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Abstract: The occurrence of planktonic and benthic foraminifers in the uppermost part of the Upper
Albian carbonate platform in the Tatra Mountains, Inner Carpathians, Poland, is here documented. Study
section (Zelezniak gully, Koscieliska Valley, Tatra Mountains) encompass echinoderm-foraminiferal
limestones, which lied directly below the hardground with stromatolites. These sediments terminated the
carbonate sedimentation on the Tatric Ridge, which lasted through the Late Jurassic—Early Cretaceous.
Planktonic foraminifers show that the breakup of carbonate platform took place in this area during the
Parathalmaninella appenninica Zone (Upper Albian). The composition of benthic foraminiferal
assemblages, including both agglutinated and calcareous taxa suggests that during the last phase of a
carbonate platform development, the sea floor of elevated blocks occurred relatively deep, corresponding
to the outer shelf depths. The comparison of foraminiferal morphogroups from the limestones shows that
sea floor of this area was characterized by well-oxygenated bottom water conditions with an enhanced
rate of primary organic matter flux.
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1. INTRODUCTION

Fragments of the Early Cretaceous carbonate
platform is preserved in the Barremian—Albian
sediments in the Tatra Mountains of the Inner
Carpathians (Passendorfer, 1930; Lefeld, 1968;
MiSik, 1990; Michalik & Sotdk, 1990). The
occurrence of this platform during the Early
Cretaceous was related to open marine conditions
with pelagic and hemipelagic sedimentation in the
Tatric area, which was a part of the of the Central
Western Carpathian region, within the Western
Tethys domain (Michalik, 1994). The palacomagnetic
data (Grabowski, 1997) from the Tatra Mountains
indicate their proximity to the European plate at least
in the post Early Aptian—pre-Coniacian time span.
The development of the platform and its final demise
(collapse-like) could be related to regional tectonics
(Michalik, 1994). The shallow-water facies including
the Urgonian-type benthic organisms demised in this

area at different times, since the Early Aptian through
the Middle Albian (Masse & Uchman, 1997). The
youngest demise of the carbonate platform took place
within the Tatric Ridge, preceded there by
sedimentation of phosphorous-rich limestones with
stromatolites, which took place on elevated blocks
(Krajewski, 1981). According to Krajewski (1981),
this stage of sedimentation, characterized by cyclic
development of hardgrounds, phosphatic
mineralization and stromatolitic horizons occurred in
open shelf environment under conditions of slow
pelagic sedimentation.

Biostratigraphic  studies on the Albian
limestone succession from the Tatric sediments were
carried out by Passendorfer (1930). He dated their
base for the late Early Albian Douvilleiceras
mammilatum ammonite Zone, and their top as the
early Late Albian Mortoniceras inflatum Zone, as
confirmed by stratigraphically important bivalves.
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Figure 1. A — Simplified geological map of the Carpathians. B, C — Location of studied area in the Tatra Mountains
(Inner Carpathians) on the contour map (map after Bryndal, 2014) and on simplified map of ridges, with position of the
Koscieliska Valley. D — Geological map of the study area around the Zelezniak gully, a left tributary of the Ko$cieliska
Valley (map after Guzik, 1959). E — Albian—Cenomanian lithostratigraphic scheme of the Zabijak Formation and
lithologic log of the studied Zelezniak gully section (lithostratigraphy after Krajewski, 2003).
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The present paper is related to the microfacies
analysis of the topmost part of the organodetrical
limestone succession, which is overlied by
hardground with stromatolites. These sediments
have been deposited on elevated block within the
Tatric Ridge. The purpose of this analysis is (a) to
document the planktonic and benthic foraminiferal
assemblages from these sediments, (b) to discuss the
age of the youngest limestone succession and its
palaeoecologic and palaeobathymetric implications
using the foraminiferal data as the biogenic markers.

2. GEOLOGICAL SETTING

The Tatra Mountains form the highest part in
the Central Western Carpathians (Fig. 1A, B), built
of a Paleozoic crystalline core and a Mesozoic
(Early  Triassic-Late Cretaceous) sedimentary
sequence. These rocks belong to the High-Tatric
autochthonous cover and the overthrusted High-
Tatric and Sub-Tatric nappes (Ksigzkiewicz, 1962;
Andrusov, 1965; Passendorfer, 1983; Froitzheim et
al., 2008), forming the so-called Tatricum, a part of
the Inner Carpathians (PlaSienka, 2003). The
youngest part of the sedimentary sequence in the
Polish part of the Tatra Mountains, mid-Cretaceous
in age, is referred to the Zabijak Formation
(Krajewski, 2003). The studied sediments belong to
the basinal unit of this Formation, distinguished as
the Zelezniak Member (Krajewski, 2003; Fig. 1E).
This Member is represented by foraminiferal,
echinoderm and echinoderm-foraminiferal
wackstones, packstones and grainstones, with
several phosphorite horizons. Its topmost part is
partly covered by composite hardground with
phosphorite pebble lag and phosphatic stromatolites.
The thickness of the Zelezniak Member is highly
variable, ranging from 1.5 m (the studied area) to 60
m. It reflects changes in sedimentary morphology of
the sea floor due to tectonic processes, which took
place during deposition of these sediments
(Krajewski, 2003).

3. MATERIAL AND METHODS

The section studied is located in the Polish
part of the Tatra Mountains, where the Albian
limestones crop out in the Zelezniak gully, a left
tributary of the Koscieliska Valley, about 100 m
below 3-m-high waterfall (Fig. 1B-D). The section
comprises the uppermost part of the Zelezniak
Member (Fig. 1E), which contains ca 20 cm thick
succession of echinoderm-foraminiferal packstone,
covered by hardground with phosphorite pebble lag
and phosphatic stromatolites, 10 cm thick.

High degree of limestone lithification difficult
with extraction of microfossils from these sediments.
Therefore, the foraminifers were analysed in 14 thin
sections, made from 8 samples, collected with an
average sample interval 3-5 cm (Fig. 1E). This
technique facilitates an identification of the great
majority of genera, and partly of the species,
providing a basis for characterizing assemblage
compositions, which can be applicable in
stratigraphic studies and palaeoecological analysis.
Such quantitative analysis, related to the latter
aspect, is here proposed based on the morphogroup
analysis of the agglutinated and calcareous taxa.

Photomicrographs of foraminifers were taken
using a stereoscopic microscope Nikon SMZ1500
with digital camera. The material is housed in the
Institute of Geography, Pedagogical University of
Cracow, Poland.

4. FORAMINIFERAL ASSEMBLAGES

The foraminiferal material includes both
planktonic and benthic (agglutinated and calcareous)
foraminifers (Table 1).

Small forms of Hedbergella spp. with
Hedbergella delrioensis (Carsey) (Plate I: O) and
Hedbergella praelibyca Petrizzo and Huber (Plate I:
M, N) dominate among the planktonic taxa,
associated by other non-keeled forms belonging to
Favusella washitensis Carsey (Plate I: K, L) and
Globigerinelloides sp. (Plate I: P). Keeled forms are
less frequent, being represented by Parathalman-
ninella appenninica (Renz) (Plate I: A, B), Parathal-
manninella balernaensis (Gandolfi) (Plate I: C),
Pseudothalmanninella cf. ticinensis (Gandolfi)
(Plate I: F), Pseudothalmanninella cf. subticinensis
(Gandolfi) (Plate I: G, H), and Praeglobotruncana
cf. delrioensis Plummer (Plate I: J). Frequencies of
planktonic Foraminifera are relatively low, 7-15
specimens per 1 cm?. A few of them are filled with
pyrite.

Among the benthic forms, a content of
agglutinated and calcareous foraminiferal groups is
nearly the same. The agglutinated benthos (53% of
the total number of benthic specimens) is moderately
diversified, without a significant dominance of a
single species. The most frequent are specimens from
genera Trochammina (Plate Il M),
Pseudonodosinella (Plate II: E), Eobigerina (Plate II:
H, 1), and Recurvoides/Plectorecurvoides (Plate II:
0-Q), which are associated with forms belonging to
Glomospira (Plate 1I: D), Ammobaculites (Plate II: F),
Thalmannammina (Plate Il: N), ?Gerochammina
(Plate II: G), Verneuilinoides (Plate II: L), ?Tritaxia
(Plate 11: J), and Dorothia (Plate Il: K).
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Table 1. Abundances for foraminiferal taxa in the Upper Albian limestone, Zelezniak Member (Zabijak Formation),
Tatra Mountains, Inner Carpathians; number of specimens in 6 cm? (mean surface of thin section of the rock)

Limestone with
Echinoderm — foraminiferal hardground and
limestone stromatolite
Zel- | Zel- | Zel- | Zel- | Zel- | Zel- | Zel- | Zel-
la 1b 1c 1d 1h le 1f 1g
Agglutinated:
Ammobobaculites sp. 2 1 2 3 .
Ammodiscus sp. . . 2 1 .
Dorothia gradata 5 1 3 2 1 . 1
Dorothia/Marsonella spp. 6 1 4 2 1
Eobigerina variabilis 7 3 2 6 6 1
Gerochammina stanislawi 4
Glomospira gordialis . 4
Plectorecurvoides alternans . 1 1 . . . . .
Pseudonodosinella troyeri 4 3 1 11 4 1 1
Recurvoides imperfectus . . 1
Recurvoides sp. 5 6 2 7 6
Reophax sp. 1 . 4
Rhabdammina sp. 2 2 1 2 2 2
Rhizammina sp. 1 . .
Verneuilinoides neocomiensis 1 . 2 . 1
Thalmannammina meandertornata . 1 1 6 3
?Tritaxia sp. . . . 1
Trochammina sp. 7 2 9 2
Calcareous benthic:
Astacolus sp. . . 1 1 . 1 .
Cibicides sp. . 1 4 4 3 3
Dentalina sp. 4 . 1 2 4 2
Epistommina sp. . . 1 3 1
Gavelinelids 11 7 8 28 10 4 3 3
Oolina sp. . 3 1 1 1
Gyroidinoides sp. 1 1 4 1
Laevidentalina sp. . 2
Lagena sp. 2 . . . . . . .
Lenticulina sp. 1 1 1 2 . . . 1
Nodosaria sp. 3 1 . . 1
Planularia sp. . . 1 . . . . .
Pleurostomella sp. 1 1 . 1 . . 1 1
Quadrimorphina allomorphinoides . 1
Quingueloculina sp. . . 1 . .
Ramulina sp. 1 . 1 1 1
Planktonic:
Favusella washitensis . . . . 1 1 .
Hedbergella delrioensis 2 1 1 1 1
Hedbergella praelibyca 1 4 1 5 2 3
Hedbergella sp. 13 6 14 2 5 6 2 2
Globigerinelloides sp. 1 1 1
Parathalmanninella appenninica 1 1 1
Parathalmanninella balernaensis 1 .
Praeglobotruncana cf. delrioensis 1 1 . 1
Pseudothalmanninella cf. subticinensis . . . 2 1
Pseudothalmanninella cf. ticinensis . .
Parathalmanninella/Pseudothalmaninella 4 4 6 4 1 . 2
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Plate 1. Planktonic foraminifers from the Upper Albian limestone of the Zelezniak Member, Tatra Mountains, Inner
Carpathians: A, B. Parathalmanninella appenninica (Renz), A — sample Zel-1d, B — sample Zel-1c; C. Parathalmanni-
nella balernaensis (Gandolfi), sample Zel-1a; D, E. Parathalmanninella sp. umbilico-convex, sample Zel-1b; F.
Pseudothalmanninella cf. ticinensis (Gandolfi), sample Zel-1d; G, H. Pseudothalmanninella cf. subticinensis
(Gandolfi), sample Zel-1e; I. Parathalmanninella/Pseudothalmanninella sp., sample Zel-1f; J. Praeglobotruncana cf.
delrioensis Plummer, sample Zel-1a; K, L. Favusella washitensis Carsey, K — sample Zel-1h, L — sample Zel-1e; M, N.
Hedbergella praelibyca Petrizzo and Huber, sample Zel-1f; O. Hedbergella cf. delrioensis (Carsey), sample Zel-1c; P.

Globigerinelloides sp., sample Zel-1c. Scale bar: 100 um.
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Plate 1l. Benthic foraminifers from the Upper Albian limestone of the Zelezniak Member, Tatra Mountains, Inner
Carpathians: A. Psammosiphonella cylindrica (Glaessner), sample Zel-1d; B. Rhabdammina cf. linearis Brady, sample
Zel-1b; C. Rhizammina sp., sample Zel-la; D. Glomospira gordialis (Jones & Parker), sample Zel-1h; E.
Pseudonodosinella troyeri (Tappan), sample Zel-1d; F. Ammobaculites irregularis Giimbel, sample Zel-1d; G.
?Gerochammina stanislawii (Neagu), sample Zel-1c; H, 1. Eobigerina variabilis (Vasicek), H — sample Zel-1h, | — sample
Zel-1a; J. ?Tritaxia sp., sample Zel-1h; K. ?Dorothia gradata (Berthelin), sample Zel-1a; L. Verneuilinoides neocomiensis
Mjatliuk, sample Zel-1c; M. Trochammina sp., sample Zel-1d; N. Thalmannammina meandertornata Neagu &
Tocorjescu, sample Zel-1h; O, P. Plectorecurvoides alternans Noth, O — sample Zel-1c, P — sample Zel-1b; Q.
Recurvoides imperfectus (Hanzlikova), sample Zel-1h; R. Lagena sp., sample Zel-1b; S. Nodosaria sp., sample Zel-1d; T.
Laevidentalina sp., sample Zel-1c; U. Dentalina sp., sample Zel-1a; V, Nodosaria sp., sample Zel-1a; Scale bar: 100 um.
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Plate I11. Benthic foraminifers from the Upper Albian limestones of the Zelezniak Member, Tatra Mountains, Inner
Carpathians: A. Quinqueloculina sp., sample Zel-1c; B. Pleurostomella sp., sample Zel-1b; C. ?Pleurostomella sp.,
sample Zel-1d; D. ?Lagena sp., sample Zel-1a; E. Planularia sp., sample Zel-1c; F. ?Astacolus sp., sample Zel-1c; G.
Lenticulina sp., sample Zel-1b; H. Epistommina sp., sample Zel-1c; I. Gyroidinoides sp., sample Zel-1d; J.
Quadrimorphina allomorphinoides (Reuss), sample Zel-1b; K. Berthelina sp., sample Zel-1b; L. Cibicides sp., sample
Zel-1c; M—Q — gavelinids, N, P — sample Zel-1a, M, O, Q — sample Zel-1d. Scale bar: 100 pm.
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Tubular forms are rare, represented by
Psammosiphonella cylindrica (Glaessner) (Plate II:
A), Rhabdammina cf. linearis Brady (Plate 1l: B),
and Rhizammina sp. (Plate 1I: C).

The calcareous benthic foraminifers comprise
numerous gavelinids (Plate 11l: J-Q) and forms from
genera Cibicides (Plate I1I: L), Gyroidinoides (Plate
I11: 1), and Epistommina (Plate I1l: H). Lagenids are
less frequent, including genera Lagena (Plate II: R),
Nodosaria (Plate Il: S, V), Laevidentalina (Plate II:
T), Dentalina (Plate 11: U), Pleurostomella (Plate IlI:
B, C), Lenticulina (Plate Ill: G), ?Astacolus (Plate
I1I: F), and ?Planularia (Plate IlI: E). Only single
specimen of miliolid group (Quinqueloculina sp.)
has been found in the echinoderm-foraminiferal
limestone (Plate I11: A).

5. DISCUSSION
5.1. Biostratigraphy

Planktonic foraminiferal assemblages
comprise a few stratigraphically important species,
which define a position of the studied limestone
succession. The occurrence of Parathalmanninella
appenninica  occurring  together  with  P.
balernaensis, Pseudothalmanninella cf. ticinensis
and P. cf. subticinensis is typical of the P.
appenninica Zone. As the interval zone, its base is
defined as the first occurrence (FO) of the zonal
marker, and the upper boundary is placed in the FO
of Thalmanninella globotruncanoides. Based on the
correlation of the foraminiferal zonation with other
biozonations and chronostratigraphy (Gale et al.,
2011), the P. appenninica Zone, as the taxon
commonly used in the zonations of the Tethyan
successions (Caron, 1985; Bak, 1992; Robaszynski
& Caron, 1995; Hart et al., 1996, Bak M. & Bak K.,
1999; Bgk & Oszczypko, 2000; Neagu, 2005)
corresponds to the Upper Albian, calibrated by cycle
stratigraphy studies in numerical age model as 100—
98 Ma (Gale et al., 2011; Ogg & Hinnov, 2012).

The presented foraminiferal data, related to
the youngest part of the Tatric carbonate platform
are in agreement with the biostratigraphic results
coming from the overlying marly strata, which have
been studied in this area in other sections (Bak K. &
Bak M., 2013). The micropalaeontological material
occurring in the overlying marls is more abundant.
As a consequence of this, more diversified
planktonic foraminiferal assemblages have been
determined in the marls, including among others
Planomalina buxtorfii (Gandolfi), one of several
keeled taxa. This species has not been found in the
studied limestones. According to the foraminiferal

zonations from the pelagic and hemipelagic
succession in Hautes Alps (Gale et al., 2011), which
was used in the interregional correlations of the
Middle-Upper Albian successions (Ogg & Hinnov,
2012), the FAD and the LAD data of P. buxtorfii are
within the P. appenninica Zone, in its upper part. It
may suggest that sedimentation of the youngest
limestone succession on the Tatric Ridge terminated
in the lower part of the P. appenninica Zone.

Besides the planktonic taxa, the foraminiferal
assemblages from the studied limestones contain
agglutinated forms including numerous specimens of
Plectorecurvoides alternans (Noth), an index
species in benthic zonations of the Carpathian
sediments (Geroch & Nowak, 1984; Neagu et al.,
1992; Bak et al., 1995; Neagu, 1990; Olszewska,
1997). The stratigraphic range of this zone is much
wider than the P. appenninica Zone. Its base was
reported within the Biticinella breggiensis Zone,
correlated with the Middle Albian, and the top — in
the Rotalipora reicheli Zone, corresponded to the
Middle Cenomanian (Bgk, 2000). In the
Carpathians, its frequent occurrence, which is
characteristic for the studied succession, was
documented from the Upper Albian—Lower
Cenomanian substages (Olszewska, 1997; Neagu,
1990; Melinte-Dobrinescu et al., 2015).

5.2. Palaeoecology based on foraminiferal
morphogroups

Palaeoecological interpretation of benthic
foraminiferal assemblages by means of morpho-
group analysis is commonly used in environmental
interpretation of the sea floor (Nagy, 1992; Kender
et al., 2008; Reolid et al., 2008; Cetean et al., 2011;
Setoyama et al., 2011; Bak et al., 2014; Melinte-
Dobrinescu et al., 2015). The morphogroup concept
use the idea that species with the same test shape
have the same life-style and feeding strategies, and
in this way, distribution and abundance of
morphogroups can reflect changes in selected
environmental parameters (Jones & Charnock, 1985;
Kaminski et al., 1995; Kaminski & Gradstein, 2005;
Murray et al., 2011).

The agglutinated and calcareous foraminifera
from the limestones studied are treated separately,
and are arranged in separate morphogroup sets.

5.2.1. Agglutinated foraminiferal
morphogroups

The agglutinated assemblages are dominated by
elongated tapered and subcylindrical forms including
Pseudonodosinella, Reophax, Ammobaculites,
Eobigerina, Gerochammina, Verneuilinodes,
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Marsonella and Dorothia. They comprise 62.5% of the
total number of assemblages among the agglutinated
taxa (Fig. 2). Elongated, uniserial forms (Reophax,
Pseudonodosinella) as detrivore and bacterial
scavangers (Nagy, 1992; Tyszka, 1994) may live as
deep infauna that was documented on the basis of
observations of their modern counter-parts (Mackensen
& Douglas, 1989; Hunt & Corliss, 1993; Kaminski et
al., 1995). Reophax may live both in shallow-water
(lagoonal) environments (Hughes, 2000), through the
mid to outer shelves (e.g. Oldriz et al., 2006; Reolid et
al., 2008), up to deep-water settings (Schafer et al.,
1981). Pseudonodosinella is typical of bathyal-abyssal
environments (Geroch & Kaminski, 1995). Similar
ecologic features are related to occurrence of other
elongated uniserial forms from genera Ammobaculites
and Bulbobaculites possessing initial coiled phase
(Barnard et al., 1981; Nagy, 1992; Tyszka, 1994,
Hughes, 2004). These taxa are less tolerant for low
oxygen content in the sediments. In mid-Cretaceous
pelagic/hemipelagic facies, their numerous occurrence
is related to red coloured, oxygenated marls (Bak,
2000; Melinte-Dobrinescu et al., 2015). However,
they can also tolerate reduced salinity and oxygen by
reducing of uncoiled portion of the test, reducing size
and dimensions of grains, which were agglutinated into
the test (Barnard et al., 1981; Jenkins, 2000; Hughes,
2004; Reolid et al., 2008). Elongated subcylindrical
taxa, which are represented in the sediments studied by
Eobigerina, Gerochammina, Marsonella and Dorothia
were interpreted as deep infaunal forms (e.g. Nagy,
1992; Tyszka, 1994; Bak, 2004; Cetean et al., 2011;
L6b & Mutterlose, 2012; Reolid et al., 2012; Nikitenko
etal., 2013).

The elongated forms are associated in the
limestones  with plano-convex  trochospiral
(Trochammina) and rounded trochospiral/ streptospiral
(Recurvoides and Thalmannammina) taxa, which
consists of 33.3% of the total number of agglutinated
tests.  Flattened  planispiral/streptospiral  taxa
(Ammaodiscus, Glomospira and Repmanina) are very
rare, not exceeding 5% (Fig. 2). All mentioned above
morphogroups are interpreted as epifauna with various
feeding strategies, as active or passive herbivores,
detrivores and omnivores, similarly as was suggested
by Jones & Charnock (1985), Nagy (1992), Tyszka
(1994), Bornmalm et al., (1997), Jenkins (2000),
Kaminski & Gradstein (2005), Reolid et al., (2008).
They may live in environments with various
concentration of organic carbon, at both well and
poorly oxygenated bottom water (Jenkins, 2000),
however, they may be frequent at sea floor with low
oxygen content in sediment-water interface (Jenkins,
2000 or as opportunists in stress environments (Bak,
2000; 2007).
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Figure 2. Percentage content of foraminiferal

morphogroups according to test morphology and feeding
strategies, calculated separately for agglutinated and
calcareous assemblages; the Upper Albian limestone,
Tatra Mountains, Inner Carpathians.

5.2.2. Calcareous benthic foraminiferal
morphogroups

The calcareous benthic assemblages are
dominated by plano-convex trochospiral forms with
rounded periphery, including mainly gavelinelids,
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which are associated with Gyroidinoides (48% of the
total number of the calcareous tests; Fig. 2). They are
interpreted as epifaunal active deposit feeders, which
favored life conditions especially on calcareous
sediment (Hradecka, 1993), under well oxygenated
bottom water conditions (Kaiho, 1994, 1999).
Gavelinelids are typical of shelf environments
(Gawor-Biedowa, 1972; Peryt, 1983; Hradecka,
1993; Speijer & Van der Zwaan, 1996, Tyszka,
2006). Gyroidinoides that occurs subordinately in the
sediments studied is not sensitive to changes in
oxygen and nutrient contents, occurring both in
oligotrophic, well-oxygenated and mesotrophic
environments (Dubicka & Peryt, 2012a, 2012b).

Other  planoconvex  trochospiral  forms,
characterized by angular periphery of the tests are the
second group in the calcareous benthos (20%; Fig. 2),
interpreted to be epifaunal grazing herbivores.
Epistommina and Cibicides, included to this group are
forms typical of outer shelf environment (Samson,
2001; Olériz et al., 2006).

A single miliolid specimen from genus
Quinqueloculina, found in the studied material
belongs to the group, which occurs generally in
intertidal zone and inner shelf of the modern
environments (Bandy & Arnal, 1957), however, some
of them may occur in deeper shelf (Jorissen, 1987).
They are tolerant to a wide range of environmental
conditions (Murray, 1991).

All three morphogroups of the calcareous
benthos, described above are interpreted as epifauna.
Epifaunal taxa but also adapted to shallow infaunal
habitats are characterized by elongated uniserial tests,
containing Nodosaria, Laevidentalina, Dentalina and
Ramulina in the sediments studied. Their shallow
infaunal position in the sediment and feeding strategy
as deposit-feeders to grazing omnivores and/or
bacterial scavengers were suggested among others by
Koutsoukos et al., (1990) and Tyszka (1994).

Elongated and sphaerical/semisphaerical
forms with flattened, biconvex and conical test
morphology are characteristic of infaunal taxa, which
comprise about 20% of total content of the calcareous
benthos. However, part of them, discoidal flattened
and biconvex forms including Planularia, Astacolus
and Lenticulina may live also as epifauna in open
marine outer shelves (e.g. Bernhard, 1986; Tyszka,
1994; Oloriz et al., 2003, 2006; Lob & Mutterlose,
2012).

5.2.3. Interpretation

Foraminiferal assemblages in modern deep-
water environments are controlled by organic carbon
flux to the sea floor and the oxygen concentration in
the bottom waters and the uppermost part of the

sediment (e.g. Hunt & Corliss, 1993; Jorissen, 1987;
Jorissen et al., 1995; Kaminski et al., 1995; Kaiho,
1994, 1999; Gooday & Rathburn, 1999; de Rijk et al.,
2000; Gooday et al., 2000; Wollenburg & Kuhnt,
2000; Szarek et al., 2007; Murray et al., 2011). Water
depth could be another factor affecting the benthic
foraminiferal assemblages. The presented above
composition of agglutinated and calcareous
morphogroups points to lack of distinct dominance of
life style and feeding strategy of the particular species.

A comparison of the morphogroup
composition with the TROX ecological model by
Jorissen et al., (1995) explaining benthic
foraminiferal microhabitat preferences, shows the
mesotrophic environment with deep position of the
redox-front in the sediments studied. High level of
bioturbation visible in thin sections of the rocks
caused that organic matter was transported to deeper
sediment layers, where it provided the nutritional
conditions to agglutinated and calcareous infaunal
forms. A relatively high proportion of infaunal
foraminifers within the agglutinated assemblages
could be indicative of enhanced input of nutrients to
the basin floor. The origin of the nutrients was most
probably related to high primary productivity. A
confirmation of such phenomena is an occurrence of
highly phosphatized sediments at the top of the
studied succession. According to Krajewski (1981,
1984), the phosphate pizolites and phosphate
cementation of grains occurring directly above the
echinoderm-foraminiferal limestone developed in
microenvironments rich in organic matter.

Concluding, the well-oxygenated bottom
water conditions with an enhanced rate of organic
matter flux from surface plankton production
characterized the sea floor of elevated block of the
Tatric area during the Late Albian.

5.3. Palaeobathymetry

Sedimentary features of the limestone studied,
i.e. homogenous texture of the rocks consisting
mostly of micritic grains with calcareous biogenic
particles of similar dimensions (up to 500 pm in
diameter; 50-200 um on average), and a lack of
lamination are suggestive of very slow
sedimentation, related rather to “flat” surface of the
shelf than to an inclined area (slope). From
sedimentological point of view, the lack of
tempestites in the limestone studied suggests that the
sea floor was located below storm-driven wave base.

Comparison of foraminiferal morphogroups
may help in reconstruction of palaeobathymetry of
marine sedimentary basins (Kaminski & Gradstein,
2005; Murray et al., 2011; Setoyama et al., 2011).
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Tubular agglutinated taxa are practically absent in
the studied assemblages, what is characteristic
feature of modern marginal and shelf environments
(Murray et al., 2011). It is also known from various
Mesozoic shelf-derived carbonate sediments (e.g.
Krajewski & Olszewska, 2007; Dubicka & Peryt,
2012b; Oldriz et al., 2003; Reolid et al., 2008, 2013).
Lack of forms with quinqueloculine coiling
(excluding a single specimen of Quinqueloculine
sp., most probably reworked) shows that the sea
floor was significantly below depths, which are
characteristic of marshes and lagoons (Murray et al.,
2011). Modest amounts of multilocular, trochospiral
agglutinated taxa (Trochammina) suggest deeper
parts of the shelves, even below the neritic depths
for the studied environment (Murray et al., 2011).
Dominance of epifaunal forms among the calcareous
benthic foraminifers is typical of shelves, both in
their internal and external parts (Reolid et al., 2008).
In turn, a high abundance (53%) of agglutinated taxa
vs calcareous benthic forms, and enhanced content
of agglutinated taxa with streptospiral coiling
(Recurvoides,  Thalmannammina, Plectorecur-
voides), is typical of bathyal depths (Kaminski &
Gradstein, 2005 and references therein). However,
the range of abundance of the latter morphogroup is
wider. They are also present in elevated amounts on
the outer shelf-upper bathyal depths (Setoyama et
al., 2011).

Taking into account the presented data, it can
be assumed that deposition of the echinoderm-
foraminiferal limestone within the elevated block of
the demised Tatric platform was located in the outer
shelf depths during the Late Albian.

6. CONCLUSIONS

The succession of echinoderm-foraminiferal
limestone that is covered by hardground with
phosphatic stromatolites represents the youngest part
of the Lower Cretaceous carbonate platform of the
Tatricum in the Inner Western Carpathians. The
demise of this platform, which begun on the Tatric
Ridge since the Early Aptian (Masse & Uchman,
1997), finally terminated within the elevated blocks
(like that containing the sediments studied) during
the Parathalmanninella appenninica Chron (in its
older part), correlated with the Late Albian.

The composition of foraminiferal
assemmblages from these limestone suggests that
the see floor of such fragments of the platform was
located on the outer shelf depths during that time. It
shows on significant immersion of this platform
since the Early Albian, when it was partly
submerged (Krajewski, 2003). The main reason of

these bathymetric changes was probably eustato-
stasis change during the Albian, when the sea level
rised by ~50 m culminating during the P.
appenninica Chron (Grotsch et al., 1993; Haqg,
2014). The tectonic processes, which took place
during the Early—-Middle Albian (Lefeld, 1968;
Masse & Uchman, 1997), expressed by development
of neptunian dykes (Krajewski, 2003), could be
other important factor in the immersion of this area.
The sea floor on the elevated block of the
demised platform was characterized by well-
oxygenated bottom water conditions with an
enhanced rate of primary organic matter flux.

Acknowledgements

The author is grateful to anonymous reviewers for
their helpful remarks. The study was funded by National
Science Centre, Poland under the project 2011/01/B/ST10/
07405. The paper resulted in the frame of the IGCP Project
No 609.

REFERENCES

Andrusov, D., 1965. Apercu générale sur la geéologie des
Carpathes occidentales. Bull. Soc. Géol. France,
7, 1029-1062.

Bandy, O.L. & Arnal, R.E., 1957. Distribution of recent
foraminifera off west coast of Central America.
AAPG Bull., 41, 2037-2053

Barnard, T., Cordey, W.G. & Shipp, D.J., 1981.
Foraminifera from the Oxford Clay (Callovian-
Oxfordian of England). Rev. Esp. Micropal., 13,
383-462.

Bak, K., 1992. Albian and Cenomanian biostratigraphy
and palaeoecology in the Branisko Succession at
Stare Bystre, Pieniny Klippen Belt, Carpathians.
Bull. Pol. Acad. Sci., Earth Sci., 40, 107-113.

Bak, K., 2000. Biostratigraphy of deep-water
agglutinated Foraminifera in Scaglia Rossa-type
deposits, the Pieniny Klippen Belt, Carpathians,
Poland. Grzybowski Foundation Spec. Public., 9,
15-41.

Bak, K., 2004. Deep-water agglutinated foraminiferal
changes across the Cretaceous/Tertiary and
Paleocene/Eocene transitions in the deep flysch
environment; eastern part of Outer Carpathians
(Bieszczady Mts, Poland). Grzybowski Foundation
Spec. Public., 8, 1-56.

Bak, K., 2007. Environmental changes around the
Cenomanian-Turonian boundary in a marginal
part of the Outer Carpathian Basin expressed by
microfacies, microfossils and chemical records in
the Skole Nappe (Poland). Ann. Soc. Geol. Polon.,
77, 39-67.

Bak, K. & Bak, M., 2013. Foraminiferal and radiolarian
biostratigraphy of the youngest (Late Albian
through Late Cenomanian) sediments of the Tatra
massif, Central Western Carpathians. Acta Geol.

247



Polon., 63, 223-237.
Bak, K. & Oszczypko, N., 2000. Late Albian and
Cenomanian redeposited foraminifera from Late

Cretaceous-Paleocene deposits of the Raca
subunit (Magura Nappe, Polish Western
Carpathians) and their  paleogeographical

significance. Geol. Carpath., 51, 371-382.

Bak, K., Bak, M., Gasinski, M.A. & Jaminski, J., 1995.
Biostratigraphy of Albian to Turonian deep-water
agglutinated  Foraminifera  calibrated by
planktonic ~ Foraminifera,  Radiolaria  and
Dinoflagellata cysts in the Pieniny Klippen Belt,
Polish Carpathians. Grzybowski Foundation Spec.
Public., 3, 13-27.

Bak, K., Bak, M., Gérny, Z. & Wolska, A., 2014.
Environmental conditions in a Carpathian deep
sea basin during the period preceding Oceanic
Anoxic Event 2 — a case study from the Skole
Nappe. Geol. Carpath., 65, 433-450.

Bak, M. & Bak, K., 1999. Correlation of the early
Albian — late Turonian radiolarian biozonation
with planktonic and agglutinated foraminifera
zonations in the Pieniny Klippen Belt, Polish
Carpathians. Geodiversitas, 21, 525-536.

Bernhard, J.M., 1986. Characteristic assemblages and
morphologies from anoxic organic rich deposits:
Jurassic through Holocene. J. Foram. Res., 186,
207-215.

Bornmalm, L., Corliss, B.H. & Tedesco, K., 1997.
Laboratory observations of rates and patterns of
movement  of  continental-margin  benthic
foraminifera. Mar. Micropal., 29, 175-184.

Bryndal, T., 2014. Identification of small catchments
prone to flash flood generation in the Polish
Carpathians. Prace Monograficzne Uniwersytetu
Pedagogicznego w Krakowie, Wyd. Naukowe UP,
690, 3-180. (In Polish, English extended
summary).

Caron, M., 1985. Cretaceous planktonic foraminifera. In:
Bolli, H.M. et al. (eds.), Plankton Stratigraphy,
Cambridge University Press, 17-86.

Cetean, C.G., Bilc, R., Kaminski, M.A. & Filipescu,
S., 2011. Integrated biostratigraphy and
palaeoenvironments of an upper Santonian—upper
Campanian succession from the southern part of
the Eastern Carpathians, Romania. Cret. Res., 32,
575-590.

Dubicka, Z. & Peryt, D., 2012a. Foraminifers and stable
isotope record of the Dubivtsi chalk (upper
Turonian, Western Ukraine): palaeoenvironmental
implications. Geol. Quarterly, 56, 199-214.

Dubicka, Z. & Peryt, D., 2012b. Latest Campanian and
Maastrichtian ~ palaeoenvironmental ~ changes:
implications from an epicontinental sea (SE
Poland and western Ukraine). Cret. Res., 37, 272-
284.

Froitzheim, N., Pladienka, D. & Schuster, R., 2008.
Alpine tectonics of the Alps and Western
Carpathians. In: McCann, T. (ed.), The Geology
of Central Europe. Volume 2: Mesozoic and

Cenozoic. Geol. Soc., London, 1141-1232.
A., Bown, P., Caron, M., Crampton, J.,
Crowhurst, S.J., Kennedy, W.J., Petrizzo, M.R.
& Wray, D.S., 2011. The uppermost Middle and
Upper Albian succession at the Col de Palluel,
Hautes-Alpes, France: An integrated study
(ammonites, inoceramid bivalves, planktonic
foraminifera, nannofossils geochemistry, stable
oxygen and carbon isotopes, cyclostratigraphy).
Cret. Res., 32, 59-130.
Gawor-Biedowa, E., 1972. The Albian, Cenomanian and
Turonian foraminifers of Poland and their
stratigraphic importance. Acta Paleont. Polon., 17,

Gale,

3-165.
Geroch, S. & Kaminski, M.A., 1995. An emendation of
some Cretaceous species of ““Reophax”

(Foraminiferida) from nortwest Europe and
Poland. Grzybowski Foundation Spec. Public., 3,
117-122.

Geroch, S. & Nowak, W., 1984. Proposal of zonation for

the Late Tithonian-Late Eocene, based upon
arenaceous Foraminifera from the Outer
Carpathians, Poland. In: Oertli, H.J. (ed.),

BENTHOS '83: 2nd Intern. Symp. Benthic
Foraminifera, EIf-Aquitane, ESO REP and
TOTAL CFP, Pau & Bordeoux, 225-239.

Gooday, AJ. & Rathburn, AE., 1999. Temporal
variability in living deep-sea benthic foraminifera:
a review. Earth-Sci. Rev., 46, 187-212.

Gooday, A.J., Bernhard, J.A., Levin, L.A. & Suhr,
S.B., 2000. Foraminifera in the Arabian Sea
oxygen minimum zone and other oxygen-deficient
settings: taxonomic composition, diversity, and
relation to metazoan faunas. Deep-Sea Res. I, 47,
25-54,

Grabowski, J., 1997. Paleomagnetic results from the
Cover (High Tatric) unit and Nummulitic Eocene
in the Tatra Mts (Central West Carpathians,
Poland) and their tectonic implications. Ann. Soc.
Geol. Polon., 67, 13-23.

Grotsch, J., Schroeder, R., Noé, S. & Fligel, E., 1993.
Carbonate platforms as recorders of high-
amplitude eustatic sea-level fluctuations: the Late
Albian appenninica-event. Basin Res., 5, 197-212 .

Guzik, K., 1959. The Geological Map of the Tatra
Mountains in scale 1:10,000; Sheet B2: Kominy
Tylkowe. Wydawnictwa Geologiczne, Warszawa.

Haqg, B.U., 2014. Cretaceous eustasy revisited. Global
and Planetary Change, 113, 44-58.

Hart, M., Amédro, F. & Owen, H.G., 1996. The Albian
stage and substage boundaries. Bull. Inst. Royal
Sci. Natur. Belgique, Sci. Terre, 66-Supp., 45-56.

Hradecka, L., 1993. Gavelinella Brotzen, 1942 and
Lingulogavelinella Malapris, 1969 (Foraminifera)
from the Bohemian Basin. Sh. Geol. Ved, Paleont.,
Praha, 33, 79-96.

Hughes, G.W., 2000. Saudi Arabian Late Jurassic and
Early Cretaceous agglutinated foraminiferal
associations and their application for age,
palaeocenvironmental interpretation, sequence

248



stratigraphy, and carbonate reservoir
architecture.  Grzybowski  Foundation  Spec.
Public., 7, 149-165.

Hughes, G.W., 2004. Middle to Upper Jurassic Saudi
Arabian  carbonate  petroleum  reservoirs:
biostratigraphy, micropalaeontology and
palaeoenvironments. GeoArabia, 9, 79-114.

Hunt, A.S. & Corliss, B.H., 1993. Distribution and
microhabitats of living (stained) benthic
foraminifera  from the Canadian  Arctic
Airchipelago. Mar. Micropal., 20, 321-345.

Jenkins, C.D., 2000. The ecological significance of fora-
minifera in the Kimmeridgian of Southern
England. Grzybowski Foundation Spec. Public., 7,
167-178.

Jones, RW. & Charnock, M.A., 1985. ,,Morpho-
groups™ of agglutinating Foraminifera. Their life
position, feeding habitats and potential
applicability in (paleo)ecological studies. Rev.
Paleobiol., 4, 311-320.

Jorissen, J.F., 1987. The distribution of benthic
foraminifera in the Adriatic Sea. Mar. Micropal.,
12, 21-48.

Jorissen, F.J., De Stigter H.C. & Widmark, J.G.V.,
1995. A conceptual model explaining benthic
foraminiferal microhabitats. Mar. Micropal., 22, 3-
15.

Kaiho, K., 1994. Benthic foraminiferal dissolved-oxygen
index and dissolved-oxygen levels in the modern
ocean. Geology, 22, 719-722.

Kaiho, K., 1999. Effect of organic flux and dissolved
oxygen on the benthic foraminiferal index (BFIO).
Mar. Micropal., 37, 67-76.

Kaminski, M.A. & Gradstein, F., 2005. Atlas of
Paleogene cosmopolitan deep-water agglutinated
Foraminifera. Grzybowski Foundation Spec.
Public., 10, 1-548.

Kaminski, M.A., Boersma, A., Tyszka, J. & Holbourn,
AEL., 1995  Response of deep-water
agglutinated foraminifera to dysoxic conditions in
the California Borderland basins. Grzybowski
Foundation Spec. Public., 9, 131-140.

Kender, S., Kaminski, M.A. & Jones, R.W., 2008.
Early to middle Miocene foraminifera from the
deep-sea Congo Fan  offshore  Angola.
Micropaleontology, 54, 477-568.

Koutsoukos, E.A.M., Leary, P.N. & Hart, M.B., 1990.
Latest Cenomanian—earliest Turonian low oxygen
tolerant benthonic foraminifera: a case study from
the Sergipe Basin (NE Brazil) and the Western
Anglo-Paris Basin (South England). Palaeogeogr.,
Palaeoclimatol., Palaeoecol., 77, 145-177.

Krajewski, K., 1981. Pelagic stromatolites from the
High-Tatric Albian limestones in the Tatra Mts.
Kwartalnik Geol., 25, 731-759.

Krajewski, K., 1984. Early diagenetic phosphate
cements in the Albian condensed glauconitic
limestone of the Tatra Mountains, Western
Carpathians. Sedimentology, 31, 443-470.

Krajewski, K., 2003. Facies development and

lithostratigraphy of the Hightatric mid-Cretaceous
(Zabijak Formation) in the Polish Tatra
Mountains. Studia Geol. Polon., 121, 81-158.

Krajewski, M. & Olszewska, B., 2007. Foraminifera
from the Late Jurassic and Early Cretaceous
carbonate platform facies of the southern part of
the Crimea Mountains, Southern Ukraine. Ann.
Soc. Geol. Polon., 77, 291-311.

Ksigzkiewicz, M., 1962. Geological Atlas of Poland.
Stratigraphic and facial problems. Fascile 13:
Cretaceous and Early Tertiary in the Polish
External Carpathians. Instytut Geologiczny,
Warszawa.

Lefeld, J., 1968. Stratigraphy and paleogeography of the
High-Tatric Lower Cretaceous in the Tatra
Mountains. Studia Geol. Polon., 24, 1-115.

Lob, C. & Mutterlose, J., 2012. The onset of anoxic
conditions in the early Barremian of the Boreal
Realm evidenced by benthic foraminifera. Rev.
Micropal., 55, 113-126.

Mackensen, A. & Douglas, R.G., 1989. Down-core
distribution of live and dead deep-water benthic
foraminifera in box cores from the Weddell Sea
and the California continental borderland. Deep
Sea Res., 36, 879-900.

Masse, J.-P. & Uchman, A., 1997. New biostratigraphic
data on the Early Cretaceous platform carbonates
of the Tatra Mountains, Western Carpathians,
Poland. Cret. Res., 18, 713-729.

Melinte-Dobrinescu, M.C., Roban, R.-D. & Stoica, M.,
2015. Palaecenvironmental changes across the
Albian-Cenomanian boundary interval of the
Eastern Carpathians. Cret. Res., 54, 68-85.

Michalik, J., 1994. Lower Cretaceous carbonate
platform facies, Western Carpathians.
Palaeogeogr., Palaeoclimatol., Palaeoecol., 111,
263-277.

Michalik, J. & Sotak, J., 1990. Lower Cretaceous
shallow marine buildups in the Western
Carpathians and their relationship to pelagic
facies. Cret. Res., 11, 211-227.

Misik, M., 1990. Urgonian facies in the Western Carpa-
thians. Knihovna Zemniho Plynu a Nafty, 9a, 25-
54,

Murray, J., 1991. Ecology and Paleoecology of Benthic
Foraminifera. Longsmans, London, 397 pp.
Murray, J.W., Alve, E. & Jones, B.W., 2011. A new
look at modern agglutinated benthic foraminiferal
morphogroups: their value in palaeoecological
interpretation.  Palaeogeogr.,  Palaeoclimatol.,

Palaeoecol., 309, 229-241.

Nagy, J., 1992. Environmental significance of
foraminiferal morphogroups in Jurassic North Sea
deltas. Palaeogeogr., Palaeoclimatol., Palaeoecol.,
95, 111-134.

Neagu, T., 1990. Gerochammina n.g. and related genera
from the Upper Cretaceous flysch-type benthic
fora-miniferal fauna, Eastern Carpathians -
Romania. In: Hemleben, C. et al. (eds),
Palaeoecology, Biostra-tigraphy,

249



Paleoceanography and Taxonomy of Agglutinated
Foraminifera, NATO ASI Series C, Kluver Acad.
Publ., 245-256.

Neagu, T., 2005. Albian Foraminifera of the Romanian
Plain. Planktonic foraminifera. Acta Palaeont.
Roman., 5, 311-332.

Neagu, T., Platon, E., Dumitrescu, G. & Selea, L.,
1992. The biostratigraphical significance of
agglutinated  foraminifera in  the Eastern
Carpathians (Upper Cretaceous). An. Univ.
Bucuresti, ser. Geol., 40/41, 45-50.

Nikitenko, B.L., Reolid, M. & Glinskikh, L., 2013.
Ecostratigraphy of benthic foraminifera for
interpreting Arctic record of Early Toarcian biotic
crisis (Northern Siberia, Russia). Palaeogeogr.
Palaeoclimatol., Palaeoecol., 376, 200-212.

Ogg, J.G. & Hinnov, L.A., 2012. Cretaceous. In:
Gradstein F.M. et al. (eds), The Geologic Time
Scale 2012, vol. 2, Elsevier, 793-853.

Olériz, F., Reolid, M. & Rodriguez-Tovar, F.J., 2003.
Palaeogeographic and stratigraphic distribution
of Mid-Late Oxfordian foraminiferal assemblages
in the Prebetic Zone (Betic Cordillera, southern
Spain). Geobios, 36, 733-747.

Oloriz, F., Reolid, M. & Rodriguez-Tovar, F.J., 2006.
Approaching trophic structure in Late Jurassic
neritic shelves: a western Tethys example from
southern Iberia. Earth-Science Rev., 79, 101-139.

Olszewska, B., 1997. Foraminiferal biostratigraphy of
the Polish Outer Carpathians: a record of basin
geohistory. Ann. Soc. Geol. Polon., 67, 325-336.

Passendorfer, E., 1930. Etude stratigraphique et paleo-
intologique du Cretacé de la série hauttatrique
darns les Tatras. Prace Panstw. Inst. Geol., 2, 351-
676. (In Polish, French summary).

Passendorfer, E., 1983. Origin of the Tatra Mountains.
Wydawn. Geol., Warszawa, 7th ed., 286 pp. (In
Polish).

Peryt, D., 1983. Mid-Cretaceous microbiostratigraphy
and foraminifers of the NE margins of the
Swietokrzyskie (Holy Cross) Mits., Poland. Acta
Paleont. Polon., 28, 417-466.

PlaSienka, D., 2003. Development of basement-involved
fold and thrust structures exemplified by the
Tatric—Fatric—Veporic nappe system of the
Western Carpathians (Slovakia). Geodin. Acta, 16,
21-38.

Reolid, M., Rodriguez-Tovar, F.J., Nagy, J. & Oloériz,
F., 2008. Benthic foraminiferal morphogroups of
mid to outer shelf environment of the Late Jurassic
(Prebetic Zone, southern Spain): Characterization
of Dbiofacies and environmental significance.
Palaeogeogr., Palaeoclimatol., Palaeoecol., 309,
229-241.

Received at: 09. 01. 2015

Revised at: 27. 07. 2015

Accepted for publication at: 14. 09. 2015
Published online at: 22. 09. 2015

Reolid, M., Rodriguez-Tovar, F.J. & Nagy, J., 2012.
Ecological replacement of  Valanginian
agglutinated foraminifera during a maximum
flooding event in the Boreal realm (Spitsbergen).
Cret. Res., 33, 196-204.

Reolid, M., Chakiri, S. & Bejjaji, Z., 2013. Adaptative
strategies of the Toarcian benthic foraminiferal
assemblages from the Middle Atlas (Morocco):
palaeoecological implications. J. Afr. Earth Sci.
84, 1-12.

de Rijk, S., Jorissen F.J., Rohling , E.J. & Troelstra,
S.R., 2000. Organic flux control on bathymetric
zonation of Mediterranean benthic foraminifera.
Mar. Micropal., 40, 151-166.

Robaszynski, F. & Caron, M., 1995. Foraminiferes
planctoniques du Crétacé: commentaire de la
zonation Europe-Méditerranée. Bull. Soc. Géol.
France, 166, 6, 681-692.

Samson, Y., 2001. Foraminiferes et reconstitution des
variations bathymétriques: exemple du
Kimméridgien de la région du Havre (Seine-
Maritime, Normandie, France). Rev. Micropal.,
44,59-91.

Schafer, C.T., Cole, F.E. & Carter, L., 1981. Bathyal
zone benthic foraminiferal genera off northeast
Newfoundland. J. Foraminifer. Res., 11, 1-8.

Setoyama, E., Kaminski, M.A. & Tyszka, J., 2011. Late
Cretaceous  agglutinated  foraminifera  and
implications  for the biostratigraphy  and
palaeobiogeography of the southwestern Barents
Sea. In: Kaminski, M.A. & Filipescu, S. (eds),
Grzybowski Foundation Spec. Public., 16, 251-309.

Speijer, R.P. & Van der Zwaan, G.J., 1996. Extinction
and survivorship of southern Tethyan benthic
foraminifera across the Cretaceous/Paleogene
boundary. Geol. Soc. Spec. Public., 102, 343-371.

Szarek, R., Nomaki, H. & Kitazato, H., 2007. Living
deep-sea benthic foraminifera from the warm and
oxygen-depleted environment of the Sulu Sea.
Deep Sea Res. 11 54, 145-176.

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

Tyszka, J., 2006. Taxonomy of Albian Gavelinellidae
(Foraminifera) from the Lower Saxony Basin,
Germany. Paleontology, 49, 1303-1334.

Wollenburg, J.E. & Kuhnt, W., 2000. The response of
benthic foraminifers to carbon flux and primary
production in the Arctic Ocean. Mar. Micropal.,
40, 189-231.

250



