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Abstract: The most important Oligocene and Miocene calcareous nannoplankton, silicoflagellate,
planktonic and benthonic foraminifera and mollusk data which are important for defining the
biostratigraphic intervals in the marine Oligocene and Miocene of the Central Paratethys are
discussed and summarized in Table 1, part I, II, and the Latdorfian and Rupelian and the
recently proposed marine late Oligocene/Miocene chronostratigraphic stages (Egerian — Eggen-
burgian — Ottnangian — Karpatian and Badenian from oldest to younger) of the Central Para-
tethys (Central Europe) are described. The correlation of some classical mammalian faunas (tab. 1,
part IT) to this proposed marine stratigraphic sequence is discussed, and the general paleogeo-
graphic setting of these areas briefly outlined.

‘A tentative biostratigraphic correlation of the chronostratigraphic units of the Central Para-
tethys with the “Cenozoic planktonic time scale” and the classical European stage system is

presented.

Zusammenfassung: Die wesentlichen biostratigraphischen Grundlagen (Verbreitung von kalki-
gem Nannoplankton, Silicoflagellaten, planktonischen und benthonischen Foraminiferen und Mol-
lusken) zur biostratigraphischen Gliederung des marinen Oligozins und Miozins in der zentralen
Paratethys Mitteleuropas werden diskutiert und sind auf einer zweiteiligen Tabelle zusammen-
fassend dargestellt. Damit wird der Umfang fiir Latdorf und Rupel sowie fiir die in der zen-
cralen Paratethys neu aufgestellten marinen oberoligozinen und miozinen chronostratigraphischen
Stufen (Egerien, Eggenburgien, Ottnangien, Karpatien und Badenien) beschrieben.

Fiir einige der klassischen Siugetierfaunen (tab. 1, part II) dieser Gebiete wird eine verliflliche
Korrelation mit der lokalen marinen Abfolge gegeben.

Die Korrelationsmoglichkeiten des Stufenschemas der zentralen Paratethys mit der kino-
zoischen Planktonzonierung und dem Kklassischen Stufenschema Europas werden aufgezeigt.
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1 Introduction

The Paratethys concept — created by LAskaREV (1924) for the classical Oligocene and
Neogene sedimentation areas in central Europe — was lately put foreward by the Para-
tethys working group. SEnEs (1959, 1960, 1961), SEnEs et al. (1971), CicHA & SENEs
(1973) introduced and established the division into a Western, Central and Eastern Para-
tethys area, each part more or less characterized by its own geodynamic and faunistic
development.

The Central Paratethys (Fig. 1) extends from Bavaria, Germany, throughout the fore-
deep of the Alps and the Carpathians to Rumania and includes the following intra-
montaneous basins: the Vienna Basin (Fig. 1:1), the Intracarpathian Basin (Fig. 1:2) the
Styrian Basin (Fig. 1:3), the Drava/Sava Depression (Fig. 1: 4) and the Transsylvanian
Basin (Fig. 1:5).

Whereas the faunal development of early and middle Oligocene within the Central
Paratethys is still comparable with the Mediterranean and Northern European Biopro-
vinces, these Central Paratethys areas differentiate in the late Oligocene and increase
throughout the Neogene their own bioprovincial character. The different faunal develop-
ment and the difficulties in the further usage of the classic terms of the European Neo-
gene time scale within the Central Paratethys sedimentation areas (Parp & STEININGER
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Fig. 1. Oligocene / Neogene Sedimentation Areas of the Central Paratethys: 1 - Vienna Basin;
2 - Intracarpathian Basin; 3 - Styrian Basin; 4 - Drava/Sava Depression; 5 - Transsylvanian Basin
(partly after SENEs et al. 1971).
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1973) gave rise to a new regional chronostratigraphic stage concept (BaLpr 1969; CicHa
& SENEs 1968; Parp & al. 1968). These regional stages of the Central Paratethys
(Egerian, Eggenburgian, Ottnangian, Karpatian, Badenian, Sarmatian, Pannonian, Pon-
tian, Dacian and Romanian from oldest to younger) are based on an “integrated assem-
blage zone” biostratigraphic concept, which was outlined by STEININGER & SENEs (1971)
and STEININGER (in press).

The geodynamic evolution of this area is characterized by the uplift and thrustfault-
ing of the Alpine-Carpathian-, Dinarid and Balcan mountain chains and the subsiding of
the intramontane basins (see Fig. 1). This fact was accounted for by SEnEs & MARINESCU
(1974) in developing a model distinguishing three significant steps in the geodynamic
evolution of this area: the Eoparatethys (Egerian to Ottnangian), the Mesoparatethys
(Karpatian and Badenian) and the Neoparatethys (Sarmatian to Romanian) (Fig. 2, 3).

The present contribution summarizes the biostratigraphic ranges of the most im-
portant groups — see Table 1, part I, II — used for a correlation by the way of the
“Cenozoic Planktonic Reference Time Scales” — as proposed by BERGGREN (1972, 1973),
BErRGGREN & v. CouviERING (1974), BLrow (1969), BorL1 (1966) and MarTint (1971)
with the European Oligocene and Neogene stages and other regional stage systems on
the one hand and worldwide faunistic and climatic data planes on the other. Therefore
it can not be the scope of the present paper to deal with certain areas of the Central
Paratethys in detail and to list all species found; only the general development of the
calcareous nannoplankton, silicoflagellates, planktonic and benthonic foraminifera, mol-
lusks and marine correlated vertebrate localities within the Central Paratethys will be
discussed. The marine sedimentation ends throughout the Central Paratethys with the
late middle Miocene; for this reason the paper concentrates on the marine Oligocene and
Miocene of the Central Paratethys.

2 Biostratigraphy and Oligocene/Miocene stage concept
of the Central Paratethys

Up to the present only a few Latdorfian and Rupelian sections have been studied, as far
as their nannoplankton and foraminifera content is concerned. No studies on silicoflagel-
lates and almost no modern work on the mollusk assemblages have been done. But
extensive regional studies have been carried out by the Paratethys Working Group on
nearly all late Oligocene and Neogene deposits and their biostratigraphically important
fossil groups. ‘

Latdorfian

The lower Oligocene nannoplankton zones NP 21 (Ericsonia subdisticha zone) and
NP 22 (Helicosphaera reticulata zone) can be identified easily by the presence of Cyclo-
coccolithus formosus and Reticulofenestra umbilica (Tab. 1, part I), and were noted in
Bavaria (Fischschiefer), Tyrol-Hiring (Zementmergel), Moravia (Pausramer Schichten,
part), Hungary (transition beds between Ofener Mergel and Fischschiefer), and in
Rumania (basal Fusaru-Formation: dunkelbraune Kalkmergel-Schichten) (Cicua, Hagn
& MARTINI 1971; MARTINI & LEBENZON 1971; MARTINI & MoIsescu 1974).
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The planktonic and benthonic foraminifera fauna is well developed and corresponds
in composition and diversity to the Mediterranean area. It ranges from zone P 18 to the
lower part of zone P 19. The fauna of zone P 18 is characterized by Pseundobastigerina,
Globigerina officinalis and the Globigerina gortanii — G. eocaena — G. corpulenta —
G. prasaepis group of large species. In Zone P 19 the species Globigerina angiporoides,
G. praebulloides and Catapsydrax unicavus are dominant. The stratigraphically im-
portant species Globigerina ampliapertura, G. sellii and G, tripartita have been reported
less frequently (Crcua, Hacn & MarTin 1971; Ré6L 1975) (Tab. 1, part II).

A well developed fauna of benthonic foraminifera yielded a large number of species
ranging up from the Eocene and forms with the first appearing in the early Oligocene
(HacN, HorzL & Hrusesch 1962). Only a few stratigraphically useful groups are dis-
cussed. Uvigerina eocaena and U. acutocostata are both ranging up from the Eocene;
intermediate forms between U. eocaena and U. hantkeni with evolutionary trends of
costata species have their first occurrence as well as U, farinosa. According to LINDEN-
BERG (1965) the following Bolivina species are characteristic for the early Oligocene in
these areas: Bolivina beyrichi carinata, B. kodymi, B. prion, B. semistriata, B. striatocari-
nata, B. terquemi and B. vaceki bavarica. Further markers for early Oligocene age are
Bulimina sculptilis and Asterigerina rotula haeringensis. The latest occurrences of small
nummulites (Nummulites bouillei, N. cf. boucheri ) were described by Ltnr (1962).

This stage has been recorded in the dark, shaly marls, the so called “Zementmergel”
in the lower Inn valley (Hiring, Tyrol), out of the same facies from the “Fischschiefer”
of Bavaria (Marienstein) and in several borehole sections of the Molasse basin (Upper
Austria). The same fauna in a better preservation is reported from dark brown, soft
marls belonging to the tectonic Pouzdrany unit of the Western Carpathians (Czecho-
slovakia) (Crcua, HaeN & MARTINI 197 1).

The early Oligocene occurs throughout the Western Carpathians, represented by the
Globigerina postcretacea zone characterized by a specific plankton fauna, which connects
it with the Caucasus area (Samusr & SaLaj 1968).

A mollusk fauna of Hiring was described by DreGER (1892, 1903) and other faunas
from Rumania are mentioned by Morsescu (1972) and Rusu (1972).

Rupelian

Nannoplankton assemblages of Rupelian equivalents in zone NP 23 (Sphenolithus pre-
distentus zone) and in the lower part of zone NP 24 (Sphenolithus distentus zone) show
a decline in species in the lower part with a tendancy to mass-occurrences of Reticulo-
fenestra ornata, which have been found it zone NP 23 in Bavaria, Austria and Rumania
(MARTINI & LEBENZON 1971). Information on zone NP 24 is somewhat poor as spheno-
liths are generally rare or absent, but the Kiscell Clay (Kleinzeller Ton) of Hungary
belongs in zone NP 24 as indicated by the presence of Helicosphaera recta, Sphenolithus
distentus and Coccolithus abisectus (CrcHa, HaGN & MARTINT 1971 and BALp1-BekE
1975) (Tab. 1, part I).

The rich foraminifera fauna of zone P 19 disappears within the Rupelian. In general
only small planktonic species survive, indicating a distinct similarity to Northern
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European faunal assemblages. Common species are: Globigerina praebulloides, Globo-
rotalia munda and Catapsydrax unicavus, accompanied by Globigerina angiporoides,
Globorotalia nana and Catapsydrax dissimilis. Globorotalia opima opima has been
reported only in the Pouzdrany unit in the Western Carpathians and from central
Hungary (Cicua, HacN & MarTINI 1971; KENAWY 1968; RéeL 1975) (Tab. 1, part I).
The benthonic populations of the Rupelian yielded Uvigerina bantkeni, U. farinosa and
the first specimens of U. cf. gallowayi. In the Southern Alpine Molasse (Italy) however
the faunal composition is somewhat different yielding U. eocaena, U. havanensis, U. rus-
tica and also U. cf. gallowayi, but lacking U. hantken: (R6eL, Crra, MLLer & HocHuLl
1975). The arenaceous species Cyclammina acutidorsata and C. rotundidorsata are
common, but ranging up into the Miocene (CicHA & ZAPLETALOVA 1963; Cicua, CHME-
LK, PIcHA & STRANIK 1964). Again a number of biostratigraphically useful Bolivinas
are noticed (LINDENBERG 1964; HOFMANN 1967): Bolivina beyrichi bituminosa, B. koes-
senensis and B. rhomboidalis are restricted to the early and middle Oligocene.

Some Rupelian mollusk faunas are mentioned by Hacn & HorzL (1952) and later
by Horzr (1962) from Upper Bavaria, from the Kiscell clay in Hungary by Noszky
(1939, 1940) and from Rumania by Meszaros & Marosr (1957), Morsescu (1972) and
Rusu (1972).

Egerian

The Egerian stage was proposed as a chronostratigraphic unit of late Oligocene/early
Miocene age. The definition and extensive documentation and further literature concern-
ing this stage can be found in BaLp1 (1966, 1973), BaLpr & Senes (1975), Cicua &
SENEs (1968), HorzL (1962), Pare et al. (1968), Suraru (1970), SenEs et al. (1970) and
STEININGER (1969, 1975). The stage name was derived from the town of Eger in northern
Hungary, where the stratotype section is exposed in the “Wind”-brickyard. Formerly
used stratigraphic terms for Egerian within the Central Paratethys: “Chatt”, “Aquitan”,
“Chatt/Aquitan”, “Oberes Stampien”, “Oberoligozin” etc.

Within the Egerian most known nannoplankton assemblages are too poor to place
them in a certain zone within the interval NP 24 (Sphenolithus distentus zone) to NN 1
(Triquetrorbabdulus carinatus zone), but the presence of Zygrbablithus bijugatus and
Dictyococcites dictyodus indicates that most samples from Moravia (wells at Pausram,
Lubnd, Buéovice and Kyjov) belong to zone NP 24/25. A few samples can be placed
definitely in zone NP 25 (Sphenolithus ciperoensis zone), as the assemblage contains
Discolithina enormis (Pectunculus-sands of Hungary, Wallern Parzham No. 21, Unter
Rudling, Ebelsberg near Linz — all Upper Austria, and the so-called “Lower Aquitanian”
of the subalpine molasse at Wildenwart south of Prien). BALDI-BEkE (1975) reported the
occurrence of Triguetrorbabdulus carinatus and Sphenolithus delphix in the Egerian of
Hungary, indicating that part of the Egerian belongs to zone NN 1 (zone NN 1 was
also indicated for a sample higher up in the section of Wallern/Parzham) (pers. comm.
C. MULLER to F. STEININGER). In Rumania the Fusaru-Formation (Fusaru-Serie) and the
Zimbor-Formation (Zimborer Schichten) belong to the combined zones NP 24/25 accord-
ing to MARTINI & LEBENZON 1971 and M#szaros et al. 1975 (Tab. 1, part I).
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In the Egerian several localities containing silicoflagellates are known in Upper
Austria (Wallern, Breitenaich, Weghof, Oberndorf), and were studied in detail especially
by BACHMANN (1970). The assemblages are dominated by Corbisema flexuosa and varie-
ties of Dictyocha crux. Other forms present are Mesocena apiculata, Dictyocha canno-
piloides and Cannopilus schultzi. Of special interest is the fairly common occurrence of
Naviculopsis lata indicating the presence of the Naviculopsis lata zone in the Egerian
(Tab. 1, part I).

The foraminifera fauna is more diverse only in the upper part of the Egerian and is
dominated, as in the Rupelian, by benthonic forms. The Rupelian/Egerian boundary
cannot be drawn by planktonic forms, it is defined by the first appearance of Cancris
turgidus in the Alpine foredeep of Upper Austria. The most diverse faunas are known
from the Western Carpathians and from Hungary. The most common species are Globi-
gerina praebulloides, G. obesa, G. globularis, G. ciperoensis ciperoensis, Globorotalia
opima nana, G. permicra, Globorotaloides suteri, Catapsydrax dissimilis and Cassigeri-
nella boudecensis. Scarce are Globigerina ciperoensis angulisuturalis, G. veneznelana,
Globoguadrina baroemoenensis and G. globularis. In the upper part of the Egerian Glo-
bigerinoides primordius, Globorotalia psendocontinuosa and G. semivera are found more
frequently (Cicua, HaoN & MARTINI 1971; KENAWY 1968; R6GL 1975) (Tab. 1, part I).

The first occurrence of Globigerinoides primordius was found to be worthless as an
index to define the Oligocene/Miocene boundary. It is found in Trinidad and Venezuela
within the Globigerinoides ciperoensis ciperoensis zone (pers. investigations F. R6GL), in
the Western Carpathians even together with Globorotalia opima opima (Cicna & al.
1971) and in the Molasse basin of Upper Austria in the nannoplankton zone NN 1
(F.R6GL & C. MULLER, unpublished). The first Globigerinoides primordius occur together
with Miogypsina tani in the Aquitaine (ANGLADA 1971a; JENKINS 1966) — the Aqui-
tanian stage as defined in the Bordeaux area. In the Carry-le-Rouet section (ANGLADA
1971b) in levels above the first occurrence of M. bantamensis and M. gunteri, whereas
in the Piedmont basin (Italy), Globigerinoides primordius appears together with the first
M. gunteri (Nicora 1971). With these uncertainties in connection with the unknown
upper boundary of the Chattian, the Oligocene/Miocene boundary can be expected to
fall into the upper part of the Egerian.

Species of the genus Miogypsina are of special importance for the correlation of the
Egerian with areas outside the Paratethys. Miogypsina (M.) complanata occurs in the
lowermost Egerian of the foredeep in Upper Austria (KiippER 1966), M. (M.) septentrio-
nalis in Eger and Novaj, Hungary (BALDI & al., 1961) and M. (Miogypsinoides) formo-
sensis in Plesching, Upper Austria (R6GL & STEININGER 1970) and in Zagorje, Yugo-
slavia (Parp 1954). M. septentrionalis and M. formosensis have nearly the same time
range and give a correlation to the type Chattian at the Doberg (Germany). In Bretka,
in the intramontane Slovakian basin (Czechoslovakia) M. (M.) gunteri (Parp 1960)
defines the upper parts of the Egerian, thereby correlating with the lower Aquitanian in
France (Tab. 1, part I).

The fauna of larger foraminifera with Miogypsina (M.) septentrionalis and M. (Mio-
gypsinoides) formosensis is accompanied by Heterostegina sp., Operculina complanata,
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Lepidocyclina (Eulepidina) dilatata and L. (Nephrolepidina) morgani (Parp, in BALDI &
SeNes 1975). This population of larger foraminifera occurs in a widespread horizon
within the Paratethys, from Southern Slovakia to Hungary and Slovenia, and can be
compared with similar horizons in the Mediterranean (LoreNz 1972; Nicora 1971).

Within the smaller foraminifera again the uvigerinas are important. The U. cf. gallo-
wayi-group was subdivided by Paep (Parp, in BaLpr & Senes 1975). The evolutionary
lingeage from U. hantkeni, in the Rupelian to U. posthantkeni, in the Eggenburgian, was
divided into some new species and subspecies. Bolivina beyrichi carinata, B. crenulata
crenulata, B. elongata, B. liebusi, B. reticulata and B. versatilis versatilis are characteristic
for the late Rupelian and Egerian (Hormann 1967). A good Egerian marker, also for
longer distance correlations outside of the Paratethys area is Almaena osnabrugensis. A
compilation on the variety and occurrences of Egerian benthonic populations is given in
Bavrpr & SenEs (1975).

The most diverse Egerian mollusk faunas (BaLpr & Senes 1975) are known from
Bavaria (Thalberg-fauna — Horzr 1952), Upper Austria (Plesching-fauna, near Linz),
southern Slovakia (Kovacov-fauna), northern Hungary (Eger) and Rumania (Buzas/
Zimbor — S. Mihaé/Almas).

The Upper Austrian and Hungarian faunas are associated with Miogypsina (M.) for-
mosensis, M. septentrionalis and nannoplankton associations of the zones NP 24 / NP 25.
This was pointed out also by MArRTINI & LEBENZON (1971) and Meszaros & al. (1975)
for the Zimbor beds in Rumania. Characteristic is the first or last occurrence and/or
the total range (Tab. 1, part II) of some of the following most frequent taxa: Chlamys
decussata, Chl. incomparabilis, Chl. hertlei, Chl. csepreghy-meznericsae, Chl. northamp-
toni, Flabellipecten burdigalensis, Fl. carryensis, Mytilus aquitanicus, Cardium beeri, C.
egerense, Pitar beyrichi, Glycymeris latiradiata, Turritella beyrichi, T. venus, Protoma
cathedralis, Aporrhais callosa and Rostellaria dentata.

The most characteristic feature of Egerian mollusk faunas is their composition of
“Oligocene” and “Miocene” taxa, the later prevailing towards the upper part of the
stage. The mollusk fauna, especially the pectinid fauna, correlates well with the type
Chattian in northern Germany. Flabellipecten carryensis occurs together with Miogyp-
sina gunteri and is known only from uppermost Egerian levels at Bretka and ties in
with the Aquitanian neostratotype section at Carry-le-Rouet (CaTzIiGRAS & al. 1972).

The large mammal fauna (RABEDER 1975 and RABEDER & STEININGER 1975) known
from the “Linzer Sande” in Upper Austria (Tab. 1, part II) is associated with Miogyp-
sina (M.) formosensis and the typical “Plesching”-mollusk fauna. In terms of the Euro-
pean mammalian local fauna stratigraphic concept this large mammal fauna of Linz can
be correlated approximately with local faunas like that of Corderet. As far as the
marine vertebrate fauna of the Egerian is concerned, the selachian fauna demonstrates
an Oligocene/Miocene transitional character; the occurrence of the genus Halitherium is
remarkable.

The area covered by the Egerian sea is shown in Fig. 2 (Egerian & Eggenburgian).
According to the faunal development of the early Egerian we have to assume an active
connection throughout the western parts of the Alpine foredeep with the Mediterranean
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Fig. 2. Paleogeographic setting of: Egerian and Eggenburgian;
nangian and early Karpatian (partly after Senes & Cicua 1973). Explanation: diagonal hatching
— areas covered by marine sediments; Rz - Rzehakia = “Oncophora”-sea; <~ = seaway open;
[« = seaway closed; Be - Beograd, Br - Bratislava, Bd - Budapest, L - Lvov, M - Munich, P-Praha,

V- Vienna, Z - Zagreb. Ca. B. - Caspian Basin, Da. B. - Dacian Basin, Eu. B. - Euxinian Basin,
Pa.B. - Pannonian Basin.

early Ottnangian and late Ott-
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and the Northern Bioprovinces. This western seaway ceased in the late Egerian. On the
other hand there was an open seaway to the Mediterranean area across the Dinarides
and an active faunal exchange with the Eastern Paratethys.

Throughout the whole Central Paratethys the Egerian grades out of the middle
Oligocene (Rupelian) without a detactable unconformity (BRaumiLLER 1961). The upper
parts of the Egerian in Bavaria, in Northern Hungary and in the foredeep of Rumania
are characterized by a rcgressive phase with shallow littoral conditions and changing
salinity (e.g. “Cyrenen-Schichten”, “Flozmolasse”, HoLzL 1962; BALDI 1973; SENES & al.
1970; SEnes & MARINESCU 1974).

Eggenburgian

The Eggenburgian stage was proposed as a chronostratigraphic unit of lower early Mio-
cene age. The definition, an extensive documentation and further literature concerning
this stage can be found in STEININGER & SENEs (1971), STEININGER (1975b). The stage
name was derived from the town of Eggenburg in Lower Austria, where the unit strato-
type section and several boundary- and hypostratotype sections are exposed in the near
surroundings.

Formerly used stratigraphic terms for Eggenburgian within the Central Paratethys:
“Burdigal”, “Unter-Miozin”, “I. Mediterranstufe” etc.

Nannoplankton assemblages from the Eggenburgian in Austria are generally poor in
diagnostic species, but contain early forms of Helicosphaera carteri in several samples
and in the higher part Helicosphaera ampliaperta, indicating the interval from the
uppermost zone NN 1 to probably zone NN 3 (Sphenolithus belemnos zone). A sample
from the Ortenburg marine sands (Maierhof) contains good specimens of Helicosphaera
carteri and therefore is not older than the upper part of zone NN 2 (Discoaster druggi
zone). Samples from the Krosno-Formation (Krosno-Schichten) in Rumania in addition
contain Sphenolithus belemnos, which occurs in the higher part of zone NN 2 and in
zone NN 3 (MarTini & LeBenzon 1971) (Tab. 1, part I).

In the Eggenburgian two localities at Ernstbrunn, Lower Austria (claypit and “Trafo-
station”) contain silicoflagellates studied by BacHMaNN (1971). The assemblages of these
localities are slightly different, inasmuch as the assemblage from the trafostation is rich
in Corbisema flexnosa, which was not reported from the claypit, whereas the claypit
material yielded common Mesocena elliptica. Naviculopsis navicula and Naviculopsis
iberica are present at both localities. In addition Naviculopsis quadratum occurs in the
claypit material. Both assemblages belong into the Naviculopsis navicula zone (Tab. 1,
part I). |

The planktonic foraminifera fauna of the Eggenburgian is very poor in diagnostic
species. All over the Paratethys small specimens of Globigerina praebulloides, G. angusti-
umbilicata, G. cf. ciperoensis, G. bollii lentiana, G. dubia and Cassigerinella boudecensis
are dominant. The lower boundary of this stage coincides with the appearance of Globi-
gerinoides trilobus which is as rare as Globorotalia siakensis and Globoquadrina ssp. in
the Paratethys area (Cicua, HaeN & MArTINI 1971; ROcL 1975) (Tab. 1, part I).

The fauna of benthonic foraminifera is well developed. Uwigerina posthantkeni, U.



dium subcarinatum, E. ortenburgense, E. felsense and Cribrononion cryptostomum are
restricted to the Eggenburgian (Papp 1963).

Miogypsina intermedia mentioned from the Haller Schlier in Upper Austria (Parp
1960) occurs in a stratigraphic position not in agreement with the time range of the
Eggenburgian. In the Mediterranean M. intermed;, is reported from the later Burdigalian
(about N7 or NN 3 pp. — NN 4),

The base of the Eggenburgian stage is defined by a most distinctive and diverse mol-
lusk fauna, widespread throughout the whole Central- and Eastern Paratethys (=Tscher-
nobaevka-Fm. and Sakaraulian stage). The best mollusk faunas (STEININGER & SENES

hof) (Hoérzr 1958, 1973), from the surroundings of Eggenburg in Lower Austria, the
surroundings of Budapest and the Corus- and Chechis-beds (SurarRU 1967, 1968) in
Rumania. ’
Characteristic and most frequent taxa are (Tab. 1, part II): Pecten psendobendants,
Chlamys gigas, Chl. opercularis, Chl. varia, Anadara fichteli, Glycymeris fichteli, Laevi-
cardium kiibecki, Pitar lilacinoides, Arctica girondica, Crassostreq gingensis, Cr. crassis-

eryna s. L., T. vermicularis, T. turris. In the upper part we find in addition to the men-
tioned forms the following taxa: Pecten hornensis, P, beudanti, Chlamys palmata cres-
tensis, Chl. holgeri, Chl. scabrella, Chl. praescabriuscula, Hinnites brusson; etc.

The most remarkable fact js the explosive and diverse occurrence of abundant “giant”

evolution of turritellids (MacsoTAY 1971; Macsotay & SCHERER 1972) and in Cali-
fornia in the upper Zemorrian to lowermost Saucesian — “Vaqueros” — mollusk-stage
(AppicorT 1970, 1972, 1974; Banpy 197 1, BANDY & ARNAL 1969).

GER & SENES 1971; DowNING 1972). In contrast to the Egerian selachian fauna, the
Eggenburgian fauna is characterized by typical worldwide Miocene species (e.g. Carcha-
rodon m. megalodon, C. m. chubutensis, Isurus desori; etc.).

Together with the characteristic Eggenburgian mollusk faunas the first remains of
Brachyodus onoideus are frequently reported (DaxnNer-HOck 1971; RaBeper & STEI-
NINGER 1975) (Tab. 1, part II).
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This first appearance of Brachyodus onoideus together with Anchitherium is noted in
terms of the Furopean mammalian local fauna stratigraphic concept in faunas like Chi-
tenay, Wintershof-West and Estrepouy.

The area covered by the Eggenburgian sea was nearly the same as in the Egerian —
Fig. 2 (Egerian & Eggenburgian). The active seaway to the West was still closed in early
Eggenburgian time. An active connection must be assumed primarily towards the South-
east to the Mediterranean area in the South.

An unconformity is noted below the Eggenburgian stage nearly throughout the whole
Paratethys and it lies transgressively upon the Egerian; only within the central parts of
the Intracarpatian basin in Hungary and the Transsylvanian basin in Rumania the
Eggenburgian might grade out conformably of the Egerian (SENEs & MARINEsCU 1974).

Ottnangian

The Ottnangian stage was proposed as a chronostratigraphic unit of late early Miocene
age. The definition, an extensive documentation and further literature concerning this
stage can be found in Parp, RoGL & Senes (1973) and RocL (1975b). The stage name
was derived from the village of Ottnang in Upper Austria, where the unitstratotype
section is exposed.

Formerly used stratigraphic terms for Ottnangian within the Central Paratethys:
“Ober-Burdigal”, “Helvet”, “Unter-Helvet”, “I. Mediterranstufe” pp.

Calcareous nannoplankton assemblages from the type Ottnangian and equivalent
strata in Austria show a low diversity in species, but contain good specimens of Helico-
sphaera carteri and Helicosphaera ampliaperta (CicHa, HaoN & MarTing 1971; Mar-
TINT & MULLER 1975). As Sphenolithus belemnos which is poorly known in the Para-
tethys, has not yet been found in Ottnangian samples, zone NN 3 pp (Sphenolithus
belemnos zone) and/or NN 4 (Helicosphaera ampliaperta zone) may be present (Tab. 1,
part I). The silicoflagellate assemblage at Ottnang does not contain representatives of
the genus Naviculopsis, which has its last occurrences in zone NN 3, indicating that a
correlation with zone NN 4 seems more realistic.

~ Silicoflagellates from the type Ottnangian are described by BACHMANN (1973) and

extensive lists of synonyma for species found were presented. Most of these species or
forms are also present in samples from Limberg (STRADNER 1961) and Oberdiirnbach,
Lower Austria (MARTINI & MULLER 1975). The assemblages are dominated by short-
spined forms of Dictyocha crux (D. crux parva in BACHMANN), outnumbering by far all
other species. Corbisema flexuosa is very rare at Ottnang and representatives of the
genus Naviculopsis are not present in the stratotypes as well as in equivalent strata, but
were reported from the underlying Eggenburgian (Tab. 1, part I). Therefore the silico-
flagellate assemblages belong to a zone above the Naviculopsis navicula zone and seem
to represent the lower part of the Dictyodha triacantha zone in a local assemblage.

The planktonic foraminifera fauna contains no species useful in the sense of the
planktonic foraminifera zones. The faunal composition is more or less the. same as
recorded from the Eggenburgian with one dominant form: Globigerina ciperoensis ott-
nangiensis,
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Other common forms are: Globigerina bollii lentiana, G. angustinmbilicata, Cassigeri-
nella boudecensis and C. globulosa; scarce occurrences of Globigerinoides trilobus, Glo-
boguadrina langhiana, Globorotalia acrostoma and Catapsydrax ex gr. unicavus are
mentioned (R6GL 1969; Cicha & al. in Parp, RGGL & SENES 1973). The later authors
give a compilation of planktonic and benthonic species from the Ottnangian of the Cen-
tral Paratethys; characteristic benthonic species are Bolivina scitula, Caucasina aff.
schischkinskayae, C. cylindrica, Lenticulinag ex gr. melvilli, Semivulvulina pectinata, Sig-
moilopsis ottnangensis, Stilostomella ottnangensis. After HorMANN (1967) Bolivina
matejkai, B. cf. scalprata miocenica and B. scitula. A fair number of dominant species of
the Eggenburgian are lacking in the Ottnangian: e.g.: Cyclammina praecancellata, C.
rotundidorsata, Bulimina arndti, Uvigerina posthantkeni, U. parviformis. On the other
hand the Uvigerinas: Uvigerina cf. acuminata, U. bononiensis primiformis and U. par-
keri breviformis have their first occurrence in the Ottnangian.

The richest mollusk faunas known so far come from Upper- and Lower Bavaria and
Upper Austria on the one hand and from Rumania on the other. Still not quite solved
is the stratigraphic and bioprovincial position of the Bantapuszta formation mollusk
fauna in Hungary (K6xay 1973). While the Bavarian, Austrian and Czechoslovakian
marine faunas seem to have had a closer connection with the western foredeep, and the
Rumanian probably with the Eastern Paratethys, the Bantapuszta faunal elements must
be traced from the Mediterranean region.

In general the marine mollusk fauna can be derived from the Eggenburgian fauna
(STEININGER & al. 1973); the described associations represent two different environ-
ments: infra- to circalittoral sandy environments and circalittoral to (upper) bathyal,
so-called “Schlier”, environments.

Some of the biostratigraphically important species listed are: Flabellipecten bhermann-
sent, Pecten fotensis, P. subbenedictus, P. helvetiensis, Chlamys tournali, Chl. albina, Chl.
malvinae, Pitar islandicoides, Megacardita jouanetti, Turritella spirata, T.doublieri
(Tab. 1, part II).

Taking into account this characteristic mollusk fauna it was demonstrated that the
lower marine part of the type section of the Helvetian at Imihubel near Bern, Switzer-
land is correlative with the lower Ottnangian (Parp & STEININGER 1973).

Within the upper Ottnangian a marginal regressive brackish to freshwater facies is
widespread in the foredeep of the Central Paratethys and the Eastern Paratethys
(= Kozachurian stage). Most characteristic is a mollusk association made up of Rzehakia
socialis, Limnopagetia and Congeria.

The mammal-bearing calcareous sands of Orechov in Moravia (CicHa, FaHLBUSCH &
FEJFAR 1972) (Tab. 1, part II) are directly overlain by Rzehakia-beds. According to the
European mammalian local fauna stratigraphic concept this fauna corresponds to the
local faunas of La Romieu-Vieux Collonges.

During the late Eggenburgian — early Ottnangian — Fig. 2 (early Ottnangian) the
western seaway across the Alpine foredeep into the Rhone valley and the Mediterranean
area must have been reactivated, whereas a connection between the western and eastern
parts of the Central Paratethys is questionable. The seaway to the Mediterranean in the
South seems to be closed. A regressive phase in late Ottnangian time — Fig. 2 (late Ott-
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nangian & early Karpatian) brings the so-called Rzehakia — “Oncophora” — sea into
existence. The connection with western Alpine foredeep and the Rhone valley was inter-
rupted and the western Paratethys started to dry up.

The Ottnangian follows without any traceable unconformity above the Eggenburgian
throughout the whole Central Paratethys. With the upper Ottnangian the marine sedi-
mentation ends within the Western Alpine foredeep (SENEs et al. 1970). Egerian, Eggen-
burgian and Ottnangian make up the so-called “Eoparatethys” according to SENEs &
Marinescu (1974).

Karpatian

The Karpatian stage was proposed as a chronostratigraphic unit of latest early Miocene
age. The definition, an extensive documentation and further literature concerning this
stage can be found in Crcua, SENEs & TejkAL (1967) and CicHA, SENES & STEININGER
(1975). The stage name was derived from the Carpathian foredeep, where the unitstrato-
type is located in the brickyard of the town Slup in Czechoslovakia.

Formerly used stratigraphic terms for Karpatian within the Central Paratethys:
“Oberhelvet”, “Untertorton”, “Torton”, “Vindobon pp.”, “II. Mediterranstufe”.

Nannoplankton samples from the Karpatian in Austria (Laa a.d. Thaya, Retznei —
underlying “Steirischer Schlier”) as well as from a well in Moravia (Rataje 1) contain
Helicosphaera ampliaperta and Reticulofenestra pseudoumbilica among others. A sample
from the claypit at Wagna (Styria) on the other hand lacks H. ampliaperta, but contains
Sphenolithus heteromorphus, good specimens of which are not present in the earlier
samples (MARTINI & MULLER 1975) (Tab. 1, part I). On the basis of these assemblages
the Karpatian belongs in the upper part of zone NN 4 and the lower part of zone NN 5
(Sphenolithus heteromorphus zone). It is interesting to note that Sphenolithus betero-
morphus seems to invade the Paratethys in late Karpatian time, despite the fact that in
the open oceans it has a concurrent range with Helicosphaera ampliaperta in the whole
zone NN 4.

Information on Karpatian silicoflagellate assemblages is rather poor. BACHMANN &
Parp (1968) reported the presence of common Dictyocha mutabilis and Mesocena ellip-
tica and rare specimens of representatives of the genus Cannopilus from Altruppersdorf,
Lower Austria. This and some other localities mentioned in BacHMANN (1970) need
detailed study and documentation. As these localities belong to strata intermediate be-
tween the Ottnangian (Ottnang) and lower Badenian (Frittingsdorf), the later certainly
belongs to the Dictyocha triacantha zone; therefore the Karpatian must be placed in the
Dictyocha triacantha zone.

The number of planktonic foraminifera increases within the Karpatian. In the lower
part of the stage they are still similar to the Ottnangian: Globigerina praebulloides, G.
cf. concinna, G. obesa, together with Globigerinoides trilobus, Hastigerinella clavacella
and Cassigerinella boudecensis are common. In the upper part of the stage the faunal
composition is more related to the Badenian stage. New forms like Globigerinoides
sicanus, G. subsacculifer, Globorotalia acrostoma, G. bykovae and Globoguadrina debis-
cens have their first occurrence.
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Fig. 3. Paleogeographic setting of: Karpatian and Badenian; Sarmatian and Pannonian —
Rumanian = Upper Bessarabian — Akschagylian (partly. after Senes & Cicua 1973). Explanation
see Fig. 2.



188 Frrrz STEININGER, FRED ROGL and ERLEND MARTINI

The boundary between the Ottnangian and the Karpatian is defined by the first
occurrence of Uvigerina graciliformis (Parp, STEININGER & R6cL 1971) (Tab. 1, part I).
It is accompanied by U. cf. acuminata, U. bononiensis primiformis, U. parkeri brevifor-
mis, U. semiornata and U. “uniserialis” (Parp & TUurRNOVSKY 1953; Parp 1963, 1966).

Restricted to the Karpatian are Reticulophragmium carpaticum, Schenckiella aff.
primaeva, Planularia inflata, Amphimorphina miocenica, Cibicides slovenicus, C. vortex
etc. (CicHa & ZaPLETALOVA in CICHA, SENES & TEJRAL 1967).

The most diverse Karpatian mollusk faunas are known from the northeastern fore-
deep in Austria and Czechoslovakia and are characterized by close relations to the
Badenian mollusk faunas. Some of the diagnostic and most common species are: Pecten
revolutus, Chlamys latissima nodosiformis, Chl. kautskyi, Chl. gentoni, Chl. fasciculata,
Amussium felsineum, Turritella bicarinata, T. erronea, T. badensis, T. eryna, Dorsanum
echinatum, Hinia edlaneri, Ocinebrina orientalis, O. striata, Pirenella bicincta turrito-
gracilis (Tab. 1, part II).

The so-called Styrian “Hyotherium-fauna” (MoTTL 1970), known from coal-bearing
beds with tuffaceous horizons in Eibiswald, Vorderndorf, Wies, Zangtal and Kéflach,
can be traced into the marine sequence of the Styrian basin by the tuffaceous horizons
(KoLLMANN 1965). These marine sequences containing the tuffaceous horizons represent
the lower part of the Karpatian “Schlier”-formation in Styria, which contains in its
upper part the first Globigerinoides sicanus (RABEDER & STEININGER 1975) (Tab. 1, part
II). According to MottL (1970) the mammal faunas of Leoben and Fohnsdorf can be
correlated with the Eibiswald-Wies-Koflach faunas. In terms of the European mam-
malian local fauna stratigraphic concept these Eibiswald-Leoben faunal complexes cor-
relate approximately with the local faunas of Las Planas IV B and Pont Levoy.

We might assume that in late Ottnangian & early Karpatian time — Fig. 2 — a new
seaway from the Mediterranean toward the Central Paratethys came into existence in
the South. This gave rise to the expansion of the Karpatian and Badenian sea — Fig. 3
(Karpatian & Badenian) within the Central Paratethys area; characterized further by
rapid subsidence of intramontane basins (Figs. 1, 2, 3).

The marine Karpatian is known throughout the whole Paratethys as a transgressive
sequence, reaching to the west only as far as to the northeastern part of the Alpine-
Carpathian foredeep in Austria. According to its marine faunas, its geodynamic evolu-
tion it must have had close connections with the Mediterranean bioprovince (SENEs &
al. 1970, SENEs & MARINESCU 1974).

Badenian

The Badenian stage was proposed as a chronostratigraphic unit of middle Miocene age.
The definition and further literature concerning this stage can be found in Cicua, Parp,
SENES & STEININGER (1975). The stage name was derived from the town of Baden in
Lower Austria where the unitstratotype and several boundary- and hypostratotypes are
exposed in the close surroundings.

Formerly used stratigraphic terms for Badenian within the Central Paratethys: “Tor-
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In the lower Badenian (the Lagenid-zone at: Frittingsdorf and Sooss in Austria and
the Dej-Formation at Hoja in Rumania) Sphenolithus heteromorphus is still present
together with rare Discoaster exilis and Cyclococcolithus rotula, indicating the presence
of nannoplankton zone NN 5 (Cicua, Hacn & MarTiNt 1971 and MarTIiNT & Mor-
SESCU 1974). The range of Discoaster musicus, which occurs at Breznita (Rumania) and
is very rare at Frittingsdorf and which may represent a local species, is still incompletely
known and cannot be taken as a marker species yet. In the upper Badenian (Walbers-
dorf in Austria and Valea Morilor in Rumania) the calcareous nannoplankton lack
index-species commonly used in the open oceans and correlations become less reliable. In
a recent investigation MULLER (1974) places samples from Walbersdorf tentatively in
zone NN 7 (Discoaster kugleri zone) and NN 8 (Catinaster coalitus zone) on the basis
of the presence of Triguetrorbabdulus rugosus, Rhabdosphaera poculi and Helicosphaera
walbersdorfensis and their occurrence elsewhere (Tab. 1, part I).

Silicoflagellates from the lower Badenian were reported by BACHMANN from a few
localities in Lower Austria, including the better known locality of Frittingsdorf. The
assemblages are dominated by Dictyocha crux and Mesocena elliptica. Also fairly
common are species of the genus Cannopilus and specimens of Dictyocha ausonia and
Dictyocha rhombica. Mesocena apiculata is still present but rare. The occurrence of
Dictyocha triacantba indicates the presence of the Dictyocha triacantha zone in the
lower part of the Badenian (Tab. 1, part I). The upper Badenian silicoflagellate assem-
blages are dominated by representatives of the Dictyocha crux-group (D. crux, D. crux
longispina, D. schaninslandi). Other forms like Dictyocha speculum, D. cannopiloides
and Mesocena polyactis, which seem to be restricted to the upper Badenian-Sarmatian
interval, are rare, and Dictyocha triacantha is missing. These assemblages are known
from Walbersdorf, Austria (BacumaNN 1971) and from the Intracarpathian basin in
Rumania, and seem to represent a local development of the Dictyocha rhombica zone
(Tab. 1, part I).

The lower boundary of the Badenian stage is defined by the first occurrence of Prae-
orbulina. Planktonic foraminifera are well developed, with increasing frequencies of
Globigerinoides, Globorotalia and Globoguadrina. Missing are the most important Glo-
borotalia of the G. fobsi-lineage, which are restricted to the tropical-subtropical area.
Common are Globorotalia siakensis, G. acrostoma, and the endemic species G. bykovae
and G. transsylvanica. The occurrence of Globorotalia peripheroronda and periphero-
acuta is described from Slovakia and Rumania. In the upper part of the Badenian the
evolution of Globigerina decoraperta and G. druryi group is significant. G. druryi is
highly developed and resembles G. “pseudonepenthes” of the Mediterranean region. For
this reason G. nepenthes has sometimes been mentioned from the Paratethys. The cor-
relation to N 13 at the end of marine sedimentation in this area is indicated by these
species. The new planktonic genus Velapertina, connected with the Orbulina lineage,
will be of further stratigraphic value in the later Badenian. This form is also known
from the Mediterranean but not documented in its range (I. PREMOLI SiLvA, pers. comm.)
(Tab. 1, part I).

Within the Vienna Basin and the Central Paratethys the stratigraphical subdivision
of the Badenian and Sarmatian can be based on the ecologic changes of the benthonic
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foraminifera fauna (GriLL 1941, 1943; Pare & TurNOVsky 1953). Within the Badenian
this subdivision is supported by the two Uvigerina lineages ranging from triserial to
biserial forms (Papr & TurNovsky 1953; Papp 1963, 1966; Parr & Scumip 1971). The
first costate group is represented by Uvigerina macrocarinata, U. grilli, U. venusta ve-
nusta and U. venusta liesingensis arranged according to their stratigraphic appearance
(see Tab. 1, part I); a slightly costate to smooth test is developed in the U. semiornata
semiornata, U. semiornata wrnula, U. semiornata brunnensis and U. semiornata karreri
lineage. Heterostegina were also known to be useful for biostratigraphy within the
Badenian (Parp & KiiprER 1954).

A correlation of the mentioned ecologic zonation to the standard plankton zones is
somewhat difficult. The so-called early Lagenid-zone corresponds to N 8 pp. — the
Praeorbulina glomoerosa zone; the late Lagenid-zone begins with Orbulina suturalis and
corresponds therefore to N'9 and ranges into N 10, by correlation over nannoplankton
determinations of NN 5. The zone with arenaceous foraminifera falls within NN 5 and
NN 7, and therefore might be correlated to the foraminifera zones N 11 — N 12 pp. The
Bulimina-Bolivina-zone and the zone with an impoverished fauna can be correlated
with the nannoplankton zones NN 7 to NN 8 pp. This corresponds to N 12 pp. — N 13,
as it is shown by the first occurrence of Globigerina druryi, which characterizes N 13.

The Badenian stage mollusk fauna is, besides the Eggenburgian fauna, the most
characteristic widespread and diverse fauna known in the Central Paratethys. Some of
the most diagnostic taxa are: Flabellipecten besseri, F. lejthayanus, F. kobeni, Chlamys
solarium, Chl. elegans, Chl. seniensis, Chl. scissa, Chl. elini, Chl. spinulosa, Pecten adun-
cus, Amussium cristatum badense, Venus basteroti, Trinoclea marginata, Megacardita
jonanneti leviplana, Ostrea digitalina, Pycnodonta leopolitana, P.squarrosa, P. pede-
montana, Turritella parischi, T. subangulata s. 1., T. tricincta, T. archimedes dertoniator,
T. hoernesi, T. biplicata, Ocinebrina credneri, Diloma orientalis (Tab. 1, part II).

This mollusk fauna marks a world-wide northward shift of a warm water regime
within the range of the Praeorbulina-Orbulina datum level, which is known too from
the Langhian and lower Serravallian stage in the Mediterranean region and is pointed
out by ApprcorT (19702,b) within the uppermost Saucesian/Relizian Stage (“Temblor”-
mollusk-stage — AppicorT 1972) of the Pacific coast Neogene.

An important mammal fauna is known from the fissure fillings I and II of Devinska
Nova Ves (Neudorf a.d. March) near Bratislava (Tuentus 1959; CicHa, FAHLBUSCH &
FeJrar 1972) (Tab. 1, part II), which correlates in terms of the European mammalian
local fauna stratigraphic concept approximately with local faunas like Sansan. These
fissure fillings are overlain by marine sediments of middle Badenian age (zone with
arenaceous foraminifera), which correlate to the plankton zone N 11 / N 12 pp. Because
of paleogeographic reasons and the evolutionary level of the mammalian fauna recovered
in the fissures, this fauna must be correlated to the upper Karpatian/lower Badenian.

Out of marine middle Badenian sediments from the so-called “sand-hill” locality in
Devinska Nova Ves (Neudorf a.d. March-Sandberg) (Tab. 1, part IT) a typical “Cono-
hyus”-Fauna with the first appearance of Dryopithecus, Heteroprox, Listriodon and
Tragoceros within the Central Paratethys is known (THentus 1952, 1959). This fauna
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can be correlated approximately with the plankton zones N 11/ N 12 pp. (RABEDER &
STEININGER 1975).

During the high standing of the Badenian we find an active seaway to the Mediter-
ranean in the South and to the Eastern Paratethys. In general the sea did not reach the
Alpine foredeep west of the Vienna Basin and it is still questionable if the two arms of
the Carpathian foredeep had an active connection. The progressive movements and up-
lifts of the Alps and Carpathians, the Dinarides and the Balcan mountain chains during
upper, middle and late Miocene subsequently cut off the marine seaways of the Para-
tethys from the open oceanic realms and is followed, from west to east, by a progress-
ively advancing regressive phase of sedimentation.

Within the southern and eastern areas as well as in the central parts of the basins of
the Central Paratethys the Badenian stage follows without any traceable unconformity
above Karpatian sediments. Otherwise especially the lower and middle Badenian covers
transgressively much larger areas than the Karpatian (Senes & Cicua 1973). The marine
sedimentation ends within the Central Paratethys in the upper Badenian. Karpatian and
Badenian make up the so-called “Mesoparatethys” according to SENES & MARINESCU
(1974).

Sarmatian — Pannonian — Pontian

The Sarmatian — Pannonian and Pontian stages of the Central Paratethys are charact-
erized by nonmarine endemic invertebrate faunas. A tentative correlation to the marine
“planktonic reference scales” can only be implied by linking mammal faunas.

The Sarmatian s. str. was proposed as a stratigraphic unit in the sensc of a stage by
Suess (1866). In his original paper Sugss also indicated the stratigraphic range of the
Sarmatian s.str., which is used in his sense in the Central Paratethys. Within the Eastern
Paratethys the Sarmatian s.1. has a wider stratigraphic range and is divided into the
Volhynian, Bessarabian and Chersonian substages. Only the Volhynian and the lower
Bessarabian are equivalents of the Sarmatian s.str. in the sense of Sukss. The upper
Bessarabian, Chersonian and Miotian must be correlated to the Pannonian stage of the
Central Paratethys. The definition, an extensive documentation and further literature
concerning the Sarmatian stage s.str. can be found in Papp, MARINESCU & SENES (1974),
Parr & STEININGER (1975) and PArRaAMONOVA (1975).

The calcareous nannoplankton assemblages of the Sarmatian in Austria (Walbersdorf,
wells Laxenburg and Himberg) are dominated by Braarudosphaera bigelowi, as already
noted by STRADNER (1960), and contain otherwise nondiagnostic species like Coccolithus
pelagicus, Helicosphaera carteri, Discolithina multipora and Micrantholithus cf. vesper.
A correlation to the standard nannoplankton zonation is still less reliable than that of
the upper Badenian, but on the range chart (Tab. 1, part I) the Sarmatian assemblages
are placed tentatively in zone NN 9 (Discoaster hamatus zone).

At Walbersdorf upper Badenian and Sarmatian is present at the claypit and adjacent
areas. The area is currently reinvestigated, and it seems that the silicoflagellate assem-
blage from Walbersdorf described by Bacumann (1971) may already belong to the
Sarmatian. In the assemblage of Bacumann’s sample “C” from Walbersdorf aberrant
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forms are fairly common, indicating abnormal conditions. It is the youngest silico-
flagellate assemblage at present known from the Paratethys (Tab. 1, part II).

Within the Sarmatian the endemic development of benthonic foraminifera, ostracods
and mollusks allow a good regional subdivision and correlation of Sarmatian deposits
(GriLL 1941, 1943; Parp 1956; Parp & Senes 1974 in Parp, MARINESCU & SENES 1974).
Elphidiidae, Nonionidae and Miliolidae (Tab. 1 part I) are the last representatives of
foraminifera in the central Paratethys Neogene.

The endemic mollusk fauna of the Sarmatian is characterized by some few strati-
graphically important genera (e.g. Calliostoma, Mobrnsternia, Pirenella, Bittium, Ceri-
thium, Dorsanum, Acteocina, Cerastoderma, Mactra, Ervilia, Congeria and Irus) (Tab. 1,
part II). These genera have a rapid evolution and are useful for a precise regional
correlation within the Central- and with the Eastern Paratethys.

It is essential and significant to point out that vertebrate faunas (e.g. St. Stefan i.L.,
Vienna, Nexing, Sauerbrunn — TreNius 1959; THENIUS & STEININGER 1965) (Tab. 1,
part II) which are embedded in, and well correlatable with, the endemic biostratigraphic
units of the Sarmatian sensu Sugss are all lacking Hipparion. According to the European
mammalian local fauna stratigraphic concept they can be correlated with faunas like
Steinheim and Anwil. D BrunN & MEeuLENkamp (1972) demonstrated in the Mediter-
ranean area that similar faunas are of pre-Tortonian age. )

The transgressive migrational event of the first appearance of Hipparion marks the
lower Pannonian stage (Papp & STEININGER 1975) in the Central Paratethys (THENIUS
1974). The mammal faunas correlate to the faunas of Eppelsheim, Howenegg in Germany
and Can Llobateres (Vallesian stage) in Spain. By the somewhat younger Kastellios-hill
mammal fauna (Greece) described by pE BRuIjN, SONDAAR & ZACHARIASSE (1971) such
faunas might be linked to the plankton scale, approximately with zone N 16.

Sediments with an endemic invertebrate fauna of lower Pontian yielded the rich local
vertebrate faunas of Eichkogel (Daxner-Hock 1970, 1972a, 1972b; Parp 1951; RABEDER
1970, 1973) and Kohfidisch (BacHMAYER & WiLsoN 1970; BacHMAYER & ZAPrE 1969,
1972). These faunas correlate well to the spanish mammal localities of Aspe = Creviel-
Jente 1—3. The spanish section is underlain and intercalates with marine sediments of
late Miocene age (Bizon, Bizon & MONTENAT 1972).

During the Sarmatian — Fig. 3 (Sarmatian) — a huge sea, the isolated remain of the
former marine phase of the Paratethys sea — with rapidly changing salinity came into
existence in the Central- and the Eastern Paratethys.

Within the upper late Miocene and Pliocene — Fig. 3 (Pannonian — Rumanian) — this
intracontinental sea diminished, forming small local basins, which in turn evolved into
the so-called “Caspian” brackish lakes and ended the existence of the Paratethys.

Sarmatian, Pannonian, Pontian, Dacian and Rumanian make up the so-called “Neo-
paratethys” according to SENES & MARINEsCU (1975).

3  Radiometric dates of the Central Paratethys

The “planktonic reference scale” of range Table 1 (part I and II) is based on radio-
metric time scales given by BERGGREN (1972, 1973), BERGGREN & v. COUVERING (1974),
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OrpYKE & al. (1974) and THEYER & Hammonp (19742,b) and is not always in accord-
ance with radiometric dates obtained in the Central Paratethys.

The radiometric dates obtained in the Central Paratethys are known from different
biostratigraphic positions from Egerian up to Sarmatian age. Whereas the Rupelian,
Egerian and Eggenburgian dates are calculated on glauconites, all dates from the Ott-
nangian and younger stages are calculated on volcanic rocks.

The following dates are taken from Opv (1973, 1975), calculated and recalculated
by the western decay constant A, = 0,584. It is essential to point out that in the original
publications of Vass, BAGDASARJAN & KONECNY (1970) and Vass, BAGDASARJAN &
Sravik (1974) the eastern decay constant A, = 0,557 is used.

Egerian

Glauconites out of the type section of the Egerian in Eger (Hungary) and a section in
the close neighbourhood with Miogypsina septentrionalis and M. formosensis were dated
by OpiN (1975) in two samples:

G 229 = 20,2 + 1,2 M.Y.B.P.
G 469 = 21,5+ 1,1 M.Y.B.P.

Eggenburgian

Glauconites out of the Chechis formation near Briglez, surroundings of Cluj, Transsyl-
vanian Basin (Rumania), which contains a typical Eggenburgian benthonic foraminifera
fauna and which directly overlies the rich Eggenburgian mollusk fauna of the Corus
formation, were dated by Opmv (1975) in two samples:

"G 422.= 18,0 + 1,1 M.Y.B.D.
G 470 = (17,6 + 1,6)M.Y.B.P.

The last date was put in parenthesis by Opin because of poor glauconite quality.

EVERNDEN & al. (1961) gave a radiometric date (24,8 + 1 M.Y.B.P.) for glauconites
from the Eggenburgian of Upper Austria. According to OpiN (1975) this date was
recalculated by OBrADOVICH in 1964 and he gave an age of

18,8 M.Y.B.P.

As demonstrated in Table 1 (part I and II) the Eggenburgian correlates to the late
Aquitanian and early Burdigalian. Glauconite dates published by Opmv (1975) gave an
age of: 20,2 + 1,3 M.Y.B.P. for the Aquitanian in Southern France (ALVINERIE et al.
1974) and an age of 18,1 + 1,1 and 18,2 + 0,9 for the Piedmont basin: Aquitaniano
with GI. trilobus. These dates are in good accordance with the Eggenburgian radiometric
and biostratigraphic ages.

Ottnangian

The only date (A.V. 24) from a rhyolitic tuff horizon near Kaldona, Southern Slo-
vakia (see: Vass et al. 1970) which discordantly overlies fossiliferous Eggenburgian sedi-
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ments and is overlain by fossiliferous Ottnangian “Rzehakia”-beds was recalculated by
OpiIN (1973)
22,0 £ 2,0 M.Y.B.P.

The quality of the sample is discussed by Opin (1975), the biostratigraphic position
of this date is not clear.

Karpatian

The only date (A.V. 2) from a rhyolitic tuff horizon near Kletiany, Southern Slovakia
(see: Vass et al. 1970) which is intercalated and interfingers with marine sediments con-
taining a Karpatian uvigerinid- and “Schlier”-type-mollusk-fauna and which lies below
. the first occurrence of Globigerinoides sicanus was recalculated by Opin (1973):

20,7 £ 1,2 M.Y.B.P.

There is no accordance between the biostratigraphic position of the Karpatian and
the obtained radiometric date.

Badenian

Three samples (A.V. 12; A.V. 13) from andesitic tuff horizons near HruSov, Southern
Slovakia (see: Vass et al. 1970) which are intercalated and can be traced into marine
beds with Praeorbulina and Orbulina, were recalculated by Opin (1973):

AV.12 =17,75+ 0,9 M.Y.B.P.
AV.13 = 15,35+ 0,7 M.Y.B.P.

Recently two whole rock dates from basaltic rocks from Styria (Austria) which over-
lie marine beds with Praeorbulina and are intercalated with marine beds of lower and
middle Badenian age (KoLLMANN 1965) were given by Dr. BacpasARJAN (pers. comm.
to F. STEININGER):

A.V.R.-1: quarry Weitendorf, lower level: 16,8 + 0,75 M.Y.B.P.
A V.R.-2: quarry Weitendorf, upper level: 16,0 £ 0,3 M.Y.B.D.
A.V.R.-3: quarry Gleichenberg Klause: lower level: 16,3 = 0,9 M.Y.B.P.
A V.R.-4: quarry Gleichenberg Klause: upper level: 15,3 + 0,1 M.Y.B.P.

Lately also Lirrort & al. (1975) published whole rock dates of the basaltic trachy-
~ andesites from the quarry in Weitendorf:

~ STW12B =152 % 0,9 M.Y.B.P.
and a preliminary date from the quarry in Gleichenberg/Klause:
14,6 M.Y.B.P.

Similar dates are given for a basaltic andesite without biostratigraphic control from
Kollnitz in Carinthia:

STSPA2 =149 %09 M.Y.B.P.



Current Oligocene/Miocene biostratigraphic concept of the Central Paratethys 195

Sarmatian

Several samples from andesitic tuff horizons near Nizna-Mysla, Eastern Slovakia, and
Sazdice, Southern Slovakia (see: Vass et al. 1970, 1972) with typical Sarmatian mollusk
faunas were recalculated by Opin (197 3):

Lower Sarmatian: A.V.18 = 13,2 + 2,1 M.Y.B.P.
Lower Sarmatian: A.V. 4 = 12,7 + 2,1 M.Y.B.P.

4  Conclusions

Current investigations on the Oligocene and Neogene calcareous nannoplankton, silico-
flagellate, planktonic and benthonic foraminifera, ostracode and mollusk faunas of the
Central Paratethys (Middle Europe) (Fig. 1) resulted in the definition of the following
local late Oligocene/Neogene chronostratigraphic stages:

Egerian, Eggenburgian, Ottnangian, Karpatian, Badenian, Sarmatian, Pannonian,
Pontian, Dacian and Rumanian from oldest to younger. Whereas the marine early and
middle Oligocene (Latdorfian and Rupelian) shows affinities to the Mediterranean and
Northern European bioprovinces, the late Oligocene and the Neogene (Egerian to
Rumanian) belongs to a new — independant — Paratethys bioprovince.

The most important biostratigraphic data are summarized — in Table 1, part I-II —
for the marine Oligocene and marine Miocene sequences and the definition and a tenta-
tive correlation of the proposed marine late Oligocene and Miocene stages (Egerian to
Badenian) is given: :

Egerian: late Oligocene to lowermost early Miocene (Chattian or Bormidian and
lower Aquitanian); upper part of NP 24 to NN 1; upper P 21 to N 4.

Eggenburgian: lower to middle early Miocene (upper Aquitanian to lower Burdiga-
lian); NN 2 to the uppermost part of NN 3; N'5 and the upper part of N 6.

Ottnangian: upper early Miocene (approximately middle to upper part of Burdiga-
lian); uppermost part of NN 3 and lower part of NN 4; upper part of N 6 and lower
part of N 7.

Karpatian: uppermost early Miocene (uppermost Burdigalian); upper part of NN 4
and lower part of NN 5; upper part of N7 and lower part of N 8 till to the first
appearance of Praeorbulina.

Badenian: lower to upper parts of middle Miocene (Langhian and Serravallian);
NN'5 to lowermost parts of NN 8; first appearance of Praeorbuling — upper part of
N 8 to N 13.

Sarmatian: uppermost middle to lower late Miocene; Pannonian and Pontian (late
Miocene) can only be correlated tentatively over intercalated mammal faunas with the
marine planktonic scale. : a

Some of the classical mammal faunas could be correlated with the marine sequence:
Linz, Melk, Zagorje (upper Egerian), Eggenburg (lower Eggenburgian), Orechov (Ott-
nangian), Eibiswald-Leoben (Karpatian), Devinska Nova Ves (= Neudotf a.d. March) —
fissures I, IT (Karpatian/Badenian), Devinska Nova Ves; sandhill (middle Badenian),
Goriach (middle to upper Badenian).
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The general paleogeographic setting of this area (Fig.2,3) and some regional and
interregional time equivalent climatic, evolutionary and faunal migrational events are
discussed and briefly outlined.

Radiometric dates with biostratigraphic control obtained in the Central Paratethys
area within the last few years are briefly discussed. Glauconite dates are available for
the Egerian (20,2 + 1,2 and 21,5 + 1,1) and the Eggenburgian (18,0 + 1,1 and 18,8);
dates on volcanic rocks for the Ottnangian (22,0 + 2,0 with questionable biostrati-
graphy), Karpatian (20,7 1,2 — not in accordance with the biostratigraphic position of
the Karpatian), Badenian (17,75 + 0,9; 16,8 + 0,75; 16,0 + 0,3, 16,3 + 0,9, 15,3 0,1
and 15,35 £ 0,7) and the Sarmatian (13,2 + 2,1 and 12,7 £ 2,1).
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