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Abstract. The ¯egocina Tectonic Window is the most eastward located tectonic window of the
Lanckorona–¯egocina Zone in the Polish Outer Carpathians and represents the slope parts of the
Silesian basin and intrabasinal uplifted zones of the Subsilesian Unit. Upper Cretaceous and
Palaeocene variegated marls, typical deposits of the studied part of the basin, are intercalated with the
so-called Rybie beds (local sediments of siliciclastic submarine fans). A Middle Cenomanian
foraminiferal assemblage (Rotalipora reicheli Zone) is here described from these sediments. The
assemblage contains numerous planktonic (epipelagic and bathypelagic) foraminiferids, which is
rather unique within the “Flysch” type assemblages. A middle slope palaeodepth is suggested as the
depositional environment, based on benthic and planktonic foraminiferal associations.
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INTRODUCTION

The ¯egocina Tectonic Window is the most eastward located tectonic window
of the Lanckorona–¯egocina Zone in the Polish Outer Carpathians (situated about
50 km SE of Kraków, Fig. 1).

It consists of several tectonic windows where deposits of the Silesian and Sub-
silesian units are exposed, contacting to the North with the Magura Unit. Deposits
of the ¯egocina Tectonic Window represent the slope parts of the Silesian basin and
intrabasinal uplifted zones of the Subsilesian Unit. Upper Cretaceous and Palaeo-
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cene variegated marls, typical deposits of the studied part of the basin, are interca-
lated with the so-called Rybie beds. According to Skoczylas-Ciszewska (1960) the
Rybie beds are mainly conglomerates and sandstones (local sediments of siliciclas-
tic submarine fans). The Lower and Upper Cretaceous deposits are strongly folded.
The contacts between lithostratigraphic units are mostly tectonical.

250 E. MACHANIEC et al.

Fig. 1. A – Location of the study area; B – Geological map of the studied area; C – simplified
geological situation around the studied section



Among the Upper Cretaceous deposits of the Outer Carpathians several lithos-
tratigraphical units have been dated as Cenomanian–Turonian, based on foraminif-
eral assemblages. Recently, the Barnasiówka Radiolarian Shale Formation (previ-
ously known as the so-called “green radiolarian shales”) has been established
within Silesian Unit (B¹k et al., 2001). These sediments are restricted to the Silesian
Series and have been affiliated to deposits which are widespread within the Tethys
and are know as the “Bonarelli Level” (Livello Bonarelli, Oceanic Anoxic Event 2
sensu Schlanger & Jenkyns, 1976, and others). Similar types of sediments are rec-
ognized also in other parts of the Silesian Unit (cf. B¹k, 2001, tab. 1). A “Radiolar-
ian enrichment” event is also noted from the Pieniny Klippen Belt (Birkenmajer,
1977; Gasiñski, 1988).

The Barnasiówka Radiolarian Shale Formation and related Silesian horizons
contain dominating Radiolaria as well as foraminiferal assemblages characterised
by deep-water agglutinated foraminifera (DWAF-type assemblages) and scarce
and poorly-preserved planktonic foraminifera.

Following studies by Burtan & Turnau-Morawska (1978), B¹k et al., (2000),
and Gedl & B¹k, (2000), such sediments are correlated to the Cretaceous deposits
from Zasañ and Myœlenice, underlying the variegated shales of the Subsilesian Se-
ries. Similar sediments, enriched in Radiolaria, are also noted from the Skole Unit
where they are known as the Do³he Radiolarian Shale Formation (cf. Kotlarczyk,
1978; Kotlarczyk & GaŸdzicka, 1988; GaŸdzicka, 2001).

Cenomanian planktonic foraminifera were described from the Lgota beds and
Mikuszowice cherts and particularly the Radiolarite beds within the Silesian Series
(Koszarski & Liszkowa, 1967 in: Geroch et al., 1967). Within the Lanckorona Tec-
tonic Window of the Subsilesian Series, a Late Cenomanian planktonic microfauna
was found in marls with fucoids (Geroch et al., 1967). The marls with fucoids at the
Jastrzêbia Wieœ section (within the Gaize beds of the Subsilesian Series of the
Wadowice area) are rich in Cenomanian planktonic foraminifera accompanied by
rich Radiolarian assemblages as described by Liszkowa (1967). Moreover, micro-
fossils assemblages collected from marls with fucoids in the Goœcibia section indi-
cate a Late Cenomanian age (R. cushmani Zone).

In contrary to the above mentioned sediments, the studied samples (NR 2/08/99)
from the Subsilesian Unit contain a different microfossil association: numerous,
well-preserved planktonic foraminifera and only a few specimens of Radiolaria.
The interpretation of such microfossil associations is the main aim of the present
study.

GEOLOGICAL SETTING

The studied section consists of several lithological complexes. The oldest ones
are the black shales of unidentified age (without microfauna). Directly overlying
sediments are affiliated to the Nowe Rybie beds. These are composed of olive-grey,
partly variegated siliceous, “fucoid-type” marls (with bioturbation).
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These, in turn, are covered by variegated shales (7 m thick), passing upwards
into variegated marlstones (about 4 m thick) (Fig. 2). The Upper Cretaceous varie-
gated marlstones exposed in the Nowe Rybie section represent a separate facial unit
in comparison to the Wêglówka-type marls (Upper Cretaceous variegated marl-
stones typical for Subsilesian Unit). The studied marlstones are resistant and
pinkish-red in colour (compared to the Wêglówka type marls, which are variegated,
cf. Gasiñski et al., 1999). In the upper part they are intercalated by red shales. These
sediments are overlain by ¯egocina marls: olive-grey siliceous deposits with traces
of infauna, often with brownish cherts. The marls are covered by a 20 m thick com-
plex of red shales, followed by marly shales (about 12 m thick).

MATERIALS AND METHODS

Samples were carefully collected from the fresh and clean surface and were
washed before processing, to avoid contamination. Material for processing was
taken from the internal part of the collected samples. Standard processing methods
(Glauber salt, multiple heating and freezing) have been applied. Each sample aver-
age weight was about 0.5 kg. Specimen abundances were calculated from the slides
of assemblages, separated from those, where taxonomical analyses were performed
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Fig. 2. Lithostratigraphical column of the Nowe Rybie section



to avoid subjective selection of the best-preserved specimens and exclude selection
by gravity. Washed material was sieved; all fractions were mixed before picking.
Wherever possible, about 300 specimens from each sample were picked and
counted.

Studied samples and specimens are housed in the Department of Palaeozoology
of the Institute of Geological Sciences, Jagiellonian University (collection NR/98).

RESULTS

Sample NR 2/08/99
Studied sample (R 2/08/99) contains relatively numerous, well-preserved

planktonic foraminifera and very scarce Radiolaria.
Agglutinated foraminiferids: Ammodiscus cretaceus (Reuss), Recurvoides sp.,
Gaudryina cf. frankei Brotzen, Kalamopsis grzybowskii (Dyl¹¿anka), Trocham-

mina sp., Recurvoides sp., Gerochammina sp., Arenobulimina cf. preslii (Reuss),
Pseudogaudryinella gaultina (Morozova).
Calcareous benthic foraminiferids: Lenticulina spp., Saracenaria sp., Margi-

nulina sp., Astacolus sp., Gyroidinoides cf. infracretacea (Morozova), Pullenia

cretacea Cushman, Glandulina sp., Pleurostomella cf. reussi Berthelin.
Planktonic foraminiferids: Whiteinella baltica Douglas & Rankin, Hedbergella

delrioensis (Carsey), Globigerinelloides ultramicra (Subbotina), Rotalipora ap-

penninica (Renz), Rotalipora greenhornensis (Morrow), Rotalipora montsalvensis

Mornod, Rotalipora reicheli Mornod.
Radiolaria: very scarce Spumellaria.
Age: Taking into consideration the stratigraphic range of index taxa: Rotalipora

reicheli, (Fig. 4: 1–6); R. greenhornensis, (Fig. 3: 7, Fig. 4: 7, 8); R. appenninica

(Fig. 3: 6, 8), the studied assemblage can be dated as Middle Cenomanian (R.

reicheli Zone sensu Caron, 1985; Robaszynski & Caron, 1995).

Sample NR 6/08/99
Scarce microfauna:
Agglutinated foraminiferids: Dendrophrya sp., Ammodiscus sp., Glomospira

sp., Arenobulimina sp., Trochammina sp.
Planktonic foraminiferids: Rotalipora indet.
Age: not known.

Sample NR 8/08/99
Calcareous benthic foraminiferids: Glandulina sp.
Radiolaria scare.
Age: not known

Sample NR 15/08/99
Calcareous benthic foraminiferids: Gavelinella spp.
Radiolaria: very rich Spumellaria (ca. 80% of whole microfossils assemblage).
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Fig. 3. Planktonic foraminiferids from fucoid type marls, SEM micrographs. 1 – Whiteinella

baltica, Douglas & Rankin, umbilical side; 2 – Hedbergella delrioensis (Carsey); 3 – Hedbergella

delrioensis (Carsey), umbilical side; 4 – Globigerinelloides ultramicra (Subbotina), spiral side; 5 –
Globigerinelloides ultramicra (Subbotina); 6 – Rotalipora appenninica (Renz), umbilical side; 7 –
Rotalipora greenhornensis (Morrow), umbilical side; 8 – Rotalipora appenninica (Renz), umbilical
side
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Fig. 4. Planktonic foraminifera from fucoid type marls, SEM micrographs. 1 – Rotalipora reicheli

Mornod, umbilical side; 2 – Rotalipora reicheli Mornod, umbilical side; 3 – Rotalipora reicheli

Mornod, side side; 4 – Rotalipora reicheli Mornod, spiral side; 5 – Rotalipora reicheli Mornod, spiral
side; 6 – Rotalipora reicheli Mornod, spiral side; 7 – Rotalipora greenhornensis (Morrow), umbilical
side; 8 – Rotalipora greenhornensis (Morrow), umbilical side



Age: not known.
Sample NR 17/08/99
Numerous Radiolaria (Spumellaria and Nassellaria; Dictyomitra s. l.).
Age: not known.

Samples NR 13/08/99, NR 14/08/99, NR 19/08/99
Agglutinated foraminiferids: Rhabdammina sp., Ammodiscus cretaceus (Reuss),
Recurvoides sp., Glomospira irregularis (Grzybowski), Caudammina gigantea

(Geroch), Spiroplectinella dentata (Alth), Pseudogaudrinella sp., Dorothia crassa

(Marsson), Dorothia oxycona (Reuss), Goesella rugosa (Hanzlikova), Gaudryina

frankei Brotzen, Kalamopsis grzybowskii (Dyl¹¿anka), Trochammina sp., Gero-

chammina sp., Pseudogaudryinella gaultina (Morozova).
Calcareous benthic foraminiferids: Pullenia cretacea (Cushman), Nuttallinella

florealis (White), Eponides subcandidulus (Grzybowski), Gyroidinoides megas-

toma (Grzybowski), Stensioeina cf. dictyon Pokorny, Stensioeina pommerana

Brotzen;
Planktonic foraminiferids: Heterohelix globulosa (Ehrenberg), Heterohelix stri-

ata (Ehrenberg), Hedbergella holmdelensis Olsson, Racemiguembelina fructicosa

(Egger), Globotruncana arca (Cushman), Globotruncana falsostuarti (Sigal), Glo-

botruncana lapparenti Brotzen, Globotruncanella petaloidea (Gandolfi);
Age: Late Campanian–Early Maastrichtian. Foraminiferal assemblages of the
studied Upper Cretaceous marlstones allow to date the studied samples as Late
Campanian–Late Maastrichtian on the basis of the planktonic index species: Het-

erohelix striata (Ehrenberg), Racemiguembelina fructicosa (Egger), Globotrun-

cana falsostuarti (Sigal), Globotruncanella petaloidea (Gandolfi). Moreover, ben-
thic agglutinated foraminiferids such as: Goesella rugosa (Hanzlikova) and Cau-

dammina gigantea (Geroch) denote a transition zone between Goesella rugosa and
Caudammina gigantea biozones sensu Geroch & Nowak (1984) in the Nowe Rybie
variegated marls. The presence of benthic species such as: Stensioeina cf. dictyon

Pokorny, Stensioeina pommerana Brotzen, Gaudryina frankei Brotzen, suggests
the age of the studied deposits as Late Campanian–Early Maastrichtian.

PALAEOENVIRONMENT

According to the composition of the analysed Middle Cenomanian foraminif-
eral assemblage, i.e., relatively numerous bathypelagic taxa (Rotalipora), the pres-
ence of epipelagic genera (Globigerinelloides, Hedbergella, Whiteinella) as well as
calcareous forms dominating the benthic foraminiferal association, the middle part
of the hypothetical continental slope can be suggested as the depositional environ-
ment (Sliter, 1972; Caron & Homewood, 1983). The relative abundance planktonic
and benthic foraminifera (P/B) ratio in the assemblage is about 1:1. In contrary to
the Cenomanian–Turonian foraminiferal assemblages of the Subsilesian and Sile-
sian series, as described above, the studied assemblage contains only scarce Radio-
laria. The studied assemblage is dominated by planktonic foraminiferids, which is
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unique among of foraminiferal associations in the Cretaceous Outer Carpathians
(see Introduction). Therefore, we can conclude that in some places within the stud-
ied basin, before the Oceanic Anoxic Event, favourable living conditions were
present. This is clearly visible taking into consideration surrounding areas within
the studied basin where dissolution-resistant deep water agglutinated foramini-
ferids (DWAF) assemblages prevail. It could be stressed, that biostratigraphic posi-
tion of the described assemblage is below that of the above mentioned Radiolaria-
rich assemblages. Consequently, this assemblage reflects palaeoenvironmental
conditions before the global Oceanic Anoxic Event (Schlanger & Jenkyns, 1976;
Gasiñski, 1988; 1997) and its post-anoxic effects. Such an interpretation is affirmed
by the foraminiferal associations found within of the sediments directly overlying
the studied samples. Such sediments contain relatively rich Radiolaria associations,
which confirm the anoxic and post-anoxic bio-events (cf. Gasiñski, 1988, 1997).

CONCLUSIONS

The studied foraminiferal assemblages represent the earliest planktonic forami-
niferal association found in deposits of the ¯egocina Tectonic Window of the Sub-
silesian Series. The foraminiferal association can be dated as Middle Cenomanian
and represents the Rotalipora reicheli biozone sensu Caron (1985) and Robaszyn-
ski & Caron (1995) representing an episode before the global Cretaceous Oceanic
Anoxic Event. The estimated palaeobathymetry of the analysed assemblage corre-
sponds to the middle part of the continental slope.
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