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Abstract. This work presents the calcareous nannofossils assemblages identified in samples recovered from 5 boreholes, drilled on the western side
of the Olt River, in the Băbeni area. These boreholes crossed the Lower Oligocene-Lower Miocene sedimentary successions. The identified assemblages
were included in the following intervals: (i) upper part of NP21 calcareous nannofossil zone to the lower part of NP23 biozone, corresponding to the early
Rupelian, (ii) upper part of NP23 biozone up to NP25 biozone, spanning the late Rupelian-Chattian interval, and (iii) NN1 up to NN3 biozones, covering
the Aquitanian and Burdigalian stages. The diversity and abundance of the identified nannofossil assemblages allow paleoenvironmental reconstructions.
Key words: Rupelian-Burdigalian interval, calcareous nannoplankton biostratigraphy, paleoecology.

1. INTRODUCTION
Within the Eocene-Oligocene boundary interval,
significant modifications occur in the European Tethyan
Realm, mirroring the first isolation of the Paratethyan Domain
from the Mediterranean and its development in the Central
and Eastern Europe, including in nowadays Romanian territory
(Rusu, 1988; Rögl, 1998, 1999). The new palaeogeographical
setting and the related paleoenvironmental changes
implied the modifications in abundance and diversity of
various groups of organisms in general, and especially of
planktonic marine ones, very sensitive at surface water
modifications. Therefore, the calcareous nannofossils show
in the Paratethyan Realm a pronounced shift at the Eocene
and Oligocene boundary, scarce assemblages during the
Oligocene and a renewal of genera and species since the
Lower Miocene, when connections with the Mediterranean
and Indo-Pacific realms established again connection (BáldiBeke, 1984; Micu & Gheța, 1986; Mészáros & Ianoliu, 1989;

Mészáros, 1991; Mărunțeanu, 1992, 1999; Chira, 2004; Chira et
al., 2011; Melinte, 2005; Melinte-Dobrinescu & Brustur, 2008;
Oszczypko-Clowes & Źydek, 2012, among many others).
The Oligocene is a time of global deterioration of the
climate and significant temperature decrease linked to the
occurrence of permanent ice caps in the Antarctic region
and a significant sea-level fall (Haq et al., 1987; Zachos et al.,
2001). Hence, a regress in the calcareous nannoplankton
development was globally remarked (Aubry, 1992; Dunkley
Jones et al., 2008). This feature, along with the regional
paleogeography, largely contributed to the shift of the
calcareous nannofossils in the Central Paratethys, including
the studied area, from the Eocene-Oligocene boundary
upwards.
This paper is focused on the Oligocene-Lower Miocene
biostratigraphy of the Getic Depression, a foredeep region,
which is delimitated by the Pericarpathian Fault from the
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Moesian Platform towards S, and the Intra-Moesian Fault
from the South Carpathians in the N (Săndulescu, 1984;
Mutihac et al., 2004). The Getic Depression sedimentation
is characterized by three stages: (i) latest Cretaceous to
Paleogene, (ii) Early Miocene (Early Burdigalian) to Late
Miocene (Late Sarmatian), and, (iii) latest Sarmatian to Late
Pliocene (Late Romanian), according to Săndulescu (1984)
and Mațenco et al. (1997).
The Paleogene of the Getic Depression is cropping out
mainly in the Olt and Argeș river basins, being characterized,
according to Mihăilă et al. (1967) and Popescu et al. (1996)
by the following lithostratigraphic units (oldest first): (1) the
Călimănești Conglomerates, (2) the Cheia Conglomerates,
(3) the Pucioasa Marls, and (4) the Muiereasca Sandstone.
In addition, massive sandstones (the Corbi Sandstone) are
exposed in the Argeș River basin.
Several calcareous nannoplankton studies were
published regarding the Oligocene-Early Miocene interval
of the aforementioned region, based on investigations of the
outcrops placed in the northern part of the Getic Depression.
Gheța (in Bombiță et al., 1980) mentioned the presence of
the Oligocene, i.e., the NP24 biozone of Martini (1971) in
the lower part of Pucioasa Formation and of the AquitanianBurdigalian NN2 biozone of Martini (1971) towards the upper
part of the above-mentioned lithological unit. Gheța (in
Bombiță et al., 1980) reported the presence of NN3 biozone,
in the lithological unit of Mățău Conglomerates.
The Eocene-Oligocene boundary was studied in the Getic
Depression from a calcareous nannoplankton point of view
by Micu & Gheța (1986). The authors placed this boundary
between NP21 and NP22 biozones, in the lower part of
Cheia Formation (= Cheia Conglomerates). Roban & Melinte
(2005) renamed the Pucioasa Formation (= Pucioasa Marls)
as the Brăduleț Formation, mentioning that this unit covers
a large interval, such as Rupelian to Burdigalian, i.e., between
NP22 and NN2 calcareous nannofossil zones. The authors
stated that the Brăduleț Formation includes the depositional
interval of the Cheia Formation (occurring W of the Olt River)
and the Corbi Formation (= Corbi Sandstone) that crops out
in the eastern part of the Getic Depression, in the Vâlsan and
Râul Doamnei river basins.
As the Oligocene-Lower Miocene successions of the
central and western areas of the Getic Depression contain
hydrocarbons, the aforementioned interval has been
extensively drilled (Motaș et al., 1995). The Oligocene-Lower
Miocene sediments have been intercepted in several areas of
the Getic Depression.
The main aim of this paper is pointing out the
modifications in the nannofossil assemblages during the
latest Eocene-earliest Miocene interval, in sediments retrieved
by five drillings located in SW of Romania, in the Băbeni area,
westwards the Olt River. Besides the biostratigraphy based
on calcareous nannofossil investigations, a paleoecological
approach is also presented.
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2. METHODOLOGY
To achieve calcareous nannoplankton analyses, 40 cores
from five boreholes have been investigated. The area where
the drillings are placed is situated west of the Olt River and
north of the confluence between Luncavăț and Olt rivers
(Fig. 1).
The nannofossil analyses have been realized according
to the I.C.P.T. Câmpina Geological Laboratory procedures.
For making smear slides, the broken samples were boiled
with hydrogen peroxide (30% concentration) to remove
the organic matter. The resulted sediment was filtered and
washed with distillate water. Afterwards, it was placed
in a Berzelius glass with distillate water and exposed to
ultrasounds. A few drops of this solution were put on a glass
slide and dried on a hot plate. The fixed smear slides were
obtained by using Canada Baum.
The identification and the photos of the taxa were
performed under an Olympus BX 51 polarized microscope
(x1000 or x1200 magnifications), with gypsum plate and
using QuickPhoto Micro 2.2 software.

3. RESULTS
The Oligocene deposits were crossed by all five studied
boreholes. The Oligocene sedimentation is representing
by two distinct facies: a pelitic one, similar to the Brăduleț
Formation and a detrital facies, similar to the Cheia Formation.
The pelitic facies is represented by gray, dark gray or blackish
clays, interbedded with calcareous clays and sandstones.
The detrital facies is made by thick conglomerate beds,
alternating with sandstones and thin calcareous clays (Fig. 2).
The B1, B2 and B3 drillings crossed the lower Rupelian
deposits. In B1, these deposits are mainly calcareous clays,
similar to the ones described by Roban & Melinte (2005) in the
Brăduleț Formation. In these sediments, assemblages with
Clausicoccus subdistichus, Coccolithus eopelagicus, Coccolithus
formosus, Coccolithus pelagicus, Discoaster deflandrei,
Discoaster tanii, Pontosphaera latoculata, Reticulofenestra
bisecta, Reticulofenestra minuta, Reticulofenestra umbilicus,
Sphenolithus moriformis, Sphenolithus pseudoradians and
Zygrhablithus bijugatus have been identified (Plate 1).
Most of the aforementioned taxa are long-ranging,
covering in general the Eocene-Oligocene interval, while a few
nannofossils, such as Clausicoccus subdistichus, Coccolithus
formosus, Discoaster tanii and Reticulofenestra umbilicus
have their last occurrence (LO) in the Lower Oligocene, i.e.,
the Rupelian stage (Martini, 1971; Perch-Nielsen, 1985;
Bown & Dunkley Jones, 2012, Gradstein et al., 2012). Taking
into account that Clausicoccus subdistichus and Coccolithus
formosus became extinct in the lower Rupelian (Gradstein
et al., 2012), in the NP22 nannofossil zone of Martini (1971)
and no species that vanished in the Upper Eocene (such as
Discoaster barbadiensis and Discoaster saipanensis) occur, we
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Fig. 1. Location of the studied area in S Romania (up right) and of the Getic Depression studied drillings on the Pitesti Sheet, scale 1:200,000,
(Mihăilă et al., 1967), printed by the Geological Institute of Romania.
assigned the clayey deposits to the NP22 biozone. To note
that Reticulofenestra minuta is very frequent.
Above, the samples yielded nannofossil assemblages
composed of: Reticulofenestra lockeri, Coccolithus pelagicus,
Coccolithus
eopelagicus,
Cyclicargolithus
floridanus,
Helicosphaera compacta, Lanternithus minutus, Reticulofenestra
bisecta, Reticulofenestra dictyoda, Reticulofenestra minuta,
Reticulofenestra
stavensis,
Pontosphaera
latoculata,
Pontosphaera multipora, Sphenolithus moriformis and
rare species of Orthozygus aureus, Reticulofenestra ornata
and Pontosphaera (=Transversopontis) fibula. The species
Lanternithus minutus has its LO in Rupelian, within NP23
biozone (Varol, 1998; Stradner et al., 2010), while Clausicoccus
subdistichus and Coccolithus formosus, knowing to become
extinct in NP22, are not present in the assemblages. These
findings argue for the presence of the NP23 biozone, Early
Oligocene (lower part of the Rupelian) in age.
The overlaying deposits contain calcareous nannofossil
assemblages with Cyclicargolithus abisectus and without
Lanternithus minutus, pointing out the presence of NP23 (de
Kaenel & Villa, 1996; Melinte, 2005); probably the assemblage
belongs to the top of this biozone, which corresponds to

the upper part of the Rupelian. This biozone was identified
in all studied boreholes. The nannofossil assemblages of the
aforementioned interval are most diversified than the older
ones; besides the long-ranging species above-mentioned,
a high diversity of Helicosphaera genus, represented by
H. bramlettei, H. compacta, H. intermedia, H. recta and H.
perch-nielseniae, was observed. Additionally, Cyclicargolithus
floridanus is present with a high abundance (Plate 1).
The aforementioned biozones, NP21 up to NP23 of
Martini (9971) corresponding with the biozones of Melinte
(1993, 2005) have been also encountered in B2 and B3
drillings. The lithology of the crossed deposits changed:
some thin conglomerate levels are present, interbedded
with clays, which contain Rupelian nannofossil assemblages,
scarcer than the ones observed in the B1 drilling.
In B3 and B4 drillings, in the assemblages found in the
dark gray silty calcareous clays, showing similar lithological
aspects to the Brăduleț Formation, Sphenolithus ciperoensis
has been observed. As the range of this nannofossil covers
biozones NP24 and NP25 of Martini (1971), a late Rupelian to
Chattian age is assumed.
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Fig. 2. Synthetic lithological column of the sediments traversed by the studied drillings of the Băbeni area (Getic Depression) and the corresponding Oligocene-Lower Miocene NP and NN calcareous nannofossil zones of Martini (1971).
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Plate 1. Oligocene-Lower Miocene identified calcareous nannofossils; microphotographs taken at LM (light
microscope); N+ crossed nicols; NII light polarized light; scale bar in microns.
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(a) Reticulofenestra minuta Roth
(N+), Rupelian, borehole B1;
(b) Reticulofenestra umbilicus (Levin) Martini & Ritzkowski (N+),
Rupelian, borehole B1; (c) Clausicoccus subdistichus (Roth & Hay)
Prins (N+), Rupelian, borehole
B2; (d) Discoaster tanii Bramlette
& Riedel (NII), Rupelian, borehole
B2; (e) Reticulofenestra ornata
Müller (NII), Rupelian, borehole B2;
(f) Pontosphaera (=Transversopontis) fibula (Gheța) (N+), Rupelian,
borehole B2; (g) Reticulofenestra
lockeri Müller (N+), Rupelian, borehole B3; (h) Cyclicargolithus abisectus (Müller) Wise (N+), Chattian,
borehole B3; (i) Helicosphaera
perch-nielseniae Haq (N+), Rupelian, borehole B1; (j) Helicosphaera recta Haq (N+), Chattian,
borehole B3; (k) Cyclicargolithus
floridanus (Roth & Hay) Bukry
(N+), borehole B3; (l) Sphenolithus ciperoensis Bramlette &
Wilcoxon (N+, 45o), borehole B2;
(m) Pontosphaera enormis (Locker) Perch-Nielsen (N+), Chattian,
borehole B3; (na,b) Sphenolithus
delphix Bukry (na: N+ 0o, nb: N+
45o), Burdigalian, borehole B5; (o)
Calcidiscus leptoporus (Murray &
Bramlette) Loeblich & Tappan (N+),
Aquitanian, borehole B4; (p) Umbilicosphaera jafari Müller (NII with
λ compensator), Aquitanian, borehole B4; (q) Helicosphaera carteri
(Wallich) Kamptner (N+), Aquitanian, borehole B4; (r) Helicosphaera
ampliaperta Bramlette & Wilcoxon
(N+), Burdigalian, borehole B5;
(s) Helicosphaera mediterranea
Müller (N+), Aquitanian, borehole
B4; (ta,b) Sphenolithus belemnos
Bramlette & Wilcoxon (ta: N+ 0o,
tb: N+ 45o), Burdigalian, borehole
B5; (ua,b) Sphenolithus heteromorphus Deflandre (ua: N+ 0o, ub: N+
45o), Burdigalian, borehole B5;
(va,b) Zygrhablithus bijugatus bijugatus Deflandre (va: N+, vb: N+ with
λ compensator), Rupelian, borehole
B3; (wa,b) Zygrhablithus bijugatus
cornutus Bown (wa:N+, wb: N+
with λ compensator), Chattian,
borehole B3.
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Fig. 3. Correlation of the Oligocene calcareous nannofossil biozones and biotical events recorded in the Băbeni area (Getic Depression, S Romania)
and comparison with the global zonation of Martini (1971) and Carpathian region of Romania (Melinte, 2005).
In the nannofossil assemblages Coccolithus pelagicus,
Cyclicargolithus abisectus,
Cyclicargolithus floridanus,
Discoaster deflandrei, Helicosphaera euphratis, Helicosphaera
recta, Pontosphaera multipora, Reticulofenestra bisecta and
Zygrhablithus bijugatus are also present.
The youngest Oligocene biozone recognized is the
Pontosphaera enormis biozone (Melinte 1993, 2005; MelinteDobrinescu & Brustur 2008), corresponding to NP25 standard
zone (Martini, 1971). Two samples recovered from the
B1 well, made by dark-gray calcareous clays, contain the
above-mentioned species. The presence of Pontosphaera
enormis along with Cyclicargolithus abisectus indicated an
early Chattian age - the lower part of NP25 biozone (Martini,
1971). In addition, the assemblage contains the nannofossils:
Coccolithus pelagicus, Cyclicargolithus floridanus, Discoaster
deflandrei,
Helicosphaera euphratis,
Reticulofenestra
bisecta, Reticulofenestra dictyoda, Reticulofenestra lockeri,
Sphenolithus moriformis and Zygrhablithus bijugatus. It is to
remark the bloom of Cyclicargolithus floridanus in the abovementioned depositional interval. Upwards, the co-occurrence
of Pontosphaera enormis and Sphenolithus delphix argued
the presence of NP25 biozone; several authors indicate that
the first occurrence of Pontosphaera enormis is placed in the
Paratethyan Realm towards the upper part of the Chattian
(Melinte 1993, 2005; Melinte-Dobrinescu & Brustur, 2008
Ozdínová & Soták 2014).
We found that the pelitic facies of the Brăduleț
Formation, mainly composed of dark gray calcareous
clays, crossed by all studied boreholes, continues in the
Early Miocene interval (Aquitanian to lower Burdigalian).
The nannoplankton assemblages encloses Cyclicargolithus
abisectus with its LO towards the base of the Aquitanian
stage (Gradstein et al., 2012), in NN1 zone of Martini (1971),
but lack Sphenolithus ciperoensis, which disappears towards
6

the top of the Oligocene (Bergen et al., 2017). Significant
biostratigraphical nannofossils in the NN1 biozone
include Calcidiscus leptoporus, Helicosphaera carteri and
Sphenolithus conicus.
In the investigated boreholes B1, B2, B3, B4 and B5,
above the assemblages marking the base of the Miocene,
assemblages that characterize the NN2 zone of Martini
(1971), late Aquitanian to early Burdigalian age (Young, 1998)
are present. Discoaster druggii, which the first occurrence
(FO) marks the base of NN2 zone, is rarely encountered in
the studied drillings, in a few samples. Species of the genus
Umbilicosphaera, such as U. jafari and U. rotula that have the
FO in NN2 (Young, 1998), appear in NN2 biozone, along with
Reticulofenestra pseudoumbilicus and long-ranging taxa.
Above the depositional interval covered by the lower
part of NN2, the lithology of drilled deposits changes. The
sediments overlaying the brownish clays of the Brăduleț
Formation are included in a detritic facies, represented by the
Muiereasca Formation (=Muiereasca Sandstones) and Mățău
Formation (=Mățău Conglomerates) units. The Muiereasca
Formation consists of microconglomerates, interbedded
with sandstones, clays and marls. The Mățău Formation is
mainly composed of reddish to brownish conglomerates,
alternating with calcareous clays and calcareous sandstones
(Bombiță et al., 1980). The aforementioned lithological units
were recovered in the boreholes B1, B2, B3, B4 and B5.
In the marly and clayey layers of Muiereasca unit, the FO
of Helicosphaera ampliaperta was remarked. This occurrence
is placed towards the top of NN2, within the lower part of
the Burdigalian (Young, 1998). The nannofossil assemblages
are dominated by Reticulofenestra pseudoumbilicus and
Reticulofenestra haqii, both species showing a high frequency.
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Fig. 4. Correlation of the Lower Miocene calcareous nannoplankton biozones and the biotical events recorded in the Băbeni area (Getic Depression, S Romania) and comparison with the global zonation of Martini (1971) and Carpathian region of Romania (Mărunțeanu, 1999).
In the reddish-brown silty calcareous clays interlayered in
the conglomerate levels of Mățău Formation of the borehole
B5, Sphenolithus belemnos occurs. The FO of this nannofossil
marks the base of NN3 zone of Martini (1971), being placed
in the Burdigalian (Raffi et al., 2006). The assemblages of NN3
are diversified and contain, besides long-ranging taxa, typical
Miocene nannofossils, such as: Coccolithus miopelagicus,
Cyclicargolithus floridanus, Helicosphaera ampliaperta,
Helicosphaera carteri, Helicosphaera intermedia, Helicosphaera
mediterranea, Reticulofenestra haqii,
Reticulofenestra
pseudoumbilicus, Sphenolithus dissimilis and Sphenolithus
moriformis. The species Helicosphaera ampliaperta,
Umbilicosphaera jafari and Umbilicosphaera rotula are
present, but with a low abundance.
Upwards, in the Mățău Formation, the assemblages are
characteristic for the interval covered by NN3 to lower part
of NN 4 biozones of Martini (1971), of a late Burdigalian age
(Young, 1998; Raffi et al., 2006). The age is argued by the cooccurrence of Calcidiscus premacintyrei and Sphenolithus
heteromorphus, the later with a low frequency. In addition,
the assemblages contain Calcidiscus leptoporus, Coccolithus
miopelagicus, Cyclicargolithus floridanus, Helicosphaera
ampliaperta, Helicosphaera carteri, Pontosphaera multipora,
Reticulofenestra haqii and Reticulofenestra pseudoumbilicus.

4. DISCUSSION
The depositional interval studied from the calcareous
nannofossil point of view belongs to the OligoceneLower Miocene. In general, the calcareous nannofossil
biostratigraphy of this interval follows the zonation of Martini
(1971), made on pelagic sediments of low latitudes. In his
biozonation many biozones were defined based on the last
occurrence of the nannofossils, but in sediments containing
several reworkings, as the orogenic areas, such events are
difficult to identify. Moreover, most of the Oligocene and
Lower Miocene defined biozones are largely based on the

occurrence of Sphenolithus species, which are more related
to the warm-water surface of lower- to mid-paleolatitudes
(Perch-Nielsen, 1985; Aubry, 1992; Villa et al., 2008).
Consequently, it is difficult to employ the zonation
of Martini (1971) in deep-marine basins, where turbidite
deposits occur; this type of lithology contains frequently
reworked calcareous nannofossils (Wagreich & Krenmayr,
1993). This problem is known to occur in the Romanian
Carpathian Paleogene-Miocene depositional interval.
Besides, due to the appearance of the Paratethyan Domain
since the Oligocene (Rusu, 1988; Rögl, 1999) on large
areas from the Central and Eastern Europe (Popov et al.,
2004), including the present-day Romanian territory, the
paleogeographic setting led to the occurrence, in the semiisolated basins, of endemic taxa. In such Paleogene-Miocene
semi-isolated basins the proliferation of warm-water
nannofossils, such as Sphenolithus spp. and Discoaster spp.,
was limited. For solving these issues, several biostratigraphic
schemes have been proposed for the Oligocene-Miocene
interval of the Romanian Extra-Carpathian (Melinte, 1993,
2005; Mărunțeanu, 1999). The afore-mentioned zonations
have been used herein (Figs. 3 and 4) and correlated with the
Martini (1971) biozones.
The boundary between Eocene and Oligocene could not
be pointed out based on the nannofossil biostratigraphy of
Martini (1971), i.e., the extinction of Discoaster barbadiensis
and Discoaster saipanensis, species that were observed
as reworked up to the Lower Miocene sediments of the
studied boreholes. The Eocene-Oligocene boundary
was approximately based on the high frequency of
small reticulofenestrids, such as Reticulofenestra minuta
and Reticulofenestra minutula. A significant bloom of
Reticulofenestra minuta was encountered, along with a high
frequency of Reticulofenestra minutula. The high frequency
of the small reticulofenestrids is coincident, in the studied
boreholes, with a pronounced lithological change. The
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dominant marly lithology of the Eocene is sharply replaced
by an anoxic deposition, i.e., mainly dark-grey to black clays,
which characterize the Oligocene of the Getic Depression
(Bombiță et al., 1980, Motaș et al., 1995, Boroși et al., 2003).
Previous studies indicate that Reticulofenestra minuta
occur with a high frequency in a shallow marine setting
(Haq, 1980) and in stressful conditions, related to rapid
environmental changes (Wade & Bown, 2006). Additionally,
several blooms of Reticulofenestra minuta were reported
from the Central Paratethys within the Early Miocene and
lower part of the Middle Miocene (Švábenická, 2002; Ćorić
& Hohenegger, 2008; Holcová, 2013), possibly reflecting a
paleoenvironmental stress.
The identification of the Oligocene biozones (NP22 up to
NP25) are defined by Martini (1971) based on the distribution
of Sphenolithus taxa, which are very rare or are missing in
the investigated sediments. In the Băbeni area, in the Lower
Oligocene samples, the assemblages are mainly made by
Coccolithus pelagicus, Reticulofenestra bisecta, Reticulofenestra
umbilicus, Lanternithus minutus and Zygrhablithus bijugatus,
nannofossils mostly associated with cooler-water surface
and a shallow marine setting (Perch-Nielsen, 1985; Haq et
al., 1987; Krhovský et al., 1992; Nagymarosy, 2002; Melinte,
2005; Oszczypko-Clowes & Źydek, 2012). The interval
corresponding to the Lower Oligocene NP23 biozone
contains several successive first occurrences (FO), such as
those of Reticulofenestra lockeri, Cyclicargolithus abisectus and
Sphenolithus ciperoensis, the later event marking the top of
NP23.
The nannofossils Reticulofenestra ornata and Pontosphaera
(=Transversopontis) fibula, identified in the studied samples,
have their FO in the lower part of NP23 biozone (Melinte,
2005). The species are endemic taxa of the Central Paratethys;
they were reported in Romania, within the Carpathians and
Transylvanian Basin, as well as in Ukraine, Czech Republic,
Hungary and Slovakia (Gheța et al., 1976; Mészáros & Ianoliu,
1989; Krhovský et al., 1992; Nagymarosy & Voronina, 1992;
Melinte, 2005; Melinte-Dobrinescu & Brustur, 2008; Garecka,
2012; Kallanxhi et al., 2018).
The base of NP24 biozone, late Rupelian-early Chattian
in age (Melinte, 2005) was recognized based on the FO of
Sphenolithus ciperoensis. From the aforementioned interval,
the calcareous nannofossils show a higher diversity and
abundance than in the lower Rupelian. Possibly, this change
mirrors the connection of the Central Paratethys with other
realms, i.e., the Indio-Pacific one (Rögl, 1998, Popov et al.,
2004).
As the LO of Sphenolithus distensus was not identified,
because the lack of this taxon, the NP24/NP25 boundary
was approximated based on Pontosphaera enormis FO (Fig.
3). The Pontosphaera enormis biozone was defined herein,
as the interval between the FO Pontosphaera enormis and
the FO of Calcidiscus leptoporus and was correlated with
NP25 of Martini (1971). Melinte (2005) divided NP25 int two
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biozones, based on the FO of Sphenolithus delphix (Fig. 3).
In the subzone NP25a biozone, a bloom of Cyclicargolithus
floridanus was observed in the studied samples of the
Getic Depression. In this interval, Cyclicargolithus abisectus
and Pontosphaera enormis co-occur. Previously, blooms of
Cyclicargolithus floridanus were reported in this interval in the
Eastern Carpathian outer structures and in the Transylvanian
Basin, related to the occurrence of coccolithic limestones
(Melinte, 2005; Melinte-Dobrinescu & Brustur, 2008). In the
Outer Polish Carpathians, coccolithic limestones (namely
Jaslo and Zagórz) are known to occur in the Late Oligocene,
i.e., Chattian (Haczewski, 1989; Bąk, 1999). Most probably, this
event is related to a warmer surface waters and reconnection
with the open ocean of the Central Paratethys.
The Oligocene-Miocene boundary is placed at the base
NN 1 (Berggren et al., 1995). The base of this biozone is
marked by the LOs of Reticulofenestra bisecta, Sphenolithus
ciperoensis and Zygrhablithus bijugatus (Martini, 1971).
At the GSSP (Global Section and Stratotype Point) of the
Aquitanian, defined in the Lemme-Carrosio Section (Italy),
Sphenolithus delphix firstly occurs below the OligoceneMiocene boundary, while just above the boundary the FO
and LO of Sphenolithus capricornutus were recorded, followed
by the LO of Sphenolithus delphix (Steiniger et al., 1997).
In the studied boreholes, Sphenolithus capricornutus was
not identified, while Sphenolithus delphix is very rare, its LO
being not observed. Therefore, we use for approximating
the Oligocene-Miocene boundary the FO of Calcidiscus
leptoporus (Fig. 4), nannofossil which firstly appear towards
the base of the Aquitanian (Young, 1998) and pointed the top
of Pontosphaera enormis biozone defined in this work
The NN2 biozone of Martini (1971) is Aquitanian-earliest
Burdigalian in age (Berggren et al., 1995). The marker species,
Discoaster druggii, which the FO is dated 23.2 Ma (Berggren
et al. 1995), was rarely encountered in the studied boreholes.
In the Paratethys, this event corresponds to the EgerianEggerburgian boundary (Mărunțeanu, 1992; Holcová, 2002).
The FO of Discoaster druggii was found to be synchronous
in the analyzed cores with the FO of Reticulofenestra
pseudoumbilicus and that of Umbilicosphaera jafari. In the
present paper we divided the NN2 – Discoaster druggii
biozone into two subzones: NN2a – Umbilicosphaera jafari
and NN2b – Helicosphaera ampliaperta (Fig.4), based on
the FO of Helicosphaera ampliaperta, which approximates
the base of the Burdigalian stage (Raffi et al., 2006). This
bioevent was found to occur in the earliest Burdigalian of
the Romanian Carpathians and in the same time interval in
the Transylvanian Basin (Mărunțeanu 1992, 1999; Chira, 2004;
Melinte-Dobrinescu & Brustur, 2008; Chira et al., 2011). The
FO of Discoaster druggii is an earliest Burdigalian event in the
Mediterranean areas as well (Theodoridis, 1984, Bossio et al.,
2005).
In the Romanian Carpathians and their foreland regions,
both NN1 and NN2 biozones are characterized by the
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occurrence of high percentage of reworked nannofossils,
mainly of Cretaceous and Paleogene age. This feature was
used in Romania, in the hydrocarbon exploration, to point
out the lowermost Miocene depositional interval (Boroși et
al., 2003). The presence of a significant amount of reworking is
possibly linked to the particular sedimentation regime of the
Getic Depression foredeep and Early Miocene active tectonics
of the Romanian Carpathians and adjacent areas (Săndulescu,
1984; Mațenco et al., 1997). We hypothesize also that in
the Getic Depression, a high nutrient input existed during
Aquitanian-Burdigalian interval, as Coccolithus pelagicus,
Cyclicargolithus floridanus and small reticulofenestrids, taxa
known to have a preference for this feature (Holcová, 2013;
Auer et al., 2014), are commonly present.
The occurrence of Sphenolithus belemnos, along with
Sphenolithus heteromorphus and Helicosphaera ampliaperta
in sediments showing a similar lithology with the Mățău
Formation argued for a late Burdigalian age, corresponding to
the interval spans by NN3 up to the lower part of NN4 biozones
of Martini (1971). Similar assemblages were described from
the outer structures of the Eastern Carpathians (Dicea &
Dicea, 1979, Mărunțeanu, 1992, 1999).

5. CONCLUSIONS
The lithology recovered by the five boreholes situated in
the Băbeni region is similar to that observed in the lithological
units cropping out in the Getic Depression, such as Brăduleț,
Cheia, Muiereasca and Mățău, previously described by Roban
& Melinte (2005). The calcareous nannoplankton assemblages
identified in the Brăduleț Formation point out that this unit
covers a large interval, from the Lower Oligocene up to the
Lower Miocene, respectively NP21 to lower part of NN2
biozones of Martini (1971).
The Rupelian age of the Cheia Formation, which is
interfingering with the Brăduleț Formation, is argued by
the occurrence of nannofossils that characterized the NP21
– lower part of NP23 biozone interval. The Muiereasca
Formation is late Aquitanian to early Burdigalian in age,
belonging to the NN2 biozone. The NN3 up to the lower part
of NN 4 biozones were identified in samples with lithology
assigned to the Mățău Formation.

In the studied sediments of Getic Depression drillings,
several calcareous nannofossil events have been highlighted
in the Oligocene-Early Miocene interval:
• A high frequency of Reticulofenestra minuta, in the
Lower Oligocene sediments, e.g., lower Rupelian. As this
event is placed at the base of the Oligocene, it could be
useful for assigning the Eocene-Oligocene boundary
in areas where, due to the reworking processes, the last
occurrence of Discoaster barbadiensis and Discoaster
saipanensis, species that vanished at the top of the
Eocene, could not be recognized.
• The first occurrence, in the lower part of NP23 biozone, of
the endemic Paratethyan species, such as Pontosphaera
fibula and Reticulofenestra ornata. This event was formerly
observed by several authors in the Intra- and ExtraCarpathian areas and corresponds to a mainly anoxic
depositional interval.
• Two blooms of Cyclicargolithus floridanus were
highlighted. The oldest bloom is placed in the Lower
Oligocene, upper part of NP23, i.e., late Rupelian, where
in the assemblages Cyclicargolithus abisectus occurs.
The youngest bloom is situated in the Upper Oligocene
(Chattian), within the NP25 biozone, in the assemblages
where Cyclicargolithus abisectus and Pontosphaera
enormis are present.
• Within the Lower Miocene studied deposits, in the
Aquitanian-Burdigalian interval, several successive
first occurrences have been pointed out (oldest
first): Calcidiscus leptoporus, Umbilicosphaera jafari,
Reticulofenestra pseudoumbilicus, Discoaster druggii,
Helicosphaera ampliaperta, Sphenolithus belemnos and
Sphenolithus heteromorphus.
Based on the identified bio-events, we have presented
herein new biozones for the Oligocene and Lower Miocene
investigated depositional intervals. These biozones are
defined based on the first occurrence of the nannofossils
observed in the studied boreholes.

ACKNOWLEDGMENTS
The authors thank OMV Petrom S.A. Company for
providing the cores presented in this paper. We are grateful
to Carmen-Mariana Chira (Babeș-Bolyai University) and Vasile
Șindilar, for their useful comments and corrections, which
improved this paper.

Geo-Eco-Marina 27/2021

9

Daniela Ghiță, Mihaela Melinte - Dobrinescu – Oligocene-Lower Miocene calcareous nannofossils from Băbeni area (Central-Western Getic Depression, Romania)

References
Aubry, M.P. (1992). Late Paleogene calcareous nannoplankton
evolution: A tale of climatic deterioration. In: D. R. Prothero, D.R.,
and W. A. Berggren, W.A. (Eds.), Eocene/Oligocene Climatic and
Biotic Evolution, Princeton Univ. Press, Princeton: 272-309.
Auer, G., Piller, W.E., Harzhauser, M. (2014). High resolution
calcareous nannoplankton palaeoecology as a proxy for smallscale environmental changes in the Early Miocene. Marine
Micropaleontology, 111: 53-65.
Báldi-Beke, M. (1984).The nannoplankton of the Transdanubian
Paleogene
formations.
Geologica
Hungarica,
Series
palaeontologica, 43: 1-307.
Bąk, K. (1999). Late Oligocene foraminifera from the Krosno Beds
in the San valley Section (Bieszczady Mountains); Silesian
Unit, Polish Outer Carpathians. Annales Societatis Geologorum
Poloniae, 69: 195–217.
Bergen, J.A., de Kaenel, E., Blair, S.A., Boesiger, T.M., Browning, E.
(2017). Oligocene-Pliocene taxonomy and stratigraphy of
the genus Sphenolithus in the circum North Atlantic Basin:
Gulf of Mexico and ODP Leg 154. Journal of Nannoplankton
Research. 37(2-3): 77-112.
Berggren, W.A., Kent, D.V., Swisher, C.C., Aubry, M.P. (1995). A revised
Cenozoic geochronology and chronostratigraphy. Society of
Economics Paleontologist and Mineralogists Special Publication,
54: 129-212.
Bombiță, G., Bratu, E., Gheța N., Ion, J. (1980). Foraminiferele mari din
Depresiunea Getică. Anuarul Institutului de Geologie și Geofizică,
LV: 45-95.
Bossio, A., Mazzei, R., Monteforti, B., Salvatorini, G. (2005). Stratigrafia
del Neogene e Quaternario del Salento Sud-Orientale (Con
Rilevamento Geologico alla scala 1:25.000). Geologica Romana,
38: 31-60.
Boroși, V., Ghiță, D., Olaru-Florea, R.F. (2003). O nouă abordare
biostratigrafică a secvențelor oligocene si miocene din sectorul
central estic al avanfosei Carpaților Meridionali. Revista Română
de Petrol, Serie Nouă, 10(4): 1-16.
Bown, P.R., Dunkley Jones, T. (2012). Calcareous nannofossils from the
Paleogene equatorial Pacific (IODP Expedition 320 Sites U13311334). Journal of Nannoplankton Research. 32(2): 3-51.
Chira, C. (2004). Early Miocene calcareous nannofossils assemblages
from Transylvania. Acta Palaeontologica Romaniae, 4: 81-88.
Chira, C.M., Igrițan, A., Juravle, D.-T., Florea, F., Popa, M.V. (2011).
Calcareous Nannoplankton across the Paleogeoene-Neogene
Boundary in the Moldovița-Paltinu area (Bucovina, Romania).
Acta Palaeontologica Romaniae, 7: 93-101.
Ćorić, S., Hohenegger, J. (2008). Quantitative analyzes of calcareous
nannoplankton assemblages from the Baden-Sooss section
(Middle Miocene of Vienna Basin, Austria). Geologica Carpathica,
59: 447-460.
De Kaenel, E., Villa, G. (1996). Oligocene-Miocene calcareous
nannofossil biostratigraphy and paleoeecology from the Iberian
Abyssal Plain. Proceedings of the Ocean Drilling Program, Scientific
Results, 149: 79-145.

10

Dicea, O., Dicea, M. (1979). Stratigraphic correlation on nannoplankton
basis in the external flysch of East Carpathians. Dări de Seamă ale
Institutului de Geologie și Geofizică, 65(4): 111-126.
Dunkley Jones, T., Bown, P.R., Pearson, P.N., Wade, B.S., Coxall, H.K., Lear, C.H.
(2008). Major shifts in calcareous phytoplankton assemblages
through the Eocene-Oligocene transition of Tanzania and
their implications for low-latitude primary production.
Paleoceanography, 23: PA4204, doi:10.1029/2008PA001640.
Garecka, M. (2012). Record of changes in the Oligocene – Miocene
sediments of the Menilite-Krosno series of the Skole Unit based
on calcareous nannoplankton studies – biostratigraphy and
palaeogeographical implications (Polish Outer Carpathians).
Biuletyn Państwowego Instytutu Geologicznego, 453: 1-22.
Gheța, N., Popescu, G., Leu, M. (1976). Reticulofenestra ornata Müller, a
marker nannoplankton species in the Middle Oligocene. Revue
Roumaine de Geologie, 20(1): 143-145.
Gradstein, F., Ogg, J.G., Schmitz, M.D., Ogg, G. (Eds.) (2012). The Geological
Time Scale. Boston, Elsevier, 1129 p.
Haczewski, G. (1989). Coccolith limestone horizons in the Menilite
– Krosno Series (Oligocene, Carpathians) – identification,
correlation and origin. Annales Societatis Geologorum Poloniae,
59: 435-523 [In Polish with English summary].
Haq, B.U. (1980). Biogeographic history of Miocene calcareous
nannoplankton and paleoceanography of the Atlantic Ocean.
Micropaleontology, 26: 414-443.
Haq, B.U., J. Hardenbol, J., Vail, P.R. (1987). Chronology of fluctuating
sea levels since the Triassic (250 million years ago to present).
Science, 235: 1156–1167.
Holcová, K. (2002): Calcareous nannoplankton from the Eggenburgian
stratotypes (Lower Miocene, Central Paratethys). Geologica
Carpathica, 53(6): 381-390.
Holcová, K. (2013). Morphological variability of the Paratethyan
Oligocene-Miocene small reticulofenestrids coccolites and
its paleoecological and paleogeographical implications. Acta
Palaeontologica Polonica, 58(3): 651-668.
Kallanxhi, M.-E., Bălc R., Ćorić, S., Székely, S.F., Filipescu, S. (2018). The
Rupelian-Chattian transition in the north-western Transylvanian
Basin (Romania) revealed by calcareous nannofossils:
implications for biostratigraphy and palaeoenvironment
reconstruction. Geologica Carpathica, 69(3): 264-282.
Krhovský, J., Adamová, J., Hladíková, J., Maslowská, H. (1992). Palaeo
environmental changes across the Eocene/Oligocene boundary
in the Ždánice and Pouzdřany Units (Western Carpathians,
Czechoslovakia): The long–term trend and orbitally forced
changes in calcareous nannofossil assemblages. In: Hamršmíd,
B., Young, J. (Eds.): Nannoplankton Research. Proceedings of
Fourth INA Conference, Prague, 1991. Knihovnička ZPN, 14b(2):
105-187.
Martini, E. (1971). Standard Tertiary and Quaternary Calcareous
Nannoplankton Zonation. Proceedings of the 2nd Planktonic
Conference, Roma, 1970, Editura Tecnoscienza: 739-785.

Geo-Eco-Marina 27/2021

Daniela Ghiță, Mihaela Melinte - Dobrinescu – Oligocene-Lower Miocene calcareous nannofossils from Băbeni area (Central-Western Getic Depression, Romania)
Mațenco, L., Bertotti, G., Dinu, C., C!oetingh, S. (1997). Tertiary tectonic
evolution of the external South Carpathians and the adjacent
Moesian platform (Romania). Tectonics, 16(6): 896-911.

Magura Nappe, Polish Outer Carpathians). Geologica Carpathica,
63(2): 149- 164.

Mărunțeanu, M. (1992). Distribution of the Miocene calcareous
nannofossils in the Intra- and Extra- Carpathian areas of Romania.
Knihovnička ZPN: 14b(2): 247-261.

Ozdínová, S., Soták, J. (2014). Oligocene-Early Miocene planktonic
microbiostratigraphy and paleoenvironments of the South
Slovakian Basin (Lučenec Depression). Geologica Carpathica, 65:
451-470.

Mărunțeanu, M. (1999). Litho- and biostratigraphy (calcareous
nannoplankton) of the Miocene deposits from the Outer
Moldavides. Geologica Carpathica, 50(4): 313-324.

Perch-Nielsen, K. (1985). Cenozoic calcareous nannofossils. In:
Bolli, H.M., Saunders, J B., Perch-Nielsen, K. (Eds.), Plankton
Stratigraphy. Cambridge University Press, Cambridge: 427-555.

Melinte, M.C. (1993). Contributions at the establishment of the
Oligocene/Miocene boundary in the Tarcău Nappe from the
Buzău Valley based on calcareous nannoplankton associations
(in Romania). Romanian Journal of Stratigraphy, 75: 91-96.

Popescu, B., Bratu, E., Gheța, N., Popescu, D. (1976). Contribuții la
cunoastera stratigrafiei formațiunilor paleogene dintre Olt si
Olănești (Depresiunea Getica). Dări de Seamă ale Institutului de
Geologie și Geofizică, LXII: 265-278.

Melinte, M.C. (2005). Oligocene palaeoenvironmental changes in the
Romanian Carpathians, revealed by calcareous nannofossils.
Studia Geologica Polonica, 124: 341-352.

Popov, S.V., Rögl, F., Rozanov, A.Y., Steininger, F.F., Scherba, I.G., Kováč
M. (2004). Lithological-Paleogeographic maps of Paratethys.
10 Maps Late Eocene to Pliocene. Courier Research Institute
Senckenberg, 250: 1-46.

Melinte-Dobrinescu, M.C., Brustur, T. (2008). Oligocene-Lower Miocene
events in Romania. Acta Palaeontologica Romaniae, 6: 203-215.
Mészáros, N., Ianoliu, C. (1989). Nannoplankton zones in the Oligocene
deposits in the north-western Transylvanian Basin. In: Petrescu I.
(Ed.), The Oligocene from the Transylvanian Basin, Romania. Univ.
of Cluj-Napoca, Geology-Mineralogy Department, Special Issue,
Cluj-Napoca: 157-162.
Mészáros, N. (1991). Nannofossil Zones in the Paleogene and
Miocene Deposits of the Transylvanian Basin. Proceedings of the
4th INA (International Nannoplankton Association) Conference,
Knihovnicka ZPN, 14b(2): 87-92.

Raffi, I., Backman, J., Fornaciari, E., Päliko, H., Rio, D., Lourens, L., Hilgen,
F. (2006). A review of calcareous nannofossil astrobiochronology
encompassing the past 25 million years. Quaternary Science
Reviews, 25: 3113-3137
Roban, R.-D., Melinte, C.M. (2005). Paleogene litho-and biostratigraphy
of the NE Getic Depression (Romania). Acta Palaeontologica
Romaniae, 5: 423-439.
Rögl, F. (1998). Paleogeographic Considerations for Mediterranean
and Paratethys Seaways (Oligocene to Miocene). Annalen des
Naturhistorischen Museums in Wien, 99A: 279-310.

Micu, M., Gheța, N. (1986). Eocene-Oligocene boundary in Romania
on calcareous nannoplankton. Dări de Seamă ale Institutului de
Geologie și Geofizică, 70-71(4): 289-307.

Rögl, F. (1999). Mediteranean and Paratethys. Facts and hypothesis
of Oligocene to Miocene paleogeography (short overview).
Geologica Carpathica, 50: 339-349.

Mihăilă, N., Stancu, J., Codarcea, M., Bombiță, G., Lupu, M. (1967). Harta
geologică 1:200.000, Foaia L -34 - XXV, Pitești. Imprimeria
Institutului Geologic, București.

Rusu, A. (1988). Oligocene events in Transylvania (Romania) and the
first separation of Paratethys. Dări de Seamă ale Institutului de
Geologie și Geofizică, 72-73: 207-223.

Motaș, C., Nicolae, E., Tudoran, C., Horia, G., Carp, V., Giuglan, F., Mihai,
S., Mihalache, M. (1995). Reconstituirea evoluției geologice a
Depresiunii Getice, în vederea evaluării calitative a potențialului
petroligen și precizării zonelor optime de acumulare a
hidrocarburilor. Raport Arhiva OMV – PETROM S.A., 45 p.

Săndulescu, M. (1984). Geotectonica României. Editura Tehnică, 334 p.

Mutihac, V., Stratulat M.I., Fechet R.M. (2004). Geologia României.
Editura didactică și pedagogică, 419 p.
Nagymarosy, A., Voronina, A.A. (1992). Calcareous nannoplankton
from the Lower Maikopian beds (Early Oligocene, Union
of Independent States). In: Hamršmíd, B., Young, J.R. (Eds.):
Nannoplankton Research. Proceedingd of the 4th INA Conference,
Prague 1991. Knihovnička ZPN, 14b(2): 187-221.
Nagymarosy, A. (2000). Lower Oligocene nannoplankton in anoxic
deposits of the Central Paratethys. The 8th International
Nannoplankton Association Conference, Bremen. Journal of
Nannoplankton Research, 22: 128-129.
Oszczypko-Clowes, M., Źydek, B. (2012). Paleontology of Upper Eocene
– Lower Oligocene Malcov Basin based on the calcareous
nannofossils: a case study of the Leluchów section (Krynica Zone,

Steiniger, F. F., Aubry, M. P., Berggren, W. A., Biolzi, M., Borsetti, A. M.,
Cartlidge, J. E., Cati, F., Corfield, R., Gelati, R., Iaccarino, S., Napoleone,
C., Ottner, F., Roegl, F., Roetzel, R., erri, S., Tateo, F., Villa, G., Zevenboom,
D. (1997). The Global Stratotype Section and Point (GSSP) for the
Base of the Neogene. Episodes, 20(1): 23-28.
Švábenická, L. (2002). Calcareous nannofossils of the upper Karpatian
and lower Badenian deposits in the Carpathian Foredeep,
Moravia (Czech Republic). Geologica Carpathica, 53: 197-210.
Stradner, H., Aubry, M. -P., Bonnemaison, M. (2010). Calcareous nannofossil
type specimens in the collection of the Geological Survey of
Austria: A taxonomic and stratigraphic update. Jahrbuch der
Geologischen Bundesanstalt, 150(1-2): 9-84.
Theodoridis, S. (1984). Calcareous Nannofossil Biozonation of the
Miocene and Revision of the helicoliths and discoasters. Utrecht
micropaleontological bulletins, 32: 1-271.
Varol, O. (1998). Palaeogene. In: Bown, P. R. (Ed.) Calcareous
Nannofossil Biostratigraphy. British Micropalaeontological Society
Publication Series: 200-224.

Geo-Eco-Marina 27/2021

11

Daniela Ghiță, Mihaela Melinte - Dobrinescu – Oligocene-Lower Miocene calcareous nannofossils from Băbeni area (Central-Western Getic Depression, Romania)
Villa, G., Fioroni, C., Pea, L., Bohaty, S., Persico D. (2008). Middle
Eocene–late Oligocene climate variability: calcareous
nannofossil response at Kerguelen Plateau, Site 748. Marine
Micropaleontology, 69: 173-192.
Wade, B.S., Bown, P.R. (2006). Calcareous nannofossils in extreme
environments: the Messinian salinity crisis, Polemi Basin, Cyprus.
Palaeogeography, Palaeoclimatology, Palaeoecology, 233: 271286.

Young, J.R. (1998). Neogene. In: Bown, P.R. (Ed.), Calcareous Nannofossil
Biostratigraphy. British Micropalaeontological Society Publication
Series: 225-265.
Zachos, J.C., Shackleton, N.J., Revenaugh, J.S., Palike, H., Flower, B.P.
(2001). Climate response to orbital forcing across the Oligocene/
Miocene boundary. Science, 292: 274-278.

Wagreich, M., Krenmayr, H.-G. (1993). Nannofossil biostratigraphy of the
Late Cretaceous Nierental Formation, Northern Calcareous Alps
(Bavaria, Austria). Zitteliana, 20: 67-77.

12

Geo-Eco-Marina 27/2021

