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Abstract Three sections from the upper Miocene (Pannonian) of the Gusterita quarry — Sibiu (the southern border of
the Transylvanian Basin) were investigated in detail. The main part of the research was based on calcareous nan-
nofossil analysis to which some aspects on molluscs and ostracods fauna, together with sedimentological remarks
were added. The calcareous nannofossil assemblages from Gusterita quarry were compared with seven other previ-
ously analyzed sections from the western border of the Transylvanian Basin: Aiud area (Geoagiu, Garbova, Garbo-
vita, Lopadea exposures and Decea quarry) and Sibiu area (Vurpar and Apoldu exposures).

The Pannonian calcareous nannofossil assemblages are abundant at some levels and contain mostly species of the

genera Isolithus and Noelaerhabdus.

Keywords: Gusterita Formation, Upper Miocene, calcareous nannofossils, ostracods, molluscs, sedimentology.

INTRODUCTION

The study is focused especially on the Pannonian (Upper
Miocene) calcareous nannofossils from Gusterita quarry,
near Sibiu.

Three sections belonging to Gusterita Formation from the
Gusterita quarry have been investigated in order to identi-
fy the Pannonian calcareous nannofossils from the south-
ern Transylvanian Basin area (Romania). They were
compared with seven other previously investigated areas,
from the western border of the Transylvanian Basin, in
the Aiud area, between Turda and Alba lulia, respectively
Geoagiu, Géarbova, Garbovita and Lopadea exposures
together with Decea quarry. In the Sibiu area, Vurpar and
Apoldu exposures have been previously investigated
(Chira & Malacu, 2008).

The Gusterita Formation was described from the southern
border of the Transylvanian Basin (Lubenescu, 1981) in
the Sibiu — Gusterita (Hermannstadt — Hammersdorf) area
(Fig. 1). This formation is represented by a pelitic facies
with Congeria banatica; in particular, in the area of the
localities Apold, Garbova, Dobarca, Gusterita and
Alamor (respectively from west to east of Sibiu), it is
characterized by the predominance of poorly compacted
mudstones with minor intercalations of siltstones. These
facies were observed along Rodului Valley, between
Apoldu de Sus and Apoldu de Jos. In the uppermost part
these beds are represented especially by poorly cemented
sandstones (Lubenescu, 1981).

GEOLOGICAL SETTING

The Transylvanian Basin is considered a passive sag ba-
sin with middle—upper Miocene sediments that reached
up to 3.5 km in its center (Krézsek & Bally, 2006). The
only detectable extensional deformation consists of early
Badenian normal faults showing offsets up to a couple of
hundred meters, which can only partially explain the ob-
served entire Badenian—Pannonian Basin subsidence.
This sag subsidence postdates the early Miocene — early
Sarmatian phase of extension observed in the Pannonian
Basin. In the Transylvanian Basin, the Badenian—
Sarmatian sag deposition was followed by a general sub-
sidence and then by a gradual regressive episode of basin
fill during Pannonian (Krézsek et al., 2010). This last
phase was interrupted by the exhumation of the Transyl-
vanian Basin toward the end of Pannonian stage due to
the collision that took place in the outer Carpathians. The
coupling between the mechanical extension of the Panno-
nian Basin and its thermal effects recorded in the Tran-
sylvanian Basin should have taken place in such a way
that the intervening Apuseni Mountains did not suffer any
significant Miocene vertical movements.

A sequence stratigraphic framework for the Pannonian in
the Transylvanian Basin was proposed by Krézsek &
Filipescu (2005) and Krézsek et al. (2010). They divided
the middle to late Miocene sedimentary succession of the
basin into minimum eight different sequences based on
seismic profiles and well logs. The Pannonian sediments
included the following system tracts: TST7, HST7, LSTS,
TST8, HST8 and LST9 (Krézsek & Filipescu, 2005;
Krézsek et al., 2010).
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Fig. 1 Simplified geological map 1:200.000 after Dessila Codarcea et al., 1968.

The Pannonian sediments from the western part of the
Transylvanian Basin belong to the Lopadea Formation.
Lithologically, they are represented mostly by sandstones
with various degrees of cementation, mudstones and con-
glomerates (Lubenescu & Lubenescu, 1977).

The Pannonian deposits from Sibiu area belong to the
Gusterita Formation and are represented by a pelitic faci-
es with Congeria banatica (Lubenescu, 1981).

The Pannonian macrofauna of Gusterita was investigated
by Ackner, 1852; Lorenthey, 1893; Bielz, 1894; Luben-
escu, 1981; Botka et al., 2019, and others.

In the assemblages with Congeria banatica (around the
localities Apoldu de Sus, Dobéarca, Gusterita, Turnisor,
Boz and Dostat) Congeria digitifera, Paradacna lenzi, P.
syrmiensis, Acicardium costatum, A. protractum, Velu-
tinopsis velutina, Undulotheca pancici, U. rotundata
were also identified. Congeria banatica, Undulotheca
pancici, U. rotundata, prove the Middle to Late Panno-
nian age (Lubenescu, 1981).
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Other species founding in the Gusterita area are: Gyrau-
lus ponticus, Gyraulus praeponticus, Orygoceras fuchsi
brusinai, Undulotheca nobilis, Undulotheca rotundata,
Pectinaria ostracopannonicus (trace fossil), Diplocrater-
ion sp. (trace fossil), Silicoplacentina majzoni (thecam-
oebian), Pectinaria gigantea, Gadidae (fish teeth) and
otoliths (Botka et al. 2018; 2019). Palynological studies
were realized by Baranyi et al. (2019; 2021).

MATERIAL AND METHODS

15 samples were collected from three sections of the
Gusterita quarry, between 2017 and 2019, during field
trips with the students of the Babes-Bolyai University.
The samples were investigated for calcareous nannofos-
sils content. The smear slides for calcareous nannofossils
were prepared using the standard smear slide technique
(Bown &Young, 1998) and were studied under an optical
microscope, at 1000X magnification. Analyses were con-
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ducted qualitatively based on the presence or absence of
the identified species.

For the informative analysis of the micropaleontological
content (smaller foraminifera and ostracods), 2 samples
(samples 1 and 4) were prepared following the standard
method (drying, soaking, boiling and washing over a 63
um mesh sieve — Armstrong & Brasier, 2005).

15 samples with molluscs have been investigated, meas-
ured, and illustrated.

Facies analysis was made exclusively in the field, in or-
der to identify depositional mechanisms and variations in
sediment supply into the basin.

PREVIOUSLY STUDIED PANNONIAN CALCAR-
EOUS NANNOFOSSILS

In the Central Paratethys, Jerkovi¢ (1970, 1971) per-
formed the first studies on calcareous nannofossil assem-
blages. He described a new genus, Noelaerhabdus, with
three species: Noelaerhabdus bozinovicae, N. bekei, N.
braarudi, from Pannonian sediments of Belgrade area, in
Serbia & Montenegro. Bona (1964) and Bona & Gal
(1985) described calcareous nannoplankton assemblages
from sediments with Congeria banatica (Mecsek Moun-
tain, Hungary), which contain: Noelaerhabdus signato-
ries, N. jerkovici and N. tegulatus and a new genus — Be-
kelithella, respectively Bekelithella echinata species.
Mihajlovi¢ (1993) described a new genus of Pannonian
calcareous nannoplankton, Prenoelaerhabdus, from Pan-
nonian sediments of Vojvodina (North Serbia).

Cori¢ & Gross (2004) and Cori¢ (2005) mentioned cal-
careous nannoplankton from early Pannonian of the Aus-
trian Basin: Isolithus and Noelaerhabdus species.
Previous studies concerning the Pannonian calcareous
nannoplankton from Romania were realized in Banat area
(SW Romania) by Marunteanu (1995), where a Panno-
nian  nannoplankton zonation was carried out
(Marunteanu, 1997b). Other studies concerning the cal-
careous nannofossils from Romania were realised by Chi-
ra et al., 2000; Chira, 20063, b; Chira & Malacu, 2008;
Chira et al., (2018, 2019a, b); Cori¢ in Botka et al.
(2019).

In the Middle Pannonian the calcareous nannofossil as-
semblages contain: Noelaerhabdus bozinovicae, N. bekei,
N. tegulatus, N. jerkovici, Bekelithella echinata
(Marunteanu, 1997a).

The Pannonian deposits from the western Transylvanian
Basin, between Lopadea Veche and Géarbova — Garbovita
area, contain endemic calcareous nannofossils, represent-
ed especially by two species of the genus Isolithus: Iso-
lithus semenenko and Isolithus pavelici.

The genus Isolithus was described by Luljeva (1989)
from the Eastern Paratethys. The form with three rays,
Isolithus semenenko was described for the first time from
the Lower Kimmerian, which corresponds to Dacian (Pli-
ocene). These star-shaped nannofossils which present
morphological similarities with the discoasters were also

described from the Central Paratethys by Cori¢, 2004 and
Corié in Botka et al., 2019.

Pannonian calcareous nannofossils of the genera Noe-
laerhabdus and Bekelithella were mentioned from Roma-
nia by Marunteanu (1995, 1997) and Corié¢ in Botka et al.
(2019).

Starting from the Noelaerhabdus evolution, two nanno-
plankton biozones were defined: Noelaerhabdus bozi-
novicae Zone (Middle Pannonian) and Noelaerhabdus
bonagali Zone (Late Pannonian).

The comparison areas used in this study are located in the
Aiud and Sibiu area and were studied by Chira (20063, b)
and Chira & Malacu (2008).

Below is a short description of the calcareous nannofossil
assemblages from the mentioned areas:

Pannonian deposits from Lopadea Veche

The Pannonian deposits from Lopadea Veche contain the
two species of the genus Isolithus: Isolithus semenenko
and Isolithus pavelici. From these, Isolithus semenenko
dominates while Isolithus pavelici subordinately appears.
At Lopadea Veche, Noelaerhabdus cf. bozinovicae, Noe-
laerhabdus sp., Braarudosphaera bigelowii and ascidian
spicules were also observed. Excepting the genus Noe-
laerhabdus, the other species are probably reworked from
Middle Miocene and even from Cretaceous (Chira,
2006a).

Pannonian deposits from Garbova — Garbovita area

The analysed samples from Garbova — Garbovita area
contain generally larger species of Isolithus semenenko
and Isolithus pavelici, compared to those of Lopadea
Veche. The assemblages contain also: Coccolithus pe-
lagicus, C. miopelagicus, Braarudosphaera bigelowii
(Chira, 20064a).

Pannonian deposits from Geoagiu de Sus

The Pannonian deposits from Geoagiu de Sus contain the
two species of the genus Isolithus: Isolithus semenenko
and Isolithus pavelici and Noelaerhabdus cf. jerkovici.

Pannonian deposits from Decea quarry

From the western border of the Transylvanian Basin, in
the Decea quarry, lIsolithus semenenko and Isolithus
pavelici, reticulofenestrids and ascidian spicules were
observed in some samples.

Pannonian deposits from Apoldu — Vurpar

In the southern Transylvanian Basin, near Sibiu, in
Apoldu — Vurpar area, Pannonian assemblages are pre-
sent, and dominated by species of Noelaerhabdus and
Isolithus, together with Coccolithus pelagicus and Heli-
cosphaera carteri (Chira & Malacu, 2008).
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RESULTS
GUSTERITA QUARRY - SIBIU

Sedimentological features

The studied sections from Gusterita quarry have been
noted A, B and C (Fig. 2).

The dominant lithology is represented by mudstones
showing generally a very low content of silt especially
made of quartz fragments representing a poor clastic in-
put from the basin hinterland.

In the upper part, the formation makes a transition to pol-
ygenic alluvial conglomerates with intercalations of poor-
ly consolidated sandstones.

At some levels, fragments of carbonized woods have
been detected.

Rarely appear fish scales.

Calcareous nannofossil assemblages

Gusterita quarry — Sibiu

The calcareous nannofossils from the studied sections (A,
B and C) have been investigated in detail and the repre-
sentative taxa were illustrated in this paper’s graphic ma-
terial (Fig. 2; Fig.3a—t; Fig 4 a-h).

Gusterita - Section A.

From the first section, 6 samples have been collected and
studied concerning the calcareous nannofossils.

At the base of the first section (samples 1, 3 and 4) very
frequent Pannonian calcareous nannofossils are present in
different proportions: Noelaerhabdus bozinovicae (NN10
- NN11) (after Martini, 1971), N. tegulatus (= Reticulo-
fenestra tegulata), Isolithus semenenko and I. pavelici.
Species with a large distribution in the entire Miocene
together with reworked taxa from Miocene, Paleogene
and even Cretaceous are also present.

At some levels there are very frequent ascidian spicules
(samples 4, 5 and 6). In sample 6, ascidian spicules are
quite frequent together with rare calcareous nannoplank-
ton.

In the calcareous nannoplankton assemblages, reticulo-
fenestrids: Reticulofenestra pseudoumbilicus, R. hagqii;
sphenoliths: Sphenolithus moriformis, S. abies; helico-
spheres: Helicosphaera carteri, H. wallichii, H. walbers-
dorfensis; discoasters: Discoaster variabilis, D. brouwe-
rii, D. cf. exilis, D. musicus; umbilicospheres: Umbilico-
sphaera jafari, U. rotula; Cycligargolithus floridanus;
Calcidiscus leptoporus, C. macintyrei, C. pataecus; Coc-
colithus pelagicus, C. miopelagicus; Syracosphaera
histrica, Rhabdosphaera pannonica, Pontosphaera mul-
tipora appear.

Rarely, Holodiscolithus macroporus, Scyphosphaera cf.
lagena (NN7 — NN18) and Braarudosphaera bigelowii
are also present.

From the upper part of the section, 4 samples were col-
lected. All these samples contain species of Isolithus: I.
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semenenko and |. pavelici and of Noelaerhabdus: N.
bozinovicae (NN10 - NN11) and N. tegulatus (= Reticu-
lofenestra tegulata).

The following are also present: Reticulofenestra pseu-
doumbilicus, Sphenolithus moriformis, S. heteromorphus
(reworked from Badenian); Helicosphaera carteri, H.
wallichii, H. walbersdorfensis; Rhabdosphaera pannoni-
ca, Umbilicosphaera rotula, Cycligargolithus floridanus,
Calcidiscus leptoporus, Coccolithus pelagicus, C. miope-
lagicus, Pontosphaera multipora, Discoaster druggii
(reworked from the Lower Miocene).

Sometimes entire coccospheres of Coccolithus pelagicus
are present.

Reworked species from Miocene, Paleogene and Creta-
ceous were also remarked.

Two samples were prepared for the micropaleontological
content. Sample 1 contains small planktonic foraminifera
reworked from the Sarmatian, and Sample 4 includes
fragments of ostracods and rare Amplocypris cf. reticula-
ta and Candona cf. lunata, which prove the Pannonian
age.

Gusterita - Section B.

The samples from the second section of the quarry, con-
tain species of Isolithus: I. semenenko and I. pavelici and
of Noelaerhabdus: N. bozinovicae (NN10 - NN11) and N.
tegulatus (= Reticulofenestra tegulata).

Reworked species from Miocene, Paleogene and Creta-
ceous were also remarked.

Gusterita - Section C.

The third section from Gusterita belongs to the upper part
of the quarry. A level rich in molluscs was observed in
the lower part of this section.

At the base of the section very frequent ascidian spicules,
and Coccolithus pelagicus and rarely Isolithus were iden-
tified. The next sample contains very frequent Isolithus
pavelici and I. semenenko, ascidian spicules and rarely
Paleogene and Neogene taxa. The next sample in the suc-
cession contains frequent Isolithus species, larger than in
the other samples, and sometimes Coccolithus pelagicus.
At the top of the section Isolithus species appear rarely,
sometimes Helicosphaera carteri is present, and frequent
reworked species were observed.

Ostracods and foraminifera

The study of foraminifera and ostracods was based only
on two samples and provides a basic overview of this
additional micropaleontological content. Sample 1 con-
tains small planktonic foraminifera reworked from the
Sarmatian. Sample 4 includes rare Candona species with
a poor preservation and other broken parts of ostracods
(Fig. 4i,j,k).
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Fig. 2 Gusterita quarry — A, B, and C sections.

Molluscs

The molluscs samples were collected from section C, in
the right side of the upper part of the Gusterita quarry.
Seven molluscs taxa have been determined. The assem-
blage includes four bivalve species: Congeria banatica
(Dreissenidae), Lymnocardium promultistriatum, Para-
dacna lenzi, Paradacna syrmiense (Cardiidae), and three
gastropod species: Gyraulus tenuistriatus, Gyraulus pon-
ticus (Planorbidae) and Undulotheca halavatsi (Lymnae-
idae) (Fig. 5).

The most common bivalve species is Congeria banatica,
which appears as monospecific accumulations and occur
with variable valves orientation. This species is frequent
in the marly intervals of the quarry and has thin and frag-
ile valves, compared to other widespread Pannonian con-
geries species of the Pannonian Basin.

The biostratigraphy of the Pannonian Basin deposits was
made for a long time only with the help of the molluscs.
Magyar et al. (1999b) separated two zones (Congeria
banatica zone and “Congeria” digitifera zone) for the
deep-water deposits of the basin.

The assemblage with Congeria banatica have been re-
ported in the southern part of the Transylvanian Basin, in

the early Pannonian deep water facies of the Gusterita
marls (Lubenescu, 1981, Lubenescu, 2016). In the left
part of the Gusterita quarry; 23 molluscs taxa have been
identified and were assigned to the Congeria banatica
Zone (Botka et al., 2019).

The molluscs fauna collected in the right side of the same
marls (present study) confirms the presence of the Con-
geria banatica Zone throughout the quarry.

DISCUSSIONS

Regarding the calcareous nannofossils, according to
Marunteanu (1997b), Prenoelaerhabdus banatensis was
the first species of Noelaerhabdaceae family from the
Early Pannonian. In the middle Pannonian, Noelaerhab-
dus bozinovicae, N. bekei, N. tegulatus, Bekelithella echi-
nata were specific. In late Pannonian, Noelaerhabdus
bonagali, Noelaerhabdus mehadicus and Bekelithella
species occur. It was presumed that the Noelaerhabdus
and Bekelithella species belong to NN9 (partim), NN10
and NN11 (partim). These data are from Banat, South-
Western Romania, especially from Caransebes-Mehadia
Basin.

Because Noelaerhabdus bozinovicae is present in the
Transylvanian Basin at the level of Congeria banatica
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q r S t

Fig. 3 Calcareous nannofossils from Gusterita quarry: a - f Isolithus semenenko Lyulieva, 1989; g - i Isolithus pavelici Cori¢ &
Vrsaljko; j, k Pontosphaera multipora (Kamptner, 1948 ex Deflandre in Deflandre & Fert, 1954) Roth, 1970; | Helicosphaera
carteri (Wallich 1877) Kamptner, 1954; m Helicosphaera wallichii (Lohmann 1902) Okada & Mclntyre, 1977; n, o Helico-
sphaera walbersdorfensis Miller, 1974; p Noelaerhabdus sp.; q Ascidian spicule; r, s Cyclicargolithus floridanus (Roth & Hay,
in Hay et al., 1967) Bukry, 1971.; t Calcidiscus leptoporus (Murray & Blackman 1898) Loeblich & Tappan, 1978.
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Fig. 4 Calcareous nannofossils from Gusterita quarry: a Reticulofenestra pseudoumbilicus (Gartner, 1967) Gartner, 1969; b
Coccolithus pelagicus (Wallich 1877) Schiller, 1930; ¢ Calcidiscus leptoporus (Murray & Blackman 1898) Loeblich & Tap-
pan, 1978; d Sphenolithus moriformis (Brénnimann & Stradner, 1960) Bramlette & Wilcoxon, 1967; e Sphenolithus hetero-
morphus Deflandre 1953; f. Rhabdosphaera pannonica Baldi-Beke, 1960; g Calciosolenia murrayi Gran, 1912 and Discoaster
variabilis Martini and Bramlette, 1963; h Pannonian calcareous nannofossils assemblages with Isolithus pavelici and I. se-
menenko; Discoaster cf. variabilis.; i Candona sp. Baird, 1845 right valve; j Candona sp. Baird, 1845 right valve; k fragment
of Candona sp.
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Fig. 5 The molluscs species of the Gusterita quarry. Scale bar 1cm. a Congeria banatica R. Hoernes, 1875; b Congeria
banatica - monospecific assemblage; ¢ Lymnocardium cf. promultistriatum Jekelius, 1944; d-e Paradacna lenzi (R. Ho-
ernes, 1874); f Paradacna syrmiense (R. Hoernes, 1874); g-h Gyraulus tenuistriatus (Gorjanovi¢-Kramberger, 1899); i
Gyraulus ponticus (Lorenthey, 1893); j-k Undulotheca halavatsi Gorjanovié¢-Kramberger, 1901.
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(early Pannonian), it is probable that in the Transylvanian
Basin it was present earlier than the middle Pannonian, as
previously thought.

Cori¢ in Botka et al. (2019) attributed the sediments from
Gusterita quarry to the Noelaerhabdus bozinovicae zone,
based on the presence of Noelaerhabdus bozinovicae, N.
jerkovici and the absence of N. bonagali.

Galovi¢ & Young (2012) considered the presence of Noe-
laerhabdus bozinovicae from Badenian /Sarmatian until
Pannonian, in the North Croatian Basin, but mentioned a
lot of species of Noelaerhabdus as synonyms.

The evolution of the Pannonic Basin influenced the evo-
lution of the molluscs fauna.

The latest scientific research places the moment of the
isolation of the Pannonian Lake about 11.6 Ma ago
(Harzhauser et al., 2007; Rundi¢ et al., 2011; Neubauer et
al., 2016).

During the evolution in the intra-Carpathian area, it occu-
pied variable surfaces with different depths depending on
the sedimentation rates (Magyar et al., 1999a); its devel-
opment was also influenced by the evolution of the Car-
pathian orogen (Krézsek & Filipescu, 2005; Krézsek et
al., 2010). The brackish waters, which have gradually
become rich in freshwater, have favored the development
of endemic species of bivalves and gastropods (Mller et
al., 1999; Magyar, 2004; Neubauer et al., 2016). The
Transylvanian Basin was flooded by the waters of the
Pannonian Lake about 11.5 Ma ago, having a particular
evolution of a semi-isolated basin (Krézsek et al., 2010).
This has generated low species diversity with many en-
demic species (Lubenescu, 1981; Neubauer et al., 2016).
Despite these restrictive conditions for Pannonian faunas,
there has been a favorable period to the development of
the C. banatica assemblage in deep marine environments.
This assemblage was also reported from the western part
of the Transylvanian Basin (Lubenescu & Lubenescu,
1977) and in some deep-water facies occurrences from
the Pannonian Basin, being considered early Pannnonian
in age (Gorjanovi¢ — Kramberger, 1899, 1901, 1923;
Sremac, 1981; Magyar et al., 1999a, 1999b; Gani¢ et al.,
2010; Rundi¢ et al., 2011).

The presence of reworked planktonic foraminifera from
Sarmatian is consistent with the findings of Botka et al.
(2019) from the same deposits. The low diversity and
very poor preservation of the identified ostracods are in
contrast to the Pannonian ostracoda assemblages identi-
fied by Filipescu et al. (2011) and Botka et al. (2019)
which were described as abundant and more diverse. This
low presence and poor preservation may be due to partic-
ularly stressful conditions for this group in the interval
from where sample 4 was collected. We claim that the
best data based on ostracods for the Gusterita section are
those provided by Botka et al. (2019) since their study
was made at a very high-resolution on this group; the
authors attributed the dominance of the thin-shelled Can-
doninae to a sublitoral to profundal depositional palaeo-

environment, below the storm-wave base (as indicated by
their thin-shells).

Sedimentologically, the transition between the mudstones
showing generally a very low content of silt especially
made of quartz fragments to the polygenic alluvial con-
glomerates with intercalations of poorly consolidated
sandstones suggests a regional uplift of the Transylvanian
Basin during Pannonian.

CONCLUSIONS

Three sections from Gusterita quarry have been investi-
gated especially concerning the calcareous nannofossil
assemblages, with remarks about molluscs, ostracods and
facies analysis.

The nannofossil content of these sections was compared
with seven other Pannonian sections respectively located
from the western and southern border of the Transylvani-
an Basin.

In the sections of Gusterita quarry, the presence of the
Congeria banatica zone indicate a deep water facies in
the early Pannonian age.

In conclusion, based on calcareous nannoplankton,
Gusterita Formation can be considered Upper Miocene
(early Pannonian) in age (Noelaerhabdus bozinovicae
Biozone). The formation was sedimented into a low ener-
gy basin with very reduced clastic input.
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