorphs, dinoflagellate cysts,
acritarchs etc. under the transmitted light is expressed on a
ten-step scale (1, 1+, 2—, 2, 2+, 3—, 3, 3+, 4—, 4). The colour
is a function of paleotemperature, pressure, and geologic
age, as well as that of structure, thickness, chemical com-
position and weathering of palynomorphs. The degree of
thermal maturity is defined by colour change from pale
yellow through brown to black (e.g., STAPLIN 1977).

Palynostratigraphic evaluation of the identified dinofla-
gellate cysts was based on the relevant literature (e.g., SUTO-
SzeNTAI 1988, 2000b; LuciC et al. 2001; BAKRAC 2005;
BAKRAC et al. 2012; SOLIMAN & RIDING 2017) and on our
own experience (K. K.) from hydrocarbon exploration
boreholes in Croatia.

Results

The palynofacies and palynological assemblages of the
samples are described in stratigraphic order, from bottom
to top. The identified taxa are listed in Table I. Palyno-
facies and selected dinoflagellate cysts are illustrated in
Figures 2 and 3.

Layer D25

Sample D25 contains abundant sedimentary organic
particles in the rock macerate. Amorphous organic
matter particles are rare in the palynofacies. Ligno-
humine clasts are mostly made up of smaller, black, fully
oxidized woody fragments (inertinite). Liptinite com-
ponents are abundant. They include some pollen grains
and a lot of various, completely oxidized (transparent)
dinoflagellate cysts. In the palynofacies, a significant
amount of macerals is composed of bigger, brown,
biostructured phytoclasts (vitrinite) and cuticles, both
immature (TAI 1-2). The most frequent dinoflagellate
cysts are Lingulodinium machaerophorum (DEFLANDRE
& COOKSON, 1955) WALL, 1967 (Figure 2A), Poly-
sphaeridium zoharyi (ROSSIGNOL, 1962) Bujak et al.,
1980 (Figure 2B), Spiniferites sp., Achomosphaera sp.,
Operculodinium sp., Hystrichokolpoma sp. and Seleno-
pemphix sp. (Table I).

Table I. Dinoflagellate cysts and green algae identified in the Pécs-Danitzpuszta samples

I tablazat. A pécs-danitzpusztai szelvény mintdibol meghatdrozott dinoflagelldta cisztik és zoldalgak

D25

D3 D2 D1 D219 D221

Lingulodinium machaerophorum X

Polysphaeridium zoharyi X

Spiniferites pannonicus

Spiniferites oblongus

Spiniferites hennersdorfensis

XXX
XXX
XXX
XXX

Spiniferites maisensis

x| X| x| X

Spiniferites bentorii granulatus

Spiniferites sp. X

“Virgodinium asymmetricum”

“Virgodinium foveolatum”

“Virgodinium” sp.

Pontiadinium pecsvaradensis

XXX X | X

Pontiadinium obesum

Pontiadinium sp.

Impagidinium globosum

Impagidinium spongianum

Impagidinium sp.

X XXX

Selenopemphix sp. X

Nematosphaeropsis sp.

x| x| X

Achomosphaera sp.

Operculodinium sp.

XXX

x| x| X

Hystrichokolpoma sp.

Chytroeisphaeridia sp.

Spirogyra sp.

Botryococcus braunii
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Figure 2. Selected Pannonian dinoflagellate cysts and green algae from the Pécs-Danitzpuszta outcrop. The black scale bars represent
10 um for each figure.

A: Lingulodinium machaerophorum (DEFLANDRE & COOKSON, 1955) WALL 1967, D25; B: Polysphaeridium zoharyi (ROSSIGNOL, 1962) Buiak et al. 1980, D25;
C: Spiniferites pannonicus (SUTG-SZENTAI, 1986), SOLIMAN & RIDING 2017 (D219); D-G: Spiniferites oblongus (SUT6-SZENTAI, 1986) SOLIMAN & RIDING 2017
(D, E:D219; F: D221; G: D3); H, I: Spiniferites hennersdorfensis SOLIMAN & RIDING, 2017 (H: D221; I: D1); J: Botryococcus braunii KUTZING, 1849 (D221); K, L:
“Virgodinium asymmetricum” SUTG-SZENTAL, 2010 (D221); M: “Virgodinium foveolatum” SUTG-SZENTAIL, 1982 (D221); N: Spirogyra sp. Type 11 (D219); O:
Spirogyra sp. Type 1(D221); P-R: Pontiadinium pecsvaradensis SUTO-SZENTAL 1982 (P: D221; Q: D1;R: D3); S Pontiadinium obesum SUTG-SZENTAL 1982 (D221)

2. dbra. Pannoniai dinoflagelldta cisztdk és zoldalgak a pécs-danitzpusztaifeltdarasbol. A fekete aranymérték mindegyik képen 10 um-nek felel meg
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Layer D3

The macerate of the rock sample is very rich in sedimen-
tary organic matter. About 50% of the palynofacies is com-
posed of amorphous organic matter. Lignohumine clasts
make up about 20% of the organic residue composed mostly
of brown, bigger, biostructured phytoclasts (vitrinite) and
fewer black (inertinite) kerogen clasts. About 30% of the
palynofacies is liptinite component made up of dinoflagel-
late cysts, green algae remnants (Spirogyra sp. and Botryo-
coccus braunii KUTZING, 1849) and different spores and
pollen grains. Macerals are immature (TAI 2). The most fre-
quent dinoflagellate cysts are Spiniferites pannonicus
(SUTG-SZENTAL 1986), SOLIMAN & RIDING, 2017, Spiniferi-
tes oblongus (SUTO-SZENTAI, 1986) SOLIMAN & RIDING,
2017 (Figure 2G), Spiniferites hennersdorfensis SOLIMAN &
RIDING, 2017, Impagidinium sp., “Virgodinium asymmetri-
cum” SUTO-SZENTAL, 2010 and Pontiadinium pecsvaraden-
sis SUTO-SZENTAL, 1982 (Figure 2R) (Table I).

Layer D2

The sample is very rich in sedimentary organic matter
(Figure 3A). Amorphous organic matter particles are predo-
minant (ca. 50%). Lignohumine clasts make up ca. 10% of
the palynofacies and they are mostly composed of black
(inertinite) clasts. The liptinite component represents about
40% of the visible organic residue and it is made up of
diverse chorate and proximate (dominant) dinoflagellate
cysts, green algae remnants (abundant Spirogyra sp., Bot-
ryococcus braunii KUTZING, 1849), spores and assorted
pollen grains (mostly bisaccate conifer pollen). Macerals
are immature (TAI 1-2).

Dinoflagellate cysts are represented mainly by Spiniferi-
tes pannonicus (SUTO-SZENTAL, 1986), SOLIMAN & RIDING,
2017, Spiniferites oblongus (SUTG-SZENTAL, 1986) SOLIMAN
& RIDING, 2017, Spiniferites hennersdorfensis SOLIMAN &
RIDING, 2017, Spiniferites sp., Impagidinium globosum SU-
TO-SZENTAL, 1985, Impagidinium spongianum SUTO-SZEN-
TAL 1985, Impagidinium sp., Chytroeisphaeridia sp., “Vir-
godinium foveolatum” SUTG-SZENTAL 1982, “Virgodinium”
sp., “Virgodinium asymmetricum” SUTO-SZENTAL 2010,
Pontiadinium pecsvaradensis SUTO-SZENTAL, 1982 and Pon-
tiadinium sp. (Table I).

Layer D1

The sample is very rich in sedimentary organic matter.
Amorphous organic matter makes up about 50% and ligno-
humine clasts about 20% of the palynofacies. The liptinite
component is abundant and comprises 30% of the visible
organic residue. The palynological assemblage is composed
of diverse chorate and proximate (predominant) dinoflagel-
late cysts, green algae remnants (Spirogyra sp., Botryococcus
braunii KUTzING, 1849), spores and various pollen grains
(mainly bisaccate). Pyrite inclusions in palynomorphs are
common. Macerals are mechanically damaged and immature

(TAI 1-2). The most frequent dinoflagellate cysts are Spinife-
rites pannonicus (SUTO-SZENTAIL, 1986), SOLIMAN & RIDING,
2017, Spiniferites oblongus SUTO-SZENTAL, 1986, Spiniferites
hennersdorfensis SOLIMAN & RIDING, 2017 (Figure 21), Spini-
ferites sp., Achomosphaera sp., Nematosphaeropsis sp.,
Operculodinium sp., Impagidinium sp., “Virgodinium asym-
metricum” SUTO-SZENTAL 2010 and Pontiadinium pecsvara-
densis SUTO-SZENTAL, 1982 (Figure 2Q) (Table I).

Layer D219

The rock sample is very rich in sedimentary organic mat-
ter (Figure 3B, C). About 50% of the organic particles are
represented by amorphous organic matter. Lignohumine
clasts make up about 40% of the organic residue and itis com-
posed mostly of smaller, black, opaque, completely oxidized
woody tissue (inertinite). About 10% of the palynofacies is
liptinite component made of diverse chorate and proximate
dinoflagellate cysts, green algae remnants e.g., Spirogyra sp.
Type Il (Figure 2N) and Botryococcus braunii KUTZING, 1849,
various spores and abundant pollen grains. Macerals are me-
chanically damaged and contain no pyrite inclusions. The
most numerous dinoflagellate cysts are Spiniferites pannoni-
cus (SUTO-SZENTAL, 1986), SOLIMAN & RIDING, 2017 (Figure
20), Spiniferites bentorii granulatus FUCHS & SUTO-SZENTAL,
1991, Spiniferites oblongus (SUTO-SZENTAI, 1986) SOLIMAN
& RIDING, 2017 (Figure 2D, E), Spiniferites hennersdorfensis
SoLIMAN & RIDING, 2017, “Virgodinium asymmetricum” SU-
TO-SZENTAI 2010 and Impagidinium sp. (Table I).

This sample is colloquially referred to as the Myrtle
facies because of the abundant Myrica leaves found in this
layer (HABLY & SEBE 2016).

Layer D221

The sample is very rich in sedimentary organic matter
(Figure 3D, E). Amorphous organic matter particles make
up about 50%, and lignohumine kerogene clasts form 20%
of the palynofacies. Lignohumine clasts are mainly large-
sized brown, biostructured phytoclasts (vitrinite) and small-
er black clasts (inertinite). About 30% of the organic residue
is liptinite kerogen component composed of diverse chorate
and proximate dinoflagellate cysts, green algae remnants
Spirogyra sp. Type 1 (Figure 20) and Botryococcus braunii
KUTZING, 1849 (Figure 2J), and rare spores and pollen
grains (mostly bissacate).

The most common dinoflagellate cysts are Spiniferites
pannonicus (SUTO-SZENTAIL, 1986), SOLIMAN & RIDING,
2017, Spiniferites oblongus (SUTO-SZENTAIL, 1986) SOLIMAN
& RIDING, 2017 (Figure 2F), Spiniferites hennersdorfensis
SOLIMAN & RIDING, 2017 (Figure 2H), Spiniferites maisensis
SUTO-SZENTAL, 1994, Selenopemphix sp, Nematosphaerop-
sis sp., “Virgodinium asymmetricum” SUTO-SZENTAIL, 2010
(Figure 2K, L), Impagidinium sp., “Virgodinium foveolatum”
SUTO-SZENTAL 1982 (Figure 2M), Pontiadinium obesum SU-
TO-SZENTAL, 1982 (Figure 2S) and Pontiadinium pecsvara-
densis SUTO-SZENTAL, 1982 (Figure 2P) (Table I).
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Magnification: 18 x

Figure 3. Palynofacies of the samples. A: Very rich macerate from D2 with predominance of amorphous organic matter (ca. 50%)
and liptinite kerogen components (ca. 40%); scale bar 50 um; B: Palynofacies with abundant sedimentary organic matter in D219 in
transmitted light; scale bar 200 um; C: Same in fluorescent light; D: Palynofacies very rich in organic matter from D221 in trans-
mitted light; scale bar 200 um; E: Same in fluorescent light

3. abra. A vizsgalt mintdk palinoficiese. A: Nagyon gazdag macerdtum a D2 réteghdl jelentés mennyiségii amorf szerves anyaggal (kb.
50%) és liptinittel (kb. 40%); az ardnymérték 50 um; B: A D219 réteg palinoficiese sok iiledékes szerves anyaggal, dtesd fényben; az
aranymeérték 200 um; C: Ugyanaz fluoreszkdlo fényben; D: A D221 réteg palinoficiese nagyon sok szerves anyaggal dtesd fényben; az
ardanymerték 200 um; E: Ugyanaz fluoreszkdlo fényben
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Discussion

Paleoenvironmental interpretation

Samples D3, D2, D1, D219 and D221 share a series of
common features, including a high proportion of amor-
phous matter, lower lignohumine content, pyrite inclusions,
mostly bissacate forms of pollen grains, and an abundance
of dinoflagellates with a predominance of proximate dinofla-
gellate cysts. Thus, their palynofacies indicates a relatively
distal, calm, occasionally oxygen-deficient, probably deep
depositional environment (STEFFEN & GORIN 1993, TYSON
1995, SLuws et al. 2005).

Biostratigraphic interpretation

The biocoenosis and the detected dinoflagellate cysts of
D25 bear resemblance to those of the late Sarmatian
Polysphaeridium zoharyi-Lingulodinium machaerophorum
Zone (BAKRAC 2005, BAKRAC et al. 2012), although both
species may occur sporadically in the Pannonian. The ther-
mal heterogeneity of the macerals as well as the completely
oxidized dinoflagellate cysts may indicate reworking from
Sarmatian or upper Badenian sediments. Forams, ostracods
and mollusks all argue for a Pannonian age of D25.

The rest of the samples contained typical endemic Pan-
nonian assemblages. Based on the presence of Pontiadinium
pecsvaradensis and the lack of any younger zone markers,
the D3 to D1 interval belongs to the P. pecsvaradensis Zone
(e.g., SUTG-SZENTAI 1988, BAKRAC et al. 2012) (Figure 1).In
Croatia, this zone is traditionally assigned into the upper
(younger) part of the upper Pannonian (s. str.), and is cor-
related with the so-called “Banatica layers” (Congeria bana-
tica bearing marls; see in LUCIC et al. 2001). MAGYAR et al.
(1999b) argued that the P. pecsvaradensis Zone correlates
with the older part of C5n magnetic polarity zone in several
wells, and its age was estimated as 10.6-10.8 Ma (MAGYAR &
GEARY 2012) or 10.65-10.75 Ma (BoTkA et al. 2020).

Samples D219 and D221 did not yield any species un-
ambiguously marking a zone younger than the P. pecsvara-
densis Zone; even P. pecsvaradensis itself was missing in
D219. Although Pontiadinium obesum and Spiniferites mai-
sensis, both occurring in D221, are more common in the
younger zones (traditionally correlated with the Pontian in
Croatia, see BAKRAC et al. 2012), they first appear in the Spi-
niferites oblongus Zone that underlies the P. pecsvaradensis
Zone. Thus, the biostratigraphic position of these layers can
be given as “P. pecsvaradensis Zone or younger”.

Conclusions

Six samples (out of the investigated 66) from the Panno-
nian marl succession of Pécs-Danitzpuszta contained well-
preserved palynomorph assemblages. Samples D1 to D3 in
the middle part of the succession yielded, among others, the
dinoflagellate cyst Pontiadinium pecsvaradensis, a biostra-
tigraphic marker species (P. pecsvaradensis Zone). Well-
preserved material from the top of the succession failed to
contain any species exclusively characterizing biozones
younger than the P. pecsvaradensis Zone, thus these
samples either belong to the P. pecsvaradensis Zone or they
are younger.
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Osszefoglalds

Késd badeni és szarmata (kozépsd miocén) mikrofosszilidk Pécs-Danitzpusztdrol

A Kozépsb-Paratethys kozéps6 miocén foraminifera és kagyldsrdk egyiittesei dltaldban stabil normadl tengeri viszo-
nyokat tiikr6znek a badeniben, mig térben és id6ben valtozatosabb, mozaikos kornyezeteket a szarmatdban. A pécs-da-
nitzpusztai homokbdnydban kidsott kutatédrokban 17 méter vastagsdgban tarult fel a tektonikusan kibillentett kozépsd
miocén rétegsor, amely jelentSs kornyezeti valtozdsokrol tantskodik a kés6 badeni és a panndniai kozott. A rétegsor aljan
normdl tengeri, sekélyvizi, meleg, jol szell6zott, aranylag nagy energidju, mikrobaszényeges aljzatd kornyezetre utalnak
a mészkS-, margarétegek mikrofosszilidi. A foraminiferdk alapjan ezek a rétegek a kés6 badeniben (13,82 és 12,65 mil-
1i6 év kozott) rakddtak le. A szelvény kozépsb szakaszdn a tengeri rétegeket mikrofosszilia-mentes, gravitdcidsan dthal-
mozott durva homok-breccsa, aleurolit vltakozasabdl 4116 sorozat koveti, amelyben valdszintileg szarazfoldi kitettségre
utald gyokérbekérgezéseket is taldltunk. A kovetkezs tengerelontés éles kézettani valtas mellett a szelvény fels6 részébdl
kinyert mikrofosszilidk alapjdn a kés6 szarmatdban tortént, kb. 12 és 11,6 milli6 év kozott. Ezek arétegek a felsd szarmata
Porosononion granosum zonat (foraminiferak) és Aurila notata z6nat (kagylosrakok) képviselik. Az egyiittesek kizadro-
lag tagtidrést fajokbdl dllnak, és véltozo sé-, oxigén- és tdpanyagtartalmd, novényzettel rendelkezd, brakkvizi tengeri
kornyezetet jeleznek. Az 5 m vastag fels§ szarmata egységben néhdny rétegbdl, amelyek egyiittesen egy métert képvisel-
nek, édesvizi vagy legfeljebb oligohalin kagyldsrakfauna és kivételesen tag sétlirésti foraminiferak keriiltek els. Az
egylittesek megvaltozdsat nem kiséri jelentSs litoldgiai véltds, nincs jele megnovekedett szarazfoldi eredetl behordés-
nak, amely egy kozeli foly6torkolatot jelezne. Sem a kés6 szarmata geomorfoldgiai viszonyok, sem a k6zetmindség nem
utal a tengert6l részben elzart kornyezet (lagtina, parti mocsar) kialakulasara. A helyi viszonyokon tilmutaté tényezék
(pl. az éghajlat valtozdsa) nagyobb teriileten is megfigyelhetd lenne, ilyen adatokkal azonban nem rendelkeziink. A tagti-
résii foraminiferdk és édesvizi-oligohalin kagyldsrdkok megjelenése mindenesetre helyben vagy a kozelben €16 kozos-
ségre utal, és igy a helyi alacsony (5-10 %o) sétartalmat jelzi. Ilyen kozosséget mds szarmata szelvénybdl a Kozépsas-
Paratethys teriiletén eddig nem ismertiink. A szelvény tetején a foraminiferdk hirtelen eltlinése és ezzel egy id6ben a
kagyldsrakfauna teljes kicserél6dése a szarmata és pannéniai emeletek hatdrdt jeloli ki (11,6 milli6 év).

Kulcsszavak: Kozépsd-Paratethys, Mecsek, foraminifera, kagylosrdk, taxonomia, biosztratigrdfia, paleodkologia

Abstract

The middle Miocene foraminifera and ostracod record of the Central Paratethys usually reflects stable normal marine
depositional environments for the Badenian and more patchy, less stable restricted marine environments for the Sarma-
tian. A 17 m thick outcrop at Pécs-Danitzpuszta, Mecsek Mts, SW Hungary exposed an upper Badenian to Pannonian
succession where foraminifers and ostracods document significant environmental changes. The basal layers of the sec-
tion contain micro- and macrofossils indicating normal marine, shallow, warm, well-oxygenated habitat with relatively
high-energy conditions and algal vegetation on the bottom, and represent the upper Badenian (13.82 to 12.65 Ma). The
marine deposits are followed by coarse sandstone, breccia and siltstone layers barren of microfossils but containing rhi-
zoliths. The sediments were probably subaerially exposed for some time. The following marine inundation, marked by
the appearance of clays and limestones as well as fossils, was dated to the late Sarmatian (ca. 12 to 11.6 Ma) on the basis
of the restricted marine microfossil assemblages from the upper part of the succession (Porosononion granosum Zone,
Aurila notata Zone). This community is characterized by exclusively eurytopic forms indicating an unstable and vegetat-
ed marginal marine environment with fluctuations in salinity, as well as oxygen and food availability. Within the 5 m thick
upper Sarmatian marine interval, a unique fresh- to oligohaline fauna characterizes a few layers in less than 1 m thickness.
This fauna consists of highly euryhaline foraminifera and freshwater to oligohaline ostracod assemblages, indicating a
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temporary salinity reduction to 5-10 %o. No similar freshwater fauna has been reported from the Sarmatian of the Central
Partethys so far. The eventual disappearance of the foraminifera from the paleontological record coupled with a complete
turnover in the ostracod fauna indicates the transition from the marginal marine Sarmatian Sea to the brackish Lake Pan-
non, marking the Sarmatian/Pannonian boundary (11.6 Ma).

Keywords: Central Paratethys, Mecsek Mts, Foraminifera, Ostracoda, taxonomy, biostratigraphy, paleoecology

Introduction

The distribution of marine microorganisms in an epicon-
tinental sea is driven by the local and regional changes of en-
vironmental conditions such as salinity, water temperature,
oxygen-level, food availability, substrates, and water depth.
These environmental conditions and the evolution of the mi-
crofauna were controlled by the openings and closures of the
seaways towards the adjacent seas and the world ocean in the
Paratethys, an epicontinental sea of central and eastern Eu-
rope during the Oligocene and Miocene (ROGL 1998, Popov
et al. 2004). The connection toward the Mediterranean Sea
was terminated due to the uplift of the Dinarides at the Bade-
nian/Sarmatian boundary, triggering an endemic evolution
of the marine faunas in the Paratethys (e.g., PALCU et al.
2015). The seaway towards the Indopacific was closed in the
late Sarmatian, eliminating the last Indo-Pacific planktonic
elements that were detected in the Transylvanian Basin (FI-
LIPESCU & SILYE 2008). All of these changes might have in-
fluenced the biota at the study area in SW Hungary.

The present study focuses on the taxonomy and paleo-
ecological and biostratigraphical interpretation of foramini-
fer and ostracod communities from a middle Miocene suc-
cession exposed in an exploratory trench in the Pécs-Danitz-
puszta sand pit, Mecsek Mts, SW Hungary. Earlier studies
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of middle Miocene foraminifera in Hungary (BALDI 1999,
2006; BALDI et al. 2002; BALDI 2006; GOROG 1992; KORECZ-
LAKY 1964, 1965, 1968, 1973, 1982; KORECZ-LAKY & NAGY-
GELLAI 1985; TOTH & GOROG 2008) showed the wide distri-
bution of the normal marine Badenian and restricted marine
(brackish and hypersaline) Sarmatian faunas, which are
well-known in the entire Central Paratethys. The study of
Sarmatian ostracods resulted in a biostratigraphic system for
the entire Pannonian Basin (TOTH 2004, 2008), whereas
Badenian ostracods from Hungary have not been studied
yet. By investigating the Pécs-Danitzpuszta micropaleonto-
logical record, we give the first documentation of Badenian
ostracods from Hungary and also describe a so far unknown
upper Sarmatian non-marine ostracod assemblage.

Geological setting

The Pécs-Danitzpuszta sand pit lies in the eastern out-
skirts of Pécs, at the foot of the Mecsek Mts (Figure I). The
region north of the sand pit is built up of Mesozoic rocks,
mostly Lower Jurassic marls and sandstones, overlain by a
succession of lower to middle Miocene terrestrial clastics
and middle Miocene marine clastics and carbonates (SEBE et
al. 2015, 2019; SEBE et al. 2021). These are capped by upper

Sarmatian §
{Pannonian®

Figure 1. Location of the Pécs-Danitzpuszta sand pit (A) and the exploratory trench (B)

1. dbra. A pécs-danitzpusztai homokbdnya (A) és a kutatodrok (B) elhelyezkedése
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Miocene (Pannonian) marls and sands, exposed in many
outcrops around the Mecsek. The boundary between Sarma-
tian and Pannonian deposits is continuous in (sub)basin
centres, while they are separated by an unconformity with
increasing hiatus towards the margins. Similar, but several
km thick Neogene successions were reported from the
Drava Basin to the south and southwest (SAFTIC et al. 2003;
SEBE et al. 2020) reflecting the opening and evolution of the
Pannonian Basin, flooding by the Paratethys sea and later by
the brackish Lake Pannon.

Material and methods

Studied section of Pécs-Danitzpuszta sand pit

The sand pit exposes strongly tilted upper Miocene
(Pannonian) calcareous marls and sands. In 2018, an ex-
ploratory trench was excavated in the northwestern part of
the sand pit across the tilted beds that underlie the exposed
Pannonian marl (Figure I). The trench revealed the lower-
most part of the Pannonian succession and the underlying
Sarmatian and Badenian deposits. Due to tectonic deforma-
tion, most of the exposed succession is overturned, and the
stratigraphically lowest (oldest) layers are located in the
north (SEBE 2021). Overturned beds become steeper
towards the south (upsection) and they are almost vertical
close to the southern end of the trench. The oldest part of the
studied section is represented by yellowish white calcareous
marl (Layer D72) in the northern end of the trench (Figures
2, 3). It contains a typical Badenian mollusk fauna and be-
longs to the Lajta Formation (SEBE et al. 2021, DuLAI et al.
2021). D71 also shows features typical of the Lajta
Limestones: it is a sandy limestone with corallinacean
algae, echinoids, abundant molluscs, and sporadic fish
remains (DULAI et al. 2021, SEBE et al. 2021, SZABO et al.
2021). The following beds (D70 to D57) did not provide
stratigraphically valuable fossils; thus, their age is uncertain
(Figure 2). These are unconformably overlain by a ca. 5 m
thick unit of alternating thin clay, marl and limestone beds
(layers D56-D36), identified as the Sarmatian Kozard
Formation based on its fossil content and lithology (SEBE et
al. 2021).

Micropaleontological samples and methods

Fifteen middle Miocene samples from the trench were
studied for their foraminiferal and ostracod content (Figures 2,
3). The samples derived from soft sediments (about 200 g of
air-dried clayey, sandy and marly sediments) were processed
with hydrogen-peroxide (10%). Hard limestones and calcare-
ous marls were examined in thin sections, or the samples were
treated by acetolysis following a protocol originally worked
out by LETHIERS & CRASQUIN-SOLEAU (1988) to extract the iso-
lated carbonate skeletal microfauna. The applied extraction
methods and the frequency of the extracted fossil groups from
the studied layers are summarized in Figure 4.

Thirteen samples yielded interpretable microfossil con-
tent; D57 and D69 were free of microfossils (Appendix). The
microfossils were determinated using a Zeiss SteREO
Discovery.V 12 modular binocular stereo microscope in the
Laboratory of MOL Plc., Budapest. Thin sections were pre-
pared in the Laboratory of MOL Plc., Budapest and they
were investigated with a Zeiss Axio Imager.A1 polarizing
microscope. Microscopic images were taken by a Zeiss
AxioCam MRc 5 camera, mounted on the Zeiss micro-
scope, using the AxioVision 40x64 v.4.9.1.0 software. The
SEM images were taken at the Botanical Department of the
Hungarian Natural History Museum in Budapest.

Results

Relatively diverse and well-preserved benthic foraminife-
ral and ostracod assemblages were found in the studied
middle Miocene beds. Altogether, 30 foraminifer and 32
ostracod taxa were identified (see Appendix and Digital an-
nex). The foraminifera specimens are moderately to well-
preserved, except for layers D70 and D71, where they were
probably affected by transport of the tests and/or diagenetic
processes. The ostracod specimens are disarticulated valves
in most cases; however, a few carapaces also occur. The ostra-
cod material is characterized by both adult and juvenile forms.

The oldest layer (D72) yielded the most diverse and
abundant microfossil assemblage. Twenty-one foraminifera
and 11 ostracod taxa were identified (Figure 2, Plate I). The
foraminiferal assemblage was dominated by eurytopic taxa
of keeled elphidiids (Elphidium aculeatum, E. crispum, and
E. macellum) and miliolids (Borelis sp., Cycloforina contor-
ta, Affinetrina ucrainica, Miliolinella selene, and Quinque-
loculina hauerina). The ostracod fauna is characterized by
the dominance of marine neritic taxa, such as Aurila cicatri-
cosa, Callistocythere canaliculata, and Phlyctenophora ar-
cuata. Urocythereis kostelensis, Loxoconcha punctatella,
Loxocorniculina hastata, Xestoleberis dispar, and Polycope
sp. also occur in low abundance. Besides foraminifers and
ostracods, sample D72 also yielded significant amounts of
echinoderm skeletal and spike fragments.

The microfossil assemblages of layers D70 and D71 were
similar to, but significantly poorer than, that of D72. Poor
preservation of the carbonate skeletons allowed only genus
level determination in most cases (Xestoleberis sp., Callisto-
cythere sp., Polycope sp., and Elphidium sp.). Echinoderm
fragments were also more sporadic than in sample D72. The
microfossils of layer D70 are probably reworked based on the
scarcity and poor preservation of the specimens, although a
diagenetic effect cannot be excluded either.

The soft sediments of layers D54 to D41 yielded a less
diverse (5—10 taxa), well-preserved foraminifer and ostraco-
da fauna (Figure 2, Plates II-1II). Among the foraminifera,
exclusively eurytopic forms (taxa with wide environmental
tolerance) were present. Keeled elphidiids with an acute pe-
riphery, sometimes equipped with spines, were the most
common (e.g., Elphidium aculeatum, E. macellum, E. obtu-



278

SzuromI-KORECZ, A. et al.: Various marginal marine environments in the Central ParatethysDanitztzpuszta, southern Hungary

‘ds asayjAoouwiry

JUOSUBNS)S
ginumieg

tengeri siin

noybed
Bjnuejejsa

Echinoids

D

eules
sudAoosajeH

‘ds euopued
-siuiojeaqe

-12 specimens (moderate)
7-12 példany (kézepes)

3-25 specimens (frequent)
13-25 példany (gyakori)

6< specimens (very frequent)
26< példany (nagyon gyakori)

1-6 példany (ritka)

Bivalves
kagyldk

-dds srepudAn

| 1-6 specimens (rare)

|7
.1
Iz

‘dds asey Aoy

~7

“dds auayjfoouixng

Fish tooth

)L halfog

Gastropods

O

@ Calcisphaera-like

csigak

Algae
alga
Corals

&

7
&

korallok
root traces
gybékérmyom
Bryozoa
mohaéllatka

algal cyst
/mysid statoliths
Calcisphaerahoz
hasonlé alga ciszta
Mysidae statolith
sample
minta

sjuye
ejoydousjofiyd

‘ds edoofjo4

SIsuaja)1Soy
siauayfo0in

-dds suagajojsax

BBPIYOUOIOXOT

“dds ausayifoojsyien

‘dds gjuny

spiuiLuing
/SPIUIAIOG

BJSa)ILIBIIOD "D
plUOWILWY

spluoiuou

spupiydja
pajeay-uou

spupiydje pajaay

‘ds euejnjxal

“ds sjjalog

1e[dweainp
edejosa}aH

siquouerd
ejeulsblIg}sy

SPIONIN

S1ISsO4
d3HLO

9F SIS
OF SN

ADOTOHLI

==

‘'ON a34

51

e 52— <~

o8

(w) 37v0s

ADOTOLNOT VA
-OdOIN

Suonpuod
paje|ijusA-|jam ‘|esop|
eg

suoI)Ipu0d [epnjed ‘mojeys Alan
Z leAsaju)

suonipuod ABisus-ybiy
‘aulew |ewJou

L leAsaju]

ERLANEY

uenewles sje

I
I
I
€ |eAalu| |
I
l

ueluapeg aje|




Foldtani Kozlony 151/3 (2021)

279

upper Sarmatian
[fels6 szarmata

190°

- -

35m
freshwater — low-salinity fauna/
édesvizi — csbkkent sés vizi fauna

Pannonian

fossil-free/6smaradvanymentes

upper Badenian/
felsd badeni

Y% sample

Figure 3. The northern part of the exploratory trench exposes overturned middle Miocene (D72 to D36) and stratigraphically overlying Pannonian (D35 to D28)

layers. Sampling locations are indicated by yellow stars

3. dbra. A kutatédrok északi része, mely az dtbuktatott kozépsé miocén (D72 - D26) és a pannoniai rétegeket (D35 - D28) tdrja fel. A sdrga csillag jelzi a mintavételi

helyeket

sum, and E. crispum). Among the non-keeled elphidiids,
where the periphery of the tests is rounded or bluntly angu-
lar, specimens of Porosononion granosum were abundant.
The ostracod fauna was characterized by different species of
the genera Aurila, Loxoconcha and Euxinocythere (e.g.,
Aurila notata, Loxoconcha kochi, L. porosa, and Euxino-
cythere [Euxinocythere] praebosqueti). Specimens of
Xestoleberis tumida are also present in the samples.

In layers D40 to D37, mainly specimens of the infaunal,
non-keeled elphidiid P. granosum and Ammonia sp. were
found (Figure 2). Beside the sporadic occurrence of mar-
ginal marine ostracods (e.g., Loxoconcha porosa and Aurila
sp.), non-marine, freshwater to oligohaline ostracods, like
Fabaeformiscandona sp., Heterocypris salina, Darwinula
stevensoni, and Vestalenula pagliolii are present in the
recovered assemblages.

Layer D36 is characterized by the dominance of eury-
topic non-keeled elphidiids and nonionids and the represen-
tatives of leptocytherid Euxinocythere (E. [E. | praebosqueti
and E. [E.] naca) (Plate II).

Discussion

Biostratigraphy

Benthic foraminifera are instrumental in the biostratig-
raphy of the middle Miocene sediments of the Central Para-
tethys, because the best index fossils, such as planktonic fo-
raminifers and nannoplankton, are commonly missing from
the fossil record, especially in the coastal regions (Figure 5).

< Figure 2. Sedimentary log of the middle Miocene part of the Pécs-Danitz-
puszta succession, with sample locations, micropaleontological intervals and
subintervals based on the stratigraphic distribution and ecological needs of the
studied microfossil assemblages and the distribution of the paleoecologically
important foraminifer and ostracod taxa and morphogroups in the samples
Abbreviation: Pa= Pannonian

& 2. dbra. A pécs-danitzpusztai homokbdnydban kidsott kutatédrok kozépsé mio-
cén szakaszdnak szelvénye a vizsgdlt mintdk feltiintetésevel, a mikrofauna biosztra-
tigrdfiai és paleodkologiai értékelése alapjan elkiilonitett intervallumokkal,
valamint a kornyezetjelzés szempontjdbol fontos foraminifera és ostracoda
taxonok, illetve morfocsoportok megoszldsdval

Rovidités: Pa= pannoniai

A commonly used threefold subdivision of the Badenian in
the Pannonian, Vienna and Danube basins is partly based on
the composition of benthic foraminifers reflecting distinct
paleoenvironmental changes (PAPP et al. 1978). The lower
Badenian is represented by the “Lagenidae Zone,” the mid-
dle Badenian by the “Spiroplectammina Zone,” and the
upper Badenian by the “Bulimina/Bolivina Zone” (GRILL
1943, PApP et al. 1978). Sarmatian sediments of the Panno-
nian, Vienna and Danube basins can be divided to four ben-
thic foraminiferal zones: Anomalinoides dividens, Elphidi-
um reginum, and Elphidium hauerinum Zones in the lower
Sarmatian, and Porosononion granosum Zone in the upper
Sarmatian (GRILL 1943, JIRICEK 1972, PApP & SENES 1974).
For the Sarmatian of the Pannonian Basin, TOTH (2009) pro-
posed a two-fold ostracod zonation: Cytheridea hungarica-
Aurila mehesi Zone for the lower Sarmatian and Aurila
notata Zone for the upper Sarmatian.

Layer D72 belongs to the upper Badenian based on the
co-eval occurrence of Pyrgo subsphaerica (upper Badenian
to recent) and Miliolinella selene (Badenian) among the fo-
raminifera (Luczkowska 1974). Some ostracods in these
layers, such as Urocythereis kostelensis and Phlyctenophora
affinis, are restricted to the Badenian (GrROSS & PILLER
2006). Although the microfauna is dominated by eurytopic
forms, normal marine taxa (e.g., Callistocythere canalicu-
lata and Heterolepa dutemplei) also occur in these samples;
they disappeared from the Central Paratethys at the end of
the Badenian. Thus, the microfossil assemblages of layers
D72 to D70 indicate late Badenian age, equivalent of the
“Buliminal/Bolivina Zone” (13.82 to 12.65 Ma, according to
HOHENEGGER et al. 2014 and RAFFI et al. 2020), which cor-
relates with the standard nannoplankton Zone NN6 (ROGL et
al. 2008).

The presence of Aurila notata in layers D54 to D36 sug-
gests correlation with the Aurila notata Zone (ca. 12 to 11.6
Ma). Several other taxa, such as Euxinocythere (E.) prae-
bosqueti, E. (E.) naca, Loxoconcha kochi are also restricted
to the upper Sarmatian in the Pannonian Basin (TOTH 2009).
The foraminiferal assemblages are characterized by a great
abundance of Porosononion granosum in almost all sam-
ples, indicating the Porosononion granosum Zone. This cor-
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Figure 4. The extraction method of the studied layers and the frequency of the extracted fossil groups from the studied samples

4. dbra. Az egyes rétegek mintdinak mikropaleontologiai feltdrdsi mddszere, és a kinyert dsmaradvanycsoportok gyakorisdaga a mintdkban

relates with the younger part of the Aurila notata Zone
(TotH 2009). This biostratigraphic interpretation is in ac-
cordance with the nannoplankton zonation of the same la-
yers (NNG6 or younger, according to CoRric, 2021).

A sudden change in the microfossil assemblages can be
observed between layers D36 and D35, indicating the Sarma-
tian/Pannonian boundary (11.6 Ma). Foraminifera are entirely
missing from sample D35, and the ostracod faunas of the two
samples are completely different, without any species in
common. In D36, juvenile Aurila notata and Cyprideis sp.
specimens, Loxocorniculum hastatum, Euxinocythere (Euxi-
nocythere) praebosqueti, E. (E.) naca, and Amnicythere tenuis
occur. In contrast, sample D35 is dominated by Candona and
Herpetocyprella species. Calcisphaera-like large algal cysts
and mysid statoliths (ballast stones of the shrimplike mysids;
following the interpretation of Vorcu 1981) are present in
sample D35 in low abundance. These are characteristic fossils
in strata near the S/P boundary at several locations in Hungary
where it was not possible to precisely assign the boundary

itself (e.g., KOVARY 1974, BARDOCZ et al. 1987). Mysids are
very common in unanimously Sarmatian layers of the Transyl-
vanian and Dacian Basins (e.g., PoPEscu 1995).

Despite the sharp microfaunal change, no major shift
can be observed in the lithofacies of the sediment. The
mollusc assemblage of sample D35 contains abundant
"Sarmatian-type" small-sized cardiids (BOTKA et al. 2021).
This fauna, affected by the Lilliput Effect (HARRIES &
KNORR 2009), is often related to environmental stress and
has been published from the Sarmatian/Pannonian tran-
sition by several authors from different parts of the Pan-
nonian Basin (e.g., Zsambék Basin, Hungary, BOHN-HAvAS
1983; Lajoskoméarom—1 well, Hungary, JAMBOR et al. 1985;
Medvednica Mts, Croatia, VRSALIKO 1999). Although the
ostracod faunas of layers D36 and D35 are very different,
and mollusks are missing from D36 while D35 shows the
mass occurrence of tiny cardiid bivalves, it is not obvious if
a short gap or continuous sedimentation occurred at the
Sarmatian/Pannonian boundary.
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Fiure 5. Middle to upper Miocene geochronology, geomagnetic polarity chrons, biozonations of calcareous nanno-
plankton and benthic foraminifers correlated to regional chronostratigraphy of the Central Paratethys with defin-

ing events (modified after HOHENEGGER et al. 2014 and RaFF1 et al. 2020).

Abbreviations: BSC= Badenian Salinity Crisis, SPEE = Sarmatian-Pannonian Extinction Event, BSEE=Badenian-Sarmatian

Extinction Event (after HARZHAUSER & PILLER 2007)

5. dbra. Kozépsi miocén rétegtani abra radiometrikus koradatokkal, magnetosztratigrdfiai és biosztratigrdfiai (mész-
vdzii nannoplankton, bentosz foraminifera) beosztdssal, illetve a Kozépso-Paratethysben lejdtszodott meghatdrozo
események feltiintetésével (HOHENEGGER et al. 2014 és RAFFI et al. 2020 utdn modositva).

Roviditések: BSC= Badeni Sokrizis, SPEE = Szarmata/panndniai kihaldsi esemény, BSEE= Badeni/szarmata kihaldasi esemény

(HARZHAUSER & PILLER 2007 utdn)

Paleoecology

Ecological requirements of the extant relatives of
the studied middle Miocene taxa

Extant representatives of keeled elphidiids live in tem-
perate to warm, shallow marine (at water depths up to 50 m)
environments (inner shelf) and hypersaline lagoons (MUR-
RAY 1991, 2006). They are mostly epiphytic dwellers (live on
plants) and prefer sandy sediment (LANGER 1993, MURRAY
2006). In the Mediterranean Sea, E. aculeatum and E. ma-
cellum live on arborescent algal vegetation (LANGER et al.
1998). They are chromatophore-bearing foraminifera and
the “symbionts” may control the phototaxis and the depth
distribution of the host organism. The chromatophores are
pigment-containing cells that produce color. However, the
nature of this symbiosis and the role of the chromatophores
in phototaxis — the ability of organisms to move directional-
ly in response to a light source —are poorly known. E. macel-
lum is a common member of foraminiferal assemblages in
the Black Sea living in the shallow sublittoral zone and
coastal pools (down to 20 m depth) (TEMELKOV 2008). Mi-
liolinella and Quinqueloculina are epiphytic or they cling on
hard substrates in the inner shelf or in normal marine to
hypersaline lagoons and marshes; they rarely can be found
in deep-sea records (MURRAY 2006). Recent miliolids prefer
waters rich in calcium carbonate (JORISSEN 1988). Borelis is
a large, benthic foraminifera with photosynthetic diatom al-
gal symbionts. The recent species are restricted to depths of

at low oxygen levels in marsh
environments (MURRAY 2006).

Among the ostracods, Au-
rila and Urocythereis recently
live in great abundance in the
infralittoral and uppermost
circalittoral zone (water depth
up to 40 m) of the Black Sea,
the Mediterranean, the East-
ern Atlantic, and the Indo-Pa-
cific area (e.g., ATHERSUCH
1977, Ruiz et al. 1997, KILIC
2000, AIELLO et al. 2006, TANAKA 2008). Modern represen-
tatives of Aurila, Xestoleberis, and Loxoconcha species
mainly live on algae or seagrasses (PuRrI et al. 1969). Loxo-
concha punctatella and Xestoleberis dispar are found in ne-
ritic shallow sublittoral, littoral environments in the Medi-
terranean, Black and Marmara Seas (PERCIN-PACAL et al.
2015). In the present-day Mediterranean Sea, Xestoleberis
disparis a phytal marine species, but it also occurs in hyper-
saline environments (SCIUTO et al. 2015, KOEHN-ZANINETTI
& TETARD 1982). Phlyctenophora occurs in marginal ma-
rine estuarine, gulf and lagoonal environments in the Indo-
Pacific Realm (WOUTERS 1999, HUSSAIN et al. 2004, MISH-
RA et al. 2019). Recent polycopids have a nektobenthic life-
style and are found from abyssal ocean depths (KARANOVIC
& BRANDAO 2012, 2016) to less saline estuarine environ-
ments (TANAKA & TSUKAGOSHI 2010).

Recent Euxinocythere, similarly to Aurila and Loxocon-
cha, occur in shallow marine sublittoral and littoral environ-
ments in the Black Sea (PERCIN-PACAL et al. 2015). The ex-
tant species Heterocypris salina and Darwinula stevensoni
are cosmopolitan and are known from all continents. Hefe-
rocypris salina lives in saline coastal and inland water bod-
ies coexisting with other halophilic ostracods and tolerate
salinities up to 20%0 (MEIscH 2000). The modern species of
Darwinula are mostly found in freshwater, although D. ste-
vensoni also tolerates stable, brackish conditions in coastal
waters (e.g., Baltic Sea) or saline lakes (NEALE 1988, VAN
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DonNINcK et al. 2003), and is reported to tolerate salinities as
high as 15%o (DE DECKKER 1981). Today, Vestalenula pag-
liolii occurs in Brazil, where it thrives in riverine pools and
lakes, semiterrestrial and/or interstitial habitats and occurs
in geographically restricted areas (MARTENS et al. 1997).

Paleoenvironments

Three main intervals were differentiated in the studied
layers of Pécs-Danitzpuszta trench based on the stratigraph-
ic distribution and ecological needs of the identified forami-
nifera and ostracod taxa, within which further subintervals
were designated (Figure 2). The paleocological interpreta-
tions are based on the ecology of extant relatives of the stu-
died taxa.

Interval 1 (sample D72) represents the upper Badenian,
and it is characterized with the most diverse fossil assem-
blage within the sedimentary record (Figure 2). The domi-
nance of keeled elphidiids and miliolids among the forami-
nifera and marine neritic genera (Aurila, Callistocythere,
Loxoconcha, Urocythereis, Phlyctenophora, and Xestole-
beris) among the ostracods suggests shallow marine, cal-
cium-carbonate rich littoral environment (inner shelf) with
water depths up to 50 m. Although several of the identified
forms can live today in hypersaline lagoons as well, the
high diversity of the microfauna excludes such environ-
mental interpretation. The presence of the large benthic
foraminifera Borelis in the assemblage indicates warm
seawater, with temperatures higher than 18 °C (REIss &
HOTTINGER 1984; LANGER & HOTTINGER 2000). Based on
the great abundance of epiphytic dweller foraminifera taxa
such as E. aculeatum and E. macellum and phytal ostra-
cods (Aurila, Loxoconcha and Xestoleberis), a rich ar-
borescent algal vegetation is supposed to have been pre-
sent on the sea bottom. The keeled elphidiids are cromato-
phore-bearing foraminifers that must have lived in the
euphotic zone with well-ventilated conditions. The abun-
dance of thick-shelled ostracods, often with worn valves,
and the abundance of echinoderm fragments indicate high
energy conditions in the sea bottom. The red algal and
bryozoan fragments also support this environmental
interpretation.

Interval 2 (samples D69 and D57) yielded only one fish
tooth. Carbonate-cemented cylinders around holes were in-
terpreted as rhizoliths (root traces; Figure 2). The Fe-Mn
encrusted unconformity on top of bed D57 and the appea-
rance of fossiliferous clays, marls and limestones with upper
Sarmatian marine microfossils above the unconformity de-
note a sharp change in the depositional environment, pro-
bably from terrestrial to marine.

Interval 3 (layers D54 to D36) belongs to the upper Sar-
matian, suggesting that the area was re-flooded by the sea
only during the late Sarmatian.

Subinterval 3a (samples D54 to D41) is characterized
by exclusively eurytopic forms and lower diversity than in
Interval 1 (Figure 2). The impoverishment of the marine
faunal elements is explained by the Badenian-Sarmatian
Extinction event (BSEE) caused by the final isolation of

the Central Paratethys from the Mediterranean and coeval
reconnection with the Eastern Paratethys (HARZHAUSER &
PiLLER 2007). Among the elphidiids, non-keeled forms
(mainly the specimens of Porosononion granosum) ap-
peared in great abundance due to the unstable environ-
ment, e.g., slight fluctuation in salinity or other factors
such as food availability. The non-keeled infaunal elphi-
diids tolerate brackish to hypersaline conditions suggest-
ing marginal marine depositional environments such as a
lagoon or a hypersaline marsh. The disappearance of
Phlyctenophora and Urocythereis and the dominance of
Euxinocythere corroborate the marginal marine condi-
tions. The abundance of the keeled elphidiids and phytal
ostracods (Aurila, Loxoconcha and Xestoleberis) implies a
rich vegetation on the substrate. The co-occurence of shal-
low infaunal non-keeled and epiphytic keeled elphidiids
suggests mixed assemblages indicating a very differen-
tiated seafloor.

In Subinterval 3b (samples D40 to D37) the faunal com-
position radically changed (Figure 2). The abundance and
diversity of foraminifera and ostracoda decreased. Beside
the non-keeled infaunal Porosononion, the specimens of
Ammonia cf. confertitesta became dominant. Ammonia cf.
confertitesta tolerates a wide range of salinity (10-50%0)
and also occurs in non-marine foraminifera faunas (MUR-
RAY 2006). The ostracod fauna is characterized by non-
marine, freshwater to oligohaline ostracods, such as
Darwinula stevensoni, Heterocypris salina, Vestalenula
pagliolii, Cyprideis cf. torosa, Fabaeformiscandona sp.,
and Limnocythere sp. This microfossil assemblage indicates
a sudden decrease in salinity (which is also supported by the
mollusk fauna represented by Radix, Gyraulus and Theo-
doxus occurring without the brackish Congeria and cardi-
ids). The interpretation of this phenomenon, however,
remains a hard nut to crack. The lithology does not show any
sign of increased terrestrial input that the proximity of a
river mouth would cause, and the Sarmatian geomorpholo-
gical position of the outcrop, reconstructed as a tip of a pro-
montory protruding into a wide basin, does not support the
idea of a freshened lagoon or coastal marsh either. A more
regional cause of the salinity drop, such as a climate change,
would have left its mark on the fossil record of a wider
region, but we are not aware of such observations. Thus,
what we can conclude is only that the euryhaline foramini-
fera and freshwater-oligohaline ostracods lived together in a
brackish water (5—10 %o salinity) habitat.

In Subinterval 3¢ (sample D36), characteristic Sarma-
tian eurytopic taxa (non-keeled elphidiids, nonionids, and
representatives of the leptocytherid Euxinocythere) re-
place the non-marine, freshwater-oligohaline species.
The low diversity microfossil assemblage with the
dominance of infaunal foraminifera (non-keeled elphidi-
ids, nonionids, and bolivinids) and thin-shelled ostracods
indicates low-oxygenated environment and/or higher
organic content. The latter is supported by the nannoflora,
suggesting increasing nutrient supply in this period
(CoRI€ 2021).
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Conclusions

The microfossil record of the middle Miocene sedimen-
tary succession of Pécs-Danitzpuszta indicates significant
environmental changes through the late Badenian—early
Pannonian. The lowermost part of the section belongs to the
upper Badenian, with typical Badenian faunal elements in-
dicating stable, normal marine, shallow (inner shelf), warm,
well-ventilated environment with relatively high-energy
conditions and algal vegetation on the bottom. The overly-
ing layers are devoid of marine microfossils and may indi-
cate terrestrial deposition and subaerial exposure. Follow-
ing an unconformity, the upper part of the middle Miocene
succession belongs to the upper Sarmatian with two distinct
biofacies. The lower part and the uppermost layer of the

Sarmatian, however, contains highly euryhaline forams and
a unique freshwater to oligohaline ostracod fauna, indicat-
ing low salinity. Finally, the disappearance of foraminifera
taxa and a complete turnover in the ostracod fauna indicates
the boundary between the marginal marine Sarmatian and
the brackish lacustrine Pannonian stages (11.6 Ma).
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upper Sarmatian are characterized by exclusively eurytopic
forms, indicating an unstable and vegetated marginal ma-
rine environment with fluctuations in salinity, as well as
oxygen and food availability. The middle part of the upper
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Plate I - 1. tabla

Badenian microfossils from the studied exploratory trench in Pécs-Danitzpuszta: 1: Callistocythere canaliculata (REUSS), RV in lateral view, layer D72, scale bar:
250 um; 2-3: Aurila cicatricosa (REUSS), 2: LV in lateral view, 3: C in right view, layer D72, scale bar: 250 pum; 4: Urocythereis kostelensis (REUSS), LV in lateral view,
layer D72, scale bar: 250 um; 5: Loxoconcha punctatella (REUSS), LV in lateral view layer D72, scale bar: 200 um; 6: Senesia cinctella (REUSS), C in right view, layer
D72, scale bar: 250 um; 7: Xestoleberis tumida (REUSS), RV in lateral view, layer D72, scale bar: 250 um; 8: Xestoleberis dispar MUELLER, C in left view, layer D72,
scale bar: 250 um; 9: Borelis sp., SV, layer D72, scale bar: 200 um; 10: Heterolepa dutemplei (D’ORBIGNY), UV, layer D72, scale bar: 500 um; 11: Cycloforina contorta
(D’ORBIGNY), SV, layer D72, scale bar: 200 um; 12: Affinetrina ucrainica (SEROVA), SV, layer D72, scale bar: 500 um; 13: Nonion commune (D’ORBIGNY), SV, layer
D72, scale bar: 500 um; 14: Elphidium crispum (LINNE), SV, scale bar: 500 um; 15: Textularia sp., layer D72; 16: Pyrgo subsphaerica (D’ORBIGNY), layer D72; 17:
Asterigerinata planorbis (D’ORBIGNY), layer D72; 18: Heterolepa dutemplei (D’ORBIGNY), layer D72; 19: echinoid spine, layer D72; 20: sponge spicule, layer D72; 21:
red algae fragment, layer D72; 22: serpulid worm burrow, layer D72

Abbreviations: LV= left valve, RV= right valve, C= carapace, SV= side view, UV=umbilical view

Badeni mikrofossziliak a pécs-danitzpusztai homokbanydban dsott kutatodrokbol: 1: Callistocythere canaliculata (REUSS), RV oldalnézetben, D72 réteg, méretardny: 250
um; 2-3: Aurila cicatricosa (REUSS), 2: LV oldalnézetben, 3: C jobb oldali nézetben, D72 réteg, méretardny: 250 um; 4: Urocythereis kostelensis (REUSS), LV
oldalnézetben, D72 réteg, méretardany: 250 um; 5: Loxoconcha punctatella (REUSS), LV oldalnézetben, D72 réteg, méretardny: 200 um; 6: Senesia cinctella (REUSS), C
Jobb oldali nézetben, D72 réteg, méretarany: 250 um; 7- Xestoleberis tumida (REUSS), RV oldalnézetben, D72 réteg, méretarany: 250 um; 8: Xestoleberis dispar MUELLER,
C in bal oldali nézetben, D72 réteg, méretardany: 250 um; 9: Borelis sp., SV, D72 réteg, méretarany: 200 um; 10: Heterolepa dutemplei (p'OrBiGNY), UV, D72 réteg,
méretardany: 500 um; 11: Cycloforina contorta (D'ORBIGNY), SV, D72 réteg, méretardny: 200 um; 12: Affinetrina ucrainica (SErova), SV, D72 réteg, méretarany: 500 um;
13: Nonion commune (D ORBIGNY), SV, D72 réteg, méretarany: 500 um; 14: Elphidium crispum (LINNE), SV, méretardany: 500 um; 15: Textularia sp., D72 réteg; 16: Pyrgo
subsphaerica (D'ORBIGNY), D72 réteg; 17: Asterigerinata planorbis (D ORBIGNY), D72 réteg; 18: Heterolepa dutemplei (D'ORBIGNY), D72 réteg; 19: tengerisiintiiske, D72
réteg; 20: szivacstii, D72 réteg; 21: vorosalga-tiredék, D72 réteg; 22: féregjarat, D72 réteg

Roviditések: LV="bal tekn6, RV=jobb tekno, C= kettosteknd, SV=oldalnézet, UV=koldokoldali nézet

Plate IT — I1. tabla

Sarmatian ostracods from the studied exploratory trench in Pécs-Danitzpuszta: 1: Amnicythere tenuis (REUSS), RV in lateral view, layer D50, scale bar: 200 um; 2-
3: Amnicythere cernajseki STANCHEVA, 2: LV in lateral view, 3: RV in lateral view, layer D38, scale bar: 200 um; 4-6: Euxinocythere (Euxinocythere) praebosqueti
(SuziN), 4: ecophenotype, LV in lateral view, layer D36, scale bar: 250 um; 5: RV in lateral view, layer D36, scale bar: 200 um; 6: LV in lateral view, layer D50, scale
bar: 200 um; 7: Euxinocythere (Euxinocythere) naca (MEHES), RV in lateral view, layer D50, scale bar: 200 um; 8-9: Cyprideis pokorny JIRICEK, 8: male, RV in lateral
view, 9: female, RV in lateral view, layer D38, scale bar: 250 um; 10: Cyprideis sp., layer D38, scale bar: 250 um; 11: Hemicytheria omphalodes (REUSS), juvenile, RV
in lateral view, layer D36, scale bar: 200 um; 12-13: Aurila notata (REUSS), 12: RV in lateral view, 13: LV in lateral view, layer D50, scale bar: 500 um; 14-15:
Loxoconcha kochi MEHES, 14: LV in lateral view, 15: RV in lateral view, layer D50, scale bar: 250 um; 16: Loxoconcha laeta STANCHEVA, LV in lateral view, layer D54,
scale bar: 200 um; 17: Loxoconcha porosa MEHES, RV in lateral view, layer D54, scale bar: 200 pum; 18: Loxocauda sp., layer D38, scale bar: 250 um; 19-20:
Loxocorniculum hastatum (REUSS), 19: LV in lateral view, 20: RV in lateral view, layer D36, scale bar: 250 um; 21: Darwinula stevensoni (BRADY & ROBERTSON), C
in right view, layer D 40, scale bar: 250 um; 22-23: Vestalenula pagliolii (PINTO & KOTZIAN), 22: RV in lateral view, 23: C in left view, layer D38, scale bar: 200 pm;
24: Fabaeformiscandona ? sp. juv., RV in lateral view, layer D38, scale bar: 200 um; 25: Limnocythere sp., LV in lateral view, layer D38, scale bar: 200 um; 26:
Heterocypris salina (BRADY), C in left view, layer D40, scale bar: 500 um

Abbreviations: LV= left valve, RV= right valve, C= carapace

Szarmata kagylosrakok a pécs-danitzpusztai homokbdnydban dsott kutatodrokbol: 1: Amnicythere tenuis (REUSS), RV oldalnézetben, D30 réteg, méretardny: 200 um;
2-3: Amnicythere cernajseki STANCHEVA, 2: LV oldalnézetben, 3: RV oldalnézetben, D38 réteg, méretarany: 200 um;, 4-6: Euxinocythere (Euxinocythere) praebosqueti
(SuzIN), 4: okofenotipus, LV oldalnézetben, D36 réteg, méretardny: 250 um; 5: RV oldalnézetben, D36 réteg, méretardny: 200 um; 6: LV oldalnézetben, D30 réteg,
méretarany: 200 um; 7- Euxinocythere (Euxinocythere) naca (MEHES), RV oldalnézetben, D50 réteg, méretardny: 200 um; 8-9: Cyprideis pokorny JIRICEK, 8: him, RV
oldalnézetben, 9: ndstény, RV oldalnézetben, D38 réteg, méretardany: 250 um; 10: Cyprideis sp., D38 réteg, méretarany: 250 um; 11: Hemicytheria omphalodes (REUSS),
Juvenilis, RV oldalnézetben, D36 réteg, méretarany: 200 um; 12- 13: Aurila notata (REUSS), 12: RV oldalnézetben, 13: LV oldalnézetben, D50 réteg, méretardny: 500 um;
14-15: Loxoconcha kochi MEHES, 14: LV oldalnézetben, 15: RV oldalnézetben, D50 réteg, méretardny: 250 um; 16: Loxoconcha laeta STANCHEVA, LV oldalnézetben, D54
réteg, méretardany: 200 um; 17- Loxoconcha porosa MEHES, RV oldalnézetben, D54 réteg, méretardany: 200 um; 18: Loxocauda sp., D38 réteg, méretardany: 250 um; 19-20:
Loxocorniculum hastatum (REusS), 19: LV oldalnézetben, 20: RV oldalnézetben, D36 réteg, méretardny: 250 um; 21: Darwinula stevensoni (BraDY & ROBERTSON), C
Jjobb oldali, D40 réteg, méretarany: 250 um; 22-23: Vestalenula pagliolii (PiNTo & Kotz1an), 22: RV oldalnézetben, 23: C baloldali nézetben, D38 réteg, méretardny: 200
um; 24: Fabaeformiscandona ? sp. juv., RV oldalnézetben, D38 réteg, méretardny: 200 um; 25: Limnocythere sp., LV oldalnézetben, D38 réteg, méretarany: 200 um; 26:
Heterocypris salina (Brapy), C bal oldali nézetben, D40 réteg, méretardny: 500 um

Roviditések: LV= bal teknd, RV=jobb teknd, C= carapace

Plate III — III. tabla

Sarmatian foraminifers and other microfossils from the studied exploratory trench in Pécs-Danitzpuszta: 1: Articulina sp. indet., fragmented specimen, layer D41,
scale bar: 200 um; 2: Bolivina sarmatica DIDKOWSKI, SV, layer D41, scale bar: 250 um; 3: Buliminella elegantissima (D’ORBIGNY), SV, layer D41, scale bar: 500 pm;
4: Ammonia cf. confertitesta ZHENG, UV, layer D41, scale bar: 200 um; 5: Porosononion granosum (D’ORBIGNY), SV, layer D54, scale bar: 250 um; 6: Elphidium
hauerinum (D’ORBIGNY), SV, layer D54, scale bar: 200 um; 7-8: Elphidium aculeatum (D’ORBIGNY), SV, layer D54, scale bar: 250 um; 9: Porosononion granosum
(D’ORBIGNY), layer D37; 10: Vestalenula pagliolii (PINTO & KOTZIAN), layer D38; 11-12: Fabaeformiscandona ? sp. juv., layer D38; 13: Calcisphaera-like large algal
cyst, layer D35; 14: Mysid statolith, layer D35.

Abbreviations: SV=side view, UV=umbilical view

Szarmata foraminiferdk és egyéb mikrofosszilidk a pécs-danitzpusztai homokbdnydban dsott kutatoarokbol: 1: Articulina sp. indet., toredékes példany, D41 réteg,
méretardny: 200um; 2: Bolivina sarmatica Dipkowskl, SV, D41 réteg, méretardny: 250 um; 3: Buliminella elegantissima (p ORBIGNY), SV, D41 réteg, méretardny: 500 um;
4: Ammonia cf. confertitesta ZHENG, UV, D41 réteg, méretardny: 200 um; 5: Porosononion granosum (D 'ORBIGNY), SV, D54 réteg, méretarany: 250 um; 6: Elphidium
hauerinum (D'ORBIGNY), SV, D54 réteg, méretardny: 200 um; 7-8: Elphidium aculeatum (p'ORBIGNY), SV, D54 réteg, méretarany: 250 um; 9: Porosononion granosum
(D'ORBIGNY), D37 réteg; 10: Vestalenula pagliolii (PINTO & KoT1ziaN), D38 réteg; 11-12: Fabaeformiscandona ? sp. juv., D38 réteg; 13: Calcisphaerahoz hasonlo
nagymeretii alga ciszta, D35 réteg; 14: Misidae statolith, D35 réteg.

Roviditések: SV= oldalnézet, UV=koldokoldali nézet
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Plate IT - I1. tabla
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Appendix

Systematic Palaeontology

The specimens of foraminifers and ostracods are reposit-
ed in the Laboratory of MOL Plc., Exploration and Produc-
tion Division (Budapest, Hungary).

Foraminifera

Higher classification of the foraminifera follows that of
LoEBLICH & TAPPAN (1992). Abbreviations: L: length, B:
breadth, D: diameter and Th: thickness.

Phylum Protista

Subphylum Sarcodina SCHMARDA, 1871

Class Foraminifera J.J. LEE, 1990

Order Miliolida LANKESTER, 1885

Suborder Miliolina DELAGE & HERUARD, 1896
Superfamily Milioloidea EHRENBERG, 1839
Family Hauerinidae SCHWAGER, 1876
Subfamily Hauerininae SCHWAGER, 1876
Genus Cycloforina LUCZKOWSKA, 1972

Cycloforina contorta (D’ ORBIGNY, 1846)
Plate [, fig. 11

1846 Quinqueloculina contorta n. sp. D’ORBIGNY, p. 298, pl. 20,
figs 4-6.

2008 Cycloforina contorta (D’ ORBIGNY) — TOTH & GOROG, p. 196,
pl. 1, fig. 1. (cum syn.)

2012 Cycloforina contorta (D’ ORBIGNY) — GONERA, fig. 2/M.

2012 Cycloforina contorta (D’ORBIGNY) — MILKER & SCHMIEDL,
pp- 53-54, fig. 14/6.

2014 Cycloforina contorta (D’ ORBIGNY) — YOKES et al., fig. 8/2.

2016 Cycloforina contorta (D’ ORBIGNY) — LEI & L1, pp. 98-99, fig. 6.

2016 Cycloforina contorta (D’ORBIGNY) — KIRCI-ELMAS & MERIC,
fig. 3/8.

Dimensions: L=530-540 um, B=400-410 um, Th=220-
240 ym

Stratigraphic range and geographic distribution: Mio-
cene: Carpathian Foredeep and Transcarpathian Basin, Uk-
raine (BOGDANOWICH 1952, DIDKOWSKY & SATANOVSKAJA
1970); Badenian: Carpathian Foredeep, Poland (Luczkows-
KA 1974; GONERA 2012), Vienna Basin, Austria (D’ ORBIGNY
1846); Badenian to Sarmatian: Mecsek Mts, Hungary (Ko-
RECZ-LAKY 1968); Sarmatian: Zsambék Basin and Buda-
pest, Hungary (GOROG 1992, TOTH & GOROG 2008). Recent-
ly widely distributed over the world.

Subfamily Miliollinellinae VELLA, 1957
Genus Affinetrina LUCZKOWSKA, 1972

Affinetrina ucrainica (SEROVA, 1952)
Plate I, fig. 12

1952 Miliolina ucrainica n. sp. SEROVA in BOGDANOWICH, p. 104,
pl. 8, fig. 2.

1992 Affinetrina ucrainica (SEROVA) — GOROG, pp. 79-80, pl. 6, figs
1-3. (cum syn.)

2007 Affinetrina ucrainica (SEROVA) — SCHUTZ et al., p. 453, pl. 2,
fig. 2.

2012 Affinetrina ucrainica (SEROVA) — MILKER & SCHMIEDL, p. 61,
fig. 16/11-13.

2015. Affinetrina ucrainica (SEROVA) — SILYE, p. 111, pl. 1, figs 4-5.

Dimensions: L=500-530 pm, B=200-300 um, Th= 160-
220 um

Stratigraphic range and geographic distribution: Upper
Badenian: Carpathian Foredeep, Poland (Luczkowska
1974); Upper Badenian — Sarmatian: Transcarpathian Basin
and Carpathian Foredeep, Ukraine (DIDKOWSKY & SATA-
NOVSKAJA 1970); Lower Sarmatian: Vienna Basin, Austria
(ScuuTz et al. 2007); Sarmatian: Moesian Platform, Bulga-
ria (STANCHEVA 1960), Transylvanian Basin, Romania (S1-
LYE 2015); Zsdmbék Basin, Hungary (GOROG 1992). Re-
cently widely distributed in the Mediterranean Sea.

Genus Pyrgo DEFRANCE, 1824

Pyrgo subsphaerica (D’ ORBIGNY, 1839)
Plate I, fig. 16 (thin section)

1839 Biloculina subsphaerica n. sp. D’ORBIGNY, p. 162, pl. 8, figs
25-217.

1974 Pyrgo subsphaerica (D’ORBIGNY) — LUCZKOWSKA, pp. 118—
119, pl. 22, figs 4a, b.

2008 Pyrgo subsphaerica (D’ORBIGNY ) — DE ARAUJO & MACHADO,
pl. 1, fig. 3.

Dimensions: B= 660 um (other dimensions are not ex-
amined)

Stratigraphic range and geographic distribution: Upper
Badenian: Carpathian Foredeep, Poland (LUCZKOWSKA
1974). Recently widely distributed in the Mediterraen Sea,
Caribbean Sea and Atlantic Ocean.
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Order Buliminida FURSENKO, 1958
Superfamily Bolivinoidea GLAESSNER, 1937
Family Bolivinidae GLAESSNER, 1937
Genus Bolivina D’ORBIGNY, 1839

Bolivina sarmatica DIDKOWSKY, 1959
Plate I1I, fig. 2

1970 Bolivina sarmatica DIDKOWSKY — DIDKOWSKY & SATANOVS-
KAJA, p. 144, pl. 82, fig. 9. (holotype)

2008 Bolivina sarmatica DIDKOWSKY — TOTH & GOROG, p. 198, pl.
1, fig. 12. (cum syn.)

2011 Bolivina sarmatica DIDKOWSKY — GARECKA & OLSZEWSZKA,
fig. 6/e.

2011 Bolivina sarmatica DIDKOWSKY — FILIPESCU et al., fig. 5/3.

2014 Bolivina sarmatica DIDKOWSKY — FILIPESCU et al., fig. 5/19.

2015 Bolivina sarmatica DIDKOWSKY — SILYE, p. 129, pl. 4, fig. 17.

2017 Bolivina sarmatica DIDKOWSKY — DUMITRIU et al., fig. 13/p.

2018 Bolivina sarmatica DIDKOWSKY — HARZHAUSER et al., fig.
5/10.

Dimensions: L= 150-160 um, B=90-95 pym

Stratigraphic range and geographic distribution: Sar-
matian: Moldavian Plateau (DIDKOWSKY & SATANOVSKAJA
1970), Transcarpathian Basin, Carpathian Foredeep, Volhy-
nian-Podolian Plateau, Ukraine (VENGLINSKY 1975), West-
ern Carpathians (CICHA & ZAPLETALOVA 1961), easternmost
Pannonian and Transylvanian Basins, Romania (FILIPESCU
1996; FiLipEscu et al. 2011, 2014), Zsambék Basin and
Budapest, Hungary (GOROG 1992, TOTH & GOROG 2008),
Carpathian Foredeep, Poland and Romania (GARECKA &
OLszEwszkA 2011, DumITRIU et al. 2017), Vienna Basin,
Austria (HARZHAUSER et al. 2018).

Superfamily Buliminoidea JONES, 1875
Family Buliminellidae HOFKER, 1951
Genus Buliminella CUSHMAN, 1911

Buliminella elegantissima (D’ ORBIGNY, 1839)
Plate I1I, fig. 3

1839 Bulimina elegantissiman. sp. D’ORBIGNY, p. 51, pl. 7, figs 13—
14.

2004 Buliminella elegantissima (D’ORBIGNY) — VILELA et al., fig.
4/4.

2008 Buliminella elegantissima (D’ORBIGNY) — TOTH & GOROG,
pp- 198-199, pl. 2, figs 2—4. (cum syn.)

2011 Buliminella elegantissima (D’ORBIGNY) — FILIPESCU et al.,
fig. 5/10.

2014 Buliminella elegantissima (D’ORBIGNY) — FILIPESCU et al.,
fig. 6/13.

Dimensions: L=230-320 um, D=90-100 um

Stratigraphic range and geographic distribution: Sar-
matian: Black Sea Depression, Ukraine, Moldavian Plateau
(DIDKOWSKY & SATANOVSKAJA 1970), Zsambék Basin and
Budapest, Hungary (GOROG 1992, TOTH & GOROG 2008),
easternmost Pannonian and Transylvanian Basins, Romania
(FiLipEscu et al. 2011, 2014). Recently widely distributed
over the world.

Superfamily Asterigerinoidea D’ ORBIGNY, 1839
Family Asterigerinatidae REISs, 1963
Genus Asterigerinata REIss, 1963

Asterigerinata planorbis (D’ ORBIGNY, 1846)
Plate I, fig. 17 (thin-section)

1846 Asterigerina planorbis n. sp. D’ORBIGNY, p. 225, pl. 11, figs
1-3.

1985 Asterigerina planorbis D’ ORBIGNY — PAPP & SCHMID, pl. 66,
figs 9-14.

1985 Asterigerina planorbis D’ORBIGNY — KORECZ-LAKY & NAGY-
GELLAL pl. 158, figs 1-4.

1998 Asterigerinata planorbis (D’ ORBIGNY) — CICHA et al., pl. 64,
figs 8-10.

1998 Asterigerinata planorbis (D’ ORBIGNY) - ZLINSKA, pl. 8, figs
10-11.

2007 Asterigerinata planorbis (D’ORBIGNY) — SCHUTZ et al., p.
457, pl. 4, fig. 6.

2010 Asterigerina planorbis D’ ORBIGNY — ISMAIL et al., pl. 4, figs 4-5.

2012 Asterigerinata planorbis (D’ ORBIGNY) — GONERA, fig. 4/c.

2013 Asterigerinata planorbis (D’ORBIGNY) — PEZELJ et al., fig.
6/17.

2016 Asterigerinata planorbis (D’ORBIGNY) — PEZELJ et al., fig.
5/A-H.

2014 Biasterigerina planorbis (D’ ORBIGNY) — TER BORGH et al., fig.
5/31-32.

2019 Asterigerinata planorbis (D’ ORBIGNY) — JOVANOVIC et al., pl.
1, figs 176, g/5, h/6.

2020 Asterigerinata planorbis (D’ORBIGNY) — PERYT et al., fig. 4/h.

Dimensions: D=250-350 um

Stratigraphic range and geographic distribution: Kis-
cellian: Borzsony Mts, Hungary (KORECZ-LAKY & NAGY-
GELLAI 1985); Badenian: Vienna Basin, Austria (D’ ORBI-
GNY 1846), East-Slovakian Basin (ZLINSKA 1998), Dacian
Basin, Romania (TER BORGH et al. 2014), Mt Majevica,
Bosnia and Herzegovina (PEZELJ et al. 2013, 2016); Kocel-
jeva area, Western Serbia (JOVANOVIC et al. 2019); Carpa-
thian Foredeep, Poland (GONERA 2012, PERYT et al. 2020),
North-Croatian Basin, Croatia (PEzELJ et al. 2016); Lower
Sarmatian: Vienna Basin, Austria (SCHUTZ et al. 2007);
Pliocene: Nile Delta, Egypt (ISMAIL et al. 2010).

Superfamily Nonionoidea SCHULTZE, 1854
Family Nonionidae SCHULTZE, 1854
Subfamily Nonioninae SCHULTZE, 1854
Genus Nonion MONTFORT, 1808

Nonion commune (D’ ORBIGNY, 1846)
Plate [, fig. 13

1798 Nautilus scapha n. sp. FICHTEL & MoLL, p. 105, pl. 19, figs d—f.

1846 Nonionina communis D’ORBIGNY — D’ ORBIGNY, p. 106, pl. 5,
figs 7-8.

2008 Nonion commune (D’ORBIGNY) — TOTH & GOROG, pp. 22—
203, pl. 2, figs 14-18. (cum syn.)

2009 Nonion commune (D’ORBIGNY) — GEBHARDT et al., pl. 2, fig. 39.

2010 Nonion commune (D’ORBIGNY) — KOUBOVA & HUDACKOVA,
pl. 1, fig. 15.

2012 Nonion commune (D’ORBIGNY) — FERRER GARCIA & BLAZ-
QUEZ MORILLA, fig. 4/6.
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2012 Nonion commune (D’ORBIGNY) — GONERA, fig. 4/e.

2013 Nonion commune (D’ ORBIGNY) — PERYT, fig. 4/F.

2013 Nonion commune (D’ ORBIGNY) — PEZELJ et al., fig. 6/18.

2014 Nonion commune (D’ ORBIGNY) — FILIPESCU et al., fig. 6/7.

2019 Nonion commune (D’ ORBIGNY) — JOVANOVIC et al., pl. 1, figs
/14, /6, h/3.

2019 Nonion commune (D’ORBIGNY) — RosLIM et al., fig. 4/33-36.

Dimensions: D=350-370 um, Th= 130-160 um

Stratigraphic range and geographic distribution: Kar-
patian: Molasse Basin, Austria (ROGL 1969); Badenian:
Vienna Basin, Austria and Slovakia (D’ ORBIGNY 1846, Ko-
VACOVA & HUDACKOVA 2005), Carpathian Foredeep, Poland
(SzczecHURA 1982, PERYT 2013); Volhynian-Podolian Pla-
teau, Carpathian Foredeep, Transcarpathian Basin, Crimea-
Caucasus region and Kuban Lowland, Ukraine and Russia
(VOLOSHINOVA 1952, DIDKOWSKY & SATANOVSKAJA 1970),
Slovenia (OBLAK 2007), Mt Majevica, Bosnia and Herzego-
vina (PEzELJ et al. 2013), Koceljeva area, Western Serbia
(JovaNOVvIC et al. 2019); Badenian to Sarmatian: Mecsek
Mts, Tokaj Mts and SW-Hungary, Budapest (KORECZ-LAKY
1968, 1973, 1982; BALDI 1999; TotH & GOROG 2008),
Appenines, Italy (DIECI 1959); Sarmatian: E-Slovakian Ba-
sin, Slovakia (ZLINSKA 1997, KouBOVA & HUDACKOVA,
2010), Vienna Basin, Austria (SCHUTZ et al. 2007, GEB-
HARDT et al. 2009), easternmost Pannonian Basin, Romania
(FiLipescu et al. 2014); Upper Miocene: Ambug Hill, Bor-
neo (RosLM et al. 2019). Recently widely distributed over
the world.

Superfamily Rotalioidea EHRENBERG, 1839
Family Rotaliidae EHRENBERG, 1839
Subfamily Ammoniinae SAIDOVA, 1981
Genus Ammonia BRUNNICH, 1772

Ammonia cf. confertitesta ZHENG, 1978
Plate I11, fig. 4

Dimensions: D=250-450 pm

Remaks: The studied specimens are very similar (mainly
the spiral side of the test) to the holotype described by
ZHENG (1978) however the last chamber of the studied speci-
mens in most cases is missing.

Family Elphidiidae GALLOWAY, 1933
Subfamily Elphidiinae GALLOWAY, 1933
Genus Elphidium MONTFORT, 1808

Elphidium aculeatum (D’ ORBIGNY, 1846)
Plate II1, figs 7-8

1846 Polystomella josephina n. sp. D’ORBIGNY, p. 130, pl. 6, figs
25-26.

1846 Polystomella aculeata n. sp. — D’ORBIGNY, p. 131, pl. 6, figs
27-28.

1995 .Elphidium aculeatum (D’ORBIGNY) — POPEScU, p. 94, pl. 7,
figs 4-7.

2004 Elphidium aculeatum (D’ORBIGNY) — BRANZILA, pl. 4, fig. 5.

2004 Elphidium aculeatum (D’ ORBIGNY) — MERIC et al., pl. 32, figs 5-8.

2005 Elphidium aculeatum (D’ ORBIGNY) — GOLDBECK et al., pl. 1, fig. 12.

2008 Elphidium aculeatum (D’ORBIGNY) — TOTH & GOROG, pp.
204-205, pl. 3, figs 5-6. (cum syn.)

2010 Elphidium josephinum (D’ORBIGNY) — KouBOvA & HUDAC-
KOVA, pl. 1, fig. 26.

2011 Elphidium aculeatum (D’ORBIGNY) — GEDL & PERYT, pl. 1,
fig. 9/F, I-K.

2012 Elphidium aculeatum (D’ORBIGNY) — ALOULOU et al., pl. 1,
fig. 13.

2012 Elphidium aculeatum (D’ ORBIGNY) — MILKER & SCHMIEDL, p.
119, fig. 27/5-6.

2012 Elphidium aculeatum (D’ ORBIGNY) — GONERA et al., fig. 4/K.

2012 Elphidium aculeatum (D’ ORBIGNY) — MELIS et al., pl. 1, fig. 1.

2012 Elphidium aculeatum (D’ ORBIGNY) — PERYT & JASIONOWSKI,
fig. 4/C,D,L, M.

2012 Elphidium aculeatum (D’ ORBIGNY) — JASIONOWSKI et al., fig.
12/A,B, D, E.

2013 Elphidium aculeatum (D’ ORBIGNY) — TER BORGH et al., fig. 6,
8-9.

2014 Elphidium josephium (D’ ORBIGNY) — FILIPESCU et al., fig. 7/10.

2014 Elphidium aculeatum (D’ ORBIGNY) — YOKES et al., fig. 11/8.

2015 Elphidium aculeatum (D’ ORBIGNY) — SILYE, p. 150, pl. 8, figs
1-2,4.

2017 Elphidium aculeatum (D’ORBIGNY) — DUMITRIU et al., fig.
11/Q, R.

2020 Elphidium aculeatum (D’ORBIGNY) — PERYT et al., fig. 3/h.

Dimensions: D=450-600 um, Th= 200-350 pum.

Stratigraphic range and geographic distribution:
Badenian: Carpathian Foredeep, Poland and Ukraine
(GEDL & PERYT 2011, GONERA et al. 2012, PERYT et al.
2020); Late Badenian to Sarmatian: Volhynian—Podolian
Plateau, Moldavian Plateau, Moldavia and Carpathian
Foredeep, Ukraine (VENGLINSKY 1958; DIDKOWSKY &
SATANOVSKAJA 1970, BRANZILA 2004), Crimea-Caucasus
region, South-Caspian Depression, Russia and Azerbaijan
(VOLOSHINOVA 1952); Sarmatian: Carpathian Foredeep,
Poland, Romania and Ukraine (SzczecHURA 1982, 2000;
JasioNowskl et al. 2012; DumiITRIU et al. 2017), Vienna
Basin, Austria and Slovakia (MARKS 1951, Papp 1963;
ScHuTZ et al. 2007; KouBova & HubDACKova 2010),
Danube Basin and East-Slovakian Basin, Slovakia
(BRESTENSKA 1974; ZLINSKA 1997), Tokaj Mts, Mecsek
Mts, Zsambék Basin and Budapest, Hungary (KORECZ-
LaAKyY 1973, 1968, 1964, 1965, 1982; GOROG 1992; TOTH &
GOROG 2008), easternmost Pannonian and Transylvanian
basins, Romania (KovAcs 2001, Suciu 2005, FILIPESCU et
al. 2014, S1LYE 2015); Romanian Plain, Romania (POPESCU
1995), Moesian Platform, Bulgaria (STANCHEVA 1960);
Pannonian Basin, Serbia (TER BORGH et al. 2013); Holo-
cene: Mediterranean Sea, Italy (MELIS et al. 2012, YOKES
et al. 2014). Recently widely distributed over the world.

Remarks: The number and size of spines are variable, it
seems to be intraspecific variability. Making the species
Elphidium josephinum described by D’ORBIGNY the junior
synonym of E. aculeatum, thus an invalid name.

Elphidium crispum (LINNE, 1758)
Plate [, fig. 14
1758 Nautilus crispus n. sp. LINNAEUS, p. 709, pl. 1, figs 2d—e.

1988 Elphidium crispum (LINNE) — JORISSEN, p. 120, pl. 3, figs 8§-9,
pl. 24, figs 1-2.
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2004 Elphidium crispum (LINNE) — MERIC et al., pl. 1, figs 16—18.

2004 Elphidium crispum (LINNE) — MENDES et al., pl. 1, fig. 6.

2004 Elphidium crispum (LINNE) — BRANZILA, pl. 4, fig. 11.

2005 Elphidium crispum (LINNE) — MORIGI et al., pl. 2, fig. 9a—c.

2008 Elphidium crispum (LINNE) — TOTH & GOROG, pp. 205-206,
pl. 3, figs 7-8. (cum syn.)

2009 Elphidium crispum (LINNE) — FREZZA & CARBONL, pl. 1, fig. 16.

2010 Elphidium crispum (LINNE) — KOUBOVA & HUDACKOVA, pl. 1,
fig. 24.

2011 Elphidium crispum (LINNE) — GEDL & PERYT, fig. 9/C, R.

2012 Elphidium crispum (LINNE) — FERRER GARCIA & BLAZQUEZ
MORILLA, pl. 4, fig. 12.

2012 Elphidium crispum (LINNE) — GONERA, fig. 4/j.

2012 Elphidium crispum (LINNE) — MILKER & SCHMIEDL, p. 120,
fig. 27/13-14.

2012 Elphidium crispum (LINNE) — MELIS et al., pl. 1, fig. 4.

2012 Elphidium crispum (LINNE) — ALOULOU et al., pl. 1, fig. 15.

2014 Elphidium crispum (LINNE) — FILIPESCU et al., fig.7/3.

2014 Elphidium crispum (LINNE) — YOKES et al., fig. 11/10-11.

2014 Elphidium crispum (LINNE) — TER BORGH et al., fig. 6/8.

2016 Elphidium crispum (LINNE) — LEI & LI, p. 361, fig. 84.

2016 Elphidium crispum (LINNE) — DIMIZA et al., pl. 4, fig. 20.

2016 Elphidium crispum (LINNE) — PEZELJ et al., fig. 5/ D, L.

2019 Elphidium crispum (LINNE) —JovANovIC et al., pl. 1, figs /3, g/7.

2019 Elphidium crispum (LINNE) — RosLIM et al., fig. 4/25.

Dimensions: D=450-1200 um, Th=330-350 um

Stratigraphic range and geographic distribution: Lan-
ghian: Aquitaine Basin, France (CAHUZAC & POIGNANT
2000); Karpatian-Badenian: East-Mecsek Mts, Hungary
(Korecz-LAKY 1968); Badenian: Dacian Basin, Romania
and Serbia (TER BORGH et al. 2014), Carpathian Foredeep,
Poland and Ukraine (GEDL & PERYT 2011, GONERA 2012),
Vienna Basin, Austria (PAPP 1963), Apennines, Italy (DIECI
1959), Koceljeva area, Western Serbia (JovANOVIC et al.
2019); Badenian: North-Croatian Basin, Croatia (PEZELJ et
al. 2016), Karpatian—Sarmatian: Transcarpathian Basin,
Volhynian-Podolian Plateau and Caucasus, Ukraine and
Russia (VENGLINSKY 1958, DIDKOWSKY & SATANOVSKAJA
1970); Sarmatian: Carpathian Foredeep, Poland (Szcze-
CHURA 1982), Mecsek Mts, Zsambék Basin and Budapest,
Hungary (KORECZ-LAKY 1964, 1968; GOROG 1992; TOTH &
GOROG 2008), Vienna Basin, Slovakia (KouBovA & HUDAC-
KovA 2010); Moldavian Plateau, Moldavia (BRANZILA
2004); Lower Sarmatian: easternmost Pannonian Basin, Ro-
mania (FILIPESCU et al. 2014); Upper Miocene: Ambug Hill,
Borneo (RosLiM et al. 2019); Pliocene: Toscana, Italy (FICH-
TEL & MoLL 1798); Holocene: Meditterranean Sea, Italy
(Moriat et al, 2005, MELIS et al. 2012). Recently widely
distributed over the world.

Elphidium hauerinum (D’ ORBIGNY, 1846)
Plate 111, fig. 6

1846 Polystomella Hauerinan. sp. D’ORBIGNY, p.122, pl. 6, figs 5-10.

1995 Elphidium hauerinum (D’ ORBIGNY) — POPEScU, p. 95, pl. 8,
fig. 10.

2005 Elphidium hauerinum (D’ORBIGNY) — FILIPESCU et al., pl. 2,
figs 4-5.

2008 Elphidium hauerinum (D’ORBIGNY) — TOTH & GOROG, pl. 3,
figs 10—12. (cum syn.)

2010 Elphidium hauerinum (D’ORBIGNY) — KOUBOVA & HUDAC-
KOVA, pl. 1, fig. 18.

2011 Elphidium hauerinum (D’ ORBIGNY) — FILIPESCU et al., fig. 4/3.

2011 Elphidium hauerinum (D’ ORBIGNY) — IONESI & PASCARIU, pl.
1, fig. 29.

2012 Elphidium hauerinum (D’ ORBIGNY ) — JASIONOWSKI et al., fig.
14/E,H, I, M.

2014 Elphidium hauerinum (D’ ORBIGNY) — FILIPESCU et al., figs 7-9.

2015 Elphidium hauerinum (D’ ORBIGNY) — SILYE, p. 152, pl. 8, figs
5-7.

2017 Elphidium hauerinum (D’ORBIGNY) — DUMITRIU et al., fig.
12/G, H.

Dimensions: D=240-430 um, Th= 100-150 pm

Stratigraphic range and geographic distribution: Bade-
nian?: Vienna Basin, Austria (D’ORBIGNY 1846); Badenian-
Sarmatian: Transcarpathian Basin, Carpathian Foredeep,
Ukraine (VENGLINSKY 1958, DIDKOWSKY & SATANOVSKAJA
1970); Sarmatian: Carpathian Foredeep, Ukraine, Poland
and Romania (JASIONOWSKI et al. 2012, DuMITRIU et al.
2017), Moldavian Plateau, Romania (IONESI & PASCARIU
2011), N-Caucasus, Russia (VOLOSHINOVA 1952); Moesian
Platform, Bulgaria (STANCHEVA 1960), easternmost Panno-
nian and Transylvanian basins, Romania (FILIPESCU 1996;
KovAcs 2001; Sucru 2005; FiLipEscu et al. 2005, 2011,
2014), Romanian Plain, Romania (PopEscu 1995), Vienna
Basin, Austria (D’ORBIGNY 1846, PApp 1963, SCHUTZ et al.
2007), Tokaj Mts, Zsambék Basin, Mecsek Mts and
Budapest, Hungary (KOoRECZ-LAKY 1964, 1965, 1968, 1973,
1982; GOROG 1992; TOTH & GOROG 2008); Danube Basin
and East-Slovakian Basin, Slovakia (BRESTENSKA 1974,
ZLINSKA 1997, KOUBOVA & HUDACKOVA 2010), Carpathian
Foredeep, Poland (SzczecHURA 1982, 2000).

Genus Porosononion PUTRYA in VOLOSHINOVA, 1958

Porosononion granosum (D’ ORBIGNY, 1846)
Plate I11, figs 5, 9 (thin section)

1846 Nonionina granosan. sp. D’ORBIGNY, p. 110, pl. 5, figs 19-20.

1988 Elphidium granosum (D’ ORBIGNY) — JORISSEN, p. 104, pl. 2,
figs 1-3, pl. 16-19.

1992 Porosononion granosum (D’ORBIGNY) — GOROG, pp. 112—
113, pl. 11. fig. 5. (cum syn.)

2000 Porosononion granosum (D’ ORBIGNY) — POIGNANT et al., pp.
400401, pl. 1, figs 13—14. (cum syn.)

2000 Porosononion granosum (D’ ORBIGNY) — SZCZECHURA, pl. 5,
figs 3, 6.

2000 Elphidium granosum (D’ORBIGNY) — CARBONI et al., fig. 10.

2001 Porosononion granosum (D’ORBIGNY) — FILIPESCU et al., pl.
3, fig. 11.

2004 Porosononion subgranosus monogranulata GERKE —
BRANZILA, pl. 2, figs 7-9.

2007 Porosononion ex gr. granosum (D’ ORBIGNY) — SCHUTZ et al.,
pl. 6, fig.6.

2007 Porosononion granosum (D’ORBIGNY) — GROSS et al., pp.
210-211, fig. 4 a—e, h—i.

2008 Cribroelphidium ex gr. granosum (D’ORBIGNY) — TOTH &
GOROG, p. 204, pl. 3., figs 3-4.

non 2010 Porosononion granosum (D’ORBIGNY) — KOUBOVA &
HUDACKOVA, pl. 1, fig. 20.
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2011 Porosononion granosum (D’ ORBIGNY) — FILIPESCU et al., fig.
4/9.

2012 Elphidium granosum (D’ ORBIGNY) — MILKER & SCHMIEDL, p.
121, fig. 27/17-18.

2013 Porosononion granosum (D’ ORBIGNY) — TER BORGH et al., fig.
6/4-5.

2015 Porosononion granosum (D’ ORBIGNY) — SILYE, p. 147, pl. 7,
figs 4-5.

2018 Porosononion granosum (D’ORBIGNY) — HARZHAUSER et al.,
fig. 5/1-2.

2019 Porosononion granosum (D’ORBIGNY) — NANEZ & MALU-
MIAN, pp. 197201, figs 5-6.

Dimensions: D=200-500 um

Stratigraphic range and geographic distribution: Mid-
dle Miocene: Atlantic Ocean, Argentina (NANEZ & MALU-
MIAN 2019); Badenian: Transylvanian Basin, Romania (FILI-
pPESCU 2001); Badenian—Sarmatian: Vienna Basin, Austria
(D’ORBIGNY 1846); Sarmatian: Vienna Basin and Styrian
Basin, Austria (Gross et al. 2007, ScHUTZ et al. 2007, HARZ-
HAUSER et al. 2018), Zsambék Basin and Budapest, Hungary
(GOROG 1992, TOTH & GOROG 2008), Transcarpathian Ba-
sin, Ukraine (VOLOSHINOVA 1952, VENGLINSKY 1958), Car-
pathian Foredeep, Poland (SzczecHURA 2000), Transylva-
nian Basin, Romania (FILIPESCU et al. 2011, SiLYE 2015),
Moldavian Plateau (BRANZILA 2004); Pliocene: Mediterra-
nean Sea, Spain (CARBONNEL & MAGNE 1977) and Greece
(HAGEMAN 1979). Recently widely distributed over the world.

Remarks: The umbilical region is very variable in this
group. Due to the large morphological variation, the taxo-
nomic status of fossil specimens is uncertain. The studied
specimen is identical (including umbilical region) to the
holotype described by D’ORBIGNY (1846).

Family Cibicididae CUSHMAN, 1927
Subfamily Cibicidinae CUSHMAN, 1927
Genus Heterolepa FRANZENAU, 1884

Heterolepa dutemplei (D’ ORBIGNY, 1846)
Plate I, figs 10, 18 (thin section)

1846 Rotalia dutemplei n. sp. D’ORBIGNY, p. 157, pl. 8, figs 19-21.

1982 Heterolepa dutemplei (D’ORBIGNY) — SZCZECHURA, pl. 16,
figs 8-9.

1985 Heterolepa dutemplei (D’ORBIGNY) — PAPP & SCHMID, p. 59,
pl. 50, figs 1-3.

1985 Heterolepa dutemplei (D’ORBIGNY) — KORECz-LAKY &
NAGY-GELLAL pl. 20, fig. 4a-b.

1998 Heterolepa dutemplei (D’ORBIGNY) — CICHA et al., pp.107—
108, pl. 71, figs 1-3.

1999 Heterolepa dutemplei (D’ ORBIGNY) — BALDL, pp. 209-210, pl.
9, figs 1-6, pl. 10, figs 1-2.

2000 Heterolepa dutemplei (D’ ORBIGNY) — SZCZECHURA, pl. 1, figs
6, 13.

2001 Heterolepa dutemplei (D’ ORBIGNY) — FILIPESCU, pl. 3, figs 12—13.

2007 Heterolepa dutemplei (D’ ORBIGNY ) — OZSVART, pp. 84-85, pl.
11, figs 11-13. (cum syn.)

2013 Heterolepa dutemplei (D’ ORBIGNY) — PERYT, figs 4/V, W, 7/Y

2013 Heterolepa dutemplei (D’ ORBIGNY) — PEZELJ et al., fig. 6/20.

2014 Heterolepa dutemplei (D’ORBIGNY) — TER BORGH et al., fig.
5/41-42.

2014 Heterolepa dutemplei (D’ORBIGNY) — STOJANOVA & PETROV,
pl. 1, fig. 11.

2016 Heterolepa dutemplei (D’ ORBIGNY) — VALCHEV & STOJANOVA,
pl. 2, figs 3—4.

2016 Heterolepa dutemplei (D’ ORBIGNY) — PEZELJ et al., fig. 5/M

2017 Heterolepa dutemplei (D’ ORBIGNY) — HARZHAUSER et al., pl.
2, fig. 13.

2017 Heterolepa dutemplei (D’ORBIGNY) — DUMITRIU et al., fig. 9/1, J.

2019 Heterolepa dutemplei (D’ ORBIGNY) — JOVANOVIC et al., pl. 1,
fig. h/1.

2019 Heterolepa dutemplei (D’ ORBIGNY) —RosLIM et al., fig. 4/8—13.

Dimensions: D=450-600 pm, Th=200-350 pm

Stratigraphic range and geographic distribution: Mid-
dle to Upper Eocene: Paleogene Basin, Hungary (OzSVART
2007); Upper Eocene — Lower Oligocene: Valandovo-
Gevgelia Basin, Republic of Macedonia (STOJANOVA &
PETROV 2014; VALCHEV & STOJIANOVA 2016); Kiscellian to
Badenian: Borzsony Mts, Hungary (KORECZ-LAKY &
NAGY-GELLAI ~ 1985); SW-Hungary (BALDI 1999);
Ottnangian: Austria, Vienna Basin (HARZHAUSER et al.
2017); Badenian: Koceljeva area, Western Serbia
(JovaNovIC et al. 2019); Mt Majevica, Bosnia and
Herzegovina (PEzELJ et al. 2013); North-Croatian Basin,
Croatia (PezeL] et al. 2016), Austria, Vienna Basin
(D’ORBIGNY 1846), Dacian and Transylvanian basins,
Serbia and Romania (FiLiPEscUu 2001, TER BORGH et al.
2014); Carpathian Foredeep, Poland (SzCZECHURA 1982,
2000; PeryT 2013; DUMITRIU et al. 2017), Upper Miocene:
Ambug Hill, Borneo (RosLM et al. 2019).

Ostracoda

Classification of the ostracods follows that of HART-
MANN & PURI (1974) and HORNE et al. (2002). Abbrevia-
tions: L: length, H: height.

Phylum Arthropoda SIEBOLD, STANNIUS, 1845
Subphylum Crustacea PENNANT, 1777

Class Ostracoda LATREILLE, 1802

Order Podocopida MULLER, 1894

Suborder Cytherocopina BAIRD, 1850
Superfamily Cytheroidea BAIRD, 1850
Family Cytherideidae SARS, 1925

Subfamily Cytherideinae SARS, 1925

Genus Cyprideis JONES, 1857

Cyprideis pokorny JIRICEK, 1974
Plate II, figs 8-9

1974 Cyprideis pokorny n. sp. JIRICEK, p. 439, pl. 2, figs 1-4.
2009 Cyprideis pokorny JIRICEK — TOTH, p. 87, pl. 4, figs 3,6.

Dimensions: L=660-720 um, H=350-410 um, L/H=1.6-1.8.

Stratigraphic range and geographic distribution: Upper
Sarmatian: Vienna Basin, Slovakia (JIRICEK 1974); Vértes
Hill, Hungary (TOTH 2009).
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Family Hemicytheridae Purl, 1953
Subfamily Hemicytherinae PURI, 1953
Genus Aurila POKORNY, 1955

Aurila cicatricosa (REUSS, 1850)
Plate I, figs 2-3

1850 Cypridina cicatricosa n. sp. REUSS, pp. 67-68, pl. 9, fig. 21.
1962 Mutilus (Aurila) cicatricosa (REUSS) — STANCHEVA, p. 32, pl.
4, fig. 8.
1971 Aurila cicatricosa (REUSS) — CERNAJSEK, pp. 65-69, pl. 6, figs
7-14, pl. 14, fig. 7, pl. 17, fig. 4 a-b. [partim, pl. 14, fig. 8]
1978 Aurila cicatricosa (REUSS) — BRESTENSKA & JIRICEK, p. 409,
432, pl. 6, fig. 1.

2008 Aurila cicatricosa (REUSS) — FARANDA et al., pl. 2, figs 4-5.

2004 Aurila cicatricosa (REUSS) — AIELLO & SZCZECHURA, pp. 28—
30, pl. 5, fig. 2.

2006 Aurila cicatricosa (REUSS) — GROSS & PILLER, pp. 4748,
text-fig. 6/1, pl. 21, figs 1-12, pl. 22, figs 8-10.

2006 Aurila cicatricosa (REUSS) — SZCZECHURA, fig. 9/9-10.

2012 Aurila cicatricosa (REUSS) — SEKO et al., fig.8/P.

2014 Aurila (Aurila) cicatricosa (REUSS) — TER BORGH et al.,
fig.7/16.

Dimensions: L= 900-950 um, H= 530-580 um, L/H=
1.6-1.7.

Stratigraphic range and geographic distribution: Bade-
nian: Vienna Basin, Austria (CERNAJSEK 1971, GROSS & PIL-
LER 2006); Carpathian Foredeep, Czech Republic, Poland
(BRESTENSKA & JIRICEK 1978, AIELLO & SZCZECHURA 2004,
SzczecHURA 2006, SEKO et al. 2012); Dacian Basin, Roma-
nia (TER BORGH et al. 2014); Late Miocene: Mediterranean,
Greece (FARANDA et al. 2008).

Aurila notata (REUSS, 1850)
Plate I, figs 12-13.

1850 Cypridina notata n. sp. REUSS, p. 66, pl. 9, fig. 16.

2006 Aurila (Euaurila?) notata (REUSS) — GROSS & PILLER, p. 83—
84, pl. 29, figs 1-9.

2008 Aurila notata (Reuss) — TOTH, pp. 122-123, pl.8. figs 3-7.
(cum syn.)

2017 Aurila notata (Reuss) — DUMITRIU et al., fig. 12/Q.

2018 Aurila notata (Reuss) — HARZHAUSER et al., fig. 7/10.

Dimensions: L= 900-950 um, H= 530-580 pym, L/H=
1.6-1.7.

Stratigraphic range and geographic distribution: Upper
Sarmatian: Vienna Basin, Austria and Slovakia (CERNAJSEK
1974, IIRICEK 1983, ZELENKA 1990, JANZ & VENNEMANN
2005, Gross & PILLER 2006, HARZHAUSER et al. 2018);
Zsambék Basin, Hungary (TOTH 2008); Caucasus, Russia
(SuziN 1956); Lower Sarmatian: Moldovian Plateau. Roma-
nia (DumITRIU et al. 2017).

Genus Hemicytheria POKORNY, 1952
Hemicytheria omphalodes (REUSS, 1850)

Plate I, fig. 11

1850 Cypridina omphalodes n. sp. REUSS, p. 75, pl. 10, fig. 7.
2008 Hemicytheria omphalodes (REUsS) — TOTH, pl. 6, figs 2-6.
(cum syn.)

2011 Hemicytheria omphalodes (REUSS) — OLTEANU, pl. 18, fig. 8.
2014 Hemicytheria omphalodes (REUSS) — FILIPESCU et al., fig.
8/10.

Dimensions: L= 810-820 um, H= 470-480 um, L/H=
1.7-1.75.

Stratigraphic range and geographic distribution: Upper
Badenian: Transylvanian Basin, Romania (OLTEANU 2001);
Sarmatian: Vienna Basin, Slovakia (JIRICEK 1974, ZELENKA
1990); Zsambék Basin, Hungary (TOTH 2008); Lower Sar-
matian: Danube Basin and the eastern region, Slovakia
(ForRDINAL et al. 2006, FORDINAL & ZLINSKA 1994); Upper
Sarmatian: Vienna Basin, Austria (CERNAJSEK 1974); Pan-
nonian: easternmost Pannonian Basin, Transylvanian Ba-
sin, Romania (OLTEANU 2001, 2011; FILIPESCU et al. 2014),
Pannonian Basin, Croatia (SOKAC 1972).

Genus Senesia JIRICEK, 1974

Senesia cinctella (REUSS, 1850)
Plate I, fig. 6

1850 Cypridina cinctella n. sp. REUSS, p. 67, pl. 9, fig. 19.

1962 Mutilus (Aurila) cinctella (REUSS) — STANCHEVA, p. 35, pl. 4,
fig. 9.

1979 Aurila (Aurila) cinctella n. ssp. — BASSIOUNI, pp. 118—119, pl.
19, figs 7-8.

2006 Senesia cinctella (REUSS) — GROSS & PILLER, pp. 57-58, pl.
31, figs 1-5.

Dimensions: L= 750-760 pm, H= 410-420 um, L/H=
1.8-1.82

Stratigraphic range and geographic distribution: Lower
Miocene: Black Sea Depression, Turkey (BASSIOUNI 1979);
Badenian: Vienna Basin, Austria and Slovakia (REuss 1850,
CERNAIJSEK 1971, BRESTENSKA & JIRICEK 1978, GROSS &
PILLER 2006); Moesian Plateau, Bulgaria (STANCHEVA 1962).

Subfamily Urocythereidinae HARTMANN & PURL, 1974
Genus Urocythereis RUGGIERI, 1950

Urocythereis kostelensis (REUSS, 1850)
Plate I, fig. 4

1850 Cypridina kostelenis n. sp. REUSS, p. 68, pl. 9, fig. 22.

1978 Urocythereis kostelensis (REUSS) — BRESTENSKA & JIRICEK, p.
410, 432, pl. 6, fig. 12.

1985 Urocythereis kostelenis (REUSS) — ZELENKA, p. 246, pl. 3, fig. 2.

2004 Urocythereis kostelenis (REUSS) — ZORN, p. 180, fig. 4/10-11.

2006 Urocythereis kostelenis (REUSS) — GROSS & PILLER, pp. 106—
108, pl. 38, figs 1-5,9,11-12.

Dimensions: L= 820-835 um, H= 410-420 um, L/H=
1.9-2.

Stratigraphic range and geographic distribution: Bade-
nian: Carpathian Foredeep, Poland (REuss 1850), Vienna
and Molasse basins, Austria and Slovakia (REuss 1850,
BRESTENSKA & JIRICEK 1978, ZELENKA 1985, ZORN 2004,
GROSS & PILLER 2006).



Foldtani Kozlony 151/3 (2021)

301

Family Leptocytheridae HANAIL, 1957
Subfamily Leptocytherinae HANAIL 1957
Genus Amnicythere DEVOTO, 1965

Amnicythere cernajseki STANCHEVA, 1984
Plate I, figs 2-3

1963 Leptocythere modesta n. sp. STANCHEVA, p. 22, pl. 3, fig. 8.

1974 Leptocythere sp. — CERNAJSEK, p. 476, pl. 2, fig. 7.

1984 Amnicythere cernajseki nom. nov. — STANCHEVA, p. 39, pl. 1,
fig. 5.

1998 Ammnicyther aff. plana (SCHNEIDER) — OLTEANU, p. 153, pl. 8,
fig. 7.

2008 Amnicythere (?) sp.— TOTH, p. 110, pl. 2, figs 5-6.

2011 Ammnicythere cernajseki STANCHEVA — FILIPESCU et al., fig.
5/20.

Dimensions: L=570-600 um, H=260-300 um, L/H=2-
2.19.

Stratigraphic range and geographic distribution: Sar-
matian: Vienna Basin, Austria (CERNAISEK 1974); Lower
Sarmatian: Transylvanian Basin, Romania (OLTEANU 1998);
Upper Sarmatian: Zsambék Basin, Hungary (TOTH 2008);
Transylvanian Basin, Romania (FILIPESCU et al. 2011).

Amnicythere tenuis (REUSS, 1850)
Plate II, fig. 1

1850 Cytherina tenuis n. sp. REUSS, p. 53, pl. 8, fig. 14.

2008 Amnicythere tenuis (REUSS) — TOTH, p. 109-110, pl. 2, figs 1—-
3,5. (cumsyn.)

2013 Amnicythere tenuis (REUSS) — TER BORGH et al., fig. 6/14—15.

2014 Amnicythere tenuis (REUSS) — TER BORGH et al., fig. 8/27-28.

2015 Amnicythere tenuis (REUSS) — SILYE, pl. 10, figs 1-3.

2018 Amnicythere tenuis (REUSS) — HARZHAUSER et al., fig. 7/3.

Dimensions: L= 510-550 pm, H= 250-290 um, L/H=
1.96-2.3.

Stratigraphic range and geographic distribution: Sar-
matian: Vienna Basin, Austria (CERNAJSEK 1974, HARZHAU-
SER et al. 2018); Carpathian Foredeep, Poland (SZCZECHURA
2000); Zsambék Basin and Budapest, Hungary (TOTH 2004,
2008); Lower Sarmatian: East-Slovakian Basin, Slovakia
(ZLINSKA & FORDINAL 1995); Transylvanian Basin, Roma-
nia (OLTEANU 1998, SILYE 2015); Pannonian and Dacian
basins, Serbia and Romania (TER BORGH et al. 2013, 2014);
Bessarabian: Moesian Plate, Bulgaria (STANCHEvVA 1963,
1990); Pannonian: Pannonian Basin, Hungary (MEHES
1908); Pontian: Dacian Basin, Romania (HANGANU 1974).

Genus Callistocythere RUGGIERI, 1953

Callistocythere canaliculata (REUSS, 1850)
Plate I, fig. 1

1850 Cypridina canaliculata n. sp. REUSS, p. 76, pl. 9, fig. 12.

2006 Callistocythere canaliculata (REUSS) — GROSS & PILLER, pp.
25-26, pl. 8, figs 14, 8-9, pl. 10, figs 1-2. (cum syn.)

2011 Callistocythere aff. canaliculata (REUSS) — HAJEK-TADESSE &
PRrTOLIAN, figs 4, 9.

2019 Callistocythere canaliculata (REUSS) — BRINKMANN et al., fig.
4/P.

Dimensions: L=570-600 um, H=260-300 um, L/H=2-
2.19.

Stratigraphic range and geographic distribution: Ott-
nangian: North Alpine Foreland Basin, Germany (BRINK-
MANN et al. 2019); Karpatian: Molasse Basin, Austria (ZORN
2003, 2004); Badenian: Vienna Basin and Danube Basin,
Slovakia (BRESTENSKA & JIRICEK 1978, GrROSS & PILLER
2006); Transylvanian Basin, Romania (OLTEANU 1998);
Carpathian Foredeep, Poland (PARUCH-KuULCZYCKA 1992;
PARUCH-KULCZYCKA & SzZCZECHURA 1996, AIELLO &
SzczECHURA 2004); Sarmatian: Tokaj Mts, Hungary (PIETR-
ZENIUK 1973); North-Croatian Basin, Croatia (HAJEK-TA-
DESSE & PRTOLJAN 2011).

Genus Euxinocythere STANCHEVA, 1968

Euxinocythere (Euxinocythere) naca (MEHES, 1908)
Plate I1, fig. 7

1908 Cythere naca n. sp. MEHES, p. 548-549, pl. 10, figs 8—12.

1989 Leptocythere naca (MEHES) — SOKAC, p. 687, pl. 8, fig 10.

1989 Leptocythere (Amnicythere) naca (MEHES) — OLTEANU, pl. 8,
fig. 6.

1989 Euxinocythere (Euxinocythere) cf. naca (MEHES) — KRSTIC &
STANCHEVA, p. 778, pl. 11, fig. 3.

2008 Euxinocythere (Euxinocythere) naca (MEHES) — TOTH, pp.
112-113, pl. 1, fig.7. (cum syn.)

2009 Euxinocythere (Euxinocythere) naca (MEHES) — TOTH, p. 84,
pl. 3, fig. 3.

2011 Leptocythere (Euxinocythere) naca (MEHES) — OLTEANU, pl.
19, fig. 1.

2013 Euxinocythere naca (MEHES) — TER BORGH et al., fig. 8/10.

Dimensions: L= 470-510 um, H= 235-260 um, L/H=
1.88-1.95.

Stratigraphic range and geographic distribution: Sar-
matian: Vienna and Danube basins, Austria and Slovakia
(CERNAIJSEK 1974, ZELENKA 1990); Moldavian Plateau, Ro-
mania (IONESI & CHINTAUAN 1975, 1985); Carpathian Fore-
deep, Poland (SzczecHura 2000); Volhynian: Moesian
Plate, Northern Bulgaria (STANCHEVA 1990); Zsambék Ba-
sin, Hungary (TOTH 2008, 2009); Pannonian-Pontian: Pan-
nonian Basin, Hungary and Serbia (KRSTIC 1973, MEHES
1908, SZELES 1982, KRSTIC & STANCHEVA 1989; TER BORGH
et al. 2013); North-Croatian Basin, Croatia (SOKAC 1967,
1972, 1989); Transylvanian Basin, Romania (OLTEANU
2011); Pontian: Dacian Basin, Romania (OLTEANU 1989);
South Caspian Basin, Azerbaijan (AGALAROVA 1967).

Euxinocythere (Euxinocythere) praebosqueti (SUZIN, 1956)
Plate I, figs 4-6

1956 Leptocythere praebosquetin. sp. SUZIN, p. 83, pl. 3, figs 2—4.

2008 Euxinocythere (Euxinocythere) praebosqueti (SUZIN) —
TOTH, p. 114, pl. 3, figs 2-5. (cum syn.)

2013 Euxinocythere (Euxinocythere) praebosqueti (SUZIN) — VAN
Baaxketal., fig. 4/13.

Dimensions: L= 490-510 um, H= 200-260 pum, L/H=
1.9-2.1.
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Stratigraphic range and geographic distribution: Sar-
matian: Moesian Plate, Northern Bulgaria (STANCHEVA
1972, 1990); Upper Sarmatian: Zsdmbék Basin, Hungary
(ToOT1H 2008); Bessarabian: Caucasus, Russia (SuzIN 1956);
Plio-Pleistocene: South Caspian Basin, Azerbaijan (VAN
Baak et al. 2013).

Family Loxoconchidae SARrs, 1925
Subfamily Loxoconchinae SARs, 1925
Genus Loxoconcha SARS, 1866

Loxoconcha kochi MEHES, 1908
Plate II, figs 14-15

1908 Loxoconcha kochi n. sp. MEHES, pp. 543-544, pl. 9, figs 5-9.

2005 Loxoconcha kochi MEHES — FILIPESCU et al., pl. 3, fig. 6.

2006 Loxoconcha kochi? MEHES — GROSS & PILLER, pp. 112-113,
pl. 40, figs 1-7.9.

2008 Loxoconcha kochi MEHES — TOTH, p. 124, pl. 9, fig. 6. (cum
syn.)

2013 Loxoconcha kochi MEHES — TER BORGH et al., fig. 8/24-25.

2014 Loxoconcha kochi MEHES - TER BORGH et al., fig. 7/23.

2014 Loxoconcha kochi MEHES — FILIPESCU et al., fig.8/15.

2018 Loxoconcha kochi MEHES — HARZHAUSER et al., fig.7/12.

Dimensions: L= 640-835 um, H= 400-520 um, L/H=
1.6-1.75.

Stratigraphic range and geographic distribution: Upper
Badenian: Vienna Basin, Austria (GROSS & PILLER 2006);
Dacian Basin, Romania (TER BORGH et al. 2014); Sarmatian:
Vienna Basin, Austria (CERNAJSEK 1974, GROSS & PILLER
2006, HARZHAUSER et al. 2018); easternmost Pannonian and
Transylvanian basins, Blacks Sea Depression, Romania
(IoNEST & CHINTAUAN 1985; FILIPESCU et al. 2005, 2014);
Upper Sarmatian: Zsambék Basin, Hungary (TOTH 2008);
Pannonian Basin, Serbia (TER BORGH et al. 2013); Lower
Pannonian (?): Pannonian Basin, Hungary (MEHES 1908);
Messinian and Pliocene (?): Rhone Valley, France (CARr-
BONNEL 1978).

Loxoconcha laeta STANCHEVA, 1963
Plate IT, fig. 16

1963 Loxoconcha laeta n.sp. STANCHEVA, pp. 34-35, pl.6, fig 9.

1990 Loxoconcha laeta STANCHEVA — STANCHEVA, pp. 88-89, pl.
31, figs 5-6.

2009 Loxoconcha laeta STANCHEVA — TOTH, pp. 91-92, pl. 7, fig.
12.

Dimensions: L= 720-750 um, H= 390-410 um, L/H=
1.8-1.83.

Stratigraphic range and geographic distribution:
Lower Sarmatian: Moesian Plate, Bulgaria (STANCHEVA
1963, 1990); Upper Sarmatian: Zsambék Basin, Hungary
(ToTH 2009).

Loxoconcha porosa MEHES, 1908
Plate I, fig. 17

1908 Loxoconcha porosan. sp. MEHES, pp. 542-543, pl. 8, figs 10-14.
2008 Loxoconcha porosa MEHES — TOTH, pp. 124-125, pl. 9, figs
3-5. (cum syn.)

Dimensions: L= 620-700 um, H= 420-470 um, L/H=
1.45-1.55.

Stratigraphic range and geographic distribution: Sar-
matian: Pannonian Basin, Serbia (KRSTIC 1972); Black Sea
Depression, Romania (IONEST & CHINTAUAN 1985); Upper
Sarmatian: Vienna Basin, Slovakia (ZELENKA 1990); Zsam-
bék Basin, Hungary (TOTH 2008); Pannonian: Pannonian
Basin, Hungary and Croatia (MEHES 1908, SOKAC 1972).

Loxoconcha punctatella (REUSS, 1850)
Plate I, fig. 5

1850 Cypridina punctatellan. sp. REUSS, pp. 65-66, pl. 9, fig. 15 a-b.

1978 Loxoconcha punctatella (REUSS) — BRESTENSKA & JIRICEK,
pl. 2, figs 12—-13.

1985 Loxoconcha punctatella (REUSS) — ZELENKA, pl. 3, figs 10-11.

2004 Loxoconcha ex. gr. punctatella (REUsS) — TOTH, pp. 140141,
pl. 6, figs 1-2.

2006 Loxoconcha punctatella (REUSS) — GROSS & PILLER, pp. 73—
74, pl. 40, figs 8,11, pl. 41, figs 1-10. (cum syn.)

2006 Loxocorniculum cf. punctatella (REUSS) — SZCZECHURA, fig.
10/3.

2008 Loxoconcha ex. gr. punctatella (REUSS) — TOTH, p. 125, pl. 10,
figs 1-2.

2011 Loxoconcha punctatella (REUSS) — HAJEK-TADESSE &
PRTOLIAN, fig. 4/16.

2012 Loxoconcha punctatella (REUSS) — SEKO et al., fig. 8/D.

2013 Loxoconcha punctatella (REUSS) — TER BORGH et al., fig. 6/28.

2019 Loxoconcha punctatella (REUSS) — BRINKMANN et al., fig.
8/N-0.

Dimensions: L= 540-670 um, H= 400-450 um, L/H=
1.4-1.54.

Stratigraphic range and geographic distribution: Burdi-
galian: Molasse Basin, Austria (BRINKMANN et al. 2019);
Karpatian: Molasse Basin, Austria (ZORN 1998); Badenian:
Danube Basin and Vienna Basin, Slovakia (BRESTENSKA &
JIRICEK 1978, ZELENKA 1985); Molasse Basin, Austria
(ZorN 2004); Carpathian Foredeep, Czech Republic and
Poland (PARUCH-KULCZYCKA 1992, SzcZECHURA 2006, SE-
Ko et al. 2012); North-Croatian Basin, Croatia (HAJEK-TA-
DESSE & PRTOLJAN 2011); Badenian to Sarmatian: Vienna
Basin, Austria (GRoss & PILLER 2006); Lower Sarmatian:
Zsambék Basin, Hungary (TOTH 2004, 2008); Pannonian
Basin, Serbia (TER BORGH et al. 2013).

Genus Loxocorniculum BENSON & COLEMAN, 1963

Loxocorniculum hastatum (REUSS, 1850)
Plate I1, figs 19-20

1850 Cytherina hastata REUSS sensu CERNAJSEK —REUSS, pl. 9, fig. 26.

2008 Loxocorniculum hastatum (REUsS) — TOTH, pp.125-126, pl.
9, figs 1-2. (cum syn.)

2012 Loxocorniculum hastatum (REUSS) — SEKO et al., fig. 8/F.

2014 Loxocorniculum hastatum (REUSS) — TER BORGH et al.,
fig.7/22.

2017 Loxocorniculum hastatum (REUSS) — DUMITRIU et al., fig.
13/1-].

2019 Loxocorniculum hastatum (REUSS) — BRINKMANN et al., p. 84,
fig. 8/M.
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Dimensions: L= 620-630 um, H= 390-410 pm, L/H=
1.5-1.6.

Stratigraphic range and geographic distribution: Oligo-
cene to Miocene (Aquitanian, Burdigalian, Langhian): Aqui-
taine Basin, France (DUCASSE et al. 1991, BEKAERT et al.
1991, Ducasse & CaHuzac 1996); Burdigalian: Molasse
Basin, Austria (BRINKMANN et al. 2019); Rhone Basin,
France (CARBONNEL 1969); Eggenburgian: Molasse Basin,
Austria (KoLLMANN 1971); Karpatian: Vienna Basin, Czech
Republic (KHEIL 1967); Molasse Basin, Austria (ZORN 1998,
2003, 2004); Badenian: Molasse Basin, Austria (ZORN 1998,
2004); Carpathian Foredeep, Poland and Czech Republic
(PARUCH-KULCZYCKA 1992, SzczECHURA 2006, SEKO et al.
2012); Vienna Basin, Austria and Czech Republic (CERNAJ-
SEK 1974, BRESTENSKA & JIRICEK 1978, JANZ & VENNEMANN
2005, ZELENKA 1985); Moesian Platform, Bulgaria (STAN-
CHEVA 1962); Dacian Basin, Romania (TER BORGH et al.
2014); Carpathian Foredeep, Poland (AIELLO & SZCZECHURA
2004); Sarmatian: Mecsek Mts and Zsambék Basin, Hunga-
ry (SzuroMI-KoRECZ & SzeEGO 2001, TOTH 2008); Carpa-
thian Foredeep, Poland (DuMITRIU et al. 2017).

Family Xestoleberididae SARS, 1928
Genus Xestoleberis SARS, 1866

Xestoleberis dispar MUELLER, 1894
Plate I, fig. 8

1894 Xestoleberis disparn. sp. MULLER, p. 334, pl. 25, figs 2, 3,9, 35.

1982 Xestoleberis dispar MULLER — FARANDA et al., pl. 2, figs 16-17.

1986 Xestoleberis sp. — MOSTAFAWI, pl. 3, fig. 33.

2006 Xestoleberis aff. dispar MULLER — GROSS & PILLER, pp. 137—
138, pl. 2, fig. 4.

2008 Xestoleberis dispar MULLER — KOEHN-ZANINETTI & TETARD,
fig. 4/10.

2014 Xestoleberis dispar (MUELLER) — TER BORGH et al., fig.7/26-27.

2015 Xestoleberis dispar MUELLER — SCIUTO et al., pl. 2, fig. 6.

2016 Xestoleberis dispar MUELLER — PARLAK & NAZIK, pl. 3, fig. 14.

2017 Xestoleberis fuscata SCHNEIDER — DUMITRIU et al., fig. 13/H.

Dimensions: L= 660-665 um, H= 350-370 um, L/H=
1.80-1.88.

Stratigraphic range and geographic distribution: Bade-
nian: Dacian Basin, Romania (TER BORGH et al. 2014); upper
Badenian to lower Sarmatian: Vienna Basin, Austria (GROSS
& PILLER 20006); lower Sarmatian: Carpathian Foredeep,
Poland (DuMITRIU et al. 2017); Tortonian, Pleistocene: Me-
diterranean Sea, Greece (FARANDA et al. 2008, MOSTAFAWI
1986); Recently widely distributed in the Mediterranean Sea.

Xestoleberis tumida (REUSS, 1850)
Plate I, fig. 7

1850 Cytherina tumida n. sp. REUSS, pp. 57-58, pl.8, fig. 29.

2006 Xestoleberis tumida (REUSS) — GROSS & PILLER, pp. 134-137.
pl. 48, figs 1-10, pl. 49, figs 1-5, pl. 51, fig. 7. (cum syn.)

2006 Xestoleberis cf. tumida (REUSS) — SZCZECHURA, fig. 10/2,4.

Dimensions: L= 510-540 pm, H= 320-330 um, L/H=
1.6-1.8.

Stratigraphic range and geographic distribution: Kar-
patian: Molasse Basin, Austria (ZORN 1998); Badenian:
Carpathian Foredeep, Poland (SzczecHURA 2006); Austria
(ZorN 1998; GROSS & PILLER 2006).

Suborder Cypridocopina BAIRD, 1845
Superfamily Cypridoidea BAIRD, 1845
Family Cyprididae BAIRD, 1845

Subfamily Cyprinotinae BRONSHTEIN, 1947
Genus Heterocypris CLAUS, 1892

Heterocypris salina (BRADY, 1868)
Plate I, fig. 26

1868 Cypris salina n. sp. BRADY, p. 368; pl. 28, figs 8—13.

1980 Heterocypris salina salina (BRADY) — FREELS, p.28. pl. 3, figs
1-6. cum syn.

2000 Heterocypris salina (BRADY) — MEISCH, pp. 349-352, fig. 135.

2003 Heterocypris salina (BRADY) — MISCHKE et al., fig. 1/7.

2004 Heterocypris salina (BRADY) — PIPIK, p.227, pl. 1, figs 6-7.

2005 Heterocypris salina (BRADY) — MATZKE-KARASZ, p. 126, pl.
3, fig. 4.

2005 Heterocypris salina (BRADY) — SCHARF et al., pl. 2, figs 17—
20.

2008 Heterocypris salina (BRADY) — NaziK et al., pl. 1, fig. 15.

2008 Heterocypris salina (BRADY) — POQUET et al., fig. 6/1.

2012 Heterocypris salina (BRADY) — MISCHKE et al., pl. 1, figs 7—
10, 18.

2014 Heterocypris salina (BRADY) — SCHARF & MEISCH, fig. 3/I-K.

2014 Heterocypris salina (BRADY) — MISCHKE et al., fig. 7/2.

2016 Heterocypris salina (BRADY) — SALEL et al., pl. 4, figs 4-6.

2019 Heterocypris salina (BRADY) — TUNCER et al., pl. 1, figs 1-3.

Dimensions: L= 945-955 um, H= 565-590 pym, L/H=
1.61-1.67.

Stratigraphic range and geographic distribution: Wide-
ly distributed in upper Miocene to Holocene freshwater to
saline habitats (riverine pools and lakes) in Europe (MEISCH
2000) and recently over the world.

Suborder Darwinulocopina BRADY & NORMAN, 1889
Superfamily Darwinuloidea BRADY & NORMAN, 1889
Family Darwinulidae BRADY & NORMAN, 1889
Genus Darwinula BRADY & NORMAN, 1889

Darwinula stevensoni (BRADY & ROBERTSON, 1870)
Plate II, fig. 21

1870 Polycheles stevensoni m. BRADY & ROBERTSON, pp. 25-26,
pl. 7, figs 1-7, pl. 10, figs 4-14.

2000 Darwinula stevensoni (BRADY & ROBERTSON) — MEISCH, p.
49, fig. 16/A-E.

2004 Darwinula stevensoni (BRADY & ROBERTSON) — PIpiK et al.,
pl. 1, fig. 10.

2005 Darwinula stevensoni (BRADY & ROBERTSON) — CABRAL et
al., pp. 53-55, pl. 1, figs 1-6. (cum syn.)

2012 Darwinula stevensoni (BRADY & ROBERTSON) — FUHRMANN,
pl. 1, figs 1 a—f.

Dimensions: L= 670-680 um, H= 420-425 um, L/H=
1.59-1.6.
Stratigraphic range and geographic distribution: Wide-
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ly distributed in Oligocene to Holocene lacustrine environ-
ments in Europe (MEIScH 2000) and recently over the world.

Genus Vestalenula ROSSETTI & MARTENS, 1998

Vestalenula pagliolii (PINTO & KOTzIAN, 1961)
Plate II, figs 22-23; Plate III, fig. 10 (thin-section)

1961 Darwinula pagliolii n. sp. PINTO & KOT1zIAN, p. 27, pl. 1, figs
1-5, pl. 3, figs 1-4, pl. 5, figs 1-9, pl. 6, figs 1-9, pl. 9, figs 1-9.

2003 Vestalenula pagliolii (PINTO & KOTZIAN) — PIPiK & BODER-
GAT, p. 348, pl. 1, figs 5-10, fig. 24. (cum syn.)

2004 Vestalenula pagliolii (PINTO & KOTZIAN) — PIpiK et al., pl. 1,
fig. 11.

2005 Vestalenula pagliolii (PINTO & KoTZIAN) — CABRAL et al., pp.
59-60, pl. 3, figs 5-16.

Dimensions: L= 455-470 pm, H= 210-220 um, L/H=
2.16-2.18.

Stratigraphic range and geographic distribution: Wide-
ly distributed in Oligocene to Holocene freshwater to oligo-
haline habitats (riverine pools and lakes) in Europe (MEISCH
2000) and recently in Brazil (MARTENS et al. 1997).
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Pannoniai kagylosrdk fauna Pécs-Danitzpusztdarol

Osszefoglalds

A pécs-danitzpusztai homokbdnyaban, a kitermelt homok fekiijében egy tektonikailag erdsen kibillentett pannéniai mér-
garétegsor tarul fel. Az Gsszlet vastagsaga 65 m a szarmata—pannéniai hatartél a fedé homokig. Ez a banyaudvar a pannéniai
emelet aljanak legjobb, rétegtanilag legteljesebb felszini feltirdsa Magyarorszagon, ezért komplex Gslénytani, rétegtani fel-
dolgozdsa nemzetkozi jelentségli. Tanulmanyunk a rétegsor kagylésrak-maradvdnyainak vizsgdlatdrdl szol. 45 preparalt k-
zetmintabol 29 tartalmazott értékelhetd, j6 megtartasd kagylosrak faundt, 6sszesen 39 taxont, amelyek 9 nemet képviselnek.

A mais €16, tengeri eredeti nemek (Loxoconcha, Cyprideis, Amnicythere) €lGhelyeit figyelembe véve a vizsgdlt egylitte-
sek ardnylag sekély, de hullambazis alatti, alacsony energidju, csendes kornyezetben, pliohalin (9—16%¢) sétartalmu vizben
élhettek. Az édesvizi eredetii bevandorl6k koziil a Candona-nem kiilonbdz6 alnemei nyilvanvaldan elviselték a brakkvizet is,
ahogy azt amais €16 Typhlocypris subgenus esetében latjuk. Ugyanez igaz lehetett arra a néhdny Cypria fajrais, amelyek na-
gyon elterjedtek voltak a Pannon-téban. A Herpetocyprella-nem, amelynek csak egyetlen €16 fajat ismerjiik, de amely szintén
igen elterjedt volt a Pannon-téban, a bezaré kézetek faciesei alapjan er6sen tagtiirést lehetett. A kihalt nemek (Hemicytheria,
Loxocorniculina, Amplocypris) mind brakkvizi kornyezetben (a szarmata Paratethysben vagy brakkvizi tavakban) éltek.

Biosztratigrafiailag négy egységre osztottuk a rétegsort. Az intervallum z6éndk aljat minden esetben egy-egy marker faj
els§ el6fordulasa (vélelmezett elsé megjelenése) jeloli ki. A Hemicytheria lorentheyi z6na a pannéniai rétegsor also 5,5 mé-
terét fogja 4t. A Hemicytheria tenuistriata zé6na 29 m, a Candona ( Propontoniella) candeo zéna 18 m vastag. Az Amplocypris
abscissa z6na mintdzott vastagsiga 6,5 méter. A hasonl6 facies(, bar homogénebb beocsini rétegsorban, amely a Fruska
Goraban taldlhaté mintegy 150 km-re délkeletre Pécstdl, magnetosztratigrafiai adatok alapjan a szarmata-pannéniai hatdr
kora 11,6 milli6 év, a Hemicytheria tenuistriata elsé megjelenésének kora 11,23 milli6 év, a Danitzpusztan az Amplocypris
abscissa zéndban megjelend Candona (Reticulocandona) reticulata els6 el6forduldsanak kora pedig 10,2 millié év. Ezek
alapjan feltételezziik, hogy feltarasunkban a panndniai méarga rétegsor a 11,6 — 10 milli6 évek kozti intervallumot képviseli.

A feltaras kagyldsrak- és puhatestl zondcidjanak Osszevetése azt mutatja, hogy a Hemicytheria lorentheyi zona egésze és
a H. tenuistriata z6na legalsé része korreldlhaté a Lymnocardium praeponticum — Radix croatica zdndval, mig a feltards felsé
részén az Amplocypris abscissa zona ad atfedést a Lymnocardium schedelianum zénaval.

Keywords: késd Miocén, Pannon-to, osztrakoddk, Gskornyezet, biosztratigrdfia, Mecsek

Abstract

The large outcrop at Pécs-Danitzpuszta, southern Hungary, exposes a 65-meter-thick succession of calcareous marls, clay
marls and calcareous sands that were deposited during the early history of Lake Pannon, a vast, Caspian-type lake in Central
Europe in the late Miocene. Within the framework of the complex stratigraphic investigation of this succession, well preserved,
relatively diverse benthic ostracod assemblages containing 39 taxa were recovered from 29 samples (16 samples were barren).
Palaeoecological interpretation of the ostracod genera suggests that deposition took place in a low-energy environment, in the
shallow sublittoral zone of Lake Pannon, in pliohaline (9—16%o salinity) water. The entire succession was divided into four interval
zones based on the first occurrences of assumedly useful marker fossils: Hemicytheria lorentheyi Zone (from sample D29),
Hemicytheria tenuistriata Zone (from sample D17), Propontoniella candeo Zone (from sample D115) and Amplocypris abscissa
Zone (from sample D209). Based on comparison to the BeoCin section 150 km to the SE, where a lithologically and
stratigraphically similar section was dated magnetostratigraphically by an international team, we tentatively assume that the
Pannonian marl succession of the Pécs-Danitzpuszta outcrop represents the time interval of 11.6 to ca. 10 Ma.

Keywords: late Miocene, Lake Pannon, ostracods, palaeoenvironment, biostratigraphy, Mecsek Mts
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Introduction

In the large sand pit of Pécs-Danitzpuszta, which is famous
for its unique middle to late Miocene reworked terrestrial and
marine vertebrate remains (SzZABO et al. this volume), a 65-
meter-thick, tectonically tilted succession is exposed that
consists of calcareous marls, clay marls and calcareous sands
(SEBE et al. 2021). This Pannonian (upper Miocene, Tortonian)
succession represents fairly continuous sedimentation from the
Sarmatian/Pannonian boundary to the top of the marl. The marl
is overlain by a thick sand body that is exploited in the pit. This
succession, deposited in Lake Pannon, offers a unique oppor-
tunity to investigate various fossil groups and to establish cor-
relation between the biostratigraphic systems.

This study focuses on the ostracod fauna of the Pannonian
marls. The primary objective of this work is the documentation
of the ostracod assemblages along the profile in order to
determine their biostratigraphic and palaeoecological sig-
nificance. Early Pannonian ostracod records are poorly known
in SW Hungary (SzELES 1982; SzuromI-KORECZ 1991, 1992),
but they were extensively studied in other parts of the southern
Pannonian Basin where the lithology and thus the inferred
palaeoenvironment was similar to that in Danitzpuszta, such
as the areas in the vicinity of Zagreb (SOKAC 1972) and
Belgrade (KrstiC 1960, 1985; RUNDIC et al. 2011). Most re-
cently, the ostracod record from the 120-meter-thick calca-
reous marl succession of Beocin (near Novi Sad, Serbia) was
investigated and published by StoicA & RUNDIC in TER BORGH
etal. (2013). The Beodin outcrop was also subject to magneto-
stratigraphic investigations, which dated the marl succession
between 11.6 Ma (Sarmatian/Pannonian boundary) and ca. 9.9
Ma (TER BORGH et al. 2013). These papers, as well as some
other modern, well-documented ostracod studies on thor-
oughly investigated lower Pannonian outcrops from the entire
area of Lake Pannon (e.g., Gross 2004, FiLIPEscU et al. 2011,
OLtEANU 2011, BOTKA et al. 2020) offer a good opportunity to
place the Danitzpuszta ostracod record into a biostratigraphic
and palaeoecological framework.

Geological setting and stratigraphy

The Pécs-Danitzpuszta sand pit is the best outcrop of the
oldest Pannonian (upper Miocene) strata in the Mecsek area
(KLEB 1973). The pit is located at the eastern boundary of
Pécs, on the north side of Highway 6 (Figure I). Sand has
been produced here since the beginning of the 20" century.

The stratigraphically lower part of the exposed Panno-
nian succession belongs to the Endréd Formation (Figure 2;
SEBE et al. 2015; SEBE et al. 2020). It consists of massive,
greyish white calcareous marls, clay marls, sand, and even
fine gravel, altogether amounting to 65 meters of strati-
graphic thickness. The marls contain plant remains, a rich
mollusk fauna and vertebrate fossils. Plant remains indicate a
thermophilous flora with taxa suggesting extensive lake-
shore swamp forests (HABLY & SEBE 2016). Based on the
mollusk fauna, the bottom of the succession belongs to the

Lymnocardium praeponticum Zone, whereas the top of the
marl is assigned into the Lymnocardium schedelianum Zone
(11.6-11.4 Ma and 11-10.2 Ma respectively, according to
MAGYAR & GEARY 2012, BOTKA et al. 2021). The overlying
limonitic, coarse-grained sands contain reworked middle
Miocene (Badenian and Sarmatian) and Pannonian aquatic
and terrestrial vertebrate fossils (KAzAR et al. 2001, 2007,
KAzAR 2003; CSeErRPAK 2018; SzABO et al. 2021), where the
youngest terrestrial mammals, including the early form of
Hippotherium primigenium, indicate the MN9/10 mammal
zones (Vallesian, 11.1-8.7 Ma; KOrRDOS in KAZAR et al. 2001,
2007; KazAR 2003; GASPARIK in SEBE et al. 2015).

The marl succession and partly the overlying sand and
gravel beds were tilted into a near-vertical position by
structural movements (KONRAD & SEBE 2010). We sampled
the calcareous marl succession from two measured profiles.
The upper part of the marl (D114 to D219) was sampled in
2015 in the eastern part of the northern wall of the sand pit,
whereas the lower part (D35 to D1) was sampled in 2018,
when a new trench was digged on the top of the northern
wall across the almost vertical marl layers, exposing the
oldest Pannonian, Sarmatian, and Badenian deposits
(Figures 1, 2; SEBE et al. 2021).

Material and methods

Forty-five samples were examined from the 65-meter-thick
Pannonian marl succession: 20 from its lower part, exposed in
the trench at the northern wall of the pit, and 25 from the upper
part of the succession, in the eastern part of the outcrop (Figure
1). Twenty-nine samples contained ostracod carapaces and
single valves, the others were free of ostracods (Figure 3). The
carbonate skeletal microfauna was processed with hydrogen-
peroxide (10%) from about 500 g of air-dried sediments. The
ostracod valves were selected under stereomicroscope. Hitachi
S-2600N scanning electron microscope was used for SEM
investigation. SEM images were taken at the Department of
Botany of the Hungarian Natural History Museum in Budapest.

Ostracod assemblages and
palaeoenvironments

The Danitzpuszta succession yielded arelatively diverse
benthic ostracod material made up of 39 taxa with generally
well-preserved valves (Appendix). Shed valves of juvenile
specimens and valves of dead individuals can be preserved
depending on delicacy of the valves and “valve-remains
transport” (ZHAl et al. 2015).

— Figure 1. A) Lake Pannon within the Pannonian Basin at ca. 10.8 Ma (after
MAGYAR et al. 1999). B) Aerial view of the Pécs-Danitzpuszta sand pit with the
collection sites (C: pit, D: trench). C-D) Logged strata with the sample
locations (C: pit, D: trench)

— 1. dbra. A) A Pannon-16 kiterjedése a Pannon-medencében kb. 10,8 millié évvel
ezeldtt (MAGYAR et al. 1999 alapjdan). B) A pécs-danitzpusztai homokbdnya a
gytijtési helyekkel (C: banyafal, D: kutatédrok). C-D) A bdnyafal (C) és a
kutatédrok (D) rétegsora a mintaveételi helyekkel
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mészmdrgabol allo) részének kom-
pozit szelvénye a mintdzott rétegek
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— Figure 3. Distribution of Pannonian
ostracod species across the investi-
gated succession. First occurences of
biostratigraphic marker species (ac-
cording to KrsTIC 1985) in black. The
mollusk biozones are from BOTKA et
al,, 2021

— 3. dbra. A pannoniai kagy-
losrikok eldforduldsa a vizsgalt
szelvényben. Azoknak a fajoknak az
elsd eldforduldsdt, amelyeket KRs-
TIC (1985) biosztratigrdfiai zona-
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lapok jelzik. A puhatestii biozond-
ciot Botka et al. (2021) alapjan
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Sixteen samples were free of ostracods (Figure 3). No
correlation was found between lithology and the barren
samples; the presence or absence of benthic ostracods did
not depend on the grain size of the sediments. Where
ostracods were found, we did not see any indication of
decreased oxygen levels. Changes in nutrient availability
might have been a control on ostracod distribution, but this
environmental factor is difficult to identify.

The composition of the ostracod fauna does not show
any significant change across the section. Some of the
identified genera (members of the Cytheroidea super-
family) are survivors of marine origin (Amnicythere,
Loxoconcha, Loxocorniculina, Cyprideis, Hemicytheria),
whereas others (members of the Cypridoidea superfamily)
are considered freshwater and brackish immigrants (Cando-
na, Cypria, Herpetocyprella, Amplocypris). In the follow-
ing we briefly review the known habitat and (palaeo)eco-
logical demand of each genus in order to create a basis for
the environmental interpretation of our assemblages.

Amnicythere occurs in the lowermost part of the section
(Figure 3). This genus appeared in the brackish marine
Sarmatian and has radiated in the Paratethys. In addition to
some sporadic occurrences in the Tortonian and lower
Messinian of the Mediterranean, as many as 19 species were
reported from the upper Messinian Lago-Mare deposits
(GLr10zz1 et al. 2005). The genus has 10 living representa-
tives, all inhabiting fresh to oligo — mesohaline waters of the
Black-Azov, Caspian and Aral Seas (GLIOzzI & GROSSI
2008, NAMIOTKO et al. 2011).

Representatives of genus Loxoconcha occur in the upper
part of the section (Figure 3). This genus first appeared in
the Cretaceous (MOORE 1961) or in the Palacocene
(MORKHOVEN 1963). According to SAVATENALINTON &
MARTENS (2009), family Loxoconchidae includes 22 extant
genera, most of them living in marine and brackish envi-
ronments; only six species are known from freshwater eco-
systems (KARANOVIC 2012). In the modern ostracod fauna of
the Caspian Sea, Loxoconcha is the most eurytopic genus,
hence its high density on the shelf of the South Caspian
basin (GOEMAN 1966). It can be equally found on algae, on
the bottom, or within the substrate (ELOFSON 1941, PUrI et al.
1969). Some species dwell in the profundal zone of the
Caspian (down to 875 m; BOOMER et al. 2005), but only a
few species live in the agitated littoral zone with freshwater
influence (GOFMAN 1966).

Loxocorniculina, an extinct genus of the family Loxo-
conchidae, was found in the lower part of the section (Figure
3). It is a typical Paratethyan form, which first appeared in the
Sarmatian and spread into the Palaco-Mediterranean during
the late Messinian Lago-Mare event (FARANDA et al. 2007).
The fossil Loxocorniculina djafarovi indicates oligohaline to
mesohaline water of variable depth (IACCARINO et al. 2008).

Cyprideis occurs in the outcrop upsection from sample
D8 (Figure 3). It first appeared at the end of the Palacogene
and spread across Eurasia and America in the Miocene. Its
relatively few extant species can be found worldwide, espe-
cially in brackish and hypersaline (or otherwise chemically

extreme), shallow-water environments (MORKHOVEN 1963,
VAN HARTEN 1990). In the Caspian Sea, Cyprideis torosa
was found in abundance in a sample from 13 m water depth,
whereas it was completely missing from samples taken from
62 m depth and below (BOOMER et al. 2005). The phenotype
(including size, shape, pores and ornaments of the valves) is
influenced by environmental factors such as salinity (SAND-
BERG 1964; VAN HARTEN 1975, 2000; SCHWEITZER &
LoHMANN 1990; BowLEs 2013). The widespread Cyprideis
pannonica, occurring in sample D8, was observed to be
characteristic for shallow, hypersaline or alkaline waters
(BENSON 1973, 1978).

The extinct genus Hemicytheria, occurring throughout
the outcrop (Figure 3), is mostly known from the Sarmatian
and Pannonian layers of the Pannonian Basin System. It is
interpreted to have lived in brackish (oligo- to pliohaline)
waters, although less typically it has also been found in
freshwater layers (SOKAC 1972).

Of the genera that immigrated into Lake Pannon from
freshwater and athalassic waterbodies, Candona is wide-
spread throughout the outcrop (Figure 3). The nominal sub-
genus Candona is known to have populated freshwater lakes
of the Northern Hemisphere since the Eocene (KRSTIC
1972b), although a few species tolerate oligo- and miohaline
environments as well. BOOMER et al. (2005) reported
specimens from 62 to 405 m water depth from the Caspian.
Most Candona (Candona) species are infaunal (MORKHO-
VEN 1963). Subgenus Propontoniella, a probable ancestor of
subgenus Serbiella (KrSTIC 1972b), is known exclusively
from the older Pannonian deposits. The extant subgenus
Lineocypris entered the palacontological record in the Late
Cretaceous. Today it lives in freshwater, especially in deep
lakes (MORKHOVEN 1963). Subgenus Reticulocandona was
originally endemic to Lake Pannon, but its fossils were
recovered from the Pontian of Azerbaijan as well (KRSTIC
1972b). Subgenera Sinegubiella and Thaminocypris were
endemic to Lake Pannon, although the latter was also found
in the Mio-Pliocene of the Dacian basin. The first appear-
ance of subgenus Typhlocypris was recorded in Lake Pan-
non. Its extant species are living in fresh- and athalassic
waters of Europe (SOKAC 1972).

The genus Cypria occurs in samples D204 and D209
(Figure 3). This genus is known from the Tertiary to the
present day. Most of the extant species are active swimmers
and prefer a freshwater, plant-rich environment (MORKHO-
VEN 1963; SOKAC 1972). For instance, Cypria ophtalmica
occurs in springs of five regions: Northern Italy, Eastern
Iberia, Upper Danube, Southern Anatolia and Central and
Western Europe (RosATI et al. 2014).

The species Herpetocyprella auriculata and H. hiero-
glyphica occur throughout the succession (Figure 3). The
only extant Herpetocyprella species, H. mongolica lives in
the saline lake of Issyk-Kul, Kyrgyzstan (KARANOVIC 2012),
while fossil species were reported from the freshwater
Pliocene deposits of Central Asia (MANDELSHTAM & SHNEI-
DER 1963). Based on this distribution, DANIELOPOL et al.
(2008) erected two hypotheses concerning the palaeo-
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ecology and palaeobiogeography of Herpetocyprella.
According to the first hypothesis, it originally habitated
shallow freshwaters, and its valves were transported into
Lake Pannon. The second hypothesis claims that it was
probably present in marginal environments of the Sarmatian
Paratethys sea, and later it formed autochthonous popu-
lations in Lake Pannon. In the first case, adaptation of the
originally freshwater genus to saline waters took place
repeatedly and independently in Central Europe and later in
Central Asia, whereas in the latter case a salt-tolerating
species migrated from Lake Pannon to Central Asia in a
stepping-stone manner, from lake to lake (DANIELOPOL et al.
2008). We think that the common occurrence and wide
geographical distribution of Herpetocyprella in Lake
Pannon deposits (see above), with our Danitzpuszta data
added, favors the second model. RuNDIC (2006) found that
Herpetocyprella species (“Hungarocypris” in that paper)
were typical nearshore dwellers, preferring sandy sub-
strates, and that they rarely occur in fine-grained sediments.
In our material, however, both Herpetocyprella species were
found in offshore clays and silts, similarly to the
Transylvanian Basin samples of KovAcs et al. (2016) and
Botka et al. (2020), and to the Kisalfold (“Danube’) Basin
samples of CzICZER et al. (2009). Herpetocyprella auricu-
lata and H. hieroglyphica thus appear to have been rather
ubiquitous species that inhabited the littoral to sublittoral
and perhaps even the profundal zones of the early Lake
Pannon.

The extinct genus Amplocypris, occurring throughout
the section (Figure 3), is represented by at least four species
in the outcrop. This genus was apparently endemic to Lake
Pannon and later migrated to the Dacian Basin.

Based on the modern distribution and environmental
demand of Loxoconcha, Cyprideis and Amnicythere, the
investigated assemblages probably lived in relatively shal-
low but low-energy, pliohaline (9—16%o salinity) waters in
the sublittoral zone of Lake Pannon. Various subgenera of
Candona obviously tolerated brackish water, as it is evi-
denced by the extant Typhlocypris. Probably the same
applies to the few Cypria species that are widespread in the
deposits of Lake Pannon. Herpetocyprella seems to have
been a highly eurytopic genus. The other extinct genera, i.e.,
Loxocorniculina, Hemicytheria and Amplocypris were all
brackish-water (oligo- to pliohaline) dwellers.

Biostratigraphy

Pannonian ostracod biostratigraphic systems are numer-
ous (e.g. SOKAC 1972, 1990; JIRICEK 1983, 1985; KRrSTIC
1974, 1985, 1990; SzuroMI-KORECZ 1992; Figure 4). The
most detailed, highest-resolution system was elaborated by
KRsTIC (1985, 1990), based primarily on densely collected
samples from outcrops in the area of the former Yugoslavia.
Recently, however, several authors emphasized that the in-
fluence of the palaeoenvironmental changes on the distri-
bution of ostracods had been underestimated, and that a

reconsideration of the biozonation is needed (e.g., GROSS
2004, OLTEANU 2011, StoicA & RUNDIC in TER BORGH et al.
2013).

Keeping the difficulties and uncertainties of Pannonian
ostracod biostratigraphy in mind, we based the evaluation of
the Danitzpuszta material on the stratigraphic system of
KRrsTIC (1985). However, instead of her rather vaguely
defined zones, we looked for first occurrences of species,
and defined our zones as interval zones between those first
occurrences. We also compared our results with the ostra-
cod record from Beocin in Serbia (SToicA & RUNDIC in TER
BORGH et al. 2013), where the lithology of the investigated
succession and thus the inferred depositional environment is
similar to that of Danitzpuszta, and where the first
occurrences of ostracod species had been dated by
magnetostratigraphic method (TER BORGH et al. 2013). (The
correlation between the micropalaeontologically and the
magnetostratigraphically investigated sections of the Beo-
¢in outcrop is missing from TER BORGH et al. 2013, but is
available in the PhD thesis of TER BORGH 2013). We are
confident that the relatively uniform lithology and deposi-
tional environment throughout the section lends credit to
our biostratigraphic evaluation.

Based on consecutive first occurrences, we distin-
guished four stratigraphic intervals (interval zones) in the
Danitzpuszta succession: Hemicytheria lorentheyi Zone
(D35 to D21), Hemicytheria tenuistriata Zone (D17 to
D114), Propontoniella candeo Zone (D115 to D208), and
Amplocypris abscissa Zone (D209 to D219) (Figure 3).

Hemicytheria lorentheyi occurs in only one sample
(D29), but this species is known to be characteristic of the
lowermost Pannonian interval in other sections (e.g., MEHES
1908, Gross 2004). Other species occurring in the
Hemicytheria lorentheyi Zone in our material include
Amnicythere parallela, Amnicythere sp., Herpetocyprella
auriculata, Candona (Typhlocypris) cf. fossulata and C. aff.
postsarmatica (Figure 3). Candona postsarmatica is also
considered a very basal Pannonian species, a contemporary
of Hemicytheria lorentheyi; SZUROMI-KORECZ (1992) iden-
tified it in the Nagykozar-2 borehole, 4 km S of the Danitz-
puszta outcrop, where it occurred in the lowermost Panno-
nian Spiniferites pannonicus Zone of the dinoflagellate
biostratigraphy (SUTONE SZENTAI 2012).

Hemicytheria tenuistriata first occurs in sample D17
(Figure 3). The stratigraphic range of this species is known
to overlap with that of Hemicytheria lorentheyi, but it has
not been reported so far from the lowermost Pannonian
layers. In Beocin, H. tenuistriata first occurs in a reversed
polarity interval, interpreted to be between CSrln and
C5r.2r-1n, and thus dated at 11.23 Ma (inferred by us from
data available in TER BORGH 2013). The Hemicytheria
tenuistriata Zone in Danitzpuszta contains the following
species: Amplocypris firmus, A. recta, Amplocypris sp.,
Candona (Thaminocypris) transylvanica, C. (Typhlocypris)
cf. fossulata, C. (Propontoniella) macra, C. (Proponto-
niella) sp., C. aff. postsarmatica, Candona sp., Cyprideis cf.
pannonica, Hemicytheria hungarica, Herpetocyprella
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Figure 4. Literature-based stratigraphic distribution of the ostracod species identified in the Pécs-Danitzpuszta
outcrop, according to POKORNY (1944), KOLLMANN (1960), JIRICEK (1985) and KRsTIC (1985). Compilation is

based on KovAcs et al. (2016)

4. dbra. A pécs-danitzpusztai feltdrdsban azonositott pannoniai kagylosrdk fajok rétegtani elterjedése POKORNY (1944),
KoLLMANN (1960), JIRICEK (1985) és KRSTIC (1985) alapjdn. A korreldcio Kovics et al. (2016) munkdjdt koveti

hieroglyphica, H. auriculata, Herpetocyprella sp., Amni-
cythere parallela and Loxocorniculina hodonica (Figure 3).
Amplocypris firmus and Loxocorniculina hodonica share
their first occurrence with Hemicytheria tenuistriata both in
the Danitzpuszta and Beocin records.

Candona (Propontoniella) candeo first occurs in sample
D115 (Figure 3). This species is missing from the Beocin
record, but it was recorded in the stratigraphically thorough-
ly investigated succession of Gusterita (Sibiu, Transylva-
nian Basin, Romania; BoTKA et al. 2020). In that outcrop,
the first occurrence of Candona (Propontoniella) candeo

was coeval with the first occurrence of the dinoflagellate
species Pontiadinium pecsvaradense, and the age of their
first occurrence was speculated to be about 10.75 Ma. In the
Danitzpuszta outcrop, however, an occurrence of Pontia-
dinium pecsvaradense is known from D1-3 (KRIZMANIC et
al., 2021), 14—15 m below the first occurrence of Candona
(Propontoniella) candeo in sample DI15. (In fact,
specimens of subgenus Propontoniella from samples DI,
D4, D5 and D7 might belong to Candona (Propontoniella)
candeo, but their poor preservation hindered species-level
identification.) The following species occur in our Candona
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(Propontoniella) candeo Zone: Candona (Propontoniella)
macra, C. (Sinegubiella) rakosiensis, C. (Thaminocypris)
transylvanica, C. (Typhlocypris) sp., Cypria siboviki, Cypri-
deis ex. gr. heterostigma, Hemicytheria tenuistriata, H.
hungarica, Herpetocyprella auriculata, and H. hiero-
glyphica (Figure 3).

Amplocypris abscissa first occurs in sample D209 (Fig-
ure 3). This species was not recorded in Beocin (although a
taxonomically questionable form designated ,,Amplocypris
ex gr. abscissa’” is present throughout the section, from the
Sarmatian/Pannonian boundary up to the highest sample,
covering the time interval of 11.6-9.9 Ma; TER BORGH et al.
2013). Other species in our Amplocypris abscissa Zone
include Amplocypris major, Candona (Propontoniella)
candeo, C. (Reticulocandona) reticulata, C. (Sinegubiella)
rakosiensis, C. (Thaminocypris) transylvanica, Cypria
siboviki, Cyprideis ex. gr. heterostigma, Herpetocyprella
auriculata, H. hieroglyphica (Figure 3). Candona (Reti-
culocandona) reticulata, first occurring in sample D216, is
one of the latest appearing species in the Beocin section as
well; its first occurrence corresponds to ca. 10.25 Ma
(assuming a constant depositional rate throughout C5n.2n in
the Beocin succession).

Comparing the ostracod and mollusk zonations in the
Danitzpuszta outcrop, we found that the Hemicytheria
lorentheyi Zone and the lowermost part of the Hemicytheria
tenuistriata Zone overlap with the Lymnocardium praepon-
ticum — Radix croatica Zone. In the upper part of the section,
the Amplocypris abscissa Zone overlaps with the Lymno-
cardium schedelianum Zone. This latter relationship is
similar to that reported from the Hennersdorf section (cf.,
HARZHAUSER & MANDIC 2004 and DANIELOPOL et al. 2011).

Conclusions

The Pécs-Danitzpuszta outcrop yielded a characteristic
limno-brackish Lake Pannon benthic ostracod fauna with

well-preserved valves from 29 samples collected from the
65 meter thick Pannonian Endréd Marl succession. Thirty-
nine ostracod taxa, which belong to 9 genera, 8 families and
1 order (Podocopida), were identified.

Based on the ecology of extant genera and palaeo-
ecological interpretation of the extinct ones, the studied
ostracod assemblages probably lived in relatively shallow
but low-energy, pliohaline (9-16%o salinity) waters in the
sublittoral zone of Lake Pannon.

Biostratigraphically, we divided the succession into four
interval zones based on the first occurrence (supposed first
appearance) of four species. The Hemicytheria lorentheyi
Zone is 5.5 m thick, and represents the basal part of the
Pannonian succession (from 11.6 Ma onwards). The over-
lying Hemicytheria tenuistriata Zone is 29 m thick; the first
occurrence of H. tenuistriata in the BeocCin outcrop was
magnetostratigraphically dated as 11.23 Ma. The following
Candona (Propontoniella) candeo Zone is 18 m thick. The
overlying Amplocypris abscissa Zone was sampled in 6.5 m
thickness. Because Candona (Reticulocandona) reticulata,
first appearing in the Beocin succession at ca. 10.2 Ma, has
its first occurrence in the upper part of this 6.5 minterval, we
tentatively suggest that the age of the investigated
Pannonian interval is 11.6—-10 Ma.

Acknowledgements

Radovan Prpik and Péter OzSVART are thanked for their
careful reviews. The palaeontological investigations were
partly supported by the Hantken Foundation and the project
EFOP 3.6.1-16-2016-00004 at the University of Pécs. The
research was financially supported by the Hungarian
National Research, Development and Innovation Office
NKFIH No. 116618. The authors would like to dedicate this
study to Dr NadeZda Krstié, the outstanding micropalaeon-
tologist and expert of Pannonian ostracods. This is MTA—
MTM-ELTE Paleo contribution No 352.

References—Irodalom

BAssIount, M. A. 1979: Brakische und marine Ostrakoden (Cytherideinae, Hemicytherinae, Trachyleberidinae) aus dem Oligozin und

Neogen der Tiirkei. — Geologisches Jahrbuch, B 31, 1-200.

BEKER, K., TuNOGLU, C. & ERTEKIN, I. K. 2008: Pliocene-Lower Pleistocene Ostracoda Fauna from Insuyu Limestone (Karapinar-
Konya/Central Turkey) and its Paleoenvironmental Implications. — Tiirkiye Jeoloji Biilteni 51/1, 1-32.

BENSON, R. H. 1973: 36.2 Psychrospheric and continental ostracoda from ancient sediments in the floor of the Mediterranean. — In: RYAN,
W.B. FE. & Hsu, K. J. (eds): Initial Reports of the Deep Sea Drilling Project 13, 1002—1008.

BENSON, R. H. 1978: 35. The Paleoecology of the ostracodes of DSDP LEG 42A. — Deep Sea Drilling Project Initial Reports 42, 777-787.

BOOMER, I., GRAFENSTEIN, U., GUICHARD, F. & BIEDA, S. 2005: Modern and Holocene sublittoral ostracod assemblages (Crustacea) from
the Caspian Sea: A unique brackish, deep-water environment. — Palaecogeography, Palaeoclimatology, Palaeoecology 225, 173-186.

https://doi.org/10.1016/j.palaeo.2004.10.023

BOTKA, D., MAGYAR, 1., CsoMa, V., TOTH, E., SUTAN, M., RUSZKICZAY-RUDIGER, Zs., CHYBA, A., BRAUCHER, R., SANT, K., CORIC, S.,
BARANYI, V., BAKRAC, K., KRIZMANIC, K., BARTHA, I. R., SZABO, M. & SILYE, L. 2020: Integrated stratigraphy of the Gusterita clay
pit: akey section for the early Pannonian (late Miocene) of the Transylvanian Basin (Romania). — Austrian Journal of Earth Sciences,

112/2, 221-247. https://doi.org/10.17738/ajes.2019.0013.



314 Csoma, V. et al.: Pannonian (late Miocene) ostracod fauna from Pécs-Danitzpuszta in Southern Hungary

Bortka, D., ROFRICS, N., KATONA, L. & MAGYAR, 1. 2021 : Pannonian and Sarmatian mollusks from Pécs-Danitzpuszta, southern Hungary:
aunique local faunal succession. — Foldtani Kozlony 151/4, 335-362.

BoweLEs, R. E. 2013: The use of the ostracode Cyprideis Americana (Sharpe) as a proxy for salinity in Bahamian Lake systems. — Master
Thesis and Specialist Projects, 1-56.

CARBONNEL, G. 1978: L'espéce Cyprideis pannonica MEHES, 1908 dans la Téthys au Messinien (Miocéne). — Documents des
Laboratoires de Géologie de la Facultés de Sciences de Lyon 72,79-97.

CERNAISEK, T. 1974: Die Ostracodenfaunen der Sarmatischen Schichten in Osterreich. — In: BRESTENSKA, E. (ed.): Chronostratigraphie
und Neostratotypen Miozdn der Zentralen Paratethys 1V, 458-491.

CHINTAUAN, I. 2000: Ostracode din volhynianul de la livezile Bistrita-Nasaud. — Studii si cercetari (Geologie-Geografie). Bistrita 5,
57-61.

CHINTAUAN, I. & Nicorocr, E. 1976: Ostracodele miocene din sudul bazinului Simleu. Ddri de seamd ale sedintelor, — Institutul de
Geologie si Geofizicd, 3. Paleontologie (1974/75) 62, 3-23.

CZICZER, L., MAGYAR, L., PIPiK, R., BOHME, M., CORIC, S., BAKRAC, K. & MULLER, P. 2009: Life in the sublittoral zone of long-lived Lake
Pannon: paleontological analysis of the Upper Miocene Szak Formation, Hungary. — International Journal of Earth Sciences 98/7,
1741-1766. https://doi.org/10.1007/s00531-008-0322-3.

CserPAK F. 2018: K6z€éps6-miocén szildscet (Cetacea: Mysticeti) humerusok a Pécs, danitzpusztai homokbanyabdl. — Foldtani Kozlony
148/3,255-255. https://doi.org/10.23928/foldt.kozl.2018.148.3.255.

DANIELOPOL, D. L., BUTTINGER, R., PIPiK, R., GROSS, M., OLTEANU, R. & KNOBLECHNER, J. 2008: Miocene ,,Hungarocypris” species of
Lake Pannon (Central and South-Eastern Europe) transferred to Herpetocyprella DADAY, 1909 (Ostracoda, Cyprididae). —
Senckenbergiana lethaea 88, 147-160.

DANIELOPOL, D. L., GROSS, M., HARZHAUSER, M., MINATI, K. & PILLER, W. E. 2011: How and why to achieve greater objectivity in
taxonomy, exemplified by a fossil ostracod (Amplocypris abscissa) from the Miocene Lake Pannon. — Joannea Geologie und
Paléontologie 11,273-326.

DORNIC, J. & KHEIL, J. 1963: Ein Beitrag zur Mikrobiostratigraphie und Tektonik der NW-Randteile des Wiener Beckens und des sog.
Uherské Hradisté-Grabens. Sbornik Geologickych Véd. — Geologie 3, 85-107.

ELOFSON, O. 1941: Zur kenntnis der marinen ostracoden Schwedens mit besonderer berucksichtigung des Skageraks. — Zoologiska bidrag
fran Uppsala, 19,217-534.

FARANDA, C., GLI0Z71, E. & LiGI0s, S. 2007: Late Miocene brackish Loxoconchidae (Crustacea, Ostracoda) from Italy. — Geobios 40/3,303—
324. https://doi.org/10.1016/j.geobios.2006.11.001

FiLIPESCU, S., WANEK, F., MICLEA, A., DE LEEUW, A. & VASILIEV, 1. 2011: Micropaleontological response to the changing paleoenvironment
across the Sarmatian—Pannonian boundary in the Transylvanian Basin (Miocene, Oarba de Mures section, Romania). — Geologica
Carpathica 62/1,91-102. https://doi.org/10.2478/v10096-011-0008-9.

FREELS, D., 1980: Limnische Ostracoden aus Jungtertiaer und Quaterner Tiirkei. — Geologisches Jahrbuch, B 39, 1-172.

Guriozzi, E. & Grossi, F. 2008: Late messinian lago-mare ostracod palaeoecology: A correspondence analysis approach. — Palaeo-
geography Palaeoclimatology Palaeoecology 264, 288-295. https://doi.org/10.1016/j.palaeo.2007.03.055

Griozzl, E., RODRIGUEZ-LAZARO, J., NACHITE, D., MARTIN-RUBIO, M. & BEKKALIL, R. 2005: An overview of Neogene brackish lepto-
cytherids form Italy and Spain: Biochronological and palacogeographical implications. — Palaeogeography, Palaeoclimatology,
Palaeoecology 225, 283-301. https://doi.org/10.1016/j.palae0.2005.06.015

GOEMAN, E. A. 1966: Ecology of modern and Novocaspian ostracods of the Caspian Sea. — Akademie NAUK, SSSR, Moscow, 183 p.

GRAMANN, F. 1969: Das Neogen im Strimon Becken (Griechisch Ostmazedonien). Teil: II Ostracoden und Foraminiferen aus dem
Neogen des Strimon Beckens. — Geologisches Jahrbuch 87, 485-528.

GREKOFF, N. & MOLINARI, V. 1963: Sur une faune d’Ostracodes saumatres du Néogene de Castell’ Arquato (Emilia). — Geologica Romana
2, 1-6.

GRross, M. 2004: Contribution to the ostracode fauna (Crustacea), paleoecology and stratigraphy of the clay pit Mataschen (Lower
Pannonian, Styrian Basin, Austria). — Joannea Geologie und Paldiontologie 5,49-129.

HaBLY, L. & SEBE, K. 2016: A late Miocene thermophilous flora from Pécs-Danitzpuszta, Mecsek Mts., Hungary. — Neues Jahrbuch fiir
Geologie und Paldiontologie, Abhandlungen 279/3, 261-272. https://doi.org/10.1127/njgpa/2016/0554.

HANGANU, E. 1966: Etude stratigraphique du Pliocene situé entre les vallées de Teleajen et de Prahova. — Comitetul de Stat al Geologieli,
Institutul Geologic, Studii Tehnice si Economice, Seria J, Stratigrafie 2, 1-127.

HARTMANN, G. & PUrl, H. S. 1974: Summary of neontological and paleontological classification of Ostracoda. — Mitteilungen aus dem
hamburgischen zoologischen Museum und Institut 70, 7-73.

HARZHAUSER, M. & MANDIC, O. 2004: The muddy bottom of Lake Pannon — a challenge for dreissenid settlement (Late Miocene; Bivalvia).
— Palaeogeography, Palaeoclimatology, Palaeoecology, 204/3—4, 331-352. https://doi.org/10.1016/S0031-0182(03)00735-1.

Hinas 1. 1894: Uj adatok Erdély fossil ostracoda-faundjahoz. [New data for the fossil ostracod fauna of Transylvania]. — Ertesité az
Erdélyi Miizeum-Egylet Orvos-természettudomdnyi Szakosztdlydbol, I1. Természettudomdnyi Szak 16, 35—68. (in Hungarian)

HorNE, D. J., COHEN, A. & MARTENS, K. 2002. Taxonomy, morphology and biology of Quaternary and living Ostracoda. — The
Ostracoda: applications in Quaternary research, 131, 5-36. https://doi.org/10.1029/131GM02

TACCARINO, S. M., BERTINI, A., DI STEFANO, A., FERRARO, L., GENNARI, R., GROsSI, F., LIRER, F., MANzI, V., MENICHETTI, E., LuccHi, M.,
R., Taviani, M., STURIALE, G. & ANGELETTI, L. 2008: The Trave section (Monte dei Corvi, Ancona, Central Italy): an integrated
paleontological study of the Messinian deposits. — Stratigraphy 5/3—4, 281-306.

IoNEsI, B. & CHINTAUAN, 1. 1972: Studiul ostracodelor din depozitele bugloviene de pe platforma moldoveneascd. — Ddri de seamd ale
sedintelor, Stratigrafie 60, 89—113.



Foldtani Kozlony 151/3 (2021) 315

IoNEsI, B. & CHINTAUAN, 1. 1975: Studiul ostracodelor din depositele Volhiniene de pe Platforma Moldoveneasca (sectorul dintre valea
siretului si valea Moldovei). — Ddri de seamd ale sedingelor, Stratigrafie (1973-1974) 61, 3—14.

IoNESI, B. & CHINTAUAN, 1. 1980: Contributii la cunoasterea faunei de ostracode din Basarabianul Platformei a Moldovanesti (Regiunea
dintre Siret si Moldova). — Annals of Alexandru loan Cuza University of lasi 26/2b, 59—66.

IoNEsI, B. & CHINTAUAN, 1. 1985: Ostracofaune des dépdts Besarabiens de la région Valeni (Dobrogea du sud). — Annals of Alexandru
loan Cuza University of lasi. Geology, Geography 31/2b, 32-36.

IoNEsI, B. & CHINTAUAN, 1. 1986: Contributions a la connaissance d’ostracofaune du Volhynien (Dobrogea du sud). — Anuarul Muzeului
de Stiinte Natural Piatra Neamt Geologie—Geografie 5 (1980-1982), 83-91.

JIRICEK, R. 1983: Redefinition of the Oligocene and Neogene ostracod zonation of the Paratethys. — Knihovnicka Zemniho plynu a nafty
4, 195-236.

JIRICEK, R. 1985: Die Ostracoden des Pannonien. — In: PAPP, A. (ed.): Chronostratigraphie und Neostratotypen, Miozin der Zentralen
Paratethys 7, Pannonien, Akadémia Kiadd, Budapest, 378—425.

KARANOVIC, I. 2012: Recent freshwater ostracods of the world. Crustacea, Ostracoda, Podocopida. — Springer-Verlag Berlin Heidelberg,
607 p. https://doi.org/10.1007/978-3-642-21810-1

KazAR E. 2003: Miocén fogascet-leletek (Cetacea: Odontoceti) a Karpat-medencében. [Miocene toothed whales (Cetacea: Odontoceti)
in the Carpathian Basin.] — PhD thesis, 344, E6tvos Lordnd University, Budapest. (in Hungarian)

KazAR E., KOrRDOS L. & SzONOKY M. 2001: Danitz-pusztai homokbdnya. Pannon homok athalmozott §sgerinces-maradvanyokkal. —
Excursion Guide, 4. Magyar Oslénytani Vindorgyiilés, Pécsvdrad: Budapest, Magyarhoni Foldtani Tarsulat Oslénytani-Rétegtani
Szakosztaly, 42-43.

KAZAR E., KOrRDOS L. & SZONOKY M. 2007: Danitz-puszta. — In: PALFY J. & PazZoNY1 P. (eds): Oslénytani kirdnduldsok Magyarorszdgon
és Erdélyben. Hantken Kiad6, Budapest, 131-132.

KLEB B. 1973: A mecseki pannon foldtana. — A Magyar Allami Foldtani Intézet Evkonyve 53/3, 750-943.

KOLLMANN, K. 1960: Cytherideinae und Schulerideinae n. subfam. (Ostracoda) aus dem Neogen des 6stlichen Osterreich. — Mitteilungen
der Osterreichischen Geologischen Gesellschaft 51,28-195.

KONRAD GyY. & SEBE K. 2010: Fiatal tektonikai jelenségek tj észlelései a Nyugati-Mecsekben és kornyezetében. — Foldtani Kozlony
140/2, 445-468.

KovA¢, M., BARATH, 1., KOVACOVA-SLAMKOVA, M., PipiK, R., HLAVATY, I. & HUDACKOVA, N. 1998: Late Miocene paleoenvironments and
sequence stratigraphy: northern Vienna Basin. — Geologica Carpathica 49/6, 445-458.

KovAcs A., SEBE K., MAGYAR 1., SzuROMI-KORECZ A. & KovAcs E. 2019: Pannoéniai iiledékképzdés és szerkezeti mozgdsok
az Eszaki-pikkely (Kelet-Mecsek) teriiletén. — Foldtani Kozlony 148/4, 327-340. https://doi.org/10.23928/foldt.kozl.
2018.148.4.327

KovAcs, E., MAGYAR, 1., SZTANO, O. & PipiK, R. 2016: Pannonian ostracods from the southwestern Transylvanian basin. — Geologia
Croatica 69/2, 213-229. https://doi.org/10.4154/GC.2016.16.

KrizmaniC, K., SEBE, K. & MAGYAR, 1. 2021: Dinoflagellate cysts from the Pannonian (late Miocene) “white marls” in Pécs-
Danitzpuszta, southern Hungary. — Foldtani Kozlony 151/3, 267-274.

KRsTIC, N. 1960: Beitrag zur Kenntnis der pannonischen Ostracoden in der Umgebung von Beograd. — Annales Géologiques de la
Péninsule Balkanique 27,269-284.

KRsTIC, N. 1968a: Ostracodes des couches congeriennes: 1. Cyprideis 1. — Bulletin du Museum d’histoire naturelle de Belgrade, Series A
23, 107-151.

KRSTIC, N. 1968b: Pontian Ostracods from Eatern Serbia: Candona and Cypria. — Vesnik Zavoda za Geoloska i Geofizicka IstraZivanja,
Series A 26,243-251.

KRsTIC, N. 1972a: Ostrakodi kongeriskih slojeva: 10. Loxoconcha. — Bulletin du Museum d’histoire naturelle de Belgrade, Series A, 27,
243-275.

KRrsTIC, N. 1972b: Genus Candona (Ostracoda) from Congeria Beds of Southern Pannonian Basin. — The Serbian Academy of Sciences
and Arts, Monographs 450/39, 1-145.

KRrsTIC, N. 1973a: Ostracodes of the Congeria beds: 11. Amnicythere. — Radovi Instituza geolosko-rudarska istraZivanja ispitivanja
nuklearnih i drugih mineralnih sirovina 8, 53-99.

KRsTIC, N. 1973b: Plocenski Ostrakodi Metohije, 1. — Bulletin du Museum d’histoire naturelle de Belgrade 28, 151-173.

KRrsTIC, N. 1973c: Biostratigraphy of the congerian beds in the Belgrade region on the basis of Ostracoda with the description of the
species of the genus Amplocypris. — Institute for Geological and Mining Explorations and Investigation of Nuclear and Other
Mineral Raw Materias, Monographs 4, 208.

KRsTIC, N. 1974: Biostratigraphy of the Pannonian and Pontian stages in the South-eastern part of the Pannonian Basin based upon the
ostracodan fauna. — Memoire BRGM 78, 459-467

KRSTIC, N. 1975: Ostracods of the congerian beds: Species of the genus Cypria and some other insufficiently defined forms. — Radovi
Geoinstituta 10, 195-206.

KRrsTIC, N. 1980a: Nove vrste ostakoda sa parastratotipova Panona. — Radovi Geoinstituta 14, 147-158.

KRrsTIC, N. 1980b: Some Miocene ostracods Aleksinac’s Pomoravlje. Rad. — Radovi Geoinstituta 14, 116-124.

KRSTIC, N. 1985: Ostracoden im Pannonien der Umgebung von Belgrad. — In: PAPp, A. (ed.): Chronostratigraphie und Neostratotypen,
Miozdn der Zentralen Paratethys 7, Pannonien, Akadémia Kiadd, Budapest, 103—143.

KRrsTIC, N. 1990: Contribution by ostracods to the definition of the boundaries of the Pontian in the Pannonian Basin. — In: STEVANOVIC,
P. M., NEVESSKAJA, L. A., MARINESCU, F., SOKAC, A. & JAMBOR, A. (eds): Chronostratigraphie und Neostratotypen. Neogen der
Westlichen (‘Zentrale’) Paratethys 8, P11, Pontien 45-7.



316 Csoma, V. et al.: Pannonian (late Miocene) ostracod fauna from Pécs-Danitzpuszta in Southern Hungary

KRSTIC, N. & STANCHEVA, N. 1990: Ostracods of Eastern Serbia and Northern Bulgaria with notice on a Northern Turkey assemblage. —
In: STEVANOVIC, P. M., NEVESSKAJA, L. A., MARINESCU, F., SOKAC, A. & JAMBOR, A. (eds): Chronostratigraphie und Neostratotypen.
Neogen der Westlichen (‘Zentrale’) Paratethys 8, P11, Pontien, 753-819.

LORENSCHAT, J., PEREZ, L., CORREA-METRIO, A., BRENNER, M., VON BRAMANN, U. & SCHWALB, A. 2014: Diversity and spatial distribution
of extant freshwater ostracodes (Crustacea) in ancient Lake Ohrid (Macedonia/Albania). — Diversity 6/3, 524-550. https://doi.org/
10.3390/d6030524.

MAGYAR, I. & GEARY, D., H. 2012: Biostratigraphy in a late Neogene Caspian-type lacustrine basin: Lake Pannon, Hungary. In: BAGANZ,
0., W., BARTOV, Y., BOHACS, K. & NUMMEDAL, D. (eds): Lacustrine sandstone reservoirs and hydrocarbon systems. — AAPG Memoir,
95, 255-264. https://doi.org/10.1016/S0031-0182(98)00155-2

MANDELSTAM, M. I. & SCHNEIDER, G. F. 1963: Iskopaemye ostrakody SSSR. Semejstvo Cyprididae. — Trudy Vsesoyusnogo Nauchno-
Issledovatelskogo Geologo-Razvedochnogo Neftyanogo Instituta (VNIGRI) 203, 1-332.

Mazzing, 1., HUDACKOVA, N., JONIAK, P., KOVACOVA, M., MIKES, T., MULCH, A., ROJAY, F., LUCIFORA, S., Esu, D. & SOULIE-MARSCHE, 1.
2013: Palaeoenvironmental and chronological constraints on the Tuglu Formation (Cankir1 Basin, Central Anatolia, Turkey). —
Turkish Journal of Earth Sciences 22/5, 747-777. https://doi.org/10.3906/yer-1207-10

MEHES Gy. 1907: Adatok Magyarorszdg pliocén Ostracoddinak ismeretéhez 1. — Foldtani Kozlony 37, 429-467.

MEHES Gy. 1908: Adatok Magyarorszdg pliocén Ostracoddinak ismeretéhez II. Az alsépanndniai emelet Darwinulidae-i és Cytheridae-i. —
Foldtani Kozlony 38, 537-568.

MOORE, R., C. 1961: Treatise on Invertebrate Paleontology, Q Arthropoda. 3. Ostracoda — Geological Society of America University
Kansas, 442 p.

MORKHOVEN, F. P. C., M. 1963: Post-Palaeozoic Ostracoda. — Elsevier Publishing Company 1, 1-204.

NAMIOTKO, T., DANIELOPOL, D. L., BELMECHERI, S., GROSS, M. & VON GRAFENSTEIN, U. 2011: On Leptocytheridae ostracods of long-lived
Lake Ohrid (Albania/Macedonia). — Joannea Geologie und Paldontologie 11, 151-153.

Nazik, A., TUERKMEN, L., Koc, C., AKsoy, E., AvsAR, N. & YAvIK, H. 2008: Fresh and Brackish Water Ostracods of Upper Miocene
Deposits, Arguvan/Malatya (Eastern Anatolia). — Turkish Journal of Earth Sciences 17/3, 481-495.

OLTEANU, R. 1971: Studiul ostracodelor din depozitete pannonian-superioare (zona E) de 1a Grosi (Banat). — Ddri de seamd ale sedintelor
Institutul de Geologie si Geofizicd, 3. Paleontologie, 57, 85-101.

OLTEANU, R. 1989: The “Cimpia Moment” (late Miocene, Romania) and the Pannonian—Pontian boundary, defined by ostracods. —
Journal of Micropalaeontology 8/2,239-247. https://doi.org/10.1144/jm.8.2.239.

OLTEANU, R. 2011: Atlas of the Pannonian and Pontian ostracods from the Eastern area of the Pannonian Basin. — Geo-Eco-Marina 17,
135-177. http://doi.org/10.5281/zenodo.56927.

Pipik, R. & HOLEC, P. 1998: Panénske lasturnicky (Crustacea, Ostracoda) a stavovce (Chordata, Vertebrata) z hliniska tehelne v Borskom
Svitom Jure. — Mineralia Slovaca 30, 185-194.

Piprik, R., FORDINAL, K., SLAMKOVA, M., STAREK, D. & CHALUPOVA, B. 2004: Annotated checklist of the Pannonian microflora,
evertebrate and vertebrate community from Studienka, Vienna Basin. — Scripta Facultatis Scientiarum Naturalium Universitatis
Masarykianae Brunensis 31, 47-54.

POKORNY, V. 1944: La microstratigraphie du Pannonien entre Hodonin et Mikul¢ice (Moravie méridionale, Tchecoslovaquie). — Bulletin
International, Académie Tcheque des Sciences Prague 23, 1-25.

POKORNY, V. 1952: The ostracods of the so-called basal-horizon of the Subglobosa Beds at Hodonin (Pliocene). — Sbornik UstFedni Ustay
Geologicky, Oddil Paleontologicky 19,229-396.

PurlL H. S., BONADUCE, G. & GERVASIO, A. M. 1969. Distribution of Ostracoda in the Mediterranean. — In: NEALE, J. W. (ed.): The Taxo-
nomy, Morphology and Ecology of Recent Ostracoda. Oliver & Boyd, Edinburgh, 356—412.

RADU, E. & Stoica, M. 2005: Lower Sarmatian microfauna from the hydrogeological Well FA Harlau (Iasi county). — Acta Palaeonto-
logica Romaniae 5,413-421.

REuss, E. 1850: Die fossilen Entomostraceen des Osterreichischen Tertidrbeckens. — Haidinger’s Naturwissenschaftlichen Abhand-
lungen 31, 1-92.

ROsATI, M., CANTONATI, M., PRIMICERIO, R. & ROSSETTI, G. 2014: Biogeography and relevant ecological drivers in spring habitats: A review
on ostracods of the Western Palearctic. — International Review of Hydrobiology 99/6,409-424. https://doi.org/10.1002/iroh.201301726.

RunpIC¢, L. 2006: Late Miocene ostracodes of Serbia: morphologic and palaecoenvironmental considerations. — Geoloski anali
Balkanskoga poluostrva 67, 89 —100. https://doi.org/10.2298/GABP0667089R.

RUNDIC, L., GANIC, M., KNEZEVIC, S. & SOLIMAN, A. 2011: Upper Miocene Pannonian sediments from Belgrade (Serbia): new evidence
and paleoenvironmental considerations. — Geologica Carpathica 62/3,267-278. http://doi.org/10.2478/v10096-011-0021-z

SANDBERG, P. 1964: The Ostracod genus Cyprideis in the Americas. Stockholm Contribution of Geology 12, 1-178.

SAVATENALINTON, S. & MARTENS, K. 2009: On a freshwater species of the genus Sanyuania Zhao and Han, 1980 (Crustacea, Ostracoda,
Loxoconchidae) from Thailand, with a discussion on morphological evolution of the freshwater Loxoconchidae. — Journal of Natural
History 43/5-6,259-285. https://doi.org/10.1080/00222930802590885.

SCHNEIDER, G. F. 1953: Fauna ostracod iz Miotsenovih otlozeni zapadnoi Chasti Ukrainy. — Geologia Sbornik VNIGRI I (V.), 108—109.

SCHWEITZER, P. N. & LOHMANN, G. P. 1990: Life-history and the evolution of ontogeny in the ostracode genus Cyprideis. — Paleobiology
16/2, 107-125.

SEBE, K., CSILLAG, G., DULAL A., GASPARIK, M., MAGYAR, 1., SELMECZL, 1., SZABO, M., SZTANO, O. & SZUROMI-KORECZ, A. 2015: Neogene
stratigraphy in the Mecsek region. — In: BARTHA, I. R., KRIVAN, A., MAGYAR, 1. & SEBE, K. (eds): Neogene of the Paratethyan Region.
6thWorkshop on the Neogene of Central and South-Eastern Europe. An RCMNS Interim Colloquium. Programme, Abstracts, Field
Trip Guidebook, Hungarian Geological Society, Budapest, 102—124. ISBN 978-963-8221-57-5



Foldtani Kozlony 151/3 (2021) 317

SEBE, K., KOVACIC, M., MAGYAR, I., KrRIZMANIC, K., §PELIC’, M., BIGUNAC, D., SUTO-SZENTA, M., KOVACS, A., SzZUROMI-KORECZ, A.,
BAKRAC, K., HAJEK-TADESSE, V., TROSKOT-CORBIC, T. & SZTANO, O. 2020: Correlation of upper Miocene—Pliocene Lake Pannon
deposits across the Drava Basin, Croatia and Hungary. — Geologia Croatica 73/3, 177-195. https://doi.org/10.4154/gc.2020.12

SEBE K., KONRAD Gy. & SzTaNO O. 2021: An exceptional surface occurrence: the middle to upper Miocene succession of Pécs-
Danitzpuszta (SW Hungary). — Foldtani Kozlony 151/3, 235-252.

S1sSINGH, W. 1972: Late Cenozoic ostracoda of the South Aegean island arc. — PhD thesis. Utrecht University. 187.

SOKAC, A. 1962: Pannonische Ostrakodenfauna von Donje Seliste siidwestlich von Glina. — Geoloski Vjesnik 15/2,391-401.

SOKAC, A. 1967: Pontska fauna ostrakoda jugo-istoro¢nog pobocja Zagrebacke gore. — Geoloski Vjesnik 20, 63-86.

SOKAC, A. 1972: Pannonian and Pontian ostracode fauna of Mt. Medvednica. — Palaeontologia Jugoslavica 11, 1-140.

SOKAC, A. 1990: Pontian ostracod fauna in the Pannonian Basin. In: STEVANOVIC, P. M., NEVESSKAIA, L. A., MARINESCU, F 1., SOKAC, A.
& JAMBOR, A. (eds): Chronostratigraphie und Neostratotypen Neogen der Westlichen (Zentrale) Paratethys 8, Pontien, JAZU-
SANU, Zagreb-Belgrade, 672-721.

SpaDI, M., GLIOZZL, E., BOOMER, 1., STOICA, M. & ATHERSUCH, J. 2019: Taxonomic harmonization of Neogene and Quaternary candonid
genera (Crustacea, Ostracoda) of the Paratethys. — Journal of Systematic Palaeontology 17/19, 1-34. https://doi.org/10.1080/
14772019.2018.1545708.

StoicA, M., LAZAR, 1., KRUGSMAN, W., VASILIEV, L., JipA, D. & FLOROIU, A. 2013: Paleoenvironmental evolution of the East Carpathian
foredeep during the late Miocene — early Pliocene (Dacian Basin; Romania). — Global and Planetary Change 103, 135-148.
https://doi.org/10.1016/j.gloplacha.2012.04.004.

SUTONE SZENTATM. 2012: Szervesvazi mikroplankton zondk a szarmata és a panndniai emeletek hatdrdn Magyarorszdgrol. (Organic-walled
microplankton zones at the boundary of the Sarmatian and Pannonian stages in Hungary.) — e-Acta Naturalia Pannonica 4, 5-34.

SzaBO, M., Kocsis, L., BOSNAKOFF, M. & SEBE, K. 2021: A diverse Miocene fish assemblage (Chondrichthyes and Osteichthyes) from
the Pécs-Danitzpuszta sand pit (Mecsek Mts., Hungary). — Foldtani Kozlony 151/4, 363-410.

SzELES M. 1963: Szarmdciai és panndniai kord kagyldsrdkfauna a Duna—Tisza kozi sekély- és mélyfirasokbol. — Foldtani Kozlony 93/1,
108-116.

SzELES M. 1982: A Tengelic—2. sz. fiirds pannéniai Ostracoda faunaja. — A Magyar Allami Foldtani Intézet Evkényve 65,235-289.

SzUROMI-KORECZ A. 1991: DK-Dundntil pannéniai s. 1. Ostracoda fauna vizsgélatinak eredményei. — PhD thesis, ELTE Altalanos és
Alkalmazott Foldtani Tanszék, Budapest, 245.

SzUROMI-KORECZ A. 1992: A DK-Dundntdl pannéniai s.l. képz&dményeinek rétegtani értékelése Ostracoda faundjuk alapjan. —
Oslénytani Vitdk 38, 5-20.

TER BORGH, M. M. 2013: Connections between sedimentary basins during continental collision — how tectonic, surface and sedimentary
processes shaped the Paratethys. — Utrecht Studies in Earth Sciences 45,203 p.

TER BORGH, M., VASILIEV, 1., SToicA, M., KNEZEVIC, S., MATENCO, L., KRUGSMAN, W. & CLOETINGH, S. 2013: The isolation of the
Pannonian basin (Central Paratethys): New constraints from magnetostratigraphy and biostratigraphy. — Global and Planetary
Change 103, 99-118. https://doi.org/10.1016/j.gloplacha.2012.10.001.

T6TH E. 2009: Oskornyezeti véltozasok a Kozépss-Paratethysben a szarmata folyamén a mikrofauna slénytani és geokémiai vizsgélata
alapjan. Changements paléoenvironnementaux dans la Paratéthys Centrale pendant le Sarmatien (miocene moyen): étude
paléontologique de microfaunes et analyses géochimiques. — PhD thesis, E6tvos Lordnd University, Budapest, 158.

TRELEA-PAGHIDA, N., SIMINUESCU, T. & CosTESCHI, G. 1970: Ostracodele miocene din podisul Moldovenesc. — Annals of Alexandru loan
Cuza University of lasi Sec. Zb. 16, 107-120.

TuNoGLU, C. & UNAL, A. 2001: Pannonian-Pontian Ostracoda fauna of Gelibolu Neogene Basin (NW Turkey). — Yerbilimleri 23, 167-187.

UNAL, A. 1996: Gelibolu Yarimadas1 Neojen Istifinin ostrakod biyostratigrafisi, Yiiksek Miih. — Ph.D. thesis, Hacettepe Universitesi,
Ankara, 160.

VAN HARTEN, D. 1975: Size and environmental salinity in the modern euryhaline ostracod Cyprideis torosa (Jones, 1850), a biometrical
study. — Palaeogeography, Palaeoclimatology, Palaeoecology 17/1, 35-48. https://doi.org/10.1016/0031-0182(75)90028-0.

VAN HARTEN, D. 1990: The Neogene evolutionary radiation in Cyprideis Jones (Ostracoda: Cytheracea) in the Mediterranean area and
the Paratethys. — Courier Forschungsinstitut Senckenberg 123, 191-198.

VAN HARTEN, D. 2000: Variable noding in Cyprideis torosa (Ostracoda, Crustacea): an overview, experimental results and a model from
Catastrophe Theory. — Hydrobiologia 419/1, 131-1309. https://doi.org/10.1023/A:1003935419364.

Wirt, W. 2011: Mixed ostracod faunas, co-occurrence of marine Oligocene and non-marine Miocene taxa at Pinarhisar, Thrace, Turkey.
— Zitteliana 237-254.

ZALANYI, B. 1929: Morpho-systematische Studien iiber fossile Muschelkrebse. — Geologica Hungarica S5, 1-147.

ZALANYI, B. 1944: Magyarorszagi neogén ostracoddk (Tisztabereki neogén ostracoda faundk lefrdsa és rétegtani kiértékelése). —
Geologica Hungarica 21, 5-144.

ZALANYI B. 1959: Tihanyi fels6 pannon ostracodak. — A Magyar Allami Féldtani Intézet Evkonyve 48, 196-216.

ZHAIL D., Xi1A0, J., FaN, J., WEN, R. & PANG, Q. 2015: Differential transport and preservation of the instars of Limnocythere inopinata
(Crustacea, Ostracoda) in three large brackish lakes in northern China. — Hydrobiologia 747/1, 1-18. https://doi.org/10.1007/s10750-
014-2118-8.

ZORN, 1. 2010: Ostracodal type specimens stored in the paleontological collection of the Geological Survey of Austria. — Jahrbuch der
Geologischen Bundesanstalt 150, 263-299.

Manuscript recieved: 12/02/2021



318 Csoma, V. et al.: Pannonian (late Miocene) ostracod fauna from Pécs-Danitzpuszta in Southern Hungary

Plate I - 1. tabla

The depicted specimens are adult individuals. LV = left valve, RV =right valve / Az dbrdkon felndtt egyedek szerepelnek oldalnézetben. LV = bal teknd, RV =jobb teknd
| — Amnicythere parallela (MEHES 1908), RV in lateral view, scale: 200 um, D29

2 — Cyprideis pannonica (MEHES 1908), RV in lateral view, scale: 500 um, D8

3 — Cyprideis ex gt. heterostigma POKORNY 1952, RV in lateral view, scale: 500 um, D219

4 — Hemicytheria tenustriata (MEHES 1908), LV in lateral view, juvenile specimen, scale: 200 um, D15.
5 — Hemicytheria tenustriata (MEHES 1908), RV in lateral view, scale: 200 um, D12

6 — Hemicytheria lorenthey (MEHES 1908), RV in lateral view, scale: 500 um, D29

T— Hemicytheria hungarica (MEHES 1908), LV in lateral view, scale: 200 um, D15

8 — Hemicytheria hungarica (MEHES 1908), RV in lateral view, scale: 250 um, D7

9 — Loxocorniculina hodonica POKORNY 1952, RV in lateral view, scale: 250 um, D15

10 — Candona (Candona) aff. postsarmatica KrSTIC 1972, LV in lateral view, scale: 500 um, D8

11 — Candona (Candona) aff. postsarmatica KRSTIC 1972, RV in lateral view, scale: 500 um, D8

12 — Candona (Propontoniella) macra KrRSTIC 1972, RV in lateral view, scale: 250 um, D4

13 — Candona (Propontoniella) candeo KrRSTIC 1972, RV in lateral view, scale: 200 um, D213

14 — Candona (Reticulocandona) reticulata (MEHES 1908), LV in lateral view, scale: 500 um, D216

15 — Candona (Thaminocypris) transylvanica (HE)AS 1894), RV in lateral view, scale: 500 um, D4

16 — Candona (Thaminocypris) transylvanica (HE)AS 1894), LV in lateral view, scale: 500 um, D7

17 — Candona (Sinegubiella) rakosiensis (MEHES 1907), LV in lateral view, scale: 200 um, D213

18 — Candona (Thyphlocypris) cf. fossulata POKORNY 1952, RV in lateral view, scale: 250 um, D14
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Plate IT — I1. tabla

Where not indicated otherwise, the depicted specimens are adult individuals. LV = left valve, RV = right valve / 4 3, 4, 6. dbrdn juvenilis, a tobbin felnitt egyedek
szerepelnek oldalnézetben. LV = bal teknd, RV = jobb tekndé

1 — Cypria siboviki KrRSTIC 1968, LV in lateral view, scale: 200 um, D209

2 — Herpetocyprella auriculata (REUSS 1850), LV in lateral view, scale: 500 um, D200

3 — Herpetocyprella hieroglyphica (MEHES 1907), juvenile LV in lateral view, scale: 500 um, D9
4 — Herpetocyprella hieroglyphica (MEHES 1907), juvenile RV in lateral view, scale: 250 um, D9
5 — Amplocypris abscissa (REUSS 1850), RV in lateral view, scale: 500 um, D213

6 — Amplocypris major KRSTIC 1973, juvenile LV in lateral view, scale: 250 um, D213
T—Amplocypris firmus KrRSTIC 1973, RV in lateral view, scale: 500 um, D4

8 — Amplocypris recta (ReUss 1850), LV in lateral view, scale: 500 um, D15
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Appendix

Systematic Palaeontology

Here we follow the classification of HORNE et al. (2002)
and HARTMANN & PURI (1974). The lists of synonyms and the
Stratigraphic range and geographic distribution sections
contain items which were published with proper illustrations
of specimens. The Pécs-Danitzpuszta specimens are de-
posited in the Department of Palaeontology, Eotvos Lordand
University, Budapest. Abbreviations: L: length, H: height.

Phylum Arthropoda SIEBOLD & STANNIUS 1845
Subphylum Crustacea PENNANT 1777

Class Ostracoda LATREILLE 1802

Order Podocopida MULLER 1894

Suborder Cytherocopina BAIRD, 1850
Superfamily Cytheroidea BAIRD, 1850

Family Leptocytheridae HANAI 1957

Genus Amnicythere DEVOTO 1965

Amnicythere parallela (MEHES, 1908)
Plate I, fig. 1

1908 Krithe parallela n. sp. — MEHES, pp. 550-551, pl. 10, figs 1-3.

1960 Leptocythere parallela (MEHES) — KRSTIC, p. 279, pl. 1, figs
19-20; pl. 2, figs 22-33; pl. 3, figs 16-17; pl. 4, figs 6,7, 10-16.

1972 Leptocythere parallela (MEHES) — SOKAC, p. 66, pl. 30, figs 4,
7-10.

1973a Leptocythere (Amnicythere) parallela (MEHES) — KRSTIC,
pp- 57-58, figs 4-11; pl. 5, figs 1-3; pl. 6, fig. 5.

1973a Leptocythere (Amnicythere) aff. parallela (MEHES) —
KRsTIC, pp. 58-59, figs 12-16; pl. 1, fig. 6.

1980 Leptocythere parallela (MEHES) — IONESI & CHINTAUAN, pl. 1,
fig. 3.

1982 Leptocythere parallela (MEHES) — SZELES, p. 252, fig.12.

1985 Leptocythere (Amnicythere) aff. parallela (MEHES) — KRSTIC,
pl. 11, fig. 4.

1986 Leptocythere parallela (MEHES) — IONESI & CHINTAUAN, pl. 1,
fig. 8.

Material: Danitzpuszta trench (4 valves)

Dimensions: L = 485.930-583.422 ym, H = 242.577—-
288.425 ym, L/H=2.003-2,23 pym

Stratigraphic range and geographic distribution: lower
Sarmatian (Volhynian) and Maeotian of the Euxinian Basin
and lower Pannonian of the Pannonian Basin: Sarmatian
(upper Volhynian) of Southern Dobrogea (IONESI &
CHINTAUAN 1986); Maeotian of Moldova (IONESI &
CHINTAUAN, 1980); Pannonian of the Vienna Basin in the
Czech Republic and Mt. Medvednica in Croatia (SOKAC

1972), Sopron (Darufalva) (MEHES 1908) and Tengelic
(SzeLes 1982) in Hungary, Prnjavor in Bosnia (KRSTIC
1985), and Malo Bucje, Velika Mostanica, Sibovik-5, Vréin
in Serbia (KRrsTIC 1960, 1973a).

Family Cytherideidae SARS 1925
Subfamily Cytherideinae SARS 1925
Genus Cyprideis JONES 1857

Cyprideis pannonica (MEHES, 1908)
Plate I, fig. 2

1908 Cytheridea pannonica n. sp. — MEHES, pp. 553-555, pl. 11,
figs 6-14.

1929 Cytheridea pannonica MEHES — ZALANYI, p. 73, textfig 351:
10, 361: 6.

1944 Cytheridea pannonica MEHES — ZALANYL, p. 90, p. 172.

1944 Cyprideis pannonica (MEHES) — POKORNY, pp. 292-293, pl.
1, figs 3—4.

1960 Cyprideis pannonica (MEHES) — KOLLMANN, p. 163, pl. 13,
figs 1-4.

1959 Cyprideis pannonica (MEHES) — ZALANYIL, p. 213.

1963 Cyprideis pannonica (MEHES) — SZELES, pl. 6, figs 1-2.

1966 Cyprideis pannonica (MEHES) — HANGANU, pl. 40. fig. 2.

1968a. Cyprideis (Cyprideis) cf. pannonica (MEHES) — KRSTIC, p.
111, pl. 1, figs 2-3.

1970 Cyprideis pannonica (MEHES) — TRELEA et al. pp. 111-112, pl.
3, figs 10 a—c.

1973 Cyprideis pannonica (MEHES) — BENSON, text—fig. 2, E-F.

1974 Cyprideis pannonica (MEHES) — CERNAJSEK, pp. 473-474, pl.
2, fig. 5.

1975 Cyprideis pannonica (MEHES) — IONESI & CHINTAUAN, pl. 1,
fig. 3.

1976 Cyprideis pannonica (MEHES) — CHINTAUAN & NICORICI, p.
12, pl. 1, figs 5-7.

1978 Cyprideis pannonica (MEHES) — CARBONNEL, pl. 1, figs 11-13.

1978 Cyprideis pannonica (MEHES) — BENSON, pl. 2, figs 4-8.

1979 Cyprideis (Cyprideis) pannonica (MEHES) — BASSIOUNI, pp.
84-85, pl. 1, figs 1-6.

1980 Cyprideis pannonica (MEHES) — IONESI & CHINTAUAN, pl. 1,
fig. 2.

1983 Cyprideis pannonica (MEHES) — JIRICEK, pl. 6, fig. 32.

1985 Cyprideis pannonica (MEHES) — IONESI & CHINTAUAN, pl. 1,
fig. 2.

1985 Cyprideis pannonica (MEHES) — JIRICEK, p. 396, pl. 53, figs
1-4.

1990 Cyprideis (Cyprideis) ex. gr. pannonica — KRSTIC &
STANCHEVA, pl. 9, fig. 10.
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1996 Cyprideis pannonica (MEHES) — UNAL, p- 92, pl. 1, fig. 9-11.

1998 Cyprideis pannonica (MEHES) — KOVAC et al., pl. 4, figs 5-6.

2000 Cyprideis pannonica (MEHES) — CHINTAUAN, pl. 1, fig. 7.

2001 Cyprideis pannonica (MEHES) — TUNOGLU & UNAL, p. 171, pl.
1, fig. 8.

2005 Cyprideis pannonica (MEHES) —RADU & STOICA, pl. 2, figs 9—11.

2008 Cyprideis pannonica (MEHES) — NAzZIK et al., pl. 1, figs 8-9.

2008 Cyprideis pannonica (MEHES) — BEKER et al., p. 9, pl. 1, figs
1-3.

2011 Cyprideis pannonica (MEHES, 1908) — WITT, pl. 1, fig. 1.

2011 Cyprideis pannonica (MEHES) — FILIPESCU et al., text-fig. 5,
fig. 15.

2013 Cyprideis pannonica (MEHES) — STOICA et al., pl. 2, fig. 1.

Material: Danitzpuszta trench (4 valves)

Dimensions: L = 851.243-875 ym H = 475.02-501.493
um, L/H = 1.745-1.792

Stratigraphic range and geographic distribution: Sarma-
tian to Pannonian of the Pannonian Basin system, Sarmatian
to Meotian of the Dacian Basin, Sarmatian of the Euxinian
Basin, upper Miocene of the Aegean Basin, Messinian of the
Eastern Mediterranean Basin, upper Miocene to Plio-
Pleistocene of continental Turkey: Sarmatian in Nexing in
Austria (CERNAISEK 1974); Tusa (CHINTAUAN & NICORICI
1976), Livezile (CHINTAUAN 2000), and Oarba de Mureg
(Fiipescu et al. 2011) in Transylvania, Romania; Pannonian
in Malacky M-16 borehole in Slovakia (KOVAC et al. 1998);
Hodonin (POKORNY 1944; JIRICEK 1983, 1985) and Svato-
borice-Mistiin (CARBONNEL 1978) in the Czech Republic;
Drassburg in Austria (KOLLMANN 1960); Sopron, Pere-
marton, Budapest-K&bdnya, Tisztaberek, Duna-Tisza
Interfluve (MEHES, 1908, ZALANYI 1944, SzELES 1963) and
Tihany (ZALANYI 1959) in Hungary; Badnjevac, Varovnica in
Serbia (ZALANYI 1929, KRSTIC 1968a); Krsko in Slovenia
(KRSTIC & STANCHEVA 1990); Szdécsan/Soceni in Tran-
sylvania, Romania (MEHES 1908); Sarmatian in Harldu
(TReLEA et al. 1970, Rapu & Stoica 2005), Siret and
Moldova valleys (IONESI & CHINTAUAN 1975, 1980) in
Romania; Meotian at Teleajen river, Prahova, Britesti
(HANGANU 1966, IoNESI & CHINTAUAN, 1980) and Ramnicu
Sarat (StoIcA et al. 2013) in Romania; Sarmatian in Pinarhisar
in Turkey (WitT 2011) and Vileni (Dobrogea) in Romania
(IoNEs1 & CHINTAUAN 1985); ?upper Miocene (,,Pannonian
and Pontian”) in Gelibolu BE-18 in Turkey (UNAL 1996;
TuNoGLU & UNAL 2001); Messinian in DSDP Leg 42A, Site
376, Florence Rise, W of Cyprus (BENSON 1978) and DSDP
Leg 13, Site 129, Hole 129A, Levantine Basin (BENSON
1973); upper Miocene in Arguvan, Malatya in Turkey
(BAssiount 1979; Nazik et al. 2008); Plio-Pleistocene in
Karapinar-Konya in Turkey (BEKER et al. 2008).

Cyprideis ex gr. heterostigma POKORNY, 1952
Plate I, fig. 3

Material: Danitzpuszta pit (256 valves, 1 carapace)

Dimensions: L = 570.382—-1130 um, H = 309.585-663
um, L/H =1.704-1.842

Remarks: The anterodorsal outline shows a variability in
convexity, maybe due to sexual dimorphism. There is

significant variability in the convexity of the valves as well;
it is difficult to decide whether it reflects intraspecific
variation or higher convexity is a diagnostic morphological
character of another species. There are more adults than
juveniles.

Family Hemicytheridae PURI 1953
Subfamily Hemicytherinae PURI 1953
Genus Hemicytheria POKORNY 1952

Hemicytheria tenuistriata (MEHES, 1908)
Plate I, figs 4-5

1908 Cythereis tenuistriata n. sp. — MEHES, pp. 559-561, text-figs
5-10.

1985 Graptocythere (Hemicytheria) tenuistriata (MEHES) —
KRsTIC, pl. 13, fig. 5.

2011 Hemicytheria tenuistriata (MEHES) — OLTEANU, pl. 26, fig.
8.

2013 Hemicytheria tenuistriata (MEHES) — TER BORGH et al., pl. 8,
fig. 5.

Material: Danitzpuszta pit (13 valves); Danitzpuszta
trench (19 valves)

Dimensions: L =399-802.624 um H = 247-476.447 um,
L/H=1.615-1.685

Stratigraphic range and geographic distribution: lower
Pannonian in the Pannonian Basin: Sopron in Hungary
(MEHES 1908); Velika Mostanica (KRrSTIC 1985) and Beocin
(TER BORGH et al. 2013) in Serbia.

Hemicytheria lorentheyi (MEHES, 1908)
Plate I, fig. 6

1908 Cythereis Lérentheyi n. sp. — MEHES, pp. 561-562, pl. 8, figs
1-6.

1960 Hemicytheria l6rentheyi (MEHES) — KRSTIC, p.280, pl. 1, fig.
23; pl. 3, fig. 20; pl. 4, fig. 5.

1969 Hemicytheria cf. loerenthei (MEHES) — GRAMANN, pp. 501, pl.
35, fig. 4.

1972 Hemicytheria lorentheyi (MEHES) — IONESI & CHINTAUAN, pp.
101-102, pl. 5, fig. 4.

1983 Hemicytheria lorentheyi (MEHES) — JIRICEK, pl. 6, fig. 31.

1985 Hemicytheria lorentheyi (MEHES) — JIRICEK, p. 405, pl. 56,
figs 4-6.

2004 Hemicytheria lorentheyi (MEHES) — GROSS, p. 86, pl. 13, figs
5-6; pl. 14 fig. 9.

Material: Danitzpuszta trench (1 valve)

Dimensions: L = 1003.76 ym H = 591.47 ym, L/H =
1.697

Stratigraphic range and geographic distribution:
Sarmatian of the Euxinian Basin, lower Pannonian of the
Pannonian Basin, and Messinian (Meotian—Pontian) of the
Aegean (Strymon) Basin: Sarmatian of Moldova (IONESI &
CHINTAUAN, 1972); lower Pannonian of Sopron, Budapest—
Kd&banya, Peremarton, Hungary (MEHES 1908); Belgrade,
Serbia (KRSTIC 1960); Mataschen, Austria (GROSS 2004);
Bucany—48, Slovakia (JIRICEK 1983); Muténice, Czech
Republic (JIRICEK, 1985); Messinian (Meotian—Pontian) of
Strymon Basin (GRAMANN 1969).
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Hemicytheria hungarica (MEHES, 1908)
Plate I. figs 7-8

1908 Cythereis hungarica n. sp. — MEHES, pp. 562-563, pl. 8, figs
7-9.

2009 Hemicytheria hungarica (MEHES) — TOTH, p. 89, pl. 5, figs 4—
5 cum. syn.

2010 Hemicytheria hungarica (MEHES) — ZORN, p. 266, pl. 1, fig.
13.

Material: Danitzpuszta pit (6 valves); Danitzpuszta
trench (27 valves)

Dimensions: L = 531.444-823.895 ym H = 301.321-
483.859 um, L/H =1.703-1.763

Stratigraphic range and geographic distribution:
Sarmatian of the Euxinian Basin, Sarmatian and lower
Pannonian of the Pannonian Basin system: Sarmatian of the
Caucasus region (SCHNEIDER, 1953); Sarmatian of the
Danube Basin, Slovakia (DORNIC & KHEIL 1963) and
Csékvar, Hungary (TOTH 2009); lower Pannonian of Sopron
(Darufalva) and Budapest—-K&banya in Hungary (MEHES
1908); Prnjavor in Bosnia (KRSTIC 1985); Drassburg in
Austria (ZORN 2010).

Family Loxoconchidae SArs 1925
Genus Loxocorniculina KrRSTIC 1972

Loxocorniculina hodonica POKORNY, 1952
Plate I, fig. 9

1952 Loxoconcha hodonica n. sp. — POKORNY, pp. 308-309, pl. 5,
figs 1,2,9, figs 36-37.

1960 Loxoconcha hodonica POKORNY — KRSTIC, p. 281, pl. 2, fig. 28.

1963 Loxoconcha hodonica POKORNY — GREKOFF & MOLINARI, p. 5,
pl.2, figs 5-6.

1966 Loxoconcha hodonica POKORNY — HANGANU, pl. 43, fig. 3.

1969 Loxoconcha cf. hodonica POKORNY — GRAMANN, pp. 509—
510, pl. 34, figs 1-2.

1972 Loxoconcha hodonica POKORNY — SOKAC, pp. 84-85, pl. 44,
figs 6-7.

1972a. Loxoconcha (Loxocorniculina) hodonica POKORNY —
KRSTIC, p. 253, pl. 4, fig. 7; pl. 6, figs 4-6.

1972 Loxoconcha hodonica POKORNY — SISSINGH, p. 133, pl. 10,
figs 15-16.

1985 Loxoconcha (Loxocorniculina) hodonica POKORNY — KRSTIC,
pl. 12, fig. 10.

2013 Loxocorniculina hodonica (POKORNY) — TER BORGH et al.,
text-fig. 8, 30.

2016 Loxocorniculina hodonica POKORNY — KOVACS et al., pl. 3,
figs 2-3.

Material: Danitzpuszta trench (4 valves)

Dimensions: L=475-535.852 um H=322.242-325 um,
L/H=1.474-1.648

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin system, Meotian of the
Dacian Basin, Messinian of the Mediterranean Basin: lower
Pannonian of Hodonin in the Czech Republic (POKORNY
1952); Mt. Medvednica in Croatia (SOKAC 1972); Velika
Mostanica, Sibovik—2a, Velika Plana, Vr¢in, Belgrade,
Makis, and Beocin in Serbia (KRrsTIC 1960, 1972a, 1985;

TER BORGH et al. 2013); Lopadea Veche and Garbovita in
Transylvania, Romania (KovAcs et al. 2016); Maeotian of
Teleajen River valley, Prahova in Romania (HANGANU
1966); Messinian (Meotian—Pontian) of the Strymon Basin
(GRAMANN 1969); Messinian (?) of Crete (SISSINGH 1972);
Messinian of Reggio Emilia in Italy (GREKOFF & MOLINARI
1963).

Superfamily Cypridoidea BAIRD 1845
Family Candonidae KAUFMANN 1900
Subfamily Candoninae KAUFMANN 1900
Genus Candona BAIRD 1845

Candona (Candona) aft. postsarmatica KrRSTIC, 1972
Plate I, figs 1011

1972b. Candona (Candona) postsarmatica n. sp. — KrSTIC, pp. 9—
11, pl. 2, figs 4-6; p. 113.

1972b. Candona aff. postsarmatica n. sp. — KrSTIC, pl. 4, fig. 2.

1980a. Candona (Candona) aff. postsarmatica KrRSTIC — KRSTIC,
fig. 10.

1985 Candona (Candona) postsarmatica KRSTIC — KRSTIC, pl. 3,
fig. 2.

2011 Candona (Caspiocypris) postsarmatica— OLTEANU, pl. 2, fig.
1.

2013 Candona (Caspiocypris) postsarmatica — MAZzINI et al., pl.
2, fig. e.

Material: Danitzpuszta trench (10 valves)

Dimensions: L = 971.880-1000.739 um H = 511.266—
554.633 ym, L/H = 1.804-1.9

Remark: In her original publication KRSTIC depicted
only females, without giving their size. Our specimens have
more rounded outline, but it is difficult to decide if this
difference is due to sexual dimorphism, ontogenetic state, or
our material represents a different species.

Stratigraphic range and geographic distribution of C.
postsarmatica: lower Pannonian of the Pannonian Basin
system, Tortonian of Turkey: lower Pannonian of Belgrade
and Aleksinac in Serbia (KRSTIC 1972b, 1980a, 1985);
Carand in Transylvania, Romania (OLTEANU 2011);
Tortonian of Cankiri Basin, Tuglu, in Turkey (MAZzzINI et al.
2013).

Candona (Propontoniella) macra KrRSTIC, 1972
Plate I, fig. 12

1972b. Candona (Propontoniella) macra — KRSTIC, pp. 35-36, pl.
11, figs 15-18, p. 123.

1985 Candona (Propontoniella) macra — KRSTIC, pl. 1, fig. 9.

2016 Candona (Propontoniella) macra KrRSTIC — KOVACS et al., pl.
2, figs 9-12.

2019 Propontoniella macra — SpaDI et al., text—fig 3, I; text—fig 16,
F-1.

Material: Danitzpuszta pit (2 valves); Danitzpuszta
trench (15 valves)

Dimensions: L =725-984.157 ym H=350-442.223 um,
L/H=2.071-2.225

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin system: Vranovi¢—1, Mt.
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Krndija, Croatia (SpapI1 et al. 2019); Velika MosStanica,
Sibovik (Belgrade) in Serbia (KrSTIC 1972b, 1985); Cunta
in Transylvania, Romania (KovAcs et al. 2016).

Candona (Propontoniella) candeo KrRSTIC, 1972
Plate I, fig. 13

1972b. Candona (Propontoniella) candeo — KRSTIC, pp. 36-37, pl.
4, fig. 10; pl. 11, figs 1-4, figs 29-32; p. 124.
1985 Candona (Propontoniella) candeo — KRrSTIC, pl. 2, fig. 3-6.

Material: Danitzpuszta pit (29 valves)

Dimensions: L = 736.87-827.2 um H = 339.65-359.49
um L/H=2.3-2.44

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin: Velika MoStanica,
Sibovik creek in Serbia (KRSTIC 1972b, 1985).

Candona (Reticulocandona) reticulata (MEHES, 1907)
Plate I, fig. 14

1907 Aglaia reticulata n. sp. — MEHES, pp. 442-443, pl. 3, figs 10-14.

1962 Candona (Lineocypris) reticulata (MEHES) — SOKAC, pl. 1, fig. 6.

1963 Candona (Lineocypris) reticulata MEHES — SZELES, pl. 5, fig. 5.

1971 Candona (Lineocypris) reticulata (MEHES) — OLTEANU, p. 91,
pl. 3, fig. 3.

1972b. Candona (Reticulocandona) reticulata (MEHES) — KRSTIC,
pp- 59-60, pl. 17, figs 1-2, 6-7; pl. 24, fig. 7; figs 48—49.

1972 Candona (Lineocypris) reticulata (MEHES) — SOKAC, pp. 53—
54, pl. 23, figs 12-16.

1980b. Candona (Reticulocandona) reticulata (MEHES) — KRSTIC,
pl. 2, figs 4-6.

1982 Candona (Lineocypris) reticulata MEHES — SZELES, p. 241, pl.
4, figs 2,4-5.

2011 Candona (Reticulocandona) reticulata (MEHES) — OLTEANU,
pl. 9, fig. 4.

2011 Reticulocandona reticulata (MEHES) — RUNDIC et al., pl. 9,
figs 9-10.

Material: Danitzpuszta pit (10 valves)

Dimensions: L = 476.585-530.056 um, H = 276.246—
333.957 um, L/H = 1.587-1.725

Remark: Although the the posterodorsal rim is variable,
each individual has a diagnostic fine reticulation on the
valve surface.

Stratigraphic range and geographic distribution: Pan-
nonian of the Pannonian Basin: Szdécsan/Soceni in Tran-
sylvania, Romania (MEHES 1907); Budapest—K&banya,
Danube-Tisza Interfluve, Tengelic in Hungary (MEHES
1907; SzeLES 1963, 1982); Mt. Medvednica in Croatia
(SokAC 1962, 1972); Beocin, Belgrade (ZV-3) in Serbia
(KRsTIC 1972b, 1980b; RUNDIC et al. 2011); Grosi, Rieni in
Transylvania, Romania (OLTEANU 1971, 2011).

Candona (Thaminocypris) transylvanica (HENAS, 1894)
Plate I, figs 15—16

1894 Candona reticulata n. sp. — HEJIAS, p. 63, pl. 4, figs 14 a, b, c.

1972b. Candona (Thaminocypris) cf. transylvanica (HENAS) —
KRsTIC, pp. 63-64, pl. 18, fig. 8.

2016 Candona (Caspiocypris) transilvanica (HENAS) — KOVACS et
al., pl. 2, figs 5-8, 13-15.

Material: Danitzpuszta pit (18 valves); Danitzpuszta
trench (40 valves)

Dimensions: L = 1035.667-1128.067 um H = 558.371—
669.064 um, L/H = 1.686-1.854

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin: Belgrade (“London” C—
2) in Serbia (KRSTIC 1972b); Targu Mures, Bagau, Mier-
curea Nirajului, Lopadea Veche, Garbovita, Cunta in
Transylvania, Romania (HEAS 1894, KovAcs et al. 2016).

Candona (Sinegubiella) rakosiensis (MEHES, 1907)
Plate I, fig. 17

1907 Aglaia rdkosiensis n. sp. — MEHES, pp. 513-514, pl. 6, figs 8—
13.

1972b. Candona (Sinegubiella) rakosiensis (MEHES) — KRSTIC, p.
80, pl. 25, figs 8-11, pl. 30, fig. 1.

1972 Candona (Caspiocypris) rakosiensis (MEHES) — SOKAC, p.
39, pl. 15, figs 1-3.

Material: Danitzpuszta pit (4 valves)

Dimensions: L =440-549.131 pm H=230-289.469 um,
L/H=1.897-1.913

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin: Sopron, Budapest—
Kébanya in Hungary (MEHES 1907); Mt. Medvednica in
Croatia (SOKAC 1972); Purinci in Serbia (KRSTIC 1972b).

Candona (Typhlocypris) cf. fossulata POKORNY, 1952
Plate I, fig. 18

1952 Candona fossulata n. sp. — POKORNY, pp. 264266, text—fig.
11, 12; pl. 2 fig. 1.

1972 Candona (Typhlocypris) fossulata POKORNY — SOKAC, pp.
59-60, pl. 28, fig. 1.

1972b. Candona (Typhlocypris) aff. fossulata POKORNY — KRSTIC,
p. 84, pl. 24, fig. 12; pl. 27, figs 4-7.

1980 Candona (Typhlocypris) ex. gr. fossulata POKORNY — FREELS,
pp- 63-64, pl. 9, figs 21-26.

Material: Danitzpuszta trench (10 valves)

Dimensions: L. = 828.630-1025 um H = 460.177-550
um, L/H =1.801-1.863

Remark: The postero-dorsal and the ventral margin is
more rounded than in the holotype.

Stratigraphic range and geographic distribution of C.
Jossulata: lower Pannonian of the Pannonian Basin, upper
Miocene of Turkey: lower Pannonian in Hodonin in Czech
Republic (POKORNY 1952); Mt. Medvednica in Croatia
(SokAC 1972); Karagaca creek in Serbia (KrSTIC 1972b);
upper Miocene of Denizli basin in Turkey (FREELS 1980).

Subfamily Cyclocypridinae KAUFMANN 1900
Genus Cypria FISCHER 1855

Cypria siboviki KrRSTIC, 1968
Plate I, fig 1

1968b. Cypria siboviki n. sp. — KRSTIC, p. 247-248, pl. 66, figs 1-2.
1972 Cypria siboviki KRSTIC — SOKAC, pp. 64, pl. 24, figs 15-16, 19.
1975 Cypria siboviki KRSTIC — KRSTIC, p. 195-196, pl. 1, figs 1-2.
1975 Cypria aff. siboviki KRSTIC — KRSTIC, pl. 1, fig. 3.
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Material: Danitzpuszta pit (2 valves)

Dimensions: L = 485-500.1 um, H = 350-373.215 um,
L/H =1.340-1,386

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin: Mt. Medvednica in
Croatia (SOKAC 1972); Velika Mostanica, Sibovik 7/2 in
Serbia (KRSTIC 1968b, 1975).

Family Cyprididae BAIRD 1845
Genus Herpetocyprella DADAY 1909

Herpetocyprella auriculata (REUSS, 1850)
Plate II, fig. 2

1850 Cypridina auriculata n. sp. — REUSS, p. 51, pl. 8, fig. 8.

1991 Hungarocypris auriculata (REUSS) — SZUROMI-KORECZ, pp.
225-228, pl. 17, figs 1-8, cum syn.

2008 Herpetocyprella auriculata (REUSS) — DANIELOPOL et al., p.
152, text-figs 2 C, D; 3A, C; 4 A-C, 10D, E.

2011 Hungarocypris auriculata (REUSS) — OLTEANU, pl. 1, figs 2,
4-7,9-10.

2016 Herpetocyprella auriculata (REUSS) — KovAcs etal., pl. 1, figs
6-10.

Materials: Danitzpuszta pit (35 valves); Danitzpuszta
trench (22 valves)

Dimensions: L = 1166-675 um H = 646875 um, L/H =
1.805-1.914

Stratigraphic range and geographic distribution:
Pannonian of the Pannonian Basin system: Vienna (REUSS
1850) and Sankt Margarethen (DANIELOPOL et al. 2008) in
Austria; Mutenice, Svatoborice, Hodonin, StavéSice in the
Czech Republic (POKORNY 1944, 1952; JIRICEK 1983, 1985;
DaNIELOPOL et al. 2008); Sopron, Tengelic, Nagykozard,
Mariakéménd, Tisztaberek in Hungary (MEHES 1907,
ZALANYI 1944, SzELES 1982, SzUrROMI-KORECZ 1991); Mt.
Medvednica in Croatia (SOKAC 1972); Belgrade, Velika
Mostanica, Sibovik 9, Purinci in Serbia (KrsTIC 1973Db,
1985); Holod, Soimi (OLTEANU 2011), Garbovita, and Cunta
(KovAcs et al. 2016) in Transylvania, Romania.

Herpetocyprella hieroglyphica (MEHES, 1907)
Plate I1, fig. 34

1907 Cypris hieroglyphica n. sp. — MEHES, p. 508, pl. 3, figs 15-19.

1991 Hungarocypris hieroglyphica (MEHES) — SZUROMI-KORECZ,
pp- 228-230, pl. 18, figs 1-2, cum syn.

2008 Herpetocyprella hieroglyphica (MEHES) — DANIELOPOL et al.,
p- 153, text-fig. 11.

2011 Hungarocypris hieroglyphica (MEHES) — OLTEANU, pl. 1, figs
1,3,8.

2016 Herpetocyprella hieroglyphica (MEHES) — KOVAcs etal., pl. 1,
figs 1-5.

Materials: Danitzpuszta pit (25 valves); Danitzpuszta
trench (13 valves)

Dimensions: L = 950.438-1807.306 um H = 561.818—
909.175 pm, L/H = 1,691 —1,987

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin system: Danube-Tisza
Interfluve in Hungary (SzELEs 1963); Hodonin (JIRICEK
1985) and Stavésice (DANIELOPOL et al. 2008) in the Czech

Republic; Mt. Medvednica in Croatia (SOKAC 1967, 1972);
Vrcin, Karagaca creek in Serbia (KrsTiC 1960, 1973b,
1985); Szdécsan/Soceni (MEHES 1907, DANIELOPOL et al.
2008), Soimi, Holod (OrLtEanu 1971, 2011), Lopadea,
Garbovita, Cunta (KovAcs et al. 2016) in Transylvania,
Romania.

Subfamily Cypridopsinae BRONSTEIN 1947
Genus Amplocypris ZALANYI 1944

Amplocypris abscissa (REUSS, 1850)
Plate II, fig. 5

1972 Amplocypris abscissa (REUSS) — SOKAC, p. 36, pl. 11, figs 2,
4,6;pl. 13, figs 2, 4, 5-6.

1973c. Amplocypris abscissa (REUSS) — KRSTIC, pp. 102-103, pl. 1
fig. 4; pl. 4, figs 3—4, pl. 8, fig. 1.

1983 Amplocypris abscissa (REUSS) — JIRICEK, pl. 6, fig. 36.

1985 Amplocypris abscissa (REUSS) — JIRICEK, p. 393, pl. 51, figs
13-15.

1989 Amplocypris abscissa (REUSS) — OLTEANU, pl. 1, fig. 16.

2011 Amplocypris abscissa (REUSS) — DANIELOPOL et al., text-figs
1 A-B,2,3,7-10.

2011 Amplocypris aff. abscissa (REUSS) — OLTEANU, pl. 5, fig. 5; pl.
22, fig. 5.

Material: Danitzpuszta pit (22 valves)

Dimensions: L = 726.027-1082.241 um H = 356.025—
553.896 uym, L/H = 1.954-2.039

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin: Hodonin in the Czech
Republic (JIRICEK 1983, 1985); Sankt Margarethen, Henners-
dorf in Austria (DANIELOPOL et al. 2011); Mt. Medvednica in
Croatia (SOKAC 1972); Belgrade in Serbia (KRSTIC 1973c);
Sintesti in Transylvania, Romania (OLTEANU 1989, 2011).

Amplocypris major KrRSTIC, 1973
Plate II, fig. 6

1972 Amplocypris major KRSTIC — SOKAC, p. 36, pl. 13, figs 1-3.

1973c. Amplocypris major — KrSTIC, pp. 100-102, figs 61-65; pl.
5, figs 1-2.

1985 Amplocypris major KrRSTIC — KRSTIC, pl. 5, figs 6-8.

2011 Amplocypris major KrRSTIC — OLTEANU, pl. 4, fig. 3.

Material: Danitzpuszta pit (5 valves)

Dimensions: L = 964.906-1331 um H = 516.333-653
um, L/H = 1.869-2.038

Stratigraphic range and geographic distribution:
Pannonian of the Pannonian Basin: Mt. Medvednica in
Croatia (SOKAC 1972); Belgrade in Serbia (KrsTIC 1973c,
1985); Soceni in Transylvania, Romania (OLTEANU 2011).

Amplocypris firmus KRSTIC, 1973
Plate I, fig. 7

1973c. Amplocypris firmus n. sp. — KrSTIC, pp. 103—104, pl. 1, fig.
1; pl. 3, fig. 2; pl. 10 figs 1-3.

1973c. Amplocypris cf. firmus KrSTIC — KRSTIC, pl. 8, fig. 4.

1985 Amplocypris firmus — KRSTIC, pl. 6, fig. 4.

2013 Amplocypris ex. gr. firmus KrRSTIC — TER BORGH et al., fig. 7/1.

2016 Amplocypris firmus KRSTIC — KOVACcS et al., pl. 1, figs 15-19.
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Material: Danitzpuszta trench (7 valves)

Dimensions: L. = 825-1082.267 um H = 375-540.935
um, L/H=2.001-2.2

Stratigraphic range and geographic distribution: lower
Pannonian of the Pannonian Basin system: Velika
Mostanica, Sibovik 7/2, Beocin, Purinci in Serbia (KRrSTIC
1973c; TER BORGH et al. 2013); Garbovita, Cunta in
Transylvania, Romania (KovAcs et al. 2016).

Amplocypris recta (REUSS, 1850)
Plate II, fig. 8

1850 Cytherina recta n. sp. — REUSS, p. 52, pl. 8, fig. 11.

1972 Amplocypris recta (REUSS) — SOKAC, p. 35, pl. 11, figs 5, 7-8.

1973c. Amplocypris recta (RsS.) — KRSTIC, p. 113, pl. 3, fig. 1; pl.
16, figs 6-7.

1973c. Amplocypris ex. gr. recta (RSs.) — KRSTIC, p. 113, pl. 16 figs 4-5.

1982 Amplocypris recta REUSS — SZELES, p. 246, pl. 7, figs 4-5.

1982 Amplocypris aff. recta REUSS — SZELES, pp. 246-247, pl. 7,
fig. 6; pl. 7, figs 1, 3.

1983 Amplocypris recta (REUSS) — JIRICEK, pl. 6, fig. 35.

1985 Amplocypris aff. recta (REUSS) — JIRICEK, p.392, pl. 51, figs
10-12.

1985 Amplocypris recta (REUSS) — KRSTIC, pl. 15, fig. 1.

1998 Amplocypris recta (REUSS) — KOVAC et al., pl. 4, fig. 9.

1998 Amplocypris recta (REUSS) — PIPIK & HOLEC, pl. 1, figs 1-2.
2004 Amplocypris recta (REUSS) — PipiK et al., pl. 1, fig. 14.

2011 Amplocypris recta — DANIELOPOL et al., fig. 4.

2011 Amplocypris recta (REUSS) — OLTEANU, pl. 22, fig. 7.

Materials: Danitzpuszta pit (3 valves); Danitzpuszta
trench (34 valves)

Diemensions: L= 631,410 — 1717,526 um, H= 331,675 —
867,911 um, L/H= 1,904 1,979

Stratigraphic range and geographic distribution:
Pannonian of the Pannonian Basin system: Moosbrunn
(Reuss 1850) and Sankt Margarethen (DANIELOPOL et al.
2011) in Austria; Studienka (Pipik et al. 2004), Borsky Svity
Jur (Prrik & HoOLEC 1998), and boreholes in the Vienna
Basin (Kovac et al. 1998) in Slovakia; Hodonin in the Czech
Republic (JIRICEK 1983, 1985); Tengelic in Hungary
(SzELES 1982); Mt. Medvednica in Croatia (SOKAC 1972);
Durinci in Serbia (KrsTIC 1973c, 1985); Soimi in
Transylvania, Romania (OLTEANU 2011).
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