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Abstract. Microfossil analysis of Late Cretaceous oceanic deposits exposed in vicinity of Kalwaria Zebrzy-
dowska (Silesian Nappe, Polish Flysch Carpathians) has been carried out. Samples from the variegated shales
and the Godula beds have been analysed for their agglutinated foraminifera and organic-walled dinocyst con-
tent. Age-assessment of the sediments in question suggests Early Turonian-Early Santonian age of the varie-
gated shales and Late Santonian-Early/Middle Campanian age of the Godula beds. Palaeoenvironmental
analysis of foraminifera and dinocysts shows a significant change during Late Cretaceous in this part of the
Silesian basin. Sedimentation of hemipelagic/pelagic variegated shales was associated with limited organic
matter supply, which resulted in aerobic conditions both in bottom waters and in sediment. Beginning of tur-
biditic sedimentation of the Godula beds resulted in increased influx of organic matter to the deeper parts of
the basin, which caused oxygen depletion in sediment. Changes in dinocyst assemblage composition in the
Godula beds succession reflect increasing resedimentation from marginal areas of the Silesian basin.
Key words: foraminifera, dinoflagellate cysts, palaeoecology, oceanic deposits, biostratigraphy, Late Creta-
ceous. Flysch Carpathians

Introduction

Non-calcareous pelagic/hemipelagic deposits charac-
terized by predominantly reddish colour - the so-called
"variegated shales" are typical for Upper Cretaceous of
the Flysch Carpathians. This facies has been distin-
guished as several lithostratigraphic units such as the Ma-
linowa Shale Formation (Magura Nappe; Birkenmajer &
Oszczypko, 1989) originally described from the Gra-
jcarek Unit of the Pieniny Klippen Belt (Birkenmajer,
1977), the variegated shales or the Godula shales of the
Silesian and the Sub-Silesian nappes (e.g., Sla.cz.ka,
1959). The "variegated shales" occur also locally in the
Late Cretaceous successions of the Skole and Dukla nap-
pes (Sla^czka & Kaminski, 1998). Red-coloured fine-
grained deposits are also known from the Pieniny Klip-
pen Belt: the Macelowa Marl Member and the Pustelnia
Marl Member (Birkenmajer, 1977; see also Bak, 1998).

These "variegated shales" (reddish shales intercalated
with greenish ones) were deposited in Carpathian basin
during period of deep marine, oceanic sedimentation be-
low the local calcite compensation depth (CCD; see e.g.,
Leszczyhski & Uchman, 1991). Tectonic movements of
the Laramian phase divided uniform Carpathian basin
into several basins separated by uplifted areas of intrabas-
inal ridges. Palaeorelief and tectonic activity were the
reasons of increased flysch sedimentation that terminated
in large areas of Carpathian basins the sedimentation of
hemipelagic/pelagic variegated facies. Turbiditic Godula

beds followed by the lower Istebna sandstone were de-
posited in the Silesian Nappe, the Jarmuta Formation and
the Inoceramian beds in the Magura Nappe (Birkenmajer
& Oszczypko, 1989; Oszczypko, 1992) and the siliceous
marls and the Inoceramian (Ropianka) beds in the Skole
Nappe (Kotlarczyk, 1985).

This considerable change of sedimentation mode dur-
ing Late Cretaceous in deep Carpathian basin has signifi-
cantly altered the environmental conditions. Our study of
foraminifera and organic-walled dinoflagellate cysts
(hereafter dinocysts) from both hemipelagic/pelagic and
turbiditic facies is an attempt to add new information on
reconstruction of the change of depositional environ-
ments during Late Cretaceous. Its main advantage is trac-
ing the relation between the organic matter supply to the
basin (palynofacies and dinocysts) and the bottom water
conditions (agglutinated foraminifera). In this purpose we
have studied palynology (PG) and foraminifera (AL)
from the same set of samples consisting of reddish,
greenish and greyish fine-grained lithofacies representing
the Late Cretaceous variegated shales and the Godula
beds exposed in vicinity of Kalwaria Zebrzydowska.

Geological setting

Kalwaria Zebrydowska is situated in Pogorze Lanck-
oronskie (Fig. 1A), which geologically represents the
Silesian Nappe. The Silesian Nappe east of Skawa dislo-
cation consists of two series. The southern series repre-
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Fig. I. Location of study area. A - Geological sketch-map of western part of Polish Carpathians with location of studied section
(after Szymakowska & Zytko 1965); B - Geological map of Kalwaria Zebrzydowska vicinity with location of studied section (after
Szymakowska & Zytko 1965); C - Location of studied outcrops.

sents Palaeogene strata (mainly the Krosno beds) whereas
the northern one (i.e. the Pogorze Lanckororiskie) con-
sists mainly of Cretaceous deposits (Ksiazkiewicz., 1951,
1972; Stomka, 1995). The Upper Cretaceous of the
northern series includes uppermost part of the Lgota beds,
the Barnasiowka Radiolarian Shale Formation, the varie-
gated shales, the Godula beds and the lower Istebna sand-
stones (Fig. IB). The Godula beds in this area are
developed as thin-bedded fine-grained deposits and/or the
variegated shales (Fig. 2). Such development of the
Godula beds is distinguished as the Lanckorona facies,
contrary to the Godula beds west of the Skawa discloca-
tion, which consist mainly of thick-bedded sandstones

and reach thickness exceeding 2000 m (Ksiazkiewicz,
1951, 1972).

The oldest deposits of the Late Cretaceous succession
of the Pogorze Lanckorotiskie are the uppermost part of
the Lgota beds and locally occurring marly deposits (Fig.
3). They are followed by the Late Cenomanian-earliest
Turonian Barnasiowka Radiolarian Shale Formation,
which consists of thin-bedded glauconitic siliceous sand-
stones and light-greenish and green non-calcareous shales
(Bak el al., 2001). This lithostratigraphic unit is overlied
by the variegated shales consisting of brick-reddish shales
and subordinar intercalations of green shales (Fig. 3).
Thin-bedded glauconitic sandstones occur occasionally.
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Fig. 2. Lithology of studied variageted shales and Godula beds exposed at northern slopes of Gora Lanckoronska Hill (photo: P.
Gedl). A - clayey variegated shales; B - variegated shales with frequent thin-bedded sandstones (coin diameter = 18 mm); C - me-
dium-bedded sandstone within upper part of variegated shales; D - thin-bedded turbiditic Godula beds.

Increasing number of thin-bedded glauconitic sand-
stones and mainly greenish-grey colour of shales charac-
terize lower part of the succeeding Godula beds. Red
shales are thin and infrequent here, whereas they occur
more frequently in the upper part of the Godula beds. In
the area of study the thickness of the variegated shales is
about 150-250 meters (Ksiazkiewicz, 1951) and that of
the Godula beds reaches from 200 to 600 meters
(Stomka, 1995). The youngest deposits exposed in stud-
ied area are the lower Istebna sandstones (Fig. 3).

Material and methods

The studied samples have been collected from out-
crops in a small unnamed creek and its tributary that cuts
the northern slopes of the Lanckoroiiska Gora Hill south
of Kalwaria Zebrzydowska (Fig. 1C). The variegated
shales exposed in studied section consist of non-
calcareous reddish shales with intercalations of non-
calcareous greenish shales (Fig. 2A). Thickness of the
latter is variable, from few millimetres to 30 centimetres.
Thin-bedded (mainly up to 2 cm - Fig. 2B, occasionally
up to 10 cm - Fig. 2C) fine grained sandstones occur
within this lithostratigraphic unit. The Godula beds in the

studied section consist of thin- and middle-bedded glau-
conitic sandstones, which are interlayered by greyish,
grey-greenish non-calcareous shales (Fig. 2D). Infrequent
red shales occur in the topmost part of the Godula beds in
this section. Thirty samples have been collected from red
and green shales of the variegated shales and grey-
greenish and red shales of the Godula beds. Their posi-
tion is shown in Figure 3.

Samples for foraminifera, about 0.5 kg each, have been
processed following standard method including boiling
with Glaubert salt, freezing and washing through sieves
with mesh diameters > 63 /im. 300 specimens of fo-
raminifera have been picked out from each sample and
mounted on cardboard microscope slides. For morpho-
group analysis of fragments of tubular species and multi-
chambered, uni serial forms (Reophax, Caudammina) were
counted individually and then their number was recalcu-
lated taking into account dimensions of unchanged forms.
Scanning electron microscope photomicrographs have
been taken in the Laboratory of Field Emission Scanning
Electron Microscopy and Microanalysis in the Institute of
Geological Sciences of the Jagiellonian University.

The same set of samples was processed for palynol-
ogy. 30 g of cleaned and crushed rock was taken for each
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.-_-_-] - lower Istebna sandstone « - - - sample position [■» - - approximate sample position O - single occurrence

I,z-1/03 - red-coloured shale I z-1/03 - dark-coloured shale I - lowest occurrence \ - highest occurrence

Fig. 3. Schematic lithostratigraphical column of studied deposits. Sample positions are indicated tentatively due to tectonics and non-
continuous exposures. Foraminifera and dinocyst events indicated. Abbreviations: C. gigantea - Caudammina gigantea; H. crassa -
Hormosinu crassa; U. jankoi - Uvigerinummina jankoi; C. utinensis - Cannosphaeropsis utinensis; C. asymmetricum - Cal-
laiosphaeridium asymmetricum; S.l longifurcatum - Surculosphaeridium"! longifurcatum; O. poriferu - Odontochitina porifera;
I. Santonian - latest Santonian; L. Santonian - Late Santonian; E. Campanian - Early Campanian.

sample. Samples were subjected to standard palynological
procedure including 38% hydrochloric acid (HCl) treat-
ment, 40% hydrofluoric acid (HF) treatment, heavy liquid
(ZnCL+HCl; density 2.0 g/cm3) separation, ultrasound for
10-15 s and sieving at 15 /im nylon-mesh. Two slides were
made from each sample using glycerine jelly as a mounting
medium. The rock samples, palynological residues and
slides are all stored in the collection of the Institute of Geo-
logical Sciences, Polish Academy of Sciences, Krakow.

Results

Variegated shales. Foraminifera assemblage from
this lithostratigraphic unit is composed of agglutinated
species only (PI. 1). The poor assemblage consists of

badly preserved small-sized specimens including Rhab-
dammina, Rhizammina, Bathysiphon, Ammodiscus, Glo-
mospira, Haplophragmoides, Trochamminoides, Recur-
voides and Trochammina. Relatively frequent are also
Gerochammina stanislawi, Gerochammina ohesa and
Uvigerinummina jankoi. Foraminifera are associated with
frequent sponge spicules and radiolaria. The variegated
shales, both the red and greenish shales, are devoid of
dinocysts.

Godula beds. Foraminifera from the Godula beds are
also representing by the agglutinated forms only (PI. 1, 2).
However, their assemblage is characterized by higher
taxonomic diversity. In contrast to the assemblage from the
variegated shales, the foraminifera from the Godula beds
consist mainly of large-sized coarse-grained genera. The
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Plate. 1. Agglutinated foraminifera from variegated shales and Godula beds at Kalwaria Zebrzydowska (scale bar - 100 um). A -
Haplophragmoides miatliuke (Maslakova), Pg-8/03 (variegated shales); B - Glomospira charoides (Jones & Parker), Pg-8/03 (varie-
gated shales); C - Paratrochamminoides olszewskii (Grzybowski), Kz-2/03 (Godula beds); D - Paratrochamminoides irregularis
(White), Kz-10/03 (Godula beds); E, F - Trochammina globigeriniformis (Jones & Parker), Kz-10/03 (Godula beds); G - Gero-
chammina obesa (Neagu), Kz-9/03 (Godula beds); H - Uvigerinammina jankoi (Majzon), Pg-3/04 (variegated shales); I - Gero-
chammina conversa (Grzybowski), Kz-2/03 (Godula beds); J - Gerochammina stanislawi (Neagu), Kz-2/03 (Godula beds); K, L -
radiolaria, Pg-5/03 (variegated shales); M - sponge spicule, Pg-5/03 (variegated shales).

most frequent are the representatives of Rhabdammina,
Nothia, Psammosphaera and Reophax. Caudammina gi-
gantea (Geroch) and Caudammina ovulum (Grzybowski)
occur frequently whereas other taxa like Bathysiphon,
Ammodiscus, Glomospira, Trochammina, Trochamminoi-
des and Paratrochamminoides are less frequent. Single
specimens of Hormosina crassa (Geroch) have been found
in the Godula beds too.

Greenish and greyish shales from the Godula beds
contain dinocysts (PI. 3-6). Their assemblage consists of
very well preserved specimens characterized by pale-
yellow colour as well forms showing features of me-
chanical damage and maturity changes (dark yellow,
brownish colour). The most frequent dinocyst taxa found
in the Godula beds represent Gonyaulacoids: these are
mainly chorate forms like Spiniferites ramosus, and less
frequent Achomosphaera spp., Exochosphaeridium spp.,
Tanyosphaeridium spp., Hyslrichodinium spp. and Hys-
trichosphaeridium spp. Relatively frequent Pterodinium

spp. dominates among the proximochorate Gonyaula-
coids. Peridinioids are much less frequent in sediments in
question. Palaeohystrichophora infusorioides occurs fre-
quently in samples from the basal (samples Pg/4/03 and
Kz/12/03) part of the Godula beds where the red shales
occur, Palaeoperidinium cretaceum, Cerodinium sp. and
Subtilisphaera sp. occur subordinarly. Rare specimens of
Chatangiella and small-sized Isabelidinium have been
found.

Biostratigraphy

Foraminifera biostratigraphy of deposits in question
was studied by Lemanska (in print). According to her,
the variegated shales exposed in the creek at the Lanc-
korohska Gora Hill represents the Uvigerinammina
jankoi Zone sensu Geroch & Nowak (1984) whereas the
Godula beds represent Caudammina gigantea Zone
sensu Geroch & Nowak (1984). The age of the younger
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Plate. 2. Agglutinated foraminifera from Godula beds at Kalwaria Zebrzydowska (scale bar - 100 urn). A - Rhabdammina sp., Kz-
10/3; B - Rhabdammina cylindryca (Glaessner), Kz-10/03; C - Nothia excelsa (Grzybowski), Kz-8/03; D - Bathisiphon micror-
haphidus (Samuel), Kz-8/03; E - Psammosphaera fusca (Schultze), Kz-7/03; F - Hyperammina elongata (Brady), Kz-8/03; G -
Kalamopsis grzybowskii (Dylazanka), Pg-3/03; H - Ammodiscus cretaceous (Reuss), Kz-4/03; I - Glomospira irregularis (Grzy-
bowski), Kz-2/03; J - Trochamminoides proteus (Karrer), Kz-6/03; K - Rzehakina minima (Cushman & Renz), Kz-6/03; L - Reo-
phax duplex (Grzybowski), Kz-6/03; M - Hormosina velascoensis (Cushman), Pg-3/03; N - Hormosina crassa (Geroch), Pg-2/03;
O, P - Caudammina gigantea (Grzybowski), Kz-1/03.

foraminifera assemblage with Caudammina gigantea
(Geroch) was estimated as Late Santonian (Fig. 3). This
was based on the co-occurrence of the index species,
which is known to appear throughout Late Santonian-
Early Campanian (Olszewska, 1997) and Hormosina
crassa (Geroch), which stratigraphic range is Barre-
mian-early Senonian (Morgiel & Olszewska, 1981).

However, the latter species has not been found in the
stratigraphically highest sample Kz-1/03. This may sug-
gest Campanian age of the topmost part of the Godula
beds exposed in vicinity of Kalwaria Zebrzydowska.
The age of the variegated shales in studied section was
estimated on Early Turonian-Early Santonian (Leman-
ska, in print). This is based on the stratigraphic range of
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Uvigerinammina jankoi (Majzon), which first appear-
ance is known from Early Turonian (Geroch, 1957;
Geroch, & Nowak, 1984; Kuhnt, 1992; Bak, 1998).

Dinocyst age-assessment of the Godula beds (the
variegated shales contain no dinocysts) in the area of study
based on dinocyst must be treated as preliminary only (Fig.
3). Dinocysts have been only found in few samples repre-
senting dark-coloured lithofacies where stratigraphically
important species occur as very rare specimens. Their oc-
currences generally confirm the age interpretation of this
lithostratigraphic unit based on foraminifera.

The base of the Godula beds contains Odontochitina
porifera, species that according to several authors (e. g.,
Stover et al., 1996) appeared during Coniacian and Early
Santonian. However, most recently Williams et al. (2004)
proposed Late Santonian-Late Campanian range of this
species in mid-latitudes of northern hemisphere. In the
same rock interval Surculosphaeridiuml longifurcatum
was found. This species appears for the last time during
Early Campanian (Williams et al. (2004). Hence, depend-
ing on the range interpretation of O. porifera, Coniacian-
Early Santonian or Late Santonian-Early Campanian be-
ginning of the Godula beds sedimentation in this area of
Silesian basin can be suggested. The latter interpretation
coincides with foraminifera datations based on first ap-
pearance of Caudammina gigantea in basal part of the
Godula beds (Fig. 3).

Another stratigraphically important dinocyst species
found in sediment in question is Cannospahaeropsis
utinensis, which occurs in middle part of the Godula beds
(sample Kz-6/03; Fig. 3). According to Williams et al.
(2004) this species appeared for the first time during lat-
est Santonian in mid-latitudes of the northern hemisphere.
In the same sample Callaiosphaeridium asymmetricum
has been found. This species has last appearance during
the Early or Middle Campanian (Stover et al., 1996; Wil-
liams et al., 2004, respectively). Co-occurrence of these
dinocyst species suggests that sedimentation of the mid-
dle part of the studied Godula beds took place during lat-
est Santonian-Early/Middle Campanian.

Several dinocyst species from the topmost part of the
Godula beds (sample Kz-1/03) are long ranging with
stratigraphic top-ranges limited to earliest-Early Maas-
trichtian (e. g., Palaeohystrichophora infusorioides,
Xenascus ceratioides, Laciniadinium arcticum; Stover et
al., 1996). However, single specimen of Odontochitina
sp. A sensu Kirsch (1991) has been found here. Range of
this species was estimated by Kirsch (1991) as Early-
Middle Campanian. This would suggest that sedimenta-
tion of the Godula beds in this part of the Silesian basin
terminated during Early-Middle Campanian.

Summarising, interpretation of our data suggests that
sedimentation of the Godula beds in this part of the Sile-
sian basin lasted throughout Late Santonian and was pre-
sumably terminated during the Early-Middle Campanian
(Fig. 3).

Reconstruction of palaeoenvironment

Microfossils that have been found in the variegated
shales during our studies consist of agglutinated forami-

nifera, sponge spicules and radiolaria. Neither dinocysts
nor phytoclasts have been found. Detailed analysis of
foraminifera assemblage from this lithostratigraphic unit
(Lemanska, in print) shows dominance of epifaunal and
shallow and deep infaunal forms whereas suspension
feeding forms comprise 10% of the assemblage. Their life
strategy - living buried in the sediment (based on e. g.,
Kaminski et al., 1995; Nagy el al., 1995; Kuhnt et al.,
1996; Bak et al., 1997), was interpreted as indicative for
well oxygenated bottom waters, low sedimentation rate
and limited food supply (Lemaiiska, in print). This inter-
pretation agrees well with interpretation of palynological
data: lack of dinocysts and phytoclasts suggests highly
aerobic environment resulting from very slow sedimenta-
tion rate and limited organic matter supply. Red-green
colour variations of the variegated shales, which result
from Fe3+/Fe2+ ratio depending on amount of organic
matter (e. g., Potter et al., 1980), are not reflected in pa-
lynological content: samples representing both lithotypes
contain no palynological organic matter (i. e., organic
particles larger that 15 /xm). This suggests that even dur-
ing sedimentation of greenish shales, which presumably
represent hemipelagic sediment of diluted turbidite cur-
rents (see Leszczyriski & Uchman, 1996), oxygen content
in bottom waters was high enough to oxidize organic
matter.

Beginning of the Godula beds sedimentation, i. e. in-
crease of flysch-type sedimentation in this part of the
Silesian basin, resulted in major change of bottom envi-
ronment. Agglutinated formaninifera assemblage from
this lithostratigraphic unit consists mainly of suspension
feeding forms - 45%. Epifaunal forms represent 32% of
the whole benthos whereas infaunal forms comprise only
16% (Lemanska, in print). Such assemblage, composed
predominantly of coarse-grained large-sized foraminifera,
suggests high flux of organic matter, which seems to be
resedimented from more proximal areas. This is indicated
by the occurrence in dark-coloured shales of the Godula
beds of dinocysts, which inhabit mainly the near-shore
waters. However, their ratio is variable. It is the lowest in
the samples taken from the basal part of the Godula beds,
which contain frequent dinocyst that lived in offshore
waters (Spiniferites ramosus, Pterodinium spp.). More-
over, frequent occurrence in this part of succession of
Palaeohystrichophora infusorioides, a species distin-
guished by very good state of preservation, may be re-
lated to blooms of its motile stage in oceanic waters. This
might be a record of in situ primary productivity of oce-
anic waters, which has not been masked by resedimenta-
tion - palynofacies of these samples consist of black
opaque phytoclasts, typical component of pelagic depos-
its. Frequent occurrence of Peridinioids in pe-
lagic/hemipelagic deep-water deposits was described by
Gedl (2004) from Maastrichtian of Flysch Carpathians in
Moravia. Higher up the section, the frequency of near-
shore dinocysts increases. It is a result of increased re-
sedimentation from marginal parts of the basin. Another
record of this resedimentation is increasing occurrence of
land plant tissue remains. Its maximum is evidenced in
the top-most part of the Godula beds where dinocyst di-
versity is the highest and near-shore species (e. g., Odon-
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Plate 3. Dinoflagellate cysts from Godula beds at Kalwaria Zebrzydowska. A - Odontochitina porifera, Pg-4/03; B, G, H - Tanyos-
phaeridium sp., B: Kz-6/03, G, H: Kz-12/03; C - Prolixosphaeridium sp., Pg-4/03; D - Systematophora sp„ Pg-4/03", E - Palaeotet-
rudinium silicorum, Pg-4/03; F - Dapsilidinium sp., Kz-12/03; I, J - Subtilisphaera sp., Pg-4/03; K - Stiphrosphaeridium
anlhophorum, Pg-4/03; L - Pervosphaeridium sp., Kz-6/03; M - Kallosphueridium sp., Pg-4/03; N-Q - Palaeohystrichophora infu-
sorioides, Kz-12/03; R - Achomosphaera sp., Kz-12/03; S-U - Spiniferiles ramosus, Kz-12/03; V - Cribroperidinium sp., Pg-4/03;
W - Circulodimum distinctum, Pg-4/03; X - Exochosphaeridium sp., Pg-4/03; Y - Hystrichosphaeridium sp., Pg-4/03; Z - Oligos-
phaeridium pulcherrimum, Pg-4/03

tochitina sp.) occur frequently. Also land derived plant
remains (phytoclasts and sporomorphs) are the most fre-
quent here.

Higher influx of organic matter during turbiditic
sedimentation of the Godula beds caused also changes in
chemistry of sediment. Lower oxygen concentration in
sediment than it was during sedimentation of the varie-
gated shales is indicated by low amounts (16%) of infau-
nal forms. It results from bacterial decay of larger
amounts of organic matter and causes green colour of
sediment related to the Fe3+/Fe2+ ratio. The red colour of
sediment appears when this ratio is high whereas the

green colour is associated with low ratio (Dominik, 1977;
Potter et al., 1980).

The Fe3+/Fe2+ ratio depends on oxidation conditions
within sediment, which, in turn, is controlled by organic
matter amount. Our study shows that dark coloured
shales of the Godula beds in vicinity of Kalwaria Zebrzy-
dowska contain relatively high amounts of organic matter
of marine and land origin. Reddish shales of this
lithostratigraphic unit must have been deposited during
periods of calm, hemipelagic/pelagic sedimentation with
limited supply of organic matter from marginal areas of
the Silesian basin. Contrary, the differences in sedimen-
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Plate 4. Dinoflagellate cysts from Godula beds at Kalwaria Zebrzydowska. A - Odontochitinia operculata, Kz-6/03; B - Surculos-
phaeridiuml longifurcatum, Kz-12/03; C - Senoniasphaera rotundata, Kz-12/03; D - Hystrichosphaerina'l sp., Pg-4/03; E - Ovoid-
iniuml sp., Pg-4/03; F - Operculodinium sp.. Kz-6/03; G-J - Isabelidinium spp., Pg-4/03; K-M - Hystrichosphueridium spp., K, L:
Kz-6/03, M: Pg-4/03; N - "round-brown", Kz-12/03; O - Trigonopyxidia ginella, Pg-4/03; P - Florentinia sp., Kz-6/03; Q - IPa-
lynodintum sp., Kz-6/03; R - Hystrichosphueridium tubiferum, Kz-6/03; S - Callaiosphaeridium asymmetricum, Kz-6/03; T - Can-
nosphaeropsis utinensis, Kz-6/03; U - Hystrichodinium pulchrum, Kz-6/03; V - Exochosphaeridium sp., Kz-6/03; W, Z -
Achomosphaera sp., Kz-6/03; X, Y - Spiniferites ramosus, Kz-6/03
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Plate 5. Dinoflagellate cysts from Godula beds at Kalwaria Zebrzydowska. A - Impugidinium sp., Kz-6/03; B - Kiokansium polypes,
Kz-6/03; C, D - Pterodinium cingulutum, Kz-6/03; E, L - Tanyosphaeridium sp., Kz-6/03; F - Diphyes sp., Kz-1/03; G - Alisogym-
nium euclaense, Kz-6/03; H - Surculosphaeridium belowi, Kz-1/03; I - Operculodinium sp., Kz-6/03; J - dinocyst indet., Pg-4/03;
K- Spiniferites ramosus, Kz-1/03; M - ITuleisphaera hydra, Kz-6/03; N - Pervosphueridium sp., Pg-1/03; O - Achomosphaera sp.,
Pg-1/03; P - Spiniferites crassipelis, Pg-1/03; Q, U - Hystrichosphueridium salpingophorum, Kz-1/03; R - Hystrichokolpoma cinc-
tum, Kz-1/03; S - Glaphyrocysta ordinata, Kz-1/03; T - Circulodinium distinctum, Kz-1/03; V, W - Palaeoperidinium cretaceum,
Kz-12/03; X - Hystrichodinium sp., Kz-12/03; Y - Kleithriasphaeridium sp., Pg-4/03
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Plate 6. Dinoflagellate cysts from Godula beds at Kalwaria Zebrzydowska. A - Dupsilidinium sp., Pg-1/03; B - dinocyst indet., Kz-
1/03; C. Q - Cribroperidinium spp., C: Kz-1/03, Q: Pg-1/03; D - Chatangiella sp., Pg-1/03; E, I - Pterodinium sp., E: Pg-1/03, I:
Kz-1/03; F - Apteodinium sp., Pg-1/03; G - Odontochitinia sp. A sensu Kirsch (1991), Kz-1/03; H - Palaeoperidinium cretaceum,
Pg-1/03; J - Valensiella reticulata. Pg-1/03; K. P. T - Disphaeria sp., K, P: Pg-1/03, T: Kz-1/03; L - Eatonicysta ursulae sensu
Mahreinecke (1992), Kz-6/03; M, N - Leberidocystu chlamydata, Pg-1/03; O, R - Pterodinium aliferum, Pg-1/03; S - Pterodinium
cingulatum, Kz-1/03; U - Cerodinium sp., Kz-1/03; V, W - Laciniadinium arcticum, Kz-1/03; X - Xenascus ceratioides, Kz-1/03;
Y - Odontochitina costata, Kz-1/03
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tary environments during deposition greenish and red
shales of the variegated shales were not so pronounced.
In both cases organic matter content is very low and it
was presumably sedimentation rate responsible for colour
origin.

Conclusions

1. The variegated shales and the Godula beds in vicinity
of Kalwaria Zebrzydowska contain agglutinated fo-
raminifera only. This suggests that these sediments
were deposited at depth below the local CCD. Dino-
cysts have been found in the Godula beds only.

2. The studied variegated shales represent Uvigerinam-
mina jankoi Zone sensu Geroch & Nowak (1984)
whereas the Godula beds represent Caudammina gi-
gantea Zone sensu Geroch & Nowak (1984). Their
ages, based on foraminifera, have been estimated as
Early Turonian-Early Santonian and Late Santonian-
Early Campanian? respectively. Late Santonian-
Early/Middle Campanian age of the Godula beds is
suggested on the base of dinocysts.

3. Well oxygenated bottom water and surface sediment
column characterises deposition of the variegated
shales in question. Scarcity of organic matter supply
related to oceanic setting beyond the reach of intense
flysch sedimentation resulted in colonisation of the ba-
sin bottom by the epifunal and infaunal foraminifera.
Increased resedimentation from more proximal areas
(turbiditic sedimentation of the Godula beds), recorded
also in dinocyst assemblages altered bottom environ-
ments. Higher amounts of organic matter supplied to
the sea floor by turbiditic currents caused better food
availability for suspension feeding foraminifera and
oxygen depletion within sediment.

4. Changes in dinocyst assemblages from the Godula
beds reflect intensity of resedi mentation from marginal
areas of Silesian basin during Late Santonian-
Early/Middle Campanian. Presumably in situ and off-
shore dinocysts occur in the basal part of the Godula
beds. Higher up the succession, near-shore species be-
gin to dominate. They are the most frequent in the
topmost part of the Godula beds overlaid by the lower
Istebna sandstone.

A ckno wledgements

The first author would like to thank A. Slaczka (Institute of
Geological Sciences, Jagiellonian University) for discussions
and to Z. Paul (Polish Geological Institute) for his kind guid-
ance during the fieldworks. The first author's study has been
done as a framework of Polish Minister of Scientific Research
and Information Technology grant no 0444 P04 2004 26.

References

Bak, K., 1998: Planktonic foraminiferal biostratigraphy, Upper Creta-
ceous red pelagic deposits, Pieniny Klippen Belt, Carpathians.
Stadia Oeologica Polonica, III: 7-92.

Bak, K„ Bak, M., Geroch, S., Manecki, M., 1997: Biostratigraphy and
paleoenvironmental analysis of benthic foraminifera and radiolari-
ans in Paleogene Variegated Shales in Skole Unit, Polish Flysch
Carpathians. Annates Societatis Geologorum Poloniae, 67(2.3),
135 p.

Bak K., Bak M., Paul Z., 2001: Barnasiowka Radiolarian Shale Forma-
tion - a new lithostratigraphic unit in the Upper Cenomanian-
lowermost Turanian of the Polish Outer Carpathians (Silesian Se-
ries). Annates Societatis Geologorum Poloniae. 71, p. 75-103.

Birkenmajer, K., 1977: Jurassic and Cretaceous lithostratigraphic units
of the Pieniny Klippen Belt, Carpathians, Poland. Studia Geologica
Polonica, 45: 1-159.

Birkenmajer, K. & Oszczypko, N., 1989: Cretaceous and Palaeogene
lithostratigraphic units of the Magura Nappe. Krynica Subunit,
Carpathians. Annates Societatis Geologorum Poloniae, 59, 145-
181.

Corliss, B.H., 1985: Microhabitats of benthic foraminifera within deep-
sea sediments. Nature, 314, p. 435-478.

Dominik, J., 1977: A mineralogical-petrographical study of variegated
shales from Magura nappe (the Carpathians). Prace Mineralogic-
zne, 53: 1-86.

Gedl, P., 2004: Dinoflagellate cyst record of the deep-sea Crelaceous-
Tertiary boundary at Uzgruri, Carpathian Mountains. Czech Repub-
lic. In: Bcaudoin, A. B. & Head, M. J. (eds). The Palynology and
Mlcropalacontology of Boundaries.Geological Society, London,
Special Publications, 230: 257-273.

Geroch, S. & Nowak W., 1984: Proposal of Zonation for the late Titho-
nian - late Eocene, based upon arenaceous foraminifera from the
outer Carpathians, Poland. In: Oertli, H. (ed.). Benthos '83: 2'"' In-
ternational Symposium on Benthic Foraminifera Pan (France),
April 1115, 1983. Elf Aquitaine. ESSO REP and TOTAL CFP,
Pau & Bourdeaux, p. 225-239.

Jones R W., Charnock M. A., 1985: "Morphogroups" of agglutinating
foraminifera. Their life positions and feeding habits and potential
applicability in (paleo)ecological studies. Revue de Paleobiology,
4, p. 311-320.

Kaiho, K., 1991: Global changes of Paleogene aerobic/anaerobic ben-
thic foraminifera and deep-sea circulation. Palaeogeography, Pa-
laeoclimatology, Palaeoecology, 83, p. 65-88.

Kaminski M. A. & Kuhnt W., 1995: Tubular agglutinated foraminifera
as indicators of organic carbon flux. In: Kaminski, M. A., Geroch,
S., & Gasihski, M. A., (eds.). Proceedings of the Fourth Interna-
tional Workshop on Agglutinated Foraminifera. Grzybowski Foun-
dation Special Publication, no. 3, p. 141-144.

Kirsch, K.-H. 1991: Dinoflagellatenzysten aus der Oberkreide des Hel-
vetikums und Nordultrahclvetikums von Oberbayern. Miinchner
geowissenschaflliche Abluindlungen (A), 22: 306 pp.

Kotlarczyk, J., 1985: An outline of the stratigraphy of marginal tectonic
units of the Carpathian orogen in the Rzeszow-Przemysl area. In:
Kotlarczyk. J. (ed), Geotraverse Krakow- Baranow-Ustrzyki Dolne-
Komaricza-Dukla. Guide to Excursion 4. Carpatho-Balkan Geological
Association XIII Congress, Cracow, Poland 1985, p. 39-64.

Ksiazkiewicz M., 1951: Objasnienie arkusza Wudowice. Ogdlna mapa
geologiczna Polski w skali 1:50 (XX). Pahstwowy Instytut Geologic-
zny, Warszawa, 283 p.

Kuhnt W„ Moullade M., Kaminski M. A„ 1996: Ecological structuring
and evolution of the deep sea agglutinated foraminifera - a review.
Rev. Micropaleont, 39 (4).p. 271-281.

Lemaiiska, A., in print: Comparison of deep-water agglutinated fo-
raminifera from hemipelagic variegated shales (Early Turonian-
Early Santonian) and turbiditic Godula beds (Late Santonian-
Campanian) in the Lanckorona-Wadowice area; Silesian Nappe
(Polish Outer Carpathians). Studia Geologica Polonica, 124.

Leszczyriski, S. & Uchman A., 1991: To the orgin of variegated shales
from flysch of the Polish Carpathians. Geologica Carpathica, 42:
279-289.

Nagy J., Gradstein F. M., Kaminski M. A., Holboum A. E., 1995: Fo-
raminiferal morphogroups, paleoenviroments and new taxa from
Jurassic to Cretaceous strata of Thakkhola, Nepal. In: Kaminski, M.
A., Geroch, S., & Gasihski, M. A. (eds), Proceedings of the Fourth
International Workshop on Agglutinated Foraminifera. Grzybowski
Foundation Special Publication, no. 3, p. 181-209.

Oszczypko, N., 1992. Late Cretaceous through Paleogene evolution of
the Magura Basin. Geologica Carpathica, 43: 333-338.

Potter, P. E., Maynard, B. J. & Pryor, W. A., 1980. Sedimcntology of
Shale. Study Guide and Reference Source. Springer-Verlag, New
York, 310 pp.

Slomka T., 1995: Glebokomorska sedymentacja silikoklastyczna
warstw godulskich Karpat (summary: Deep-marine siliciclastic
sedimentation of the Godula Beds, Carpathians). Prace Geologi-
czne, 139: 1-132.



A. Lemanska and P. Gedl: Benthic agglutinated foraminifera..

Stover, L. E., Brinkhuis, H., Damassa, S. P., de Verteuil, L., Helby, R.
J., Monteil, E„ Partridge, A. D„ Powell, A. J., Riding, J. B., Smcl-
ror, M. & Williams, G. L., 1996: Mesozoic-Tertiary dinoflagellates,
acritarchs and prasinophytes. In: Jansonius, J. & McGregor, D. C.
(eds), Palynology: principles and applications. American Associa-
tion of Stratigraphic Palynologists Foundation, 2: 641-750.

Szymakowska. F. & Zytko, K. (eds), 1965: Szczegolowa Mapa Ge-
otogiczna Polski (bez utworow czwartorziidowych) 1:50000. Rejon
Karpat i Przedgdrza. Arkusz Kalwaria Zebrzydowska. Wy-
dawnictwa Geologiczne, Warszawa.

Slaczka, A., 1959: Stratygrafia serii sla.skiej tuski Bystrego na potudnie
od Baligrodu (summary: Stratigraphy of the Bystre scale [Middle
Carpathiansl). Instytul Geologiczny, Biuletyn, 203-286.

Slaczka. A. & Kaminski, M. A., 1998: Guidebook to Excursions in the
Polish Flysch Carpathians. Grzybowski Foundation Special Publi-
cation, 6: 171 + x pp.

Tyszka J., 1994: Response of Middle Jurassic benthic foraminiferal
morphogroups to dysoxic/ anoxic conditions in the Pieniny Klippen
Basin, Polish Carpathians. Palaeogeography, Palaeoclimalology.
Palaeoecology. 110:55-81

Williams, G. L„ Brinkhuis. H . Pcarce, M. A., Fensome, R. A. &
Weegink, J. W., 2004: Southern Ocean and global dinoflagellate
cyst events compared: index events fro the Late Cretaceous-
Neogene. In: Exon, N. F, Kennett, J. P. & Malone. M. J. (eds),
Proc. ODP.Sci. Results, 189: 1-98.

APPENDIX

An alphabetical listing of agglutinated foraminifera and
dinocyst taxa found in the Kalwaria Zebrzydowska sec-
tion is provided below. Numbers in parentheses refer to
the appropriate photomicrographs in Plates 1 to 2 (fora-
minifera) and 3 to 6 (dinocysts).

Foraminifera:

Ammodiscus cretaceus (Reuss, 1845) [PI. 1H]
Ammodiscus irregularis (d'Orbigny)
Ammodiscus sp.
Bathysiphon microrhaphidus (Samuel, 1977) [PI. ID]
Buthysiphon sp.
Caudammina gigantea (Geroch, 1960 ) [PI. IO, P]
Caudammina ovulutn (Grzybowski, 1896)
Gerochumminu conversu (Grzybowski, 1901) [PI. 21]
Gerochammina obesa (Neagu, 1990) [PI. 2G]
Gerochammina stunislawi (Neagu, 1990) [PI. 2J]
Glomospira charoides (Jones et Parker, 1860) [PI. 2B]
Glomospira diffundens (Cushman et Renz, 1946)
Glomospira glomeratu (Grzybowski, 1898)
Glomospira gordialis (Jones et Parker, 1860)
Glomospira irregularis (Grzybowski. 1898) [PI. II]
Glomospira serpens (Grzybowski, 1898)
Glomospira sp.
Huplophragmoides mjatliuke (Maslakova, 1955) [PI. 2A]
Haplophragmoides sp.
Hormosina crassa (Geroch, 1966) |PI. IN]
Hormosina velascoensis (Cushman, 1926) [PI. 1M]
Hyperammina elongata (Brady, 1878) [PI. IF]
Hyperammina sp.
Kalamopsis grzybowskii (Dylazanka, 1923) [PI. 1G|
Karrerulina horrida (Mjatliuk, 1970)
Nothiu excelsu (Grzybowski, 1898) [PI. IC]
Paratrochamminoides irregularis (White, 1928) [PI. 2D]
Paratrochamminoides Olszewski! (Grzybowski, 1898) [PI. 2C]
Paratrochamminoides sp.
Psammosphaera fitsca (Schultze, 1875) [PI. IE]
Psammosphaeru sp.
Reairvoides spp.
Reophax duplex (Grzybowski, 1869) [PI. 1L]
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Reophax pilulifer (Brady, 1844)
Reophax sp.
Rhabdammina cylindrica (Glaessner, 1937) [PI. IB]
Rhabdammina linearis (Brady)
Rhabdumminu sp. [PI. 1A]
Rhizammina sp.
Rzehakina minimu (Cushman et Renz, 1946) [PI. IK]
Rzehakina sp.
Saccamminu sp.
Trochammina globigerinif'ormis (Jones et Parker, 1865) |PI. 2E,
Fl
Trochammina spp.
Trochumminoides folius (Grzybowski, 1898)
Trochamminoides grzybowskii (Kaminski et Geroch, 1993)
Trochamminoides proteus (Karrer, 1866) [PI. U]
Trochamminoides sp.
Uvigerinammina jankoi (Majzon, 1943) [PI. 2H]

Dinocysts:

Achomosphaera sp. [PI. 3R; PI. 4W, Z; PI. 50]
Alisogymnium eucluense (Cookson et Eisenack, 1970) Lentin et
Vozzhennikova, 1990 [PI. 5G]
Apteodinium sp. [PI. 6F]
Callaiosphaeridium asymmetricum (Deflandre et Courteville,
1939) Davey et Williams, 1966 [PI. 4S]
Cannosphaeropsis utinensis O. Wetzel, 1932 [PI. 4T]
Cerodinium sp. [PI. 6U|
Chutungiella sp. [PI. 6D)
Circulodinium distinction (Deflandre et Cookson, 1955) Jan-
sonius, 1986 [PI. 3W;PI. 5T]
Cribroperidinium sp. [PI. 3V; PL 6C, Q]
Dapsilidinium sp. [PI. 3F; PI. 6A]
Diphyes sp. [PI. 5F]
Disphaeriu sp. [PI. 6K, P, T]
Eatonicysta ursulae sensu Marheinecke, 1992 [PI. 6L]
Exochosphueridium sp. [PI. 3X; PI. 4V]
Florentiniu sp. [PI. 4P]
Glaphyrocystu ordinatu (Williams et Downie, 1966) Stover et
Evitt, 1978 [PI. 5S]
Hystrichodinium pulchrum Deflandre, 1935 [PI. 4U]
Hystrichodinium sp. [PI. 5X]
Hystrichokolpomu cinctum Klumpp, 1953 [PI. 5R]
Hystrichosphueridium salpingophorum (Deflandre, 1935)
Deflandre, 1937 [PI. 5Q, U]
Hystrichosphueridium tubiferum (Ehrenberg, 1838) Deflandre,
1937 [PI. 4R]
Hystrichosphueridium sp. [PI. 3Y; PI. 4K-M]
Hystrichosphuerinu? sp. [PI. 4D]
Impagidinium sp. [PI. 5AJ
Isabelidinium spp. [PI. 4G-J]
Kallosphaeridium sp. [PI. 3M]
Kiokansium polypes (Cookson et Eisenack, 1962) Below, 1982
[PI. 5B]
Kleithriasphaeridium sp. [PI. 5Y]
Luciniudinium arcticum (Manum et Cookson, 1964) Lentin et
Williams, 1980[P1. 6V.W]
Leberidocystu chlamydata (Cookson et Eisenack, 1962) Stover
et Evitt 1978 [PI. 6M, N]
Odontochitina costata Alberti, 1961 [PI. 6Y]
Odontochitina operculum (O.Wetzel, 1933) Deflandre et Cook-
son, 1955 [PI. 4A]
Odontochitina porifera Cookson, 1956 |P1. 3A]
Odontochitinia sp. A sensu Kirsch (1991) [PI. 6G]
Oligosphaeridium pulcherrimum (Deflandre et Cookson, 1955)
Davey et Williams, 1966 [PI. 3Z]
Operculodinium sp. [PI. 4F; PI. 51]
Ovoidiniuml sp. [PI. 4E]
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Palaeohystrichophora infusorioides Deflandre, 1935 [PI. 3N-Q]
Pulueoperidinium cretuceum Pocock, 1962 [PI. 5V, W; PI. 6H]
Palaeotetradinium silicorum Deflandre. 1936 [PI. 3E|
IPalynodinium sp. [PI. 4Q|
Pervosphueridium sp. [PI. 3L; PI. 5N]
Prolixosphaeridium sp. [PI. 3C]
Pterodinium aliferum Eisenack, 1958 [PI. 60, R]
Pterodinium cingulatum (O. Wetzel, 1933) Below, 1981 [PI.
5C, D; PI. 6CJ
Pterodinium sp. [PI. 6E, I]
Senoniasphaera rotundata Clarke et Verdier, 1967 [PI. 4C|
Spiniferites crassipelis (Deflandre et Cookson, 1955) Sarjeant,
1970 [PI. 5P]
Spiniferites rumosus (Ehrenberg 1838) Loeblich et Loeblich,
1966 [PI. 3S-U; PI. 4X, Y; PI. 5K]

Stiphrosphaeridium anthophorum (Cookson et Eisenack, 1958)
Lentin et Williams, 1985 [PI. 3K]
Subtilisphaera sp. [PI. 31, J]
Surculosphaeridium belowi Yun, 1981 [PI. 5H]
Surculosphaeridium! longifurcatum (Firtion, 1952) Davey et
al„ 1966 [PI. 4B]
Systematophoru sp. [PI. 3D]
ITuleisphaera hydru Duxbury, 1979 [PI. 5M]
Tanyosphaeridium sp. TP1. 3B, G, H; PI. 5E, L]
Trigonopyxidiu ginellu (Cookson et Eisenack, 1960) Downie et
Sarjeant, 1965 [PI. 40]
Valensiella reticulata (Davey. 1969) Courtinat. 1989 [PI. 6J|
Xenascus ceratioides (Deflandre, 1937) Lentin et Williams,
1973 [PI. 6X]
"round-brown" [PI. 4N|


