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Abstract
The paper discusses the results of an integrated study of three microplankton groups (calpionellids, calcar-
eous dinoflagellates and nannofossils) and macrofauna (ammonites, belemnites and aptychi) in the Nutzhof 
section. The stratigraphic investigation of the microfauna revealed that Nutzhof comprises a sedimentary 
sequence of Early Tithonian to Middle Berriasian age. Based on the distribution of the stratigraphically 
important planktonic organisms, several coeval calpionellid, dinocyst and nannofossil bioevents were 
recorded along the Jurassic-Cretaceous boundary beds.
Keywords: Calcareous microfossils, Nannofossils, Pelagic carbonates, J/K boundary, Gresten Klippen-
belt.

Zusammenfassung
Der Artikel diskutiert die Ergebnisse einer ganzheitlichen Studie von drei Mikroplankton Gruppen (Cal-
pionellen, kalkigen Dinoflagellaten und Nannofossilien) und der Makrofauna (Ammoniten, Belemniten und 
Aptychen) an der Sektion Nutzhof. Die stratigrafischen Untersuchungen der Mikrofauna erbrachten für die 
sedimentäre Sequenz von Nutzhof ein Alter von unterem Tithonium bis mittlerem Berriasium. Basierend 
auf der Verbreitung von stratigrafisch wichtigen planktonischen Organismen, konnten einige gleichaltrige 
Calpionellen-, Dinozysten- und Nannofossil-Events um die Jura-Kreide Grenz Schichten nachgewiesen 
werden.
Schlüsselworte: Kalkige Mikrofossilien, Nannofossilien, Pelagische Karbonate, J/K Grenze, Grestener 
Klippenzone.

1. Introduction to the geology and lithology of the Nutzhof section
This study presents the results of a joint geophysical and palaeontological project focused 
on detailed palaeontological studies around the Jurassic-Cretaceous (J/K) boundary. The 
Nutzhof section is situated in the Gresten Klippenbelt at Nutzhof (Lower Austria) (Fig. 
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1). It yields a record of pelagic marine sedimentation in the Austrian Gresten Klippenbelt, 
located in the southern Flysch Zone. The first study of the lithology and stratigraphy of 
this area was provided by Cžižek (1852), followed later by Küpper (1962). For a more 
detailed description of the Nutzhof section see Lukeneder (this volume).
The preliminary results of micro- and nannofacies analysis and magnetostratigraphic 
investigations of the limestone sequence in the Nutzhof section were published by Re-
háková et al. (2009) and Pruner et al. (2009). The data presented in this paper show 
that the Jurassic-Cretaceous pelagic limestone sequence of the Nutzhof section offers 
the possibility to clearly document the J/K boundary interval in the Austrian Gresten 
Klippenbelt based solely on the good calpionellid, dinoflagellate and nannofossil strati-
graphic record.

Fig. 1: Geological situation and localization of the Nutzhof section in Lower Austria from 
Lukeneder (2009; this volume).
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Fig. 2: Age, lithology and quantitative abundance of selected groups of organisms of the Nutzhof 
section. 
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2. Material and methods
The Jurassic-Cretaceous boundary sequence of the Nutzhof section was studied using 
an integrated biostratigraphy approach on the detailed rock section sampled. A quantita-
tive microfacies analysis involved a thin sections study (fig. 2). Sample numbers, for 
example Nu 10.0, correspond to the sample interval at 10.0 meter within the log (for 
all numbers and figures, Nu Nutzhof). The calpionellids and calcareous dinoflagellates 
were studied under a light microscope LEICA DM 2500 P in 93 thin sections and they 
were documented by camera LEICA DFC 290 HD in Bratislava. Thin sections are 
deposited in the archive of the Natural History Museum in Wien (NHMW 2008z0271/ 
0001-0036). Changes in the distribution of these organism remnants (fig. 3) in the 
microfacies were studied in detail in order to correlate them with the changes in nan-
noplankton associations (fig. 4).
Calcareous nannofossils were analyzed semiquantitatively in 19 smear slides prepared 
from all lithologies by standard techniques. The study was carried out using a light 
polarizing microscope at 1250x magnification. In order to obtain relative abundances, 
at least 200 specimens were counted in each slide. Their vertical distributions were 
recorded (fig. 4). Nannofossil preservation can be characterized as moderately to heav-
ily etched by dissolution. Our study follows the zonal scheme proposed by Bralower 
et al. (1989).
A total of 46 ammonite specimens and 238 lamellaptychi were examined (Lukeneder 
this volume). Four brachiopods and 3 inoceramids, along with single belemnite speci-
men, were collected. Ammonites are preserved (moderately well) as steinkerns. No shell 
is present. The phramocones are mostly flattened, whereas the body chambers are bet-
ter preserved because of their history of early sediment infilling. The fragmentation is 
due to preburial-transport, sediment compaction and considerable tectonic deformation. 
This complicates the precise determination of most cephalopods with chambered hard-
parts (e.g. ammonites and belemnites). Most of the ammonite specimens were collected 
using hammers. The specimens required preparation with vibration tools after having 
been washed.

3. Results

3.1. Microfacies analysis – calpionellid and dinoflagellate biostratigraphy
The studied limestones are wackestones, packstones or mudstones. The observed fine-
grained micrite with pelagic microfossils (calpionellids, calcareous dinoflagellates, ra-
diolarians and calcareous nannofossils) is common in open-marine environments. The 
rare skeletal debris derived from fragmented and disintegrated shells of invertebrates 
(benthic foraminifers, echinoderms, molluscs) come from shallower environments. The 
studied microfacies are typical for basinal settings, which could also be situated in 
tectonically influenced, subsiding shelf areas.
The distribution, abundance and diversity of calcareous dinoflagellate cysts are impor-
tant from both the stratigraphic and palaeoenvironmental points of view. We followed 
the calcareous dinoflagellate cyst zonation sensu Reháková (2000b). The preservation 
of the calpionellids is generally good. Their quantitative representation is variable, from 
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Fig. 3: Age, lithology, calpionellid and calcareous dinoflagellate biostratigraphy and vertical 
distribution of the recorded calpionellid and dinoflagellate species of the Nutzhof section.
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Fig. 4: Age, lithology, nannofossil biostratigraphy and vertical distribution of nannofossil species 
of the Nutzhof section. 
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less frequent in the case of chitinoidellids to more abundant in the hyaline forms of 
calpionellids. Although the chitinoidellids are not perfectly preserved, they enabled the 
application of Pop´s (1997) and Reháková´s (2002) taxonomy. This study allows the 
Boneti Subzone to be recognized in the frame of the Chitinoidella Zone. The standard 
calpionellid zones and subzones, as proposed by Reháková (1995) and Reháková & 
Michalík (1997), were adopted.
The following dinoflagellate and calpionellid associations and zones were recognized 
in the Nutzhof section (fig. 3).

Tithonica Zone (the interval limited by samples 18.0 – 17.2)
It is represented by bioturbated biomicrite limestones (mudstones) with variable abun-
dance of skeletal debris. Limestones contain calcified radiolarians (locally pyritized), 
sponge spicules, aptychi, ostracod and crinoid fragments, rare Saccocoma sp., Cado­
sina parvula Nagy, Schizosphaerella minutissima (Colom), Carpistomiosphaera borzai 
(Nagy; pl. 1, fig.1) and Carpistomiosphaera tithonica Nowak. Skeletal fragments are 
concentrated in nests and irregular fine-grained laminae or in tiny layers often rich in 
Fe-hydroxides. The matrix is stylolitized; locally, many composed stylolites and also 
thin calcite veins penetrate the biomicrite mudstones. Silty glauconite is also visible. 
Early Tithonian.

Malmica Zone (the interval limited by samples 17.0 – 14.8)
The layers are built by bioturbated mudstones with rare biofragments dispersed in the 
matrix (pl. III. figs. 1, 2): bivalves, ostracods, ophiurid and ryncholite fragments (pl. 4, 
fig. 1), calcified radiolarians, sponge spicules, Dentalina sp., Spirilina sp., Saccocoma 
sp., Parastomiosphaera malmica (Borza; pl. 1, fig. 2), Cadosina semiradiata semira­
diata Wanner (pl. 1, fig. 3), Cadosina semiradiata fusca (Wanner), Carpistomiospha­
era tithonica Nowak and Schizosphaerella minutissima (Colom). The matrix is pene-
trated by thin calcite veins. Thin laminae composed of fine-grained silt with muscovite 
and clay minerals and matrix rich in stylolites, framboidal pyrite and glauconite are 
documented in several thin sections. Pyrite is usually concentrated into the nests (pl. 3, 
fig. 3). Locally, the marly matrix has a pelitic structure. In this case the content of bio
fragments is very low – (thin sections contain very rare Parastomiosphaera malmica 
(Borza) and silty glauconite). The last sample of this interval shows a distinct gradation 
of biodetritus. Early Tithonian.

Semiradiata Zone (samples 14.6 – 11.8)
Marly limestones – biomicrite mudstones often bioturbated, containing aptychi, ostra-
cods, crinoids, juvenile ammonite, bivalves, sponge spicules, calcified radiolarians 
concentrated in nests, Saccocoma sp., dinocysts: Parastomiosphaera malmica (Borza), 
Colomisphaera pulla (Borza; pl. 1, fig. 4), Cadosina semiradiata semiradiata Wanner 
and Schizosphaerella minutissima (Colom). Biofragments are impregnated by Fe ox-
ides/hydroxides (pl. 3, fig. 4). Locally, the matrix is penetrated by abundant calcite 
veins; it also contains framboidal pyrite and silty glauconite. The matrix in sample 13.4 
reveals the marks of synsedimentary deformation (pl. 4, fig. 2), sample 13.2 contains 
thin layers (or laminae) rich in biodetritus. The matrix has a micropelitic structure lo-
cally. Early Tithonian–Middle Tithonian.
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Chitinoidella Zone (samples 11.6 – 11.0)
Biomicrite limestones – mudstones with input of skeletal debris concentrated in thin 
laminae (pl. III. fig. 5). They contain aptychi, bivalves, ostracods (locally also with 
ornamented shells), crinoids, ophiurids, sponge spicules, Saccocoma sp., Colomisphaera 
fortis Řehánek (pl. 1, figs. 5-6), Parastomiosphaera malmica (Borza), Schizosphaer­
ella minutissima (Colom), Cadosina semiradiata semiradiata Wanner. The calpionel-
lid assemblage is characterized by: Borziella slovenica (Borza; pl. 2, fig. 1), Dobeniella 
tithonica (Borza) and Chitinoidella boneti Doben (pl. 2, fig. 2). Part of the thin section 
(sample 11.6) rich in biodetritus is limited by the thin clay laminae and slowly passes 
to micrite limestone, which is penetrated by abundant calcite veins. Besides a fine clay 
admixture, the samples also contain glauconite, locally accumulations of pyrite cubes 
or framboidal pyrite (pl. 3, fig. 6). Middle Tithonian.

Praetintinnopsella Zone (samples 10.8 – 10.4)
Bioturbated mudstones with laminae of fine detritus (pl. 4, figs. 3, 4). The studied 
samples contain radiolarians, ostracods, crinoids, sponge spicules, bivalves, foraminifers, 
Cadosina semiradiata semiradiata Wanner, Schizosphaerella minutissima (Colom), 
Colomisphaera fortis Řehánek, Colomisphaera carpathica (Borza), Colomisphaera 
tenuis (Nagy; pl. 1, fig. 7), and Praetintinnopsella andrusovi Borza. They also contain 
a small portion of glauconite and pyrite (locally nests of framboidal pyrite). The matrix 
in some samples is penetrated by thin calcite veins. Locally, mudstone passes to radio-
larian-sponge wackestone with rich accumulation of radiolarians and sponge spicules. 
Earliest Late Tithonian.

Crassicollaria Zone, Remanei Subzone (samples 10.2 – 10.1)
Bioturbated mudstone with laminae of fine biodetritus rich in calcareous cysts. It con-
tains radiolarians, sponge spicules, ostracods, Tintinnopsella remanei Borza (pl. 2, 
fig.  3), Cadosina semiradiata semiradiata Wanner, Schizosphaerella minutissima 
(Colom) and Parastomiosphaera malmica (Borza). The matrix is penetrated by abun-
dant, thin calcite veins. Late Tithonian.

Crassicollaria Zone, Intermedia Subzone (samples 10.0 – 7.2)
Radiolarian-calpionellid or calpionellid-radiolarian wackestones (pl. 4, fig. 5). Wacke-
stones pass locally to radiolarian packstone (mainly in small chert accumulations). The 
matrix contains aptychi, foraminifers, radiolarians, bivalves, sponge spicules, Calpio­
nella alpina Lorenz (loricas are locally coated by dark, microgranular calcite), Calpio­
nella grandalpina Nagy (pl. 2, fig. 4), Crassicollaria massutiniana (Colom), Crassicol­
laria parvula Remane (pl. 2, fig. 5), Tintinnopsella carpathica (Murgeanu & Fili­
pescu), Colomisphaera carpathica (Borza), Schizosphaerella minutissima (Colom), 
Stomiosphaerina proxima Řehánek (pl. 1, fig. 8), Cadosina semiradiata fusca (Wan-
ner) and Colomisphaera fortis Řehánek. The matrix of several samples is penetrated 
by rich calcite veins of different orientation. They are filled by blocky and fibrous cal-
cite crystals. Late Tithonian.
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Calpionella Zone, Alpina Subzone (samples 7.0 – 5.6)
Calpionellid-radiolarian, radiolarian-calpionellid wackestones, locally calpionellid 
mudstones or mudstones penetrated by calcite veins (pl. 4, fig. 6). They contain aptychi, 
bivalves, crinoids, sponges, and radiolarians. In the lower part of the studied interval, a 
monospecific calpionellid association consisting of Calpionella alpina Lorenz is pres-
ent, being accompanied in the overlying beds by Tintinnopsella carpathica (Murgeanu 
& Filipescu), Lorenziella hungarica Knauer, Stomiosphaerina proxima Řehánek 
(pl.  1, fig. 9) and Schizosphaerella minutissima (Colom). Lower Berriasian-J/K 
boundary.

Calpionella Zone, Ferasini Subzone (samples 5.4 – 4.4)
Radiolarian-calpionellid, calpionellid-radiolarian, locally calpionellid wackestones with 
calcified radiolarians, crinoids, aptychi, bivalves, ostracods, Schizosphaerella minutis­
sima, Cadosina semiradiata fusca, Calpionella alpina Lorenz, Tintinnopsella car­
pathica (Murgeanu & Filipescu), Remaniella ferasini (Catalano), Remaniella du­
randdelgai Pop (pl. 2, fig. 6), Remaniella catalanoi Pop and Lorenziella hungarica 
Knauer. The matrix is locally penetrated by calcite veins. Lower Berriasian.

Calpionella Zone, Elliptica Subzone (samples 4.2 – 0.0)
Predominantly radiolarian-calpionellid wackestones with radiolarians, sponge spicules, 
aptychi, Punctaptychus, crinoids, ostracods, bivalves, foraminifers, Lenticulina sp., 
Schizosphaerella minutissima (Colom), Cadosina semiradiata fusca (Wanner), Cal­
pionella alpina Lorenz, Tintinnopsella carpathica (Murgeanu & Filipescu), Tintin­
nopsella longa (Colom; pl. 2, fig. 7), Remaniella catalanoi Pop (pl. 2, fig. 8), Rema­
niella duranddelgai Pop, Calpionella elliptica Cadisch (pl. 2, fig. 9) and Lorenziella 
hungarica Knauer (part of loricas have dark coats). Locally, the matrix contains dis-
persed pyrite; moreover, part of the organic fragments is impregnated by Fe oxides. 
Abundant calcite veins oriented in several different directions are visible in some thin 
sections. Middle Berriasian.

3.2. Calcareous nannofossil biostratigraphy
A selected set of rock samples from the Nutzhof section were analysed for their calcar-
eous nannofossil content. The succession of the nannofossil species identified in this 
study is represented in fig. 4. The semiquantitative study reveals that only the taxa Nan­
noconus spp., Conusphaera spp., Polycostella spp., Cyclagelosphaera margerelii Noël, 
Watznaueria barnesae (Black) Perch-Nielsen, and W. manivitae Bukry display sig-
nificant abundances; nannofossils indicative of eutrophic environments such as Zeu­
grhabdotus erectus (Deflandre) Reinhardt, Diazomatholithus lehmannii Noël, and 
Discorhabdus ignotus (Górka) Perch-Nielsen occur sporadically.
The calcareous nannofossil assemblage from the basal part of the Nutzhof section 
(samples 17, 18, Tithonica dinoflagellate Zone) contains the dissolution-resistant 
nannofossil species Conusphaera mexicana Trejo subsp. mexicana Bralower et al., 
(pl. 5, fig. 16), Conusphaera mexicana Trejo subsp. minor Bown & Cooper (pl. 5, figs. 
19-20), Cyclagelosphaera margerelii (pl. 5, fig. 11), Cyclagelosphaera deflandrei 
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(Manivit) Roth (pl. 5, figs. 13), Watznaueria barnesae (pl. 5, fig. 7), Watznaueria 
britannica (Stradner) Reinhardt (pl. 5, fig. 9), and Watznaueria manivitae. The FAD 
(first appearance datum) of Faviconus multicolumnatus Bralower (pl. 5, fig. 22) was 
recorded. The absence of the nannolith Polycostella beckmannii Thierstein allowed us 
to distinguish the Conusphaera mexicana mexicana NJ 20 Zone; Hexapodorhabdus 
cuvillieri Subzone NJ 20-A (Roth et al. 1983; emended Bralower et al. 1989) of the 
Early Tithonian in age.
The calcareous nannofossil assemblages from the samples 16 to 12 show dominance of 
the groups Watznaueria and  Conusphaera. The FADs of Zeugrhabdotus embergeri 
(Noël) Perch-Nielsen (pl. 5, fig. 1), Zeugrhabdotus erectus (pl. 5, fig. 2), and Diazo­
matholithus lehmannii were observed. The FAD of the nannolith Polycostella beckman­
nii (pl. 6, figs. 21-26) is the most significant marker indicating the base of the Polycos­
tella beckmannii Subzone NJ 20-B of the Conusphaera mexicana mexicana Zone, NJ-20 
(Roth et al. 1983, emended Bralower et al. 1989). The age of this Subzone is Middle 
Tithonian. The range of the Polycostella beckmannii Subzone NJ 20-B fits with dinofla-
gellate Malmica and Semiradiata Zones and the lower part of the Chitinoidella Zone.
The calcareous nannofossils investigated in sample 11 reflect a rather distinct change. 
The FAD of Helenea chiastia Worsley (pl. 5, fig. 4), Hexalithus noeliae Loeblich & 
Tappan (pl. 6, fig. 30) and the nannolith species Nannoconus compressus Bralower et 
al. (pl. 5, figs. 23-24) are evidence for the base of the Microstaurus chiastius Zone njk 
Bralower et al., 1989 and its Hexalithus noeliae Subzone NJK-A, which is thought to 
present the Late Tithonian interval. The Subzone coincides with the upper part of the 
Chitinoidella Zone.
The calcareous nannofossil assemblage selected from samples 9.0 to 6.0 contain the 
dissolution-resistant nannofossil genera Conusphaera, Cyclagelosphaera, Watznaueria, 
Diazomatholithus and Assipetra. The FAD of Nannoconus wintereri Bralower & 
Thierstein (pl. 5, figs. 25-26) was observed (sample 9.0). Many remains of dissolution-
susceptible coccoliths are present. In the upper part of the studied interval, the abun-
dance of Conusphaera drops. This interval was correlated with the Microstaurus chias­
tius Zone njk, Subzone Rotelapillus laffitei NJK-C, determining the J/K boundary 
interval. It shows good correlation with the upper part of the Late Tithonian Crassicol­
laria Zone and the Calpionella Zone (Alpina Subzone), which represent the J/K bound-
ary interval.
The interval bearing the calpionellid species of the Lower Berriasian Calpionella Zone 
(Ferasini Subzone) (sample 5.0) shows a distinctive change in the calcareous nanno
fossil assemblage – the onset of nannoconids (Nannoconus globulus minor Bralower 
(pl. 5, figs. 27-28), Nannoconus steinmanni minor Deres & Achéritéquy (pl. 6, fig. 1), 
Nannoconus kamptneri minor Bralower, Nannoconus cornuta Deres & Achéritéquy 
(pl. 5, figs. 29). This nannofossil event indicates the base of the Nannoconus steinman­
nii minor Subzone NJK-D (Microstaurus chiastius Zone NJK) Bralower et al., which 
is lowermost Berriasian in age.
The calcareous nannofossils studied from the sample interval 4.2 – 0.0 (correlating with 
the calpionellid Calpionella Zone, Elliptica Subzone) reveal the diversification of nan-
noconids. The FAD of Nannoconus steinmanni steinmanni Kamptner (pl. 5, fig. 30; 
pl. 6, figs. 4, 8,9) was registered. It could reflect the explosion in nannoconid abundance 
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(sensu Bralower et al. 1989: p. 188). Nannoconus globulus minor (pl. 6, figs. 7, 11), 
Nannoconus kamptneri minor (pl. VI. figs. 2, 3), Nannoconus wintereri, Nannoconus 
globulus Brönnimann subsp. globulus Deres & Achéritéquy (pl. 6, fig. 5), Nanno­
conus steinmanni minor Deres & Achéritéquy (pl. 6, figs. 1, 13, 16-18), Nannoconus 
steinmanni steinmanni (pl. 6, figs. 19-20), and Nannoconus kamptneri kamptneri 
Brönnimann (pl. 6, figs. 2-3, 6, 15), Nannoconus spp. (pl. 6, figs. 12), indicated the 
Nannoconus steinmannii steinmannii Zone NK-1, Bralower et al., 1989, which is 
Middle Berriasian in age.
Based on the calcareous nannofossil distribution, the interval between the FO of 
Nannoconus wintereri co-occurring with small nannoconids (sample 9.0) and the FO of 
Nannoconus steinmanni minor in sample 5.0 (FAD after Hardenbol et al. 1998 – 
143.92 Ma) can be interpreted in the Nutzhof section as the Tithonian-Berriasian bound-
ary interval.

3.3. Cephalopod fauna
The cephalopod fauna from the Blassenstein Formation, correlated with micro- and 
nannofossil data from the marl-limestone succession, indicates Early Tithonian to Mid-
dle Berriasian age (Hybonoticeras hybonotum Zone up to the Subthurmannia occitani­
ca Zone). According to the correlation of the fossil and magnetostratigraphic data, the 
entire log of the Nutzhof section embraces a duration of approx. 7 million years (approx. 
150 – 143 mya). Six different genera were recorded, each apparently represented by a 
single species. The occurrence at the Nutzhof section is dominated by ammonites of the 
perisphinctid-type. Ammonitina are the most frequent component (60 %; Subplanites 
and Haploceras), followed by the Phylloceratina (25 %; Ptychophylloceras and Phyl­
loceras), and the Lytoceratina (15; represented by Lytoceras and Leptotetragonites). The 
cephalopod fauna consists solely of Mediterranean elements (for more details see 
Lukeneder 2009; this volume).

4. Discussion
The high-resolution quantitative analysis of selected organic groups (radiolarians, sac-
cocomids, calpionellids) indicates major variations in their abundance and composition 
(fig. 2). While the Upper Jurassic settings of the Nutzhof section were more or less 
influenced by the periodic input of biodetritus from surrounding shallow marine 
palaeoenvironments, the Berriasian settings were more equalized: the pelagic sediments 
were predominantly composed of remnants of planktonic microorganisms (radiolarians, 
calpionellids, dinoflagellates and nannofossils).
The calcareous dinoflagellates predominate in the Lower and Upper Tithonian sequence 
(Fig. 3), being represented by Cadosina parvula Nagy, Carpistomiosphaera borzai 
(Nagy), Schizosphaerella minutissima (Colom), Parastomiosphaera malmica (Borza), 
Cadosina semiradiata semiradiata Wanner, Cadosina semiradiata fusca (Wanner), 
Carpistomiosphaera tithonica Nowak, Colomisphaera fortis Řehánek, Colomisphaera 
tenuis (Nagy), Colomisphaera carpathica (Borza), and Stomiosphaerina proxima 
Řehánek. Several dinoflagellate zones were recognizable: Tithonica, Malmica and 
Semiradiata Zones. For the first time the appearance of Colomisphaera fortis Řehánek 
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precedes the appearance of Colomisphaera tenuis (Nagy), preventing the determination 
of the Tenuis and Fortis dinoflagellate Zones sensu Řehánek (1992).
The stratigraphic and palaeoecological potential of calcareous dinoflagellates has been 
discussed by Reháková (2000a, b). In the Nutzhof section, the Lower Tithonian record 
of these microorganisms shows a distinct change in abundance and composition. Ortho
pithonellid forms dominated in the Tithonica and Malmica Zones, but were replaced by 
obliquipithonellid species dominated by Cadosina semiradiata semiradiata Wanner in 
the Semiradiata Zone. According to Michalík et al. (in print), coinciding acme peaks 
of Cadosina semiradiata semiradiata Wanner and Conusphaera spp. probably indicate 
warmer surface waters.
Based on the vertical calpionellid distribution, the J/K boundary interval can be char-
acterized by several calpionellid events – the onset, diversification, and extinction of 
chitinoidellids (Middle Tithonian); the onset, burst of diversification, and extinction of 
crassicollarians (Late Tithonian); and the onset of the monospecific Calpionella alpina 
association just at the J/K boundary (Reháková in Michalík et al., in print).
Chitinoidellids in the Nutzhof section (fig. 3) are very rare, being represented by Bor­
ziella slovenica (Borza), Dobeniella tithonica (Borza) and Chitinoidella boneti Doben, 
species typical for the Boneti Subzone of the Chitinoidella Zone. The appearance of 
first hyaline calpionellid loricas represented by Praetintinnopsella andrusovi Borza and 
Tintinnopsella remanei Borza precede the crassicolarian radiation. Crassicollaria par­
vula Remane and Calpionella alpina Lorenz dominate over Crassicollaria massu­
tiniana (Colom), Calpionella grandalpina Nagy and Tintinnopsella carpathica 
(Murgeanu & Filipescu) in the Remanei Subzone of the Crassicollaria Zone. The 
interval with the monospecific calpionellid association consisting predominantly of 
Calpionella alpina Lorenz was also identified in the section. A similar interpretation 
of calpionellid evolution and the biostratigraphy of the Jurassic-Cretaceous boundary 
interval was given by Remane (1986), Pop (1994), Reháková (1995), Olóriz et al. 
(1995), Grün & Blau (1997), and Andreini et al. (2007).
Despite the inconvenient lithology, the calcareous nannofossil distribution in the Nutz
hof section showed its potential for a stratigraphy of the deposits of the J/K boundary 
interval.
The major role of the coccoliths of the family Watznaueriaceae and three nannolithic 
genera (Conusphaera, Nannoconus, and Polycostella) was evident in the assemblage 
composition, which is in agreement with the results of nannofossil studies in other loca-
tions at low latitudes across the J/K boundary (Thierstein 1971, 1973, 1975; Erba 
1989; Gardin & Manivit 1993; Özkan 1993; Tavera et al. 1994; Bornemann et al. 
2003; Pszczółkowski & Myczyński 2004; Tremolada et al. 2006; Halásová in 
Michalík et al. in print.).
The first occurrences of nannofossils are perhaps somewhat unreliable due to the bad 
conditions of preservation, but we tentatively determined the boundaries of zones and 
subzones based on certain stratigraphic markers (Polycostella beckmannii, Helenea 
chiastia, Hexalithus noeliae, Nannoconus wintereri, Nannoconus globulus minor, Nan­
noconus steinmanni minor, Nannoconus kamptneri minor, Nannoconus steinmanni 
steinmanni, Nannoconus kamptneri kamptneri, Nannoconus globulus globulus).



Reháková et al.: Microfossils from the Gresten Klippenbelt� 357

Tremolada et al. (2006) detected that Conusphaera dominates the nannolith assem-
blage in the late Middle Tithonian (“Conusphaera world”). This agrees with data ob-
tained in the Nutzhof section. The acme peak of the genus Polycostella in samples 13.0 
and 14.0 coincides with the Middle Tithonian Semiradiata Subzone (Reháková 2000b). 
If compared with the Brodno section (Michalík et al. 2007 and Michalík et al. in print), 
the dominance of the Brodno nannoliths represented by Polycostella beckmannii was 
somewhat higher in the Chitinoidella Zone. The first appearance of Helenea chiastia 
also shows a similar diachroneity: it was identified in the Brodno section close to the 
onset of the calpionellid Crassicolaria Zone, whereas in the Nutzhof section its first 
appearance was recorded in the uppermost part of the Chitinoidella Zone.
The most distinct nannofossil event was observed in the lowermost Berriasian (in the 
interval of calpionellid Calpionella Zone, Ferasini Subzone of the Lower Berriasian 
age), the onset of nannoconids. This indicates the change in the palaeooceanographic 
regime and, from the biostratigraphic point of view, the upper J/K boundary datum based 
on the nannofossils (Bornemann et al., 2003).
Most of the ammonite specimens were apparently not redeposited from shallower shelf 
regions into a deeper shelf environment. The ammonite fauna of the Nutzhof section is 
interpreted as an assemblage comprising only “autochthonous” and parautochthonous 
pelagic elements from the open sea. The ammonite shells found their final resting place 
on the deeper shelf or upper slope of the European side of the Penninic Ocean.

5. Conclusions

The biostratigraphic study based on the distribution of calpionellids allowed us to dis-
tinguish the Boneti Subzone of the Chitinoidella Zone in the Nutzhof section. The 
J/K  boundary in this section is situated between the Crassicollaria and Calpionella 
Zone (interval limited by samples 7.0 – 5.6). This base is defined by the morphologi-
cal change of Calpionella alpina tests. The base of the Crassicollaria Zone approxi-
mately coincides with the onset of Tintinnopsella remanei Borza and the base of the 
standard Calpionella Zone, with the monospecific calpionellid association being 
dominated by Calpionella alpina Lorenz. Two further Subzones (Ferasini and Ellip­
tica) of the standard Calpionella Zone were recognized in radiolarian-calpionellid and 
calpionellid-radiolarian wackestones in the overlying topmost part of the investigated 
sequence.
Calcareous nannofossils from the Nutzhof section belong to low poorly diversified, 
because of the lithology. Nonetheless, the appearance of several important genera was 
determined, allowing the studied deposits to be attributed to the Early, Middle and Late 
Tithonian, the approximation of the Tithonian-Berriasian boundary, and the definition 
of the Early Berriasian nannofossil zones. The results show the major role of the coc-
coliths of the family Watznaueriaceae and nannoliths of the genera Conusphaera, Nan­
noconus and Polycostella in the assemblage composition. The interval between the FAD 
of Nannoconus wintereri co-occurring with small nannoconids in sample No 9 (the up-
permost Tithonian) and the FAD of Nannoconus kamptneri minor in sample No 5 
(lowermost Berriasian; 143.92 Ma after Hardenbol et al. 1998) is interpreted as the 
Tithonian-Berriasian boundary interval. The nannoconid dominance (“Nannoconus  
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world”, Tremolada et al. 2006) starts, also in Nutzhof profile, in the lowermost Berri
asian.
The macrofauna is represented especially by ammonoids, belemnoids, aptychi and bi-
valves. The whole section yielded about 46 ammonites. The sparse and selective occur-
rence of the ammonites within the Nutzhof log and the lithologic character of the 
Formation made sampling difficult.
The stratigraphic investigation of the cephalopods, microfauna and nannofauna revealed 
that the Nutzhof section comprises Tithonian to Berriassian sediments. The ammonoid 
fauna solely contains descendants of the Mediterranean Province. The ammonite fauna 
comprises 6 different genera, dominated by the perisphinctid-type. Ammonitina are the 
most frequent component (60 %; Subplanites and Haploceras), followed by the Phyl-
loceratina (25 %; Ptychophylloceras and Phylloceras), and the Lytoceratina (15 %; 
represented by Lytoceras and Leptotetragonites). The cephalopod fauna consists solely 
of Mediterranean elements. The described descendants of Subplanites display the first 
evidence of these ammonoids within the Gresten Klippenbelt.
The cephalopod fauna from the Nutzhof section correlated with micro- and nannofossil 
data from the marl-limestone succession, indicating Early Tithonian to Middle Berria-
sian age (Hybonoticeras hybonotum Zone up to the Subthurmannia occitanica Zone). 
According to the correlation of the fossil and magnetostratigraphic data, the entire log 
of the Nutzhof section embraces a duration of approx. 7 million years (approx. 150 – 
143 mya).
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Appendix

Nutzhof section – microfacies analysis of thin sections studied

No. 18.0
Bioturbated mudstone – rare radiolarians, sponge spicules, aptychy and ostracod fragments. 
Matrix penetrated by thin calcite veins.

No. 17.8
Bioturbated mudstone – rare Saccocoma sp., calcified radiolarians and sponge spicules, aptychy 
and ostracod fragments. Biodetritus are concentrated in nests and irregular fine grained layers 
which are rich in Fe-hydroxides.

No. 17.6
Bioturbated mudstone – rare Saccocoma sp., calcified radiolarians. Biodetritus is concentrated 
in nests which are rich in Fe- oxydes/hydroxides. Matrix is stylolitized; there are many composed 
stylolites and also thin calcite veins penetrating biomicrite mudstone.
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No. 17.4
Bioturbated mudstone. Biodetrit increases in abundance. There are sponge spicules, rare Sacco­
coma sp., aptychy, crinoid fragments, Cadosina parvula and Schizosphaerella minutissima ob-
served in thin section. Silty glauconit is also visible.

No. 17.4 
Bioturbated mudstone – Saccocoma sp., aptychy, crinoids, sponge spicules, (without radiolari-
ans), also Cadosina parvula and Schizosphaerella minutissima, glauconite of silt size.

No. 17.2
Bioturbated mudstone. Carpistomiosphaera borzai, Schizosphaerella minutissima, Saccocoma 
sp., aptychy, crinoids, sponge spicules, radiolarians (many of them are pyritized), ostracods. 
Matrix is stylolitized. Tithonica Zone

No 17.0
Bioturbated mudstone with rare organic fragments – Saccocoma sp., Cadosina semiradiata 
semiradiata, Parastomiosphaera malmica, Schizosphaerella minutissima, ostracods. Matrix pen-
etrated by thin calcite veins. Malmica Zone.

No. 16.8 
Mudstone with rare biofragments. It contains Saccocoma sp., Cadosina semiradiata semiradia­
ta, Parastomiosphaera malmica, Schizosphaerella minutissima, Dentalina sp., bivalves, ostra-
cods, framboidal pyrit and glauconit. Thin laminae composed of fine frained silt with muscovite 
and clay minerals are documented in the thin section.

No. 16.6
Bioturbated mudstone with rare skeletal fragments – ostracods, calcified radiolarians, Sacco­
coma sp., Cadosina semiradiata semiradiata, Parastomiosphaera malmica, Schizosphaerella 
minutissima, Carpistomiosphaera tithonica, Matrix is rich in stylolites.

No. 16.4
Marly limestone – mudstone with fine grained biofragments dispersed in matrix. It contains 
Parastomiosphaera malmica, Cadosina semiradiata fusca, Cadosina semiradiata semiradiata, 
Saccocoma sp., ostracods, silty glauconit and abundant pyrit.

No. 16.2
Bioturbated mudstone with Saccocoma sp., Parastomiosphaera malmica, Cadosina semiradiata 
fusca and ostracods. Pyrit is concentrated into the nests, there are several layers rich in silted 
admixure with glauconite and muscovite.

No. 16,0
Mudstone. Marly matrix with peletic structure (content of bio fragments is very low). It contains 
Parastomiosphaera malmica (one cyst in thin section) and glauconite.

No. 15.8
Bioturbated mudstone with nests rich in pyrite accumulations. It contains sponge spicules, ra-
diolarians, bivalves, Cadosina semiradiata semiradiata, Parastomiosphaera malmica, Spirilina 
sp., Saccocoma sp.

No. 15.6
Marly biomicrite limestone with laminae of parallel oriented biodetrite – Saccocoma sp., Para­
stomiosphaera malmica, Schizosphaerella minutissima, Cadosina semiradiata semiradiata, 
ophiurid fragment, ryncholite, bivalves and ostracods.
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No. 15.6 
Marly biomicrite limestone with laminas of oriented biodetrite – Saccocoma sp., Parastomio­
sphaera malmica, Schizosphaerella minutissima, Cadosina semiradiata semiradiata, ophiuroid 
fragment, rhyncholit, sponge spicules, bivalves and ostracods, glauconite and pyrite.

No. 15.4
Bioturbated marly biomicrite limestone with laminas of oriented biodetrite – Saccocoma sp., 
Parastomiosphaera malmica, Schizosphaerella minutissima, Dentalina sp., ostracods and fora-
minifers. Matrix is stylolitized.

No. 15.2
Bioturbated mudstone – radiolarians, ostracods, foraminifers, Saccocoma sp., Parastomiosphaera 
malmica. Matrix is penetrated by thin calcite veins and stylolites impregnated by Fe-minerals.

No. 15.0
Bioturbated biomicrite limestone to mudstone. It contains Parastomiosphaera malmica. Pyrite 
is accumulated in nests.

No. 14.8
Bioturbated mudstone with distinct gradation. Radiolarians increase in abundance. It contains 
also aptychy fragments.

No. 14.6
Biomicrite limestone – mudstone with Saccocoma sp., ostracods, crinoids, Parastomiosphaera 
malmica, Cadosina semiradiata semiradiata, Schizosphaerella minutissima, juvenile ammonite. 
Semiradiata Zone

No. 14.4
Bioturbated mudstone with the nests riched in radiolarians, aptychy, ostracods, Saccocoma sp., 
Parastomiosphaera malmica, Cadosina semiradiata semiradiata and Schizosphaerella minutis­
sima.

No. 14.2
Bioturbated mudstone with ostracods, Saccocoma sp., radiolarians, sponge spicules, frequent 
Parastomiosphaera malmica. Biofragments are impregnated by pyrit. Matrix contains also silty 
glauconit.

No. 14.0
Bioturbated mudstone penetrated by abundant calcite veins. It contains calcified radiolarians, 
ostracods, Saccocoma sp. Fe-minerals impregnate biodetrite fragments and stylolites.

No. 13.7 
Bioturbated mudstone with tiny layers rich in silty admixure. It contains ostracods, radiolarians, 
crinoids, bivalves, Saccocoma sp., Parastomiosphaera malmica, Cadosina semiradiata semira­
diata, Schizosphaerella minutissima, framboidal pyrite and glauconit.

No. 13.6
Mudstone – aptychy, bivalve, radiolarians impregnated by Fe-oxydes, abundant Parastomio­
sphaera malmica, Carpistomiosphaera borzai, Schizosphaerella minutissima.
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No. 13.4
Marly limestone – mudstone – Parastomiosphaera malmica, Cadosina semiradiata semiradiata, 
pyrite and glauconite. Matrix brings the marks of synsedimentary deformation.

No. 13.2
Mudstone with thin layers rich in biodetrite. It contains foraminifers, ostracods, Parastomio­
sphaera malmica and Cadosina semiradiata semiradiata.

No. 13.0
Bioturbated mudstone with Saccocoma sp., foraminifers, Parastomiosphaera malmica, Cado­
sina semiradiata semiradiata, aptychy, crinoids and nests of pyrite. Matrix is fine grained, 
composed mainly of nannofossils. It is localy micropeletic.

No. 12.8
Mudstone – small fragments of biodetrite are localy concentated into fine laminae. Limestone 
contains Saccocoma sp., Schizosphaerella minutissima, Parastomiosphaera malmica, foramini-
fers, crinoids, aptychy, ostracods, glauconite and pyrite.

No. 12.6
Mudstone with Parastomiosphaera malmica, Saccocoma sp., aptychy, crinoids, radiolarians, 
bivalves. Matrix is stylolitised and it contains nests of pyrite and calcite veins of several gen-
eration (also raster types of calcite veins are present). Fe oxydes/hydroxides impregnate biofrag-
ments.

No. 12.4
Mudstone – Parastomiosphaera malmica, radiolarians, sponge spicules, ostracods, foraminifers, 
bivalves. Silty glauconite, nests of pyrite, stylolites, calcite veins.

No. 12.2
Mudstone – there are marks of synsedimentary deformation visible in the lower part of the thin 
section. Parastomiosphaera malmica, Schizosphaerella minutissima, Cadosina semiradiata 
semiradiata and silty glauconite are present.

No. 12.0
Mudstone – radiolarians, sponge spicules, Cadosina semiradiata semiradiata. nests of pyrite, 
stylolites, calcite veins.

No. 11.8 
Mudstone – with frequent biodetrite concentrated in its lower part. Radiolarians, sponge spicules, 
abundant Cadosina semiradiata semiradiata, Colomisphaera pulla, Parastomiosphaera malmi­
ca. Matrix build predominantly by  nannofossils. 

No. 11.6
Biomicrite limestone – mudstone with input of skeletal debris concentrated in thin laminae. 
Saccocoma sp., Colomisphaera fortis, Parastomiosphaera malmica, Schizosphaerella minutis­
sima, Cadosina semiradiata semiradiata, Cadosina semiradiata fusca, Borziella slovenica, Do­
beniella tithonica, Chitinoidella boneti, aptychy, bivalves, ostracods, glauconite, pyrite. Part of 
thin section rich in biodetritus is limited by the thin clay laminae and slowly pass to micrite 
limestone which is penetrated by abundant calcite veins. Chitinoidella Zone.
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No. 11.4
Micrite mudstone – Saccocoma sp., Cadosina semiradiata semiradiata, ostracods, crinoids, 
glauconite. Locally accumulations of pyrite cubes.

No. 11.2
Mudstone – with thin laminae rich in biodetrite – small fragments of crinoids, ostracods, aptychy, 
Cadosina semiradiata semiradiata, Schizosphaerella minutissima, Colomisphaera fortis. Fine 
clay admixture, pyrite, glauconite.

No. 11.0
Mudstone – small fragments of ostracods (partly with ornamented shells), crinoids, foraminifers, 
ophiurids, sponge spicules, aptychy, Saccocoma sp., Cadosina semiradiata semiradiata, Bor­
ziella slovenica, stylolites, glauconite, pyrite.

No. 10.8
Bioturbated mudstone penetrated by thin calcite veins. Radiolarians, ostracods, crinoids, sponge 
spicules, bivalves, foraminifers, Cadosina semiradiata semiradiata, Schizosphaerella minutis­
sima, Colomisphaera fortis, Colomisphaera tenuis, Praetintinnopsella andrusovi, glauconite, 
pyrite. Praetintinnopsella Zone. 

No. 10.6
Bioturbated mudstone with laminae of fine detrite. Saccocoma sp., Cadosina semiradiata semi­
radiata, radiolarians, crinoids, glauconite, pyrite, sponge spicules, bivalves. Nests of framboidal 
pyrite.

No. 10.4
Bioturbated mudstone passing to radiolarian–sponge wackestone with radiolarians, sponge spic-
ules, ostracods, Cadosina semiradiata semiradiata, Colomisphaera carpathica.

No. 10.2
Bioturbated mudstone with laminae of fine biodetrite rich in calcareous cysts – Cadosina semi­
radiata semiradiata. It contains also Tintinnopsella remanei – the index species of Remanei 
Subzone of Crassicollaria Zone. 

No. 10.1
Mudstone with laminae of fine detrite accumulation. It contains   radiolarians, sponge spicules, 
ostracods, Tintinnopsella remanei, Cadosina semiradiata semiradiata, Cadosina semiradiata 
fusca, Schizosphaerella minutissima, Parastomiosphaera malmica. Matrix penetrated by abun-
dant thin calcite veins.

No. 10.0
Radiolarian-calpionella wackestone passing to radiolarian packstone (in small chert accumula-
tion). Calpionella alpina (loricas are coated by microgranular calcite dark in colour). 

No. 9.8
Radiolarian-calpionella wackestone – Calpionella alpina, Calpionella grandalpina, Crassi­
collaria parvula, Crassicollaria massutiniana, Tintinnopsella carpathica, Colomisphaera car­
pathica, aptychy, foraminifers, radiolarians and bivalves.

No. 9.6
Radiolarian-calpionella wackestone with Calpionella grandalpina, Calpionella alpina, Crassi­
collaria parvula, Tintinnopsella carpathica, Schizosphaerella minutissima, aptychy, bivalves, 
sponge spicules. Nests of pyrite and calcite veins of different orientation.
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No. 9.4
Radiolarian-calpionella wackestone. Calpionella alpina, Crassicollaria massutiniana, Crassi­
collaria parvula, Stomiosphaerina proxima, radiolarians, crinoids, bivalves, aptychy. Matrix is 
penetrated by rich calcite veins of different orientation, filled by blocky and fibrous calcite 
crystals.

No. 9.2
Calpionella-radiolarian wackestone – Crassicollaria parvula, Calpionella alpina, Cadosina 
semiradiata fusca, Colomisphaera fortis, aptychy, bivalves, sponge spicules, radiolarians, pyrite, 
foraminifers and abundant calcite veins.

No. 9.0
Radiolarian-calpionella wackestone. Radiolarians, sponge spicules, crinoids, Calpionella alpina, 
Crassicollria parvula.

No. 8.8
Radiolarian-calpionella wackestone. Crinoids, sponge spicules, bivalves, aptychy, Calpionella 
alpina, Crassicollaria parvula.

No. 8.6
Radiolarian-calpionella wackestone. Crinoids, sponge spicules, bivalves, Crassicollaria parvula, 
Calpionella alpina, Stomiosphaerina proxima.

No. 8.4
Radiolarian-calpionella wackestone. Sponges, crinoids, Colomisphaera fortis, Schizosphaerella 
minutissima, Calpionella alpina, Crassicollaria parvula, Tintinnopsella carpathica.

No. 8.2
Radiolarian-calpionella wackestone. Frequent Cadosina semiradiata fusca, radiolarians, spong-
es, bivalves, Calpionella alpina, Tintinnopsella carpathic and Crassicollaria parvula.

No. 8.0
Radiolarian-calpionella wackestone. Radiolarians decrease in abundance. Calpionella alpina, 
Crassicollaria parvula, aptychy, bivalves, crinoids, ostracods. Matrix penetrated by thin calcite 
veins.

No. 7.8
Radiolarian-calpionella wackestone. Radiolarians, foraminifers, bivalves, ostracods, aptychy, 
Calpionella alpina, Tintinnopsella carpathica, Cadosina semiradiata fusca and veins filled by 
calcite.

No. 7.6
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, ostracods, Calpionella al­
pina, Tintinnopsella carpathica and Crassicollaria parvula.

No. 7.4
Radiolarian-calpionella wackestone. Radiolarians, sponges, crinoids, aptychy, bivalves, ostra-
cods, foraminifers, Calpionella alpina, Tintinnopsella carpathica, Crassicollaria parvula, Ca­
dosina semiradiata fusca and calcite veins.
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No. 7.2
Radiolarian-calpionella wackestone. Radiolarians, bivalves, crinoids, foraminifers, Calpionella 
alpina, Tintinnopsella carpathica, Crassicollaria parvula, Stomiosphaerina proxima, Schizospha­
erella minutissima, Cadosina semiradiata fusca and calcite veins.

No. 7.0
Calpionella-radiolarian wackestone – radiolarians dominated over Calpionella alpina (monospe-
cific association of Calpionella alpina), aptychy, bivalves, sponges – J/K boundary – Alpina 
Subzone of Calpionella Zone.

No. 6.8
Calpionella mudstone – Calpionella alpina, aptychy, in lower part of the thin section radiolarians 
are also present.

No. 6.6
Mudstone penetrated by calcite veins. Biodetrite is not frequent. Radiolarians, Calpionella 
alpina, aptychy, bivalves and crinoids.

No. 6.4
Mudstone penetrated by rich thin calcite veins of different orientation. Radiolarians, Calpio­
nella alpina, ostracods, bivalves and crinoids.

No. 6.2
Radiolarian-calpionella wackestone. Calpionella alpina, Tintinnopsella carpathica, radiolarians, 
Schizosphaerella minutissima, bivalves and crinoids.

No. 6.0
Calpionella-radiolarian wackestone. Crinoids, radiolarians, aptychy, bivalves, Calpionella alpina 
(typical Early Berriasian forms), Tintinnopsella carpathica and Stomiosphaerina proxima.

No. 5.8
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, crinoids, ostracods, fora-
minifers, Calpionella alpina, Tintinnopsella carpathica. Calcite veins.

No. 5,6
Radiolarian-calpionella wackestone. Crinoids, aptychy (in average 1 or 2 pieces in thin section) 
radiolarians, Calpionella alpina, Tintinnopsella carpathica and Lorenziella hungarica.

No. 5.4
Radiolarian-calpionella wackestone. Radiolarians, crinoids, aptychy, Calpionella alpina, Tintin­
nopsella carpathica, Remaniella ferasini, Remaniella duranddelgai. Matrix is penetrated by 
calcite veins. Ferasini Subzone of the Calpionella Zone.

No. 5.2
Calpionella wackestone. Less radiolarians, aptychy, bivalves, crinoids, Calpionella alpina, Tin­
tinnopsella carpathica, Lorenziella hungarica, Cadosina semiradiata fusca and Schizosphaer­
ella minutissima.

No. 5.0
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, Calpionella alpina, Tintin­
nopsella carpathica and Remaniella ferasini.
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No. 4.8
Radiolarian-calpionella wackestone. Radiolarians, Calpionella alpina, Tintinnopsella carpathi­
ca, Schizosphaerella minutissima and bivalves.

No. 4.6
Radiolarian-calpionella wackestone. Radiolarians, bivalves, aptychy, crinoids, Calpionella 
alpina, Tintinnopsella carpathica and Schizosphaerella minutissima.

No. 4.4
Calpionella-radiolarian wackestone. Radiolarians, aptychy, bivalves, ostracods, Remaniella cat­
alanoi, Remaniella duranddelgai, Calpionella alpina and Tintinnopsella carpathica.

No. 4.2
Radiolarian-calpionella wackestone. Calpionella alpina, Calpionella elliptica, Tintinnopsella 
carpathica, Tintinnopsella longa, Lorenziella hungarica, aptychy, bivalves, ostracods. Matrix 
contains dispersed pyrite, also part of the organic fragments is impregnated by Fe oxides. 
Elliptica Subzone of the Calpionella Zone.

No. 4.0
Radiolarian-calpionella wackestone, radiolarians, aptychy, bivalves, Calpionella alpina, Tintin­
nopsella carpathica and Remaniella catalanoi.

No. 3.8
Radiolarian-calpionella wackestone. Radiolarians, Calpionella alpina, Calpionella elliptica, Tin­
tinnopsella carpathica, Tintinnopsella longa, Schizosphaerella minutissima, bivalves, aptychy 
and crinoids.

No. 3.6
Radiolarian-calpionella wackestone. Radiolarians, Calpionella alpina, Calpionella elliptica, Tin­
tinnopsella carpathica, Tintinnopsella longa, Remaniella catalanoi, bivalves, aptychy and ostra-
cods.

No. 3.4
Radiolarian-calpionella wackestone. Radiolarians, Calpionella alpina, Calpionella elliptica, Tin­
tinnopsella carpathica, Tintinnopsella longa, Remaniella catalanoi, Remaniella duranddelga 
(part of loricas have dark coats), aptychy, bivalves and crinoids.

No. 3.2
Radiolarian-calpionella wackestone. Radiolarians, Calpionella alpina, Calpionella elliptica, Tin­
tinnopsella carpathica, Tintinnopsella longa, Remaniella duranddelgai, Remaniella catalanoi. 
Abundant calcite veins oriented in several different directions.

No. 3.0
Radiolarian-calpionella wackestone. Fractures of several orientation filled by calcite. Radiolar-
ians, bivalves, Calpionella alpina, Tintinnopsella carpathica and Remaniella catalanoi.

No. 2.8
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, crinoids, Calpionella 
alpina, Tintinnopsella carpathica and calcite veins.
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No. 2.8 
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, crinoids, Calpionella 
alpina, Tintinnopsella carpathica and calcite veins.

No. 2.6
Radiolarian-calpionella wackestone. Radiolarians, sponges, ostracods, Calpionella alpina, Tin­
tinnopsella carpathica, Remaniella catalanoi and Cadosina semiradiata fusca.

No. 2.4
Radiolarian-calpionella wackestone. Radiolarians, ostracods, Calpionella alpina, Tintinnopsella 
carpathica, Remaniella duranddelgai. Calcite veins.

No. 2.2
Radiolarian-calpionella wackestone passing to mudstone. Aptychy, Punctaptychus, ostracods, 
(2 % of thin shells), radiolarians, bivalves, Calpionella alpina, Tintinnopsella carpathica and 
Lorenziella hungarica

No. 2.0
Radiolarian-calpionella wackestone passing to mudstone. Radiolarians, Calpionella alpina, 
Calpionella elliptica, Tintinnopsella carpathica, Tintinnopsella longa, Cadosina semiradiata 
fusca, bivalves and ostracods.

No. 1.8
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, ostracods, Calpionella 
alpina, Tintinnopsella carpathica, Remaniella catalanoi and Lorenziella hungarica.

No. 1.6
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, ostracods, Calpionella 
alpina, Tintinnopsella carpathica, Remaniella duranddelgai, Remaniella catalanoi.

No. 1.4
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, ostracods, Calpionella 
alpina, Tintinnopsella carpathica, Remaniella catalanoi and Lorenziella hungarica.

No. 1.2
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, ostracods, Lenticulina sp., 
Calpionella alpina, Tintinnopsella carpathica and Cadosina semiradiata fusca.

No. 1.0
Radiolarian-calpionella wackestone. Radiolarians, sponge spicules, aptychy, foraminifers, bi-
valves, Calpionella alpina and Tintinnopsella carpathica.

No. 0.8 
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, foraminifers, Calpionella 
alpina, Calpionella elliptica, Tintinnopsella carpathica, Remaniella catalanoi and Cadosina 
semiradiata fusca.

No. 0.6
Radiolarian-calpionella wackestone. Radiolarians, Aptychy, bivalves, Calpionella alpina, Calpi­
onella elliptica, Tintinnopsella carpathica, Remaniella duranddelgai, Remaniella catalanoi, 
Cadosina semiradiata fusca and Schizosphaerella minutissima.
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No. 0.4
Radiolarian-calpionella wackestone. Radiolarians, aptychy, bivalves, Calpionella alpina, Calpi­
onella elliptica, Tintinnopsella carpathica, Tintinnopsella longa, Remaniella catalanoi, Re­
maniella duranddelgai and Cadosina semiradiata fusca.

No. 0.2
Radiolarian-calpionella wackestone – radiolarians, aptychy, bivalves, Calpionella alpina, 
Remaniella catalanoi and Tintinnopsella carpathica.

No. 0.0
Radiolarian-calpionella wackestone – radiolarians, Calpionella alpina, Calpionella elliptica, 
Tintinnopsella carpathica and Cadosina semiradiata fusca.
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Plate 1

Fig. 1:	 Carpistomiosphaera borzai (Nagy) in bioturbated mudstone. Sample No. 17.2 
(NHMW 2008z0271/0001).

Fig. 2:	 Parastomiosphaera malmica (Borza) in bioturbated mudstone with rare skeletal 
debris. Sample No.13.0 (NHMW 2008z0271/0002).

Fig. 3:	 Cadosina semiradiata semiradiata Wanner in bioturbated mudstone with rare 
skeletal debris. Sample No. 17.0 (NHMW 2008z0271/0003).

Fig. 4:	 Colomisphaera pulla (Borza) in biomicrite mudstone. Frequent skeletal fragments 
are concentrated in thin laminae. Sample No. 11.8 (NHMW 2008z0271/0004).

Figs 5-6: Colomisphaera fortis Řehánek in bioturbated mudstone with rare skeletal debris 
dispersed in the micrite matrix. Sample No.10.8 (NHMW 2008z0271/0005).

Fig. 7:	 Colomisphaera tenuis (Nagy) in bioturbated mudstone containing rare skeletal 
debris dispersed in the micrite matrix. Sample No. 10.8 (NHMW 2008z0271/0005).

Figs 8-9: Stomiosphaerina proxima Řehánek in radiolarian-calpionellid wackestone. Samples 
No. 9.4 (NHMW 2008z0271/0006) and No. 6.0 (NHMW 2008z0271/0007).

Scale bars equal 50 µm.
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Plate 2

Fig. 1:	Borziella slovenica (Borza) in mudstone containing rare skeletal debris dispersed in 
the micrite matrix. Sample No. 11.0 (NHMW 2008z0271/0008).

Fig. 2:	Chitinoidella boneti Doben in biomicrite limestone – mudstone with skeletal debris 
concentrated in thin laminae. Sample No. 11.6 (NHMW 2008z0271/0009). 

Fig. 3:	Tintinnopsella remanei Borza in mudstone containing laminae of fine skeletal debris. 
Sample No. 10.1 (NHMW 2008z0271/0010).

Fig. 4:	Calpionella alpina Lorenz and Calpionella grandalpina Nagy in radiolarian-calpio-
nellid wackestone. Sample No. 9.8 (NHMW 2008z0271/0011).

Fig. 5:	Crassicollaria parvula Remane and Calpionella grandalpina Nagy in radiolarian-
calpionellid wackestone. Sample No. 9.6 (NHMW 2008z0271/0012). 

Fig. 6:	Remaniella duranddelgai Pop in calpionellid-radiolarian wackestone. Sample No. 4.4 
(NHMW 2008z0271/0013).

Fig. 7:	Tintinnopsella longa (Colom) in radiolarian-calpionellid wackestone. Sample No. 3.4 
(NHMW 2008z0271/0014).

Fig. 8:	Remaniella catalanoi Pop in radiolarian-calpionellid wackestone. Sample No. 3.4 
(NHMW 2008z0271/0014).

Fig. 9:	Calpionella elliptica Cadisch in radiolarian-calpionellid wackestone. Sample No. 3.2 
(NHMW 2008z0271/0015).

Scale bars equal 50 µm.
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Plate 3

Fig. 1:	Bioturbated biomicrite mudstone. Fine skeletal debris accumulated in circular swirl. 
Sample No. 15.8 (NHMW 2008z0271/0016).

Fig. 2:	Fine skeletal fragments impregnated by Fe hydroxides concentrated in burrow filling. 
The absence of compaction indicates firmground substrate consistency.  
Sample No. 15.8 (NHMW 2008z0271/0016).

Fig. 3:	Fine skeletal fragments and nests rich in Fe hydroxide accumulations. Sample No. 15.8 
(NHMW 2008z0271/0016).

Fig. 4:	Pyritized radiolarian tests in biomicrite mudstone. Sample No. 13.6  
(NHMW 2008z0271/0017). 

Fig. 5:	Lamination due to parallel oriented fragments of Saccocoma sp. Sample No. 11.6 
(NHMW 2008z0271/0009).

Fig. 6:	Accumulation of pyrite cubes in biomicrite mudstone. Sample No. 11.4  
(NHMW 2008z0271/0018).

Scale bars equal 100 µm.
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Plate 4

Fig. 1:	 Rhyncholite in biomicrite mudstone in marly biomicrite mudstone. Sample No.15.6 
(NHMW 2008z0271/0019).

Fig. 2:	 Marks of synsedimentary deformation on the base of sample No. 12.2 (NHMW 
2008z0271/0020).

Figs 3-4: Microsparitic laminae with peloids and Cadosina semiradiata semiradiata Wanner 
in biomicrite limestone – mudstone. Variously shaped micritic grains – mud peloids, 
commonly without internal structures. Grains originated from the reworking of 
weakly lithified carbonate mud; they were transported in suspension.  
Sample No. 10.6 (NHMW 2008z0271/0021).

Fig. 5:	 Radiolarian-calpionellid wackestone penetrated by thin calcite veins. Sample No. 9.8 
(NHMW 2008z0271/0011).

Fig. 6:	 Biomicrite mudstone with Calpionella alpina Lorenz penetrated by calcite veins of 
various size and orientation. Sample No. 6.4 (NHMW 2008z0271/0022). 

Scale bars equal 100 µm.
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Plate 5

Fig. 1:	 Zeugrhabdotus embergeri (Noël) Perch-Nielsen; Sample No. 15.0  
(NHMW 2008z0271/0023).

Fig. 2:	 Zeugrhabdotus erectus (Deflandre) Reinhardt; Sample No. 10.0  
(NHMW 2008z0271/0024).

Fig. 3:	 Discorhabdus ignotus (Górka) Perch-Nielsen; Sample No. 9.0 
(NHMW 2008z0271/0025).

Fig. 4:	 Helenea chiastia Worsley; Sample No. 11.0 (NHMW 2008z0271/0008). 

Fig. 5:	 Speetonia colligata Black; Sample No. 8.0 (NHMW 2008z0271/0026).

Figs 6-8:	 Watznaueria barnesae (Black) Perch-Nielsen; Samples No. 9.0  
(NHMW 2008z0271/0025), 17.0 (NHMW 2008z0271/0003), 9.0  
(NHMW 2008z0271/0025).

Fig. 9:	 Watznaueria britannica (Stradner) Reinhardt; Sample No. 18.0  
(NHMW 2008z0271/0028).

Fig. 10:	 Watznaueria ovata Bukry; Sample No. 9.0 (NHMW 2008z0271/0025).

Figs 11-12:	Cyclagelosphaera margerelii Noël; Samples No. 18.0 (NHMW 2008z0271/0028), 
15.0 (NHMW 2008z0271/0023).

Fig. 13:	 Cyclagelosphaera deflandrei (Manivit) Roth; Sample No. 17.0  
(NHMW 2008z0271/0003).

Fig. 14:	 Diazomatholithus lehmannii Noël; Sample No. 3.0 (NHMW 2008z0271/0029).

Figs 15-18:	Conusphaera mexicana Trejo subsp. mexicana Bralower et al.;  
Samples No. 11.0 (NHMW 2008z0271/0008), 15.0 (NHMW 2008z0271/0023), 
17.0 (NHMW 2008z0271/0003).

Figs 19-20:	Conusphaera mexicana Trejo subsp. minor Bown & Cooper; Sample No. 18.0 
(NHMW 2008z0271/0028).

Figs 21-22:	Faviconus multicolumnatus Bralower in Bralower et al.; Samples No. 14.0 
(NHMW 2008z0271/0030), 17.0 (NHMW 2008z0271/0003).

Figs 23-24:	Nannoconus compressus Bralower & Thierstein in Bralower et al.;  
Sample No. 11.0 (NHMW 2008z0271/0008).

Figs 25-26:	?Nannoconus wintereri Bralower & Thierstein in Bralower et al.;  
Sample No. 9.0 (NHMW 2008z0271/0025).

Figs 27-28:	Nannoconus globulus Brönnimann ssp. minor Bralower in Bralower et al.; 
Samples No. 7.0 (NHMW 2008z0271/0032), 5.0 (NHMW 2008z0271/0033).

Fig. 29:	 Nannoconus cornuta Deres & Achéritéquy; Sample No. 5.0  
(NHMW 2008z0271/0033).

Fig. 30:	 Nannoconus steinmanni steinmanni Kamptner; Sample No. 4.0  
(NHMW 2008z0271/0034).

Light micrographs using an Olympus CAMEDIA digital camera C-4000 Zoom.  
Scale bars equal 1 µm
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Plate 6

Fig. 1:	 Nannoconus steinmanni minor Deres & Achéritéquy; Sample No. 4.0  
(NHMW 2008z0271/0034).

Figs 2-3:	 Nannoconus kamptneri kamptneri Brönnimann; Sample No. 4.0  
(NHMW 2008z0271/0034).

Figs 4, 8, 9:	Nannoconus steinmanni steinmanni Kamptner; figs show the same specimen, 
Sample No. 3.0 (NHMW 2008z0271/0029). 

Fig. 5:	 Nannoconus globulus globulus Brönnimann; Sample No. 3.0  
(NHMW 2008z0271/0029).

Fig. 6:	 Nannoconus kamptneri kamptneri Brönnimann; Sample No. 3.0  
(NHMW 2008z0271/0029).

Figs 7, 11:	 Nannoconus globulus Brönnimann ssp. minor Bralower in Bralower et al.; 
Samples No. 3.0 (NHMW 2008z0271/0029), 2.0 (NHMW 2008z0271/0035).

Fig. 10:	 Nannoconus kamptneri minor Bralower in Bralower et al.; Sample No. 3.0 
(NHMW 2008z0271/0029).

Fig. 12:	 Nannoconus spp.; Sample No. 2.0 (NHMW 2008z0271/0035).

Fig. 13:	 Nannoconus steinmanni minor Deres & Achéritéquy; Sample No. 2.0  
(NHMW 2008z0271/0035).	

Fig. 14:	 Nannoconus kamptneri minor Bralower in Bralower et al.; Sample No. 2.0 
(NHMW 2008z0271/0035).

Fig. 15:	 Nannoconus kamptneri kamptneri Brönnimann; Sample No. 2.0  
(NHMW 2008z0271/0035).

Figs 16-18:	Nannoconus steinmanni minor Deres & Achéritéquy; Sample No. 2.0  
(NHMW 2008z0271/0035). 

Figs 19-20:	Nannoconus steinmanni steinmanni Kamptner; Sample No. 2.0  
(NHMW 2008z0271/0035).

Figs 21-26:	Polycostella beckmannii Thierstein; Samples No. 16.0  
(NHMW 2008z0271/0036), 14.0 (NHMW 2008z0271/0030), 13.0  
(NHMW 2008z0271/0002).

Figs 27-28:	Assipetra infracretacea (Thierstein) Roth; Samples No. 7.0  
(NHMW 2008z0271/0032), 8.0 (NHMW 2008z0271/0026).

Figs 29-30:	Hexalithus noeliae Loeblich & Tappan; Samples No. 7.0  
(NHMW 2008z0271/0032), 11.0 (NHMW 2008z0271/0008).

Light micrographs using Olympus CAMEDIA digital camera C-4000 Zoom.  
Scale bars equal 1 µm.
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