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Paleoecology and eustasy: Miocene 3rd order cycles of relative sea-level
changes in the Western Carpathian - North Pannonian basins
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Abstract: Miocene 3,d order relative sea level cycles were defined in the Western Carpathian, Vienna, Da-
nube, South Slovakian-North Hungarian (Petervasara & Novohrad) and the East Slovakian - Transcarpathian
basins. They are marked by symbols from CPC1 to CPC6. Furthermore, correlation of the CPC 3rd order sea
level changes with the global TB2.1 to TB2.6 sea level changes (sensu Haq et al. 1988, Haq 1991) was car-
ried out and the results document the high portion of the tectonic influence on the basin development during
the collisional orogene evolution.
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Introduction

Neogene paleogeography of the Western Carpathian -
North Pannonian region (Fig. 1), as a combination of
aquatic and continental environments, was influenced
besides the geodynamic factors also by the regional mani-
festations of global sea-level changes (sensu Haq et al.
1988, Haq 1991, Hardenbol et al.1998 ).

Interaction of sea-level changes and tectonics had an
important influence on the paleogeography and thereby
also on the paleoenvironment of the Western Carpathian -
North Pannonian basins, which formed the northern bays
of the Central Paratethys epicontinental sea in the Mio-
cene. The depth and the shape of the basins were pre-
dominantly controlled by the main tectonic events.
Relative eustatic changes reflected in coastal onlaps were
followed mostly by the rise of water paleodepth in the
offshore environment. The correlation of the constructed
curves for the coastal onlap and estimated paleodepth
with the global reference curves (Haq et al. 1988, Haq
1991) shows some discrepancies, predominantly caused
by tectonics during the basin development.

The correlation of the 3rii order relative sea-level cy-
cles in the respective time intervals was enabled by new
bio- and chronostratigraphic data. The proper determina-
tion of depositional systems tracts was carried out by
means of geophysical methods and sedimentology, but
also the study of relative sea-level cycles based on pa-
leoecology played an important role (KovaC & HudaC-
kova 1997, KovaC & Zlinska 1998, KovaC et al. 1999).
Simultaneously, the principal rule of the sequence
stratigraphy was taken into account that the reflection of a
sea-level changes can be strengthened, weakened or it
may faint completely, in dependence on the value of tec-

tonic subsidence and the rate of sediment input (Brown &
Fischerl977, Vail et al. 1984, Posamentier et al. 1988,
Van Steen & Winkler 1988). Therefore the study of the
relative sea-level cycles manifestations in the Western
Carpathian - North Pannonian basins (Fig. 2) took into
consideration besides the global sea-level changes (Haq et
al. 1988, Haq 1991) also the data about the tectonic sub-
sidence and detrital input rates proved by analysis of the
subsidence history (Lankreijeret al. 1995, Barath et al.
1997, Lankreijerl998).

In the following those relative 3rd order sea-level cy-
cles will be described that can be traced by means of
paleoecology in the Western Carpathian - North Pan-
nonian region during the Miocen. These cycles of the
relative sea-level changes are marked by symbols from
CPC 1 to CPC 6 (3rd order relative sea-level cycles in
the Carpathian-Pannonian region). Hence, the correla-
tion of global sea-level changes with regional relative sea-
level cycles in the studied region is very difficult due to
its dramatic geodynamic evolution and sometimes also
due to lack of relevant chronostratigraphic data.

Results

The relative sea-level changes in the Western Car-
pathian - North Pannonian basins, as can be deduced from
the previous text, have been considerably shaped apart
from eustacy, also by local tectonic events and thus they
are neither always identical with the global cycles defined
by Haq et al. (1988) and Haq (1991), nor with each oth-
ers, found in different basins of the region. On the other
hand, we were able to date many biostratigraphically and
paleoecologically important paleogeographic events in
the Western Carpathian - North Pannonian region, as well
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Fig 1

as to correlate them with the events in the Central Para-
tethys and the Mediterranean area (Fig 3).

The Late Egerian - Early Eggenburgian SMST or
LST in the Western Carpathian - North Pannonian
area (23.5 - 21? Ma) have been performed by terminal
deposition of the Biely potok Formation in the forearc
Central Carpathian Paleogene basin at the active margin
of the Western Carpathians and in the South Slovakian -
North Hungarian (Petervasara) Basin in the Western Car-
pathians hinterland by deposition of the Opatova beds
deltaic sequences overlying the "Szeszenyi Schlier beds"
of the LuCenec Formation.

The Eggenburgian transgression in the Western
Carpathian - North Pannonian area is manifested by the
sequence boundary of the SB 1 type in the Vienna Basin,
the Banovce Depression, in the Vah River Valley, the
South Slovakian - North Hungarian (Petervasara)
and the East Slovakian Basins. Littoral sediments are

characterized by occurrence of large pectinids and cal-
careous nannoplankton of the NN 2 zone (sensu Martini
1971). The sediments deposited in neritic zone
(somewhat later) contain also Helicosphaera ampliapertu
(Bramlette ET WlLCOXON) BUKRY in nannoflora as-
semblages (FAD 20.5 Ma, sensu Berggren et al. 1995).

In the South Slovakian - North Hungarian
(Petervasara) Basin the Eggenburgian transgression is
followed by HST deposits of the Cakanovce beds of the
Fil'akovo Formation (upper part of the Szeszenyi Schlier
Formation in Hungary) covered by the terrestric Bukov-
inka Formation, Eggenburgian in age (Zagyvapalfa For-
mation in Hungary). Above mentioned deposits together
with the Late Egerian sediments (SMST) form a relative
sea-level cycle (CPC la) similar to cycle of the East
Slovakian Basin, where the Egerian - Early Eggenbur-
gian LST represents the Biely potok Formation and the
Eggenburgian TST and HST is represented by the
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PreSov Formation and the transgressive-regressive
Celovce beds in the terminal part.

In the Danube Basin southern part
(Transdanubian range resp.) the Ottnangian rela-
tive sea-level cycle (CPC lb) started by marine
transgression in the Bantapusta region, in the South
Slovakian - North Hungarian (Novohrad) Basin (Fig
6) is represented by lower coal bearing beds depos-
ited in the alluvial plain environment and upper
limnic to marine beds (TST, HST).

In the East Slovakian Basin the Ottnangian de-
posits are missing (uplift due to tectonic activity).

In the Vienna Basin, the Vah river valley and
the Banovce Depression (Fig. 7, 8) the large scale
Eggenburgian transgression was followed by a deep-
ening of the sedimentary environment and the end of
the cycle is represented by the shallow-water,
brackish sediments of the Ottnangian age. The Eg-
genburgian to Ottnangian relative sea-level cycle
(CPC 1) in the Vienna Basin can be compared with
the TB 2.1 global cycle (21 - 17.5 Ma, mfs 18.5 Ma,
sensu Haq et al. 1988, Haq 1991).

The latest Ottnangian to Karpatian relative
sea-level cycle in the Western Carpathian - North
Pannonian area - CPC 2, which is correlated with
the TB 2.2 cycle of the global sea-level changes
(17.5 - 16.5 Ma, mfs 17 Ma, sensu Haq et al. 1988,
Haq 1991), is demonstrated by an increased intensity
due to the synrift stage of the intra-Carpathian basins
evolution, with high portion of tectonic subsidence
in the Vienna, Danube, South Slovakian - North
Hungarian (Novohrad) and the East Slovakian
Basins (Lankreijeret al. 1995, Barath et al. 1997,
Lankreijerl998). The sequence boundary of the SB
1 type is covered by transgressive deposits of the
latest Ottnangian or early Karpatian age. The end of
the cycle is represented by erosional surfaces or by
the Karpatian evaporites in the East Slovakian Basin,
both transgresively overlain by the latest Karpatian
to Early Badenian mostly deltaic strata.

The latest Karpatian to Early Badenian CPC
3 relative sea-level cycle in the Western Car-
pathian - North Pannonian area, which is corre-
lated with the TB 2.3 cycle of the relative sea-level
changes (16.5 - 15.5 Ma, mfs 16 Ma, sensu Haq et
al. 1988, Haq 1991) started with a sharp boundary of
the SB 1 type, documented by an angular uncon-
formity between the Lower and the Middle Miocene
sediments in most of the Western Carpathian basins.
The CPC 3 cycle is however hardly determinable for

Fig. 2 Relations among Western Carpathian Neogene
chrono and biostratigraphic classifications, cycles of the
sea level changes (3rd order), paleontological events as
well as the global eustatic curve and onlap curve (Haq
1991) correlation with constructed onlap and paleodepths
curves in the Vienna, Donau, South Slovakian-North
Hungarian and Eastern Slovakian Basins.



98
Slovak Geol Mag. 6. 2-3(2000). 95-100

Fig. 3



N. Hudddkovd et ai Paleoecology and eustasy
99

an interference between the sea-level fall at the Early/
Middle Miocene boundary and considerable slowing of
the subsidence (or uplift) which occurred at that time. The
cycle was obviously completely controlled by tectonics
acting the whole time of its duration, which disables an
accurate correlation of the evolution of individual basins
(heterochronous deposits of lowstand and transgression
between the late Karpatian and the early Badenian).

In the East Slovakian Basin it is represented by the
terrestric late Karpatian swashes in the Kladzany Forma-
tion deposits with Globigerinoides bisphericus Todd
(their upper part resp.) whereas in the South Slovakian-
North Hungarian (Novohrad) Basin this period is rep-
resented by the regressive-transgressive Lower Badenian
deposits with the Karpatian redeposited foraminifera and
Praeorbulina sp..

In the Vienna Basin (Fig. 7) the upper part of the
Karpatian/Early Badenian conglomerates and sandstones
of the Aderklaa and the Jablonica Beds and the conglom-
erates at the base of the "Lanzendorf Series" may be at-
tributed to a new - "Langhian" cycle of the relative sea-
level changes (TB 2.3). The upper boundary of the SB 2
type was identified in the Austrian part of the basin inside
of the Upper Lagenide zone (Weissenback 1996)

The late Early Badenian "tectonically controlled"
transgression started during the deposition of the Upper
Lagenide zone in all Western Carpathian basins and is
characterized by the onset of genus Orbulina (15.1 Ma
ago, sensu Berggren et al. 1995).

The late Early to Middle Badenian relative sea-
level cycle CPC 4 in the Western Carpathian - North
Pannonian region can be more or less correlated with the
TB 2.4 global sea-level cycle (15.5 - 13.8 Ma, mfs 15
Ma, sensu Haq et al. 1988, Haq 1991), but its termination
in the Western Carpathian - North Pannonian area is dis-
tinct only in the East Slovakian Basin, where it was mani-
fested by the evaporitic sedimentation at the NN5/NN6
nannoplankton zone boundary, similarly to the Carpathian
Foredeep, the Transcarpathian and the Transylvanian
Basins (Buday et al. 1965, KovaCet al. 1989,1998, Rogl
1998). This period in the Central Paratethys area repre-
sents the chronostratigraphic boundary at 14.4 to 14 Ma
(sensu Berggren et al. 1995, Rogl 1998).

The Late Badenian to Early Sarmathian relative
sea-level cycle CPC 5 in the Western Carpathian -
North Pannonian area can be approximately correlated
with the TB 2.5 global cycle of the sea-level changes
(13.8- 12.5 Ma, mfs 13.4 Ma, sensu Haq etal. 1988, Haq
1991). In the Western Carpathian area the lower sequence
boundary of the SB 1 type is known only from the East
Slovakian Basin, followed by transgression of the Upper
Badenian sediments. The Late Badenian pelites of the
Bulimina-Bolivina zone (Grill 1941) are considered to be
the deposits of the sea-level highstand during the NN6
nannoplankton zone in the all Carpathian basins. The end
of sedimentation represents a transition into the brackish
Ammonia bearing beds during the sea-level fall in the
early samathian (basal part of the NN7 nannoplankton
zone). In the mentioned cycle no influence of increased

tectonic activity on the paleogeographical evolution of the
intra-Carpathian basins was registered.

In the South Slovakian - North Hungarian
(Novohrad) Basin (Fig. 6) the Early Badenian deposits
with Praeorbulina sp. are transgressively overlain by de-
posits of the Upper Lagenide zone (Grill 1941. 1943) and
at the same time the marine sedimentation terminated and
it was replaced by deposition of the Middle to Late Bade-
nian volcano-sedimentary complexes at the Novohrad
Basin northern margin (CPC 4).

In the Vienna and the Danube Basins a slight de-
crease in salinity and shallowing occurred (Cicha in
Buday et al. 1965, Papp in Papp et al. 1978) at the end of
the Upper Lagenide zone (Grill 1941, 1943). The bounda-
ries between sedimentary bodies, displaying the relative
sea-level oscillation in the Vienna and the Danube Basins
at the Lower/Middle Badenian boundary, are interpreted
as a result of decrease of the tectonic activity and in-
creased sediment input. In the Vienna Basin this event is
represented by a transgressive-regressive body of the
Matzen Sands overlying the Upper Lagenide zone
(Kreutzer & Hlavaty 1990) and it reflects development of
a new drainage pattern and delta progradation at the west-
ern margin of the basin (paleo-Danube delta). The Middle
Badenian deposits of the Spiroplectammina carinata zone
(Grill 1941) possess a transgressive character in the Vi-
enna and the Danube Basins (Buday et al. 1965,
HudaCkova et al. 1998), passing into the highstand sys-
tems tracts. They are separated from the overlying sedi-
ments of the Bulimina-Bolivina zone (Grill 1941) by
a conform surface (CPC 4+5). These facts are consistent
with the basins tectonic evolution at that time
(Lankreijeret al. 1995, Kovadet al. 1997, Barath et al.
1997).

In the East Slovakian Basin a continuous transition
from the Upper Lagenide zone to the overlying Spi-
roplectammina (Spirolutilas) carinata zone (GRILL 1941)
was documented. Late highstand of the CPC 4 cycle rep-
resents the transition of the Vranov Formation to the
evaporite bearing Zbudza Formation at the end of the
Middle Badenian (Barath et al. 1997). Transgression of
the Bulimina-Bolivina zone deposits represent in the East
Slovakian Basin the next CPC 5 cyle relative sea-level
cycle. These facts are consistent with the basin synrift
(Barath etal. 1997).

The Sarmatian to Early Pannonian relative sea-
level cycle CPC 6 in the Western Carpathian - North
Pannonian area can be approximately correlated with
the TB 2.6 global cycle of the relative sea-level changes
(12.5 - 10.5 Ma, mfs 11.5 ma, sensu Haq et al. 1988, Haq
1991), if correlable at all, due to the isolation of the intra-
Carpathian region from the Mediterranean.

The Early Sarmatian transgression in the Vienna,
Danube and the East Slovakian Basins, is characterized
by the onset of the large Elphidiums zone (Grill 1941).
The transgression was enhanced by the tectonic subsi-
dence in the northern part of the Vienna and the Danube
Basins, as well as in the East Slovakian Basin
(Lankreijeret al. 1995, Barath et al. 1997). The overlying
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sediments of the Elphidium hauerinum zone (Grill 1941)
can be considered to be the highstand systems tracts.
During the global sea-level fall between 11.5 - 10.5 Ma
ago the late highstand - Porosononion granosum zone
(Grill 1941) was displayed in the Western Carpathian
area by decreasing salinity and fresh water deposition (the
Late Sarmatian coal bearing Kochanovce Formation of
the East Slovakian Basin and the Late Sarmatian deposits
of the Porosononion granosum zone overlain by relics of
the terrestric-lacustrine deposits at the base of the Pan-
nonian zone C (sensu Papp 1951) in the Vienna and the
Danube Basins.

The tectonically controlled subsidence in the Late
Miocene was a reflection of the second rifting phase of
the Pannonian back-arc basin (Lankreijerl998) and
started ca. 10.5 Ma ago, similarly as the TB 3 cycles of
the global sea-level changes (sensu Haq et al.1988,
Haq 1991). The isolation of the Western Carpathian -
Pannonian basins, manifested by local biostratigraphy,
practically disables to use paleoecology for correlation of
the regional cycles with the TB 3 cycles of the global sea-
level changes. It can be roughly said that the highstand
falling stage depositional system represents the Pannonian
zones A-B (Papp 1951). Appearance of a three-fingered
ancestor of horse - Hipparion at the margin of the Vienna
Basin during the B-C zone (Papp 1951) may be consid-
ered as one of the signs of the sea-level lowstand before
the transgression in the zone C (KovaCet al. 1998). On the
other hand, the highstand of the TB 3.1 global sea-level
cycle is documented by a boom of dinoflagellates in the
Pannonian E zone (Papp 1951), known from the Vienna
Basin (KovaC& Hudaekoval997, KovaCet al. 1998).
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