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Abstract

Upper Jurassic to Lower Cretaceous ammonites were collected at the Nutzhof locality in the eastern part
of the Gresten Klippenbelt in Lower Austria. The cephalopod fauna from the Blassenstein Formation, cor-
related with micro- and nannofossil data from the marly unit and the limestone unit, indicates Early
Tithonian to Middle Berriasian age (Hybonoticeras hybonotum Zone up to the Subthurmannia occitanica
Zone). According to the correlation of the fossil and magnetostratigraphic data, the entire succession of the
Nutzhof section embraces a duration of approx. 7 million years (approx. 150-143 Ma). The deposition of
the limestones, marly limestones and marls in this interval occurred during depositionally (e.g. tectonics)
unstable conditions.

The ammonite fauna comprises 6 different genera, 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 Phylloceras), and the Lytoceratina (15 %; represented by Lytoceras and Lepto-
tetragonites). The ammonite fauna consists solely of Mediterranean elements.

Keywords: Ammonites, Jurassic/Cretaceous boundary, Gresten Klippenbelt, Lower Austria

Zusammenfassung

Ober-Jurassische und Unter-Kretazische Ammoniten der Lokalitdt Nutzhof im 6stlichen Teil der Grestener
Klippenzone Niederdsterreichs wurden untersucht. Die Cephalopoden Fauna der Blassenstein Formation
zeigt unteres Tithonium bis mittleres Berriasium an (Hybonoticeras hybonotum-Zone bis Subthurmannia
occitanica-Zone). Der Korrelation von Fossilien und magnetostratigraphischen Daten zufolge umfasst das
gesamte Profil Nutzhof eine Dauer von an die 7 Millionen Jahre (ca. 150-143 Mio. J.). Die Kalke, merge-
ligen Kalke und Mergel dieses Abschnitts lagerten sich wéhrend instabiler (tektonisch) Ablagerungsbedin-
gungen ab. Die Ammoniten Fauna zeigt 6 unterschiedliche Gattungen, von welchen jede durch nur eine
Aurt vertreten ist. Das Vorkommen am Nutzhof wird durch Ammoniten vom Typ Perisphinctidae dominiert.
Die Ammonitina stellen das hdufigste Faunenelement dar (60 %; Subplanites und Haploceras), gefolgt von
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der Gruppe der Phylloceratina (25 %; Ptychophylloceras und Phylloceras) und den Lytoceratina (15 %;
Lytoceras und Leptotetragonites). Die Ammoniten Fauna setzt sich ausschlieRlich aus mediterranen Ele-
menten zusammen.

Schlusselworte: Ammoniten, Jura/Kreide-Grenze, Grestener Klippenzone, Niederosterreich

1. Introduction

Jurassic and Lower Cretaceous pelagic sediments are well known to form a major ele-
ment of the northernmost tectonic units of the Gresten Klippenbelt. In this Klippenbelt,
Tithonian to Berriasian cephalopod-bearing deposits are recorded in 2 different facies,
the Stollberger Schichten (KuppER 1962; GOTTSCHLING 1965) and the Blassenstein For-
mation (KON 1962; DEcKER 1990; DECKER & ROGL 1988; PILLER et al. 2004). Upper
Jurassic (Tithonian) sediments of the lower part of the Blassenstein Formation comprise
marls, marly limestones and limestones (intercalated), whereas the upper part of the
Blassenstein Formation at Nutzhof (Tithonian to Valanginian) is composed of very pure
limestones (up to 97 % CaCo,). The stratigraphy of the Lower Cretaceous sediments
around the investigated area is mainly based on microfossils. The first study of the
lithology and stratigraphy of this area was provided by Czizek (1852), followed a cen-
tury later by Kupper (1962). The presented cephalopod fauna was collected in lime-
stones and marly sediments of the Blassenstein Formation of the Gresten Klippenbelt.

Biostratigraphic data on the Stollberger Schichten of the Gresten Klippenbelt (Lower
Austria) are remarkably scarce (Czizex 1852; Kupper 1962). This reflects the rare oc-
currence of identifiable ammonoid fauna as well as the absence or bad preservation of
relevant microfossils. The discussed lithological (marls versus limestones) and biostrati-
graphic (Jurassic versus Cretaceous) boundary, however, is extraordinarily important
for reconstructing pieninic geodynamics. They mark the initial siliciclastic input into
the basin, reflecting the phase of the Penninic Ocean opening. The newly discovered
outcrop at Nutzhof (fig. 1) in the heart of Lower Austria now fills the above gap. That
section revealed, for the first time, the critical interval in an environment comprising
extraordinarily rich accumulations of radiolaria, calpionellids, saccocomids, nannofos-
sils and, in parts of the log, ammonites.

1.1 The history of the opening Penninic Ocean

The Penninic Ocean was initiated in the Late Triassic by rifting and disjunction of the
Austroalpine microcontinent from the southern European Plate margin (Scotese 2001;
STaAMPFLI & Mosar 1999). It was the eastern prolongation of the North Atlantic Rift-
System, which effected the final disintegration of the Permotriassic Pangea Supercon-
tinent (e.g. FaurL 2003). The formation of the oceanic crust and the sea floor spreading
lasted from the Middle Jurassic to the Early Cretaceous, terminating with the introduc-
tion of its southward-directed subduction beneath the northern Austroalpine plate mar-
gin (FaurL & WAGREICH 2000; ManDIC & LUKENEDER). This tectonic mega-event is
reflected by the lithological change in the middle part at the Nutzhof section. An increas-
ing deepening, detected by the formation of different sediments (e.g. allodapic lime-
stones and microturbidites), of the succession at Nutzhof marks the beginning of the
opening of the Penninic Ocean. The pelagic carbonate sedimentation, which already
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started in the Late Jurassic, therefore changes within several meters of the section from
a siliciclastic into pure limestone-dominated sedimentation. The history of the Pen-
ninic Ocean persisted from the Upper Jurassic through almost the whole Lower Creta-
ceous.

1.2. Depositional and tectonic setting

The studied section at Nutzhof includes the distal slope succession of the Gresten Klip-
penbelt, representing an independent and scarcely known part of the southern Rhenod-
anubian Flysch system. The Gresten Klippenbelt is tectonically intercalated within the
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Fig. 1a: Locality map of Austria with indicated position of the Gresten Klippenbelt in Lower
Austria. 1b: Detailed map of the area around Nutzhof showing the outcrop of Upper Jurassic —
Lower Cretaceous sediments from the Gresten Klippenbelt (brick-structure).
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latter zone as a thin, long, east-west striking marly and calcareous succession. The Upper
Jurassic to Lower Cretaceous pelagic sediments of the Gresten Klippenbelt at Nutzhof
represent a major sedimentation cycle. The significant depositional change from the
siliciclastic to the carbonate depositional system is reflected in the boundary between
the lower marly part and the upper calcareous part. Accordingly, the older (Tithonian)
marly part features typically dark, laminated pelagic marls and marly limestones with
intercalated limestone beds whose formation was triggered by erosion and intensive
redeposition (e.g. allodapic limestones and microturbidites). This is comparable to the
formation of the younger (Aptian) siliciclastic and marly Tannheim Formation (WAG-
REICH 2003). The younger part (limestones), on the other hand, represents the phase of
autochthonous pelagic sedimentation with the light-colored, chert- and aptychi-bearing
nannoconid limestones. The macro-invertebrate fauna of the Berriasian limestone suc-
cession is very sparse, comprising rare ammonites, aptychi, belemnites and brachiopods.
The macro-invertebrate fauna of the Tithonian marl-limestone succession is rich in
saccocomids accompanied by rare bivalves (inoceramids) and, in parts, abundant am-
monites. The microfauna is in contrast abundant, with dominating calpionellids and
radiolarians in the limestone succession and saccocomid blooms within the marl-lime-
stone succession.

2. Geographical setting

The outcrop is situated in the Gresten Klippenbelt in Lower Austria. The exact position
is about 20 km south of Béheimkirchen and 5 km north of Hainfeld (600 m, OK 1:50000,
sheet 56 St. Polten; fig. 1a). The outcrop is located in an abandoned quarry in the
southeastern-most part of the northeast-southwest Gresten Klippenbelt, running between
the Kasberg (785 m) to the east and the vicinity of the Nutzhof (550 m) to the west.
The surrounding area is called Kleindurlas and the locality itself Nutzhof, nearby the
farming house Nutzhof.

The dark and light grey succession, comprising the ammonite-bearing beds, is located
on the northern side of the Kasberg ridge (approx. 785-500 m). The ammonite-occur-
rence is exposed on the left side (eastern) of the quarry. The exact position of the
ammonite-occurrence as determined by GPS (global positioning system) is N 48°04°49”
and E 15°47°36” (fig. 1).

3. Material, preservation and methods

During the course of this study, 46 ammonite specimens (NHMW 2008z0264/0001-
0021) and 238 lamellaptychi were examined. Four brachiopods and 3 inoceramids as
well as a single belemnite specimen were collected. Ammonites are preserved as
steinkerns and most are moderately well preserved. No shell is present. The phragmo-
cones are mostly flattened, whereas the body chambers are better preserved because of
early sediment infilling. The fragmentation is due to preburial-transport, sediment com-
paction and considerable tectonic deformation, which influences the precise determina-
tion of most cephalopods with chambered hard-parts (e.g. ammonites and belemnites).

Calcium carbonate contents (CaCO,) were determined using the carbonate bomb
technique. Total carbon content was determined using a LECO WR-12 analyser. Total
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organic carbon (TOC) contents were calculated as the difference between total carbon
and carbonate carbon, assuming that all carbonate is pure calcite. All the chemical
analyses were carried out in the laboratories of the Department of Forest Ecology at the
University of Vienna.

4. Geological setting and biostratigraphy

Setting. The Gresten Klippenbelt is in this area a small band of Upper Jurassic to
Lower Cretaceous sediments from 200-500 m width. It is surrounded by thick sediments
of the Rhenodanubian Flysch Zone. Tectonically, the outcrop is situated only 5 km north
of the main border of the Rhenodanubian Flysch Zone to the more southern Northern
Calcareous Alps. The section at Nutzhof contains 18 m of inverse, cm to dm beds show-
ing the Jurassic-Cretaceous boundary at meter 7 (Nu 7.0).

The succession at Nutzhof was deposited in an unstable slope setting to the north of the
Penninic Ocean characterized by thick stratigraphic units that reflect transgressive his-
tories punctuated by tectonic events (shown by the deposition of allodapic lime-
stones).

The entire section at Nutzhof is inversely bedded, and the beds dip 45-60° to the south-
east. At this outcrop the lower part comprises a series called Blassenstein Formation
with dark marls and intercalated limestone beds; the upper part consist solely of lime-
stones with sometimes cherty areas (Nu 5.0-7.0).

Lithology. The Nutzhof section apparently consists of two different parts (fig. 2). The
lower part (Tithonian, 18.0-10.0 m) with dark-grey marls with rhythmically intercalated
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Fig. 2: Exposure of the investigated detailed log with indicated position of the outcrop at the
Nutzhof section (Gresten Klippenbelt) and Jurassic-Cretaceous boundary, located at meter 7.0.
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limestone beds, and the upper part (Berriasian, 10.0-0.0 m) with light-grey limestones.
The strong lithological change at Nu 10.0 does not coincide with the Jurassic/Cretaceous
boundary at bed Nu. 7.0. Sediments occur as wacke-, pack- or mudstones.

The CaCO, (calcium carbonate contents, equivalents calculated from total inorganic
carbon) vary in the lower and upper part of the log. The lower part shows variations
from 89.03 % (Nu 12.0) to 40.72 % (Nu 13.4), whereas the more constant upper part
displays values ranging from 86.16 (Nu. 9.6) up to the maximum log value of 97.4 %
(Nu 3.6).

The total sulphur content is positively correlated to the CaCO, values. The maximum
sulphur amount (0.59 %) in the lower part corresponds to bed Nu 12.0 and the minimum
value in this part, as for CaCO; is at Nu 13.4 with 0.30 %. In the upper part the
maximum value is at bed Nu 9.0 (0.58 %) and the minimum (0.5 %) corresponds to
bed Nu 0.0.

The weight % TOC values (total organic carbon) show no positive correlation, either
to S or to CaCO,. TOC values oscillate throughout the log. They vary from 0.91 % (Nu
11.2) t0 0.001 % (numerous beds) in the lower part and from 1.07 % (Nu 3.4) to 0.001 %
(numerous beds).

Fauna. The invertebrate fauna consists of ammonites, aptychi (Lamellaptychus), rhyn-
cholites, belemnites (Hibolithes gr. semisculcatus), serpulids, echinoderms (Phyllocri-
nus), bivalves (Inoceramus), brachiopods (Triangope), ophiurids, crinoids (Saccocoma),
benthic and planktonic foraminifera and radiolarians (fig. 3; see also REHAKOVA et al.
2009; this volume). The only benthic macrofossils observed in the ammonite beds are
bivalves and brachiopods. The rare but generally well-preserved cephalopods are dom-
inated by members of the Perisphinctidae. The fairly fossiliferous part of the section is
at Nu 14.0-Nu 18.0 m.

Biostratigraphy. According to microfossil (calcareous dinoflagellates, calpionellids) and
palaecomagnetic data (more details in PRUNER et al. 2009; this volume), the association
indicates that the cephalopod-bearing beds of the Nutzhof section belong to the Carp-
istomiosphaera tithonica-Zone of the Early Tithonian up to the Calpionella Zone of the
Middle Berriasian (figs 2 & 3). This interval corresponds to the ammonite zones from
the Early Tithonian Hybonoticeras hybonotum-Zone up to the Middle Berriasian Sub-
thurmannia occitanica-Zone.

The biostratigraphically indicative cephalopods are: Subplanites fasciculatiformis sp.
nov., Ptychophylloceras ptychoicumm, Leptotetragonites honnoratianus, Haploceras
elimatum, Hibolithes (gr.) semisulcatus and some lamellaptychi.

Although zonal index ammonites are missing, the typical ammonite association, in cor-
relation with the micro- and nannofossil data, allows a precise evaluation of the age.
The stratigraphic investigation of the micro- and nannofauna revealed that the Nutzhof
section comprises sedimentary sequence of Early Tithonian to Middle Berriasian age.
Microfossils from the Tithonica-Zone up to the Calpionella-Zone were detected. The
nannofossil zonation shows the Conusphaera mexicana mexicana Zone up to the Nan-
noconus steinmannii steinmannii Zone (for more details see REHAKOVA et al. 2009; this
volume).
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5. Palaeontology — The macrofauna

Conventions. The material examined is stored in the palaeontological collection of the
Natural History Museum (NHMW), Vienna, Austria (Burgring 7, 1010 Vienna). All
specimens in Plate 1, 2 and 3 were coated with ammonium chloride before photograph-

ing.

Ammonites

Lytocerassutile OppEL, 1865, Lytoceras sp., Leptotergaonites honnoratianus (D’ ORBIGNY,
1841), Phylloceras sp., Ptychophylloceras ptychoicum (QUEeNSTEDT, 1845), Haploceras
(Haploceras) elimatum (OppEL, 1865), Subplanites fasciculatiformis sp. nov. (fig. 4).
The similar, but only Berriasian species Pseudosubplanites fasciculatus was recently
introduced by BoGpDANOVA & ARKADIEV (2005).

The ammonite fauna comprises 6 different genera. The occurrence at the Nutzhof sec-
tion is dominated by ammonites of the perisphinctid-type (Subplanites). Accordingly,
Ammonitina present the most frequent component (60 %; Subplanites and Haploceras),
followed by the Phylloceratina (25 %; Ptychophylloceras and Phylloceras), and the
Lytoceratina (15 %; represented by Lytoceras and Leptotetragonites) (fig. 4). Only
Mediterranean cephalopod elements are present at Nutzhof.

Phylloceras

Subplanites 8% Ptychophylloceras
54% 17%

Lytoceras
4%

Leptotetragonites
Haploceras 1%
6%
Subplanites Phylloceras Phylloceras
54% 4%  Ptychophylloceras Pseudosubplanites 33%
19% 67%

Leptotetragonites

Haploceras 13%
6%

Fig. 4: Ammonite spectra from Nutzhof. On top, overall (total log) spectrum with indicated
genera. Note the dominance of the perisphinctids and their abundant genus Subplanites. Below,
splitted ammonite spectra of log ranges from 18-10 m (left) and 10-0 m (right).
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Cephalopod beaks
Lamellaptychus sp.

Belemnites
Hibolithes (gr.) semisulcatus (MUNSTER, 1830)

Brachiopods
Triangope sp.

Bivalves
Inoceramus sp.

Echinoderms
Phyllocrinus sp., Saccocoma sp.

6. Discussion

Interpretation of the section

The biostratigraphic analysis (macro-, micro-, and nannofossils; see also Kron &
LUKENEDER 2009; PRUNER et al. 2009; ReHakova et al. 2009; all this volume) proved
that the lower part of the section, including the investigated lithostratigraphic boundary
between the marly-limestone succession (18.0-10.00) and limestone succession (10.0-
0.0), is continuous. No distinct stratigraphic discontinuity can be detected at the litho-
stratigraphic boundary at meter 10.0. Moreover, the biostratigraphy clearly demonstrates
that the outcrop comprises a tectonically inverted block of about 18 m thickness.

The cephalopod assemblage from Nutzhof shows a typical Late Jurassic (Tithonian) to
Early Cretaceous (Berriasian) composition. Additional findings of typical brachiopods
(Triangope) fit into the picture of the Jurassic/Cretaceous boundary. The fauna is com-
parable to other Tithonian-Berriasian sections from the Waschbergzone (Ernstbrunner
Kalk; Zeiss 2001), the Stramberger Schichten (Stramberk; BLascHKE 1911) and similar
assemblages from the Northern Calcareous Alps of Austria (Oberalmer Schichten; Boo-
ROVA et al. 1999). Tithonian persiphinctid- and saccocomid-dominated successions pass
into deeper aptychi- and calpionellid-dominated.Berriasian limestones.

The presented data (see also KrRoH & LUKENEDER 2009; PRUNER et al. 2009; REHAKOVA
et al. 2009; all this volume) allow a more precise reconstruction of the paleogeographic
setting of the studied section (LUKENEDER et al. in prep). Accordingly, the described
specimens were deposited in habitats of the outer shelf situated on the southern edge of
the European mainland at the Late Jurassic to Early Cretaceous.
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7. Conclusions

The presented results are based on new macrofossil findings from the Gresten Klip-
penbelt at Nutzhof.

The macrofauna, as already stated, is represented especially by ammonites, belemnoids,
aptychi and bivalves. The whole section yielded about 46 ammonite individuals. The
sparse and selective occurrence of the ammonites within the section at Nutzhof and the
lithologic character of the sediments makes the sampling difficult.

The stratigraphic investigation of the cephalopod, micro- and nanno-fauna revealed that
the Nutzhof section comprises Tithonian to Berriassian sediments. The ammonoid
fauna contains solely representatives of the Mediterranean Province. The described
specimens of Subplanites are the first evidence of these ammonites within the Gresten
Klippenbelt.

The new ammonite findings from the Lower Austrian locality of Nutzhof show the
importance of correlating macrofaunas with the accompanying micro- and nannofossils.
Restricting the stratigraphic evaluation to the Nutzhof ammonites would have indicated
a time span and age from Tithonian to Early Berriasian.

The presented fauna is also a step forward in our understanding of ammonite faunas
from a crucial area at and around the Jurassic/Cretaceous boundary: the Gresten Klip-
penbelt and the neighbouring Waschberg Zone. Both were located at the northern mar-
gin of the Penninic Ocean at this time.

Further investigations on magnetostratigraphy, geochemistry and isotopes will shed light
on the environmental history of this little-known area at the Jurassic (Tithonian) — Cre-
taceous (Berriasian) transitional phase.

Sediment deposition at Nutzhof took place during conditions of relatively stable water
masses and during relatively low sedimentation rates but unstable sedimentological
conditions (allodapic limestones and microturbidites). This is shown by the change in
lithology and the occurrence of numerous event layers with redeposited faunal elements
(e.g. saccocomids etc.) from more shallow areas from the north. The depositional area
was situated on the passive northern margin of the Penninic Ocean influenced and
closely connected by the opening of this Ocean during the Upper Jurassic to Lower
Cretaceous. The log shows a significant deepening at the late Tithonian (at 10.0 m)
marked by a major lithological change from marly sediments to almost pure lime-
stones.

The ammonites 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 ele-
ments 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.

Although the section is not very long, the presence of the Jurassic/Cretaceous boundary
and the occurrence of a lithologic change make the section at Nutzhof suitable for the
present investigation. Finally, different methods of biostratigraphic correlation based on
macro-, micro- and nannofossils proved, also in the Gresten Klippenbelt, to be a power-
ful tool for stratigraphic dating of Late Jurassic — Early Cretaceous deep-water succes-
sions.
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Plate 1
Fig. A: Leptotetragonites honnoratianus (p’OrBIGNY, 1841), Nutzhof section, 17.0 — x 1,
NHMW 2008z0264/0001.
Fig. B: Leptotetragonites honnoratianus (p’OrBIGNY, 1841), Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0002.
Fig. C: Haploceras elimatum (OrpEL, 1865), Nutzhof section, 13.0 — x 1,
NHMW 2008z0264/0003.

Fig. D: Lytoceras sp., Nutzhof section, 180 — x 1, NHMW 2008z0264/0004.
Fig. E: Lytoceras sp., Nutzhof section, 17.0 — x 1, NHMW 2008z0264/0005.

Fig. F: Ptychophylloceras ptychoicum (QUENSTEDT, 1845), Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0006.

Fig. G: Ptychophylloceras ptychoicum (QUENSTEDT, 1845), Nutzhof section, 17.0 — x 1,
NHMW 2008z0264/0007.

Fig. H: Ptychophylloceras ptychoicum (QUENSTEDT, 1845), Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0008.

Fig. I: Leptotetragonites honnoratianus (p’OrBIGNY, 1841), Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0009.

Fig. J: Haploceras elimatum (OrpEL, 1865), Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0010.

Fig. K: Lytoceras sutile OppeL 1865, Nutzhof section, 18.0 — x 1, NHMW 2008z0264/0011
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Plate 2

Fig. A: Subplanites fasciculatiformis sp. nov., Nutzhof section, 17.0 — x 1,
NHMW 2008z0264/0012.

Fig. B: Subplanites fasciculatiformis sp. nov., Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0013.

Fig. C: Subplanites fasciculatiformis sp. nov., Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0014.

Fig. D: Subplanites fasciculatiformis sp. nov., Nutzhof section, 18.0 — x 1,
NHMW 2008z0264/0015.

Fig. E: Subplanites sp., Nutzhof section, 0.0 — x 1, NHMW 2008z0264/0016.
Fig. F: Subplanites sp., Nutzhof section, 17.0 — x 0.75, NHMW 2008z0264/0017.
Fig. G: Subplanites sp., Nutzhof section, 17.0 — x 0.75, NHMW 2008z0264/0018.
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Plate 3

Fig. A: Subplanites fasciculatiformis sp. nov., Nutzhof section, 18.0 — x 1,

NHMW 2008z0264/0019.
Fig. B: Subplanites fasciculatiformis sp. nov., Nutzhof section, 17.0 — x 0.5,

NHMW 2008z0264/0020.
Fig. C: Subplanites sp., Nutzhof section, 17.0 — x 1, NHMW 2008z0264/0021.
Fig. D: Lamellaptychus sp., Nutzhof section, 13.8 — x 0.5, NHMW 2008z0264/0022.
Fig. E: Lamellaptychus sp., Nutzhof section, 13.9 — x 1, NHMW 2008z0264/0023.
Fig. F: Lamellaptychus sp., Nutzhof section, 18.0 — x 1, NHMW 2008z0264/0024.
Fig. G: Hibolithes (gr.) semisulcatus (MUNSTER, 1830), Nutzhof section, 14.3 — x 1,

NHMW 2008z0264/0025.
Fig. H: Inoceramus sp., Nutzhof section, 14.0 — x 0.75, NHMW 200820264/0026.
Fig. I: Brachiopod, front view, Nutzhof section, 2.0 — x 1, NHMW 2008z0264/0027.
Fig. J: Brachiopod, upper view, Nutzhof section, 2.0 — x 1, NHMW 2008z0264/0027.
Fig. K: Triangope sp., Nutzhof section, 1.0 — x 1, NHMW 2008z0264/0028.
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Appendix

Order Ammonoidea ZITTEL, 1884
Family Perisphinctidae STEINMANN, 1890
Subfamily Virgatosphinctinae SpatH, 1923

Genus Subplanites Spath, 1925

Type species: Virgatosphinctes (Perisphinctes) reisi SCHNEID, 1914; Reisbergschichten, Unter-
stall bei Neuburg an der Donau, Kimmeridgian.

Diagnosis: Rather evolute shell with subquadrate whorl section. Steep umbilical wall, rounded
in adults. Sharp, slightly prorsiradiate and straight, bifurcated ribbing on early whorls. Later interca-
lated with fasciculate ribbing on same whorl. Ribs start at bottom of umbilical wall and cross round
venter at all stages. Ribbing rather distinct.

Subplanites fasciculatiformis LUKENEDER Sp. Nov.
Plate 2, Figs. A-D; PI. 3, Figs. A-B

Derivation of name: After the morphology of its intercalated fasciculate ribbing (Latin,
fasciculatus = bundle like).

Holotype: Natural History Museum, Vienna, NHMW 2008z0264/0012, steinkern, diameter 81 mm,
whorl height 27 mm, whorl width 22 mm, umbilical width 32 mm, ribs per whorl 59 (PI. 2, fig. A).

Paratypes: NHMW2008z0264/0013 (PI. 2, Fig. B), NHMW200820264/0019 (PI. 3, Fig. A).

Material: 24 specimens preserved as steinkerns, no shell is preserved, preservation in limestone,
most of specimens are fragments, suture line is not visible.

Type locality and horizon: Nutzhof, Lower Austria, Gresten Klippenbelt, limestones of
the Blassenstein Formation, log NU at N 48° 04’ 49 and E 15° 47’ 36, beds 13-18, Early-Middle
Tithonian.

Description: Medium-sized, strongly ribbed steinkerns and negatives. Additional material as
reproduced casts of the latter. Rather evolute and subrectangular, compressed whorls. Umbilicus wide
and shallow. Flanks rather straight in early whorls and slightly convex in adults. Bifurcating ribs
passing onto subrounded venter. Slightly prorsiradiate ribbing strong and prominent throughout. Ribs
projected by approx. 5°-10° to aperture. Ribs straight, not curved. Bifurcated ribs start in the middle
of lateral wall, whereas fasciculate ribbing starts on the inner half of whorl height. 59 primary ribs
are counted per whorl on umbilical edge.

Remarks: As noted by BogbaNova & ARKADIEV (2005) similarities can be observed in Subpla-
nites and Pseudosubplanites. The vertical umbilical wall, the straight ribbing and more compressed
whorls distinguish Subplanites from Pseudosubplanites. Pseudosubplanites is noted by the latter
authors to be only a Berriasian genus. Most morphological similarities are observed between the
herein erected Subplanites fasciculatiformis sp. nov. and the Crimean Berriasian species Pseudosub-
planites fasciculatus Bogpanova & ARKADIEV (2005). The main difference is the higher number (59)
of umbilical ribs in S. fasciculatiformis sp. nov. (compared at same sizes) in addition to straighter
ribbing. Both possess the typical fasciculated ribs. As noted by BoGpaNOvA & ARKADIEV (2005) such
forms are morphologically closely related to the genus Fauriella due to their fasciculate ribbing, but
differ in absence of umbilical tubercles. All other species in Subplanites and Pseudosubplanites differ
in the absence of the characteristic fasciculate ribbing.

Occurrence: The genus Subplanites is known all over Europe and additionally from Jurassic
beds of Borneo, ?Greenland, India, Mexico, Russia and Somalia. The herein erected species S. fas-
ciculatiformis sp. nov. occurs in section Nutzhof from beds 13-18 (Early-Middle Tithonian).
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Abstract

The principal aim of detailed magnetostratigraphic and micropalaeontological investigation on the Jurassic/
Cretaceous (J/K) boundary is precisely determine the boundaries of magnetozones and narrow reverse
subzones, and find global correlation across the J/K boundary. A high resolution study focusing on the
detailed biostratigraphy of the limestone-, marly limestone- and marl succession at Nutzhof has been carried
out at a new outcrop in the Gresten Klippenbelt of Lower Austria. Eleven magnetic polarity zones, six
reverse (R) and five normal (N) polarity — are included in the whole interval (18 m) around J/K boundary
of Nutzhof section. The J/K boundary (the Berriasian Stage base), located near Calpionella Zone base
(REHAKOVA et al. 2008; REHAKOVA et al. this volume) roughly corresponds to magnetozone M19N a suc-
cession of M-zones correlative with M17N to M22R. Low-field magnetic susceptibility (k) ranges from
-5.9 t0 94.9x10¢ Sl and the intensity of the natural remanent magnetization (NRM) varies between 31 and
615%10° A/m. The samples display a two- to three-component remanence. The average sampling density
for the whole section was around two samples per 1 m of true thickness of limestone strata in these pre-
liminary results. The next step of investigation will be to precisely determine the boundaries of magneto-
zones M19 and M20 including narrow reverse subzones with the high resolution sampling density for the
whole section.

Keywords: Austria, Gresten Klippenbelt, Nutzhof, J/K magnetostratigraphy, magnetomineralogy.

Zusammenfassung

Das primdre Ziel detailierter magnetostratigrafischer und mikropaldontologischer Untersuchungen der Jura/
Kreide (J/K) Grenze ist die genaue Einstufung der Grenzen zwischen Magnetozonen und den engen, re-
versen Subzonen, sowie die Korrelation mit einer globalen Zonierung rund um die J/K Grenze. Eine hoch-
auflésende Studie, fokusiert auf die detailierte Biostratigrafie der Kalk-, Mergelkalk- und Mergel-Abfolge
am Nutzhof wurde an einem neu bearbeiteten Aufschluss in der Grestener Klippenzone in Niederdsterreich
durchgefihrt. EIf magnetische Polritdts-Zonen — sechs reverse (R) und fiinf normale (N) — sind im ge-
samten Intervall (18 m) um die J/K Grenze der Nutzhof Sektion vertreten. Die J/K Grenze (die Basis der
Berriasium Stufe), lokalisiert an der Basis der Calpionella Zone (REHAKOVA et al. 2008; REHAKOVA et al.
dieser Band), stimmt etwa mit der Magnetozone M19N (berein, einer Abfolge von M-Zonen vergleichbar
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mit M17N bis M22R. Die schwach-Feld magnetische Suszeptibilitat (k) reicht von -5.9 bis 94.9x10¢ SI
und die Intensitét der natlirlichen Restmagnetisierung (NRM) variiert von 31 bis 615x10% A/m. Die Proben
zeigen eine zwei- bis drei-Komponenten Remanenz. Die durchschnittliche Zahl der Probennahme des ge-
samten Abschnittes betrug zwei Proben pro 1 m echter Méchtigkeit der Kalke in diesen vorlaufigen Ergeb-
nissen. Der né&chste Schritt in den Untersuchungen wird die genaue Fixierung der Magnetozonen M19 and
M20 und die exakte Festlegung der reversen Subzonen, durch eine enge Probennahme im gesamten Ab-
schnitt sein.

Schlusselworte: Osterreich, Grestener Klippenzone, Nutzhof, J/K Magnetostratigraphie, Magnetominera-
logie

1. Introduction

This study is a continuation of a joint geophysical and palaeontological project focused
on detailed magnetostratigraphic and palaeontological studies of the Jurassic/Cretaceous
(J/K) boundary. The aims of this project are globally and objectively establish a cor-
relation between biozones around J/K boundary in the Tethyan Realm using global
palaeomagnetic events. During the last 30 yers, several magnetostratigraphic investiga-
tions across the J/K boundary strata have been reported from the Tethyan Realm (e.g.
CriLL et al. 1984 or OGG & Lowrie 1986). The analyses of these sections are typi-
cally aimed at the formulation of synoptic charts of normal and reverse magnetozones
however, there are not a detailed unity in determination of their boundaries in biostrati-
graphic terms or a precise definition of subzones close to the J/K boundary. The bound-
ary is placed by different authors at various levels within the range of magnetozones
M19-M17. A synoptic magnetostratigraphic profile for Upper Mesozoic rocks from
Tunisia was published by Narn et al. (1981). LowriE & CHANNELL (1983) placed the
boundary in the lowermost part of magnetozone M17 in a section through the Maiolica
Fm of pelagic limestones in the Bosso Valley, Italy. After the correlation of magneto-
stratigraphic data with calpionellid zones, MARTON (1986) proposed placing the J/K
boundary close to the base of M17, as LowRriE & CHANNELL (1983) had done. The sec-
tion at Brodno near Zilina, W Slovakia (Housa et al. 1999), was the first section inves-
tigated with high-resolution magnetostratigraphy and micropalaeontology in the Car-
pathians. Housa et al. (1999) detected magnetozones M20r—M17r in the Brodno section
near Zilina and, on the basis of calpionellid zonation, placed the J/K boundary at ap-
proximately the middle of M19n, between M19r and reverse subzone M19n-1 (the
Brodno Subzone). The magnetostratigraphic study was extended to other localities in
the Tethyan realm, namely at the Bosso Valley in Umbria, Italy (Hous$a et al. 2004), in
the Tatra Mountains, Poland (Grabowski & Pszczotkowski 2006) and at Puerto Escaiio,
Spain (Housa et al. 2000), where the magnetostratigraphy and biostratigraphy were well
documented. This provided a precise record of polarity changes in the Earth’s mag-
netic and determined their positions precisely relative to the biostratigraphic zonation.

The detailed biostratigraphy of the limestone-, marly limestone- and marl succession at
Nutzhof has been studied at a new outcrop in the Gresten Klippenbelt of Lower Austria
(Fig. 1). The cross-section at Nutzhof contains 18 m of overturned layers, which are 1
to 50 cm thick. At the 7" meter lies the Jurassic-Cretaceous boundary located near
Calpionella Zone base (REHAKOVA et al. 2008). The stratigraphic investigation of the
micro- and nannofauna revealed that the Nutzhof section comprises sedimentary se-
guence of Early Tithonian to Middle Berriasian in age. The ammonites from the lower



PRUNER et al.: Magnetostratigraphy across the J/K boundary 333

St.Pélten

Y AT

Klippenbelt
i, ¥~

Bad Véslau

Fig. 1: Location map of the Nutzhof area (Lower Austria) from LUKENEDER (this volume).

part strengthen these results. The upper part shows aptychi but is barren of ammonites.
The fact that the Jurassic-Cretaceous boundary is detected in this outcrop by detailed
biostratigraphy makes magnetostratigraphic study reasonable.

2. Geographical and geological setting

The assembled outcrop is located about 20 km south of Béheimkirchen and 5 km north
of Hainfeld. The surrounding area is called Kleindurlas and the locality itself Nutzhof.
The Gresten Klippenbelt is in this area a small band of Upper Jurassic to Lower Creta-
ceous sediments from 200-500 m breadth. It is surrounded by sediments of the Rheno-
danubian Flysch Zone. Tectonically, the outcrop is situated only 5 km north of the main
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border between the Rhenodanubian Flysch Zone and Northern Calcareous Alps. Litho-
logical, sedimentological and palaeoecological studies of the succession uncovered rich
spectra of Tithonian to Berriasian macro- and microfaunal elements. The evaluation of
the thin sections and washed samples indicates a change from a saccocomid facies to a
calpionellid facies within the succession.

3. Rockmagnetic investigation

Isothermal remanent magnetization (IRM) to saturation was measured to identify coer-
civity spectra of the magnetically active minerals. The whole rock samples were mag-
netized on the Pulse Magnetizer MMPM 10, demagnetized on LDA-3 AF Demagnet-
izer and measured on JR6 a magnetometer. The used field range was 10 to 2900 mT.
IRM curves demonstrated in Fig. 2 show two different magnetic minerals. Graph
a) demonstrates magnetically soft magnetite and graph b) shows samples with mag-
netically hard goethite and negligible amount of magnetite.

4. Methods

Oriented hand samples (38) from the Nutzhof section were cut to 111 laboratory spec-
imens. Remanent magnetization (RM) of the rocks was easily measured using JR-5A
spinner magnetometer or Liquid helium-free Superconducting Rock Magnetometer,
type 755 4K SRM and the magnetic susceptibility of the samples was measured using
a KLY-4 Kappabridge (JELiNEK 1966, 1973). Mean values of the modulus of natural RM

Magnitil
S—— NITIVA magnetizason Gosthite
Gt—i> N1TZ0A domagnatization #—4—& N111071A magnetization
01 — a} B M17902A magnetization 0.08 — b) G—G—O NII0AA domagnetization
) [F—F—F] Hi7e024 domagnetizaton L B—E— n01T0aA magnatization

B+t natization
Ak NITASEC magnatizason NOTTOMA demgnalizal
A NIT4S6C demagnetization

0.08 —
0.06 —

IRM [Ajm]
IRM [Ajm]
=]
g2
|

0.02 —

0 LR UL R UL T o T oo U ERLL LR R | LR

1 10 1000 10000 1 10 1000 1000C

100 100
field [mT] field [mT]

Fig. 2: Examples of IRM acquisition and AF demagnetization curves, limestone samples:
a) samples with magnetically soft magnetite and b) samples with magnetically hard goethite and
negligible amount of magnetite.
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(Jn) and of volume magnetic susceptibility (kn) for 111 samples of upper Tithonian and
lower Berriasian limestones are shown in Table 1. These data given in the magneto-
stratigraphic profile indicate a significant jump of remanent magnetization and mag-
netic susceptibility, in the meter 10. The reason of this jump is change in lithology, from
meter O to 10 prevailing limestones and from meter 10 started siltstones. Several pilot
samples were experimentally subjected to alternating field (AF) demagnetization using
a LDA -3A demagnetizer. The method of progressive thermal demagnetization (TD)
using the MAVACS demagnetizer (PRiHODA et al. 1989) gave considerably better results.
Each of the 86 samples studied was subjected to TD or AF demagnetization in 11-12
temperatures or fields. As a result, the individual components could be precisely estab-
lished in the vast majority of samples using the multicomponent analysis of remanence
(KirscHvINk 1980). Zijderveld diagrams and diagrams of Mt/Mn values vs. laboratory
thermal demagnetizing field t (°C) were constructed for all samples.

Table 1: Basic magnetic parameters and statistical properties of the physical quantities in the
basic groups of samples from the Nutzhof.

Modulus of natural Volume magnetic
Number of remanent magnetization susceptibility
Age Magnetozone M [10° A/m] k [10% S]]
samples Standard Standard
Mean value deviation Mean value deviation
Early
Berriasian N+R 19 108 42 3.2 24
Late
Tithonian N+R 92 224 112 58 12

Limestone beds at the Nutzhof display uniform overturned bedding-plane orientation,
with the mean strike of 151°+30° and the mean dip angle of 44°+22°. From paleomag-
netic point of view the mean strike is 331°+30° and the mean dip angle is 136°+22°.
The uniform bedding plane orientation is also responsible for the equal dispersions of
the mean directions of remanence components in situ (not corrected for tectonic dip)
and those corrected for tectonic dip. According these values we used tilt test, the fold
test was not possible to apply in this case.

5. Analysis of magnetic and palaeomagnetic properties

Results of AF and TD demagnetization procedures are displayed in Figures 3—-4. They
refer to two limestone samples with normal palaecomagnetic directions (sample N 0720-
1 from M19N of the magnetostratigraphic profile and sample N 1720-3B from M22N)
and two limestone samples with reverse palaeomagnetic directions (sample N 0430il
from M17R of the magnetostratigraphic profile and sample N 1280-3 from M20R).
Analogous results were obtained for most samples from the whole Nutzhof section. The
remanent magnetization directions shown in the projections are corrected for the dip of
strata. Results of the multi-component analysis of remanence show that the rock samples
from Nutzhof display a three-component remanent magnetization. The A-component is
undoubtedly of viscous origin and is demagnetizable in the temperature range of 20—
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Fig. 3: Results of AF and TD demagnetization of two limestone samples (a — N0720-1; b -
N1720-3B) with normal palacomagnetic polarity. Top left: Stereographic projection of NRM vector
variations during AF (a) and TD (b) demagnetization, solid and open circles denote projections of
NRM vectors on the lower and upper hemispheres, respectively. Top right: Zijderveld diagram,
solid circles represent projection on the horizontal plane (XY), open circles represent projections
on the north-south vertical plane (XZ). NRM module (M) as dependent on AF intensity (a) and
TD field (b). A graph of volume magnetic susceptibility as dependent on TD field (b).
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Fig. 4: Results of AF and TD demagnetization of two limestone samples (a — N0430il; b —
N1280-3) with reverse palaecomagnetic polarity. See caption for Fig. 3.
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100 °C (or AF 0-5 mT); the B-component is also of secondary origin but shows harder
magnetic properties being demagnetizable in temperature range of 100-200 °C (or AF
5-20 mT); the C-component is the most stable, being demagnetizable in temperature-
range of c. 350-500 °C (or AF 30-100 mT). The origin of the B-component was studied
by statistical processing of a larger set of data and is discussed below (section 6). The
mean directions and dispersions of components were calculated using Fisher’s statistics
(FisHER 1953) and were displayed on Wulf stereographic projection. They are marked
either by full or empty crossed circles with a confidence circle circumscribed around
the mean direction at the 95 % probability level. Low-field magnetic susceptibility (k)
ranges from -5.9 to 94.9x10 Sl and the intensity of the natural remanent magnetization
(NRM) varies between 31 and 615x10° A/m.

6. Discussion of the main results

The paleomagnetic data given in the magnetostratigraphic profile indicate a significant
jump of remanent magnetization and magnetic susceptibility, in the meter 10. The reason
of this change is lithology, from meter 0 to 10 prevailing limestones and from meter 10
started siltstones. The mean B-component directions of the sets of rocks, upper Tithonian
and lower Berriasian display a somewhat higher dispersion, see Table 2. Inclination of
the field of theoretical co-axial geocentric magnetic dipole for the Nutzhof is 64.2°; the
mean inclination of B-component (secondary or “present day” component) calculated
from our data set is higher (73°), the B-component is considered without correction for
the dip of strata (in situ directions), see Fig 5. These components were undoubtedly im-
printed in the near past during normal polarity of the Earth’s magnetic field, most prob-
ably in the Neogene, after Alpine folding. Both magnetic polarities are present in C-
component directions, but the directions are highly scattered (Table 2). Consequently, the
mean direction for samples with normal polarity is D=314.7°, 1=32.0°, 0,5=12.5° (Fig 6).

a) GEO

(Wulf)

TILT CORR
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® Down @ Down
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Fig. 5: J/K limestones and marls, directions of B-components of RM corrected (a) and not
corrected (b) for dip of strata. Stereographic projection, full (open) small circles represent pro-
jection onto the lower (upper) hemisphere.
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Fig. 6: J/K limestones and marls, directions (N polarity) of C-components of RM corrected (a)

and not corrected (b) for dip of strata. See caption for Fig. 5.

For reverse polarity we obtained two groups, the first (R1) is D=76.1°, [=-39.3°, 045 =8.4°
and the second (R2) is D=192.8°, [=-45.2°, ay =14.5° (Figs 7 and 8). This normal polar-
ity direction is in agreement with the magnetic field for the J/K, but the reverse polarity
presents high difference of declination. Table 2 shows that the dispersions of C-componet
directions are always wider for rocks in situ (not corrected for dip of strata) than disper-
sions of directions corrected for dip of strata. The mean values of C-component of normal
polarity directions are anomalous, having been affected by counterclockwise paleotec-
tonic rotation. An analogous palaeotectonic rotation has been reported for Cretaceous and

TILT CORR
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a) GEO
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| N O N R I N PR A IR B I |

|
I
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Fig. 7: JIK limestones and marls, directions (R1 polarity) of C-components of RM corrected (a)
and not corrected (b) for dip of strata. See caption for Fig. 5.
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Fig. 8: J/K limestones and marls, directions (R2 polarity) of C-components of RM corrected (a)
and not corrected (b) for dip of strata.See caption for Fig. 5.

Jurassic rocks in a broader region of the Eastern Alps. The nearest profiles that had been
palaeomagneticaly studied are in Eastern Alps intramontane basins filled with Miocene
sediments; it shows counter-clockwise rotations from 27° to 59° (MARrTON et al. 2000).
On the contrary the second closest sets of profiles, the Gossau sediments (upper Creta-
ceous), shows clockwise rotations from 26° to 59° (MAURITSCH & BECKE 1987).

Table 2: Mean directions of B (LFC or LTD) and C-components (HFC or HTD) corrected and
not corrected for structural tilt.

Structural tilt correction No structural tilt correction

S g (in-situ directions)
5| = Mean Mean o 2
[y < =]
Age of rocks é- é 2 directions | K directions Qs K & L
8 2 Decl. | Incl. | [] Decl. | Incl. | [9]
(1] [ [ ] [
L. Tith.+ E.Berr. B R |3541| -584 6.8 6.9 85| 73.0 6.0 8.7 62 5
L. Tith.+ E.Berr. C N |314.7| 320| 125| 11.4]162.7 82| 17.2 8.0 1 6
L. Tith.+ E.Berr. C R1 76.1| -39.3| 84| 311| 283| 17.0| 9.6| 237 9 7
L. Tith.+ E.Berr. C R2 |1928| -45.2| 145 93|3200| 09| 183| 59 10 8

N, R, normal, reverse polarity

7. Magnetostratigraphic profile

The section at Nutzhof complies with our aims in three fundamental criteria: (a) con-
tinuous sedimentation not interrupted by marked diastems; (b) rich fossil associations
(calpionellids, amonites) allowing a detailed biostratigraphic division; and (c) rocks with
magnetic properties that are favourable for reliable determination of palaeomagnetic
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polarity. The calpionellid associations are very well preserved and highly diversified
(REHAKOVA et al. 2008). The log at Nutzhof contains 18 m of inverse, cm to dm beds
showing at meter 7 the Jurassic-Cretaceous boundary (REHAKOVA et al. this volume).
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Fig. 9: Magnetostratigraphic profile across the Nutzhof J/K boundary strata, preliminary results
of magnetic, palaeomagnetic and lithostratigraphic data. M — NRM in the natural state; k —
value of volume magnetic susceptibility in the natural state; D — declination; I — inclination.
Normal magnetozones are denoted in black, reverse in white and unknown in grey. Calpionellid
biostratigraphy from REnAKOVA et al. (this volume).



342 Annalen des Naturhistorischen Museums in Wien 110 A

Our study concentrated on the investigation of the basal 18-m thick portion of the sec-
tion, on the limestone strata around the J/K boundary, to preliminarily determine the
boundaries of magnetozones M17N to M22R (six reverse and six normal zones), see
Fig. 9. In order to identify the detected polarity zones against the M-sequence of polar-
ity intervals given by the GPTS (GRADSTEIN et al. 2004).

The localities in the Tethyan realm include the J/K sections at Brodno near Zilina (West-
ern Carpathians, W Slovakia), the Tatra Mountains (central Western Carpathians, Po-
land), the Bosso Valley (Umbria, central Italy) and at Puerto Escafo (Province of
Corddba, S Spain). These localities provided very detailed to high-resolution magneto-
stratigraphic data across the J/K boundary. The reverse subzones were precisely local-
ized in all the sections in analogous relative positions in magnetozones M20N (Kysuca
Subzone) and M19N (Brodno Subzone), respectively. Identification of the magnetozones
enables a rough estimation of sedimentation rates for these studied sections. The average
sedimentation rate in our section (Nutzhof) is around 2.5 m/Ma. The average sampling
density of the whole section was around two samples per 1 m of true thickness of lime-
stone strata. The value of sedimentation rate for the Nutzhof section corresponds to an
average sedimentation rate of 2.27 m/Ma in Brodno and 2.88 m/Ma in Puerto Escafio.
Relatively low value (1 m/Ma) are recorded in Bosso Valley, but mostly higher values
(3-20 m/Ma) are given by GraBowsKl & Pszczorkowski (2006) for sections in the
Tatra Mountains.

8. Conclusions

The magnetostratigraphic study concentrated on the investigation of the basal 18 m
thick portion of the Nutzhof section, on the limestone strata around the J/K bound-
ary, to preliminarily determine the boundaries of magnetozones M17N to M22R (ac-
cording correlation with GPTS), it means six reverse and six normal zones. The direc-
tions of B-component (LFC and LTC) are most probably secondary origin (the Neo-
gene), after the rocks had been folded. Both magnetic polarities are present of C-
component (HFC and HTC) directions, but the directions are highly scattered. This
normal polarity direction is in agreement with the magnetic field for the J/K, but the
reverse polarity presents two groups with difference in declination. The next step of
magnetostratigraphic investigation will be to determine the boundaries of magnetozones
M19 and M20, the average sampling density for the whole section must be around 5
to 8 samples per 1 m and 20 and more samples per 1 m in critical portions of the
section.
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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 fur die
sedimentare 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.

Schlusselworte: Kalkige Mikrofossilien, Nannofossilien, Pelagische Karbonate, JJK Grenze, Grestener
Klippenzone.

1. Introduction to the geology and lithology of the Nutzhof section

This study presents the results of a joint geophysical and palaesontological 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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Fig. 1: Geological situation and localization of the Nutzhof section in Lower Austria from
LUKENEDER (2009; this volume).

1). Ityields 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 Czizex (1852), followed later by KuppER (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-
HAKOVA et al. (2009) and PruUNER 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.
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Fig. 2: Age, lithology and guantitative 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 200820271/
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 REHAKOVA (2000b). The preservation
of the calpionellids is generally good. Their quantitative representation is variable, from
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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 REHAKOVA'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 REHAKOVA (1995) and REHAKOVA &
MicHALIK (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. 111. 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. 1ll. fig. 5). They contain aptychi, bivalves, ostracods (locally also with
ornamented shells), crinoids, ophiurids, sponge spicules, Saccocoma sp., Colomisphaera
fortis RenAnek (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 (Corom),
Colomisphaera fortis REHANEK, 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 Nacy (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 ReHANEK (pl. 1, fig. 8), Cadosina semiradiata fusca (WAN-
NER) and Colomisphaera fortis REHANEK. 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 REHANEK
(pl. 1, fig. 9) and Schizosphaerella minutissima (CorLom). 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 Por (pl. 2, fig. 6), Remaniella catalanoi Por and Lorenziella hungarica
K~aUER. 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 (MurRGEANU & FiLipEscu), Tintin-
nopsella longa (Corom; pl. 2, fig. 7), Remaniella catalanoi Pop (pl. 2, fig. 8), Rema-
niella duranddelgai Pop, Calpionella elliptica CapiscH (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 NokL,
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 No#L, and
Discorhabdus ignotus (GOrkA) 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 THiErRSTEIN allowed us
to distinguish the Conusphaera mexicana mexicana NJ 20 Zone; Hexapodorhabdus
cuvillieri Subzone NJ 20-A (RoTH et al. 1983; emended BrRALOWER 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
(NoEL) 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 BrRALOWER 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 & ACHERITEQUY (pl. 6, fig. 1),
Nannoconus kamptneri minor BRALOWER, Nannoconus cornuta DERES & ACHERITEQUY
(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 BRONNIMANN subsp. globulus Deres & AcHERITEQUY (pl. 6, fig. 5), Nanno-
conus steinmanni minor DErRes & ACHERITEQUY (pl. 6, figs. 1, 13, 16-18), Nannoconus
steinmanni steinmanni (pl. 6, figs. 19-20), and Nannoconus kamptneri kamptneri
BRONNIMANN (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 HArRDENBOL 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 gquantitative 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 Nacy, Carpistomiosphaera borzai
(NAGY), Schizosphaerella minutissima (CoLom), Parastomiosphaera malmica (Borza),
Cadosina semiradiata semiradiata WANNER, Cadosina semiradiata fusca (WANNER),
Carpistomiosphaera tithonica Nowak, Colomisphaera fortis REnANEK, Colomisphaera
tenuis (NAGY), Colomisphaera carpathica (Borza), and Stomiosphaerina proxima
ReHANEK. Several dinoflagellate zones were recognizable: Tithonica, Malmica and
Semiradiata Zones. For the first time the appearance of Colomisphaera fortis REHANEK
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precedes the appearance of Colomisphaera tenuis (NAGY), preventing the determination
of the Tenuis and Fortis dinoflagellate Zones sensu REHANEK (1992).

The stratigraphic and palaeoecological potential of calcareous dinoflagellates has been
discussed by REHAKOVA (20003, 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 MicHALIK 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 (REHAKOVA in MICHALIK 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 (CorLowm), Calpionella grandalpina Nacy 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), REHAKOVA (1995), OLORIZ et al.
(1995), GRUN & Brau (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; OzkaN 1993; TAVERA et al. 1994; BORNEMANN et al.
2003; Pszczorkowskl & MyczyKski 2004; TREMOLADA et al. 2006; HALASOVA in
MicHALIK 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).
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TrREMOLADA 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 (REHAKOVA 2000Db).
If compared with the Brodno section (MicHALIK et al. 2007 and MicHALIK 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.



362 Annalen des Naturhistorischen Museums in Wien 110 A

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 REHANEK 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 REHANEK in radiolarian-calpionellid wackestone. Samples
No. 9.4 (NHMW 2008z0271/0006) and No. 6.0 (NHMW 2008z0271/0007).

Scale bars equal 50 pm.
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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 NacGy 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 (Corom) in radiolarian-calpionellid wackestone. Sample No. 3.4
(NHMW 2008z0271/0014).

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

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

Scale bars equal 50 pm.
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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 pm.
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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 pm.
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Plate 5

Zeugrhabdotus embergeri (NoEL) PERCH-NIELSEN; Sample No. 15.0
(NHMW 2008z0271/0023).

Zeugrhabdotus erectus (DEFLANDRE) REINHARDT; Sample No. 10.0
(NHMW 2008z0271/0024).

Discorhabdus ignotus (GOrkA) PERCH-NIELSEN; Sample No. 9.0
(NHMW 2008z0271/0025).

Helenea chiastia WorsLEY; Sample No. 11.0 (NHMW 2008z0271/0008).
Speetonia colligata Brack; Sample No. 8.0 (NHMW 2008z0271/0026).

Watznaueria barnesae (BLACK) PERCH-NIELSEN; Samples No. 9.0
(NHMW 2008z0271/0025), 17.0 (NHMW 2008z0271/0003), 9.0
(NHMW 2008z0271/0025).

Watznaueria britannica (STRADNER) REINHARDT; Sample No. 18.0
(NHMW 2008z0271/0028).

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

Cyclagelosphaera margerelii NotL; Samples No. 18.0 (NHMW 2008z0271/0028),
15.0 (NHMW 2008z0271/0023).

Cyclagelosphaera deflandrei (ManiviT) RotH; Sample No. 17.0
(NHMW 2008z0271/0003).

Diazomatholithus lehmannii NokL; Sample No. 3.0 (NHMW 2008z0271/0029).

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).

Conusphaera mexicana Trejo subsp. minor BowN & CoopPer; Sample No. 18.0
(NHMW 2008z0271/0028).

Faviconus multicolumnatus BRALOWER in BRALOWER et al.; Samples No. 14.0
(NHMW 2008z0271/0030), 17.0 (NHMW 2008z0271/0003).

Nannoconus compressus BRALOWER & THIERSTEIN in BRALOWER et al.;
Sample No. 11.0 (NHMW 2008z0271/0008).

?Nannoconus wintereri BRALOWER & THIERSTEIN in BRALOWER et al.;
Sample No. 9.0 (NHMW 2008z0271/0025).

Nannoconus globulus BRONNIMANN SSp. minor BRALOWER in BRALOWER et al.;
Samples No. 7.0 (NHMW 2008z0271/0032), 5.0 (NHMW 2008z0271/0033).

Nannoconus cornuta DERES & ACHERITEQUY; Sample No. 5.0
(NHMW 2008z0271/0033).

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 um
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Plate 6
Fig. 1: Nannoconus steinmanni minor DERES & ACHERITEQUY; Sample No. 4.0
(NHMW 2008z0271/0034).
Figs 2-3:  Nannoconus kamptneri kamptneri BRONNIMANN; Sample No. 4.0
(NHMW 2008z0271/0034).

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

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

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

Figs 7, 11: Nannoconus globulus Brénnimann 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 & ACHERITEQUY; 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 BRONNIMANN; Sample No. 2.0
(NHMW 2008z0271/0035).

Figs 16-18: Nannoconus steinmanni minor DERES & ACHERITEQUY; 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 pm.
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Abstract

Tithonian to Berriasian sediments of the Blassenstein Formation exposed at the Nutzhof section, 5 km north
of Hainfeld, in the Gresten Klippen Belt were sampled for crinoids. Only the Tithonian part of the section
proved suitable for bulk sampling. Four crinoid taxa (Balanocrinus sp., Saccocoma tenella (GoLDFuUsS,
1831), Crassicoma ? sp., and Phyllocrinus belbekensis ARENDT, 1974) could be documented. Among these,
only S. tenella and probably Crassicoma ? sp. appear to be autochthonous; the others are interpreted as
transported based on preservation and size range. The observed changes in lithology and microfauna may
reflect geodynamically induced palaeogeographic changes and/or basinal deepening.

Keywords: Crinoidea, Echinodermata, Gresten Klippenbelt, Austria, Tithonian, Jurassic

Zusammenfassung

Sediment der Blassenstein-Formation aus dem Tithon bis Berrias wurden am Profil Nutzhof, 5 km ndrdlich
von Hainfeld in der Grestener Klippenzone auf Crinoiden beprobt. Nur der Tithon-Anteil des Profils war
flir Schlammproben geeignet. Vier Crinoidentaxa (Balanocrinus sp., Saccocoma tenella (GoLpruss, 1831),
Crassicoma ? sp., und Phyllocrinus belbekensis ARENDT, 1974) konnten nachgewiesen werden. Von diese
werden nur S. tenella und Crassicoma ? sp. als autochthone Elemente gedeutet. Der Erhaltungszustand und
die GroRensortierung der zwei anderen Formen weist auf Transport hin. Die beobachteten Anderungen von
Lithologie und Mikrofauna kénnten geodynamisch induzierte Veranderungen der palédogeographischen
Position oder eine Vertiefung des Beckens widerspiegeln.

Schliisselworte: Crinoidea, Echinodermata, Grestener Klippenzone, Osterreich, Tithon, Jura

Introduction

Stalked crinoids were an important and diverse constituent of Palaeozoic and Meso-
zoic marine faunas, occurring abundantly in both shallow and deep water settings over
a wide range of (palaeo-)latitudes (see Hess et al. 1999). This contrasts strongly with
their modern distribution, where stalked crinoids are restricted to deeper water below
100 m. In shallow-water environments, only the stalkless comatulids, are found, with
greatest abundance in the coral reefs of the tropical Indo-Pacific (MEYER & MACURDA
1976).

! Naturhistorisches Museum Wien, Burgring 7, 1010 Vienna, Austria; e-mail: andreas.kroh@nhm-wien.
ac.at, alexander.lukeneder@nhm-wien.ac.at
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Stalkless crinoids first evolved in the Triassic, including forms like the wide-spread
osteocrinids (e.g. KrisTaAN-TOLLMANN 1970; WANG et al. 2007). In the Late Jurassic to
Early Cretaceous, another group of unstalked crinoids became prominent, the saccoco-
mids. These microcrinoids were highly modified and apparently very successful, as
documented by their wide-ranging occurrence (from Cuba to Japan; Nicosia & PARIsI
1979; MannI et al. 1997) in rock-forming quantities (Keupp & MATYSzKIEWICZ 1997;
Hess 2002). Unlike most other crinoids, their abundance and brief temporal distribu-
tion accounts for their quality as index fossils for the Kimmeridgian to Tithonian
(Nicosia et al. 1979). Despite their common occurrence, their mode of life has been
discussed controversially. Interpretations range from a benthic mode of life (MiLsom
1994; MiLsoM & SHARPE 1995; MANNI, NicosiA & TAGLIACc0Ozzo 1997) to a pelagic
lifestyle (JAEkeL 1892; Keuprp & MATyszkiEwicz 1997; Hess 1999, 2000), including
active snap-swimming (SEILACHER & HAUFF 2004; SEILACHER 2005).

Research on Upper Jurassic to Lower Cretaceous deposits in the Klippen Belt southwest
of Vienna led to the discovery of a succession spanning a large time interval (see LUKEN-
EDER 2009). This section exposes strata of the Blassenstein Formation and contains
marls and limestones rich in saccocomid remains as well as in other crinoids. Unlike
the situation in most other occurrences, the high marl content allowed bulk sampling
and extraction of the saccocomid ossicles.

Study area

The studied outcrop is located at 48°04°50” N, 15°47°38” E, in an area called Klein-
durlas, 5 km north of Hainfeld and 20 km south of Boheimkirchen (fig. 1). There,
strata of the Blassenstein Formation are exposed in a small, disused quarry near a farm
called Nutzhof. The section comprises an 18-m-long succession of strongly tilted, in-
verse, well-bedded marls and limestones. At the base, marl and marly limestone bands
dominate, being replaced by increasingly pure limestone towards the top. Based on
preliminary data from palaeomagnetics, ammonites, and microfossils (LUKENEDER 2009;
PRUNER et al. 2009; REHAKOVA et al. 2009) the lower part can be assigned to the Early
Tithonian and the upper part to the Middle Berriasian (fig. 2). In terms of microfacies,
a change from a saccocomid facies to a calpionellid facies can be observed within the
succession.

Geologically, the area belongs to the Gresten Klippen Belt, a small band of Upper
Jurassic to Lower Cretaceous sediments situated north of the Northern Calcareous Alps.
Adjacent units belong to the Rhenodanubian Flysch Zone.

Material & Methods

Apart from a survey of the thin sections, which were also employed to study calpionel-
lids (REHAKOVA et al. 2009), an effort was made to obtain three-dimensional specimens
of the crinoids and other microfossils commonly observed in the thin sections (namely
foraminifera, ostracods, rhyncholiths, small aptychi, ophiuroid remains, etc.). The older,
marly part of the succession (metre 10 to 18) was sampled intensively. Wherever pos-
sible, samples were taken in marl layers adjacent to the limestone beds sampled for thin
sections and palaeomagnetics (PRUNER et al. 2009). A general lack of marly horizons in
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Fig. 1: Locality map of Austria with indicated position of the Klippenbelt in Lower Austria (A)
and detailed map (B) of the area around Nutzhof showing the outcrop of Upper Jurassic to
Lower Cretaceous sediments from the Klippenbelt (brick-structure).

part of the succession (metre 0 to 10.0) prevented bulk sampling in the younger strata.
These beds were analysed by thin sections only.

Due to the high lithification of the samples traditional washing methods (hydrogen
peroxide, boiling with sodium, petrol, etc.) were unsuccessful. Partial disaggregation
was achieved by repetitive, combined treatment with hydrogen peroxide and the tenside
Rewoquat (see LierL 1992). Particularly well lithified aggregates that were unaffected
by the treatment were removed from the samples after the first cycle. Accordingly, the
quantitative data presented below are biased by lithification, but comparison with data
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obtained form thin sections showed that this bias is small and the resulting abundance
patterns largely comparable.

After disaggregation and cleaning, the microfossils were hand picked under a micro-
scope. For the present study we used the sediment fractions > 250 um only.

All samples are stored at the Natural History Museum of Vienna, in the collection of
the Department of Geology and Palaeontology. Echinoderms picked from the samples
but not used in the present study are stored under the repository numbers NHMW
2008z0232/0001 to 0002 (Crinoidea indet.), 2008z0233/0001 (Asteroidea indet.),
2008z0234/0001 to 0016 (Ophiuroidea indet.), 2008z0235/0001 to 0006 (Echinoidea
indet.).

Abbreviations:
NHMW - Naturhistorisches Museum Wien

Systematic part

Class Crinoidea MILLER, 1821
Order Isocrinida SIEVERTS-DORECK, 1953
Family Isocrinidae GisLEN, 1924
Genus Balanocrinus AGassiz, in DESOR, 1845

Balanocrinus sp.
(fig. 3)

Material: 13 columnals of immature (?) specimens from samples NU 14.10, 14.60,
14.80, 15.80, 16.10, and 17.85 (NHMW 2008z0228/0001, 2008z0229/0001 to 0006).
Six brachial ossicles and 25 cirrals from samples NU 14.30, 14.60, 14.80, 15.60, 16.10,
and 17.85 (NHMW 2008z0230/0001 to 0006, 2008z0231/0001 to 0005) are tentatively
associated with the co-occurring columnals.

Description: The columnals recovered from the bulk samples are small, high and
pentagonal in cross section. They are concave-sided and ornamented by small flanges
on the lateral surfaces. The facets show pentaradiate symplexy with strong, but short
marginal crenulae. Only a single nodal was found (sample NU 14.60), which is very
similar to the internodals, apart from the synostosis on the distal facet and the large
cirral facets.

Only distal and/or immature brachial ossicles were recovered. These are high, with
concave sides and subequal pinnular and brachial articulation surfaces.

The proximal cirrals are short, rhomboidal in side view and bear a weak aboral rib. The
distal cirrals are much longer and have a much more prominent distal rib, which is ser-
rated.

Remarks: The present material is very scarce and consists of immature specimens.
The association of columnals with brachial and cirral ossicles is mainly based on co-
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Fig. 3: Balanocrinus sp., Tithonian, Nutzhof, Austria (1, 2, 5: from sample NU 14.80, others
from NU 14.60). 1: proximal cirral (NHMW 2008z0230/0002); 2: distal cirral (NHMW
2008z0230/0001); 3-4: brachials (NHMW 2008z0230/0004, .../0005); 5-6: internodals (NHMW
2008z0228/0001, .../0003); 7: nodal, a = distal cryptosymplectial facet (?) (NHMW
2008z0228/0002).

occurrence. Due to the nature and scarcity of the material a specific identification is
difficult. The specimens from Nutzhof are very similar to ossicles from juvenile Bal-
anocrinus cf. subterres described by Pisera & Dzik (1979), but according to HEss
(1975) and GrucHowski (1984) a pentagonal columnal shape is more characteristic for
Balanocrinus pentagonalis. The lateral flanges observed on the columnals, however, are
unusual in Balanocrinus (compare e.g. Hess 1975: pl. 20, figs 1-8, 11; SALAMON &
ZAToN 2008: fis 5e-g). Many Isocrinus species show rich lateral ornament, but differ
by their different articular facets.

Occurrence: Early Tithonian (Carpistomiosphaera tithonica Zone to Cadosina
semiradiata Zone) of Nutzhof, Klippenbelt, Austria (this study); Balanocrinus pen-
tagonalis is a common member of crinoid associations in the Tithonian to Berriasian of
the Pieniny Klippen Belt, Poland (Grucuowski 1987), but has a wider range elsewhere
(Hess 1975; SarLamon 2008).
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Order Roveacrinida SIEVERTS-DORECK, 1953
Family Saccocomidae p’ORBIGNY, 1852
Genus Saccocoma Agassiz, 1853

Saccocoma tenella (GoLpruss, 1831)
(fig. 4)

1892  Comatula tenella nobis. — GoLpruss: 204; pl. 62, figs la-d.

1892 Comatula pectinata nobis. — GoLpruss: 205; pl. 62, figs 2a-e.

1892  Camatula [sic!] filiformis nobis. — GoLbruss: 205; pl. 62, figs 3a-b.

1979  Saccocoma tenella GoLpruss, 1862 — Pisera & Dzik: 810-811; figs 3a-g; pl. 1,
figs 8-9; pl. 2, figs 1-7; pl. 3, figs 1-3.

1980 Saccocoma tenella (GoLpruss, 1831) — HoLzer & PortniG: 207-215; fig. 2; pl. 1,
figs 1-13; pl. 2, figs 1-16; pl. 3, figs 1-3.

1987  Saccocoma tenella GoLpruss, 1862 — GrucHowskI: 39-40; figs 13.7-10; pl. 17,
figs 1, 4-6; pl. 18, figs 1-5; pl. 19, figs 1-6.

2002  Saccocoma tenella (GoLpruss, 1831) — HEss: 19; figs 12, 13.

2006  Saccocoma tenella (GoLpruss, 1831) — BroDACKI: 264-268; figs 3A-E, 4A, B,
5A-D, H, |, 6A, B, E, F, H, I.

2008  Saccocoma tenella (GoLpruss, 1831) — KrRoH & LUKENEDER: 46

Material: 1248 radials (NHMW 2008z0236/0001 to 0004, 0010 to 0014,
2008z0237/0001 to 0021), 971 brachials (NHMW 2008z0236/0005 to 0009, 0015 to
0023, 2008z0238/0001 to 0019) from samples NU 10.90 to NU 13.00, NU 13.50 to NU
14.30, and NU 15.00 to NU 18.10.

Description: The radials (figs 4.11-4.19) are thin and arrow-head-shaped, with
distinctly serrate sides and a prominent central rib. Their outer surface is sculptured by
a reticulate meshwork. The pattern formed by the meshwork varies from irregular (fig.
4.18) to oblique, well-organized sub-parallel ridges (figs 4.15, 4.16). The inner surface
(fig. 4.19) is more or less smooth, with a shallow central groove tracing the position of
the rib on the outer side. The articulation facet is small and preserved in few ossicles
only. The aboral part of the articulation facet is rounded, knob-like and does not bear
any processes (figs 4.11-4.14).

The proximal brachials (IBr2, 11Br2, 11Br4 and some of the more distal secundibrachi-
als) bear distinct wings (figs 4.1-4.4). Although these wings are broken off in most
Nutzhof specimens, they are more or less disc-shaped and subequal in size on both sides
of the brachials. More distal brachials bear paired oral processes (fig. 4.5).

Remarks: The present material clearly belongs to S. tenella, agreeing in detail with
material from the type-area Solnhofen (Bavaria, Germany; Hess 2002) and Poland
(P1serA & Dzik 1979; BRopDACKI 2006). The largest radials recovered from the Nutzhof
bulk samples barely reach 4 mm and are thus smaller than those reported elsewhere (HoL-
7ZER & PoLTNIG 1980). Nevertheless, the ontogenetic change in radial sculpture docu-
mented by HoLzer & PoLTNIG (1980: 207-214) can be observed in the present material
as well.
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Fig. 4: Saccocoma tenella (GoLpruss, 1831), Tithonian, Nutzhof, Austria; 1-4, 6-10: proximal
brachials (1: NU 17.85; NHMW 2008z0236/0016; 2: NU 11.50; NHMW 2008z0236/0015; 3:
NU 13.00; NHMW 2008z0236/0017; 4: NU 16.60; NHMW 2008z0236/0018; 6-10: NU 17.85;
NHMW 2008z0236/0005 to .../0009); 5: distal brachial (NU 15.60; NHMW 2008z0236/0019);
11-14: parts of radials with articulation socket (11-12: NU 13.00; NHMW 2008z0236/0010,
.../[0011; 13-14: NU 16.10; NHMW 2008z0236/0013, .../0014); 15-18: broken radials, outer
surface (15: NU 13.00; NHMW 2008z0236/0012; 16-18: NU 17.85; NHMW 2008z0236/0002
to .../0004); 19: broken radial, inner surface (NU 17.85; NHMW 2008z0236/0001).

S. quenstedti SIEVERTS-DORECK & HESs, in HEss, 2002 and S. vernioryi MANNI &
Nicosia, 1984 differ by their paired, antler-like processes attached to the aboral part of
the articulation facet of the radial ossicles (two in S. quenstedti, four in S. vernioryi;
HEess 2002; Bropackr 2006). S. longipinna Hess, 2002 (Saccocoma sp. of VERNIORY
1962) differs by its highly asymmetrical proximal brachials with one strongly elon-
gated and one rudimentary wing.
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S. schwertschlageri WALTHER, 1904 is a synonym of S. tenella and according to MANNI
& Nicosia (1984: 183), representing cases of special preservation after total autotomy
of the arms.

Occurrence: Late Kimmeridgian to Late Tithonian

Late Kimmeridgian of Dorset, UK (MiLsom 1994) and France (VErNIORY 1960); Early
Tithonian of Southern Germany (JAEKEL 1892; SIEVERTS-DORECK 1955; Hess 2002);
Early to Middle Tithonian of the Pieniny Klippen Belt, Poland (Pisera & Dzik 1979;
GrucHowskI 1987; BRopAcKI 2006); Early to Late Tithonian (Carpistomiosphaera ti-
thonica Zone to Praetintinnopsella Zone) of Nutzhof, Klippenbelt, Austria (this
study).

Genus Crassicoma SIEVERTS-DORECK & HESS, in HEss, 2002

Crassicoma? sp.
(fig. 5)

Material: 20 brachial ossicles from samples NU 17.10 and NU 17.55 (NHMW
2008z0240/0001 to 0009).

Description: Primibrachials — the ossicle tentatively identified as IBrl (fig. 5.4)
is slightly elongated and dorso-ventrally flattened. The proximal part is slightly wider
and shows a muscular articulation, the distal articulation is non-muscular and sloping.
The external surface is devoid of ornamentation. The second primibrachial (IBr2 = 1AX;
figs 5.5-5.6) is strongly wedge-shaped with a triangular profile. It lacks both wings and
oral processes. The proximal facet is non-muscular (probably a cryptosynarthry), where-
as the two distal facets are muscular.

The secundibrachials (figs 5.1-5.3) are stout, dumbbell-shaped and lack wings. Instead,
they possess a pair of oral projections or ridges. In profile they are distinctly triangular.
One facet is muscular, the other one a horseshoe-shaped synostosis. The latter is strong-
ly inclined in relation to the long axis of the ossicle. None of the brachials shows a
pinnulae socket. Assignment to specific positions is difficult, but it appears that no 11Brl
are preserved among the material.

Distal brachials (fig. 5.7) are rectangular, slightly elongated and dorso-ventrally flat-
tened. They bear muscular articulations on both ends, which are perpendicular to the
long axis of the ossicle.

Remarks: The present brachial ossicles are distinctly larger than the Saccocoma
brachials encountered in the same and adjacent samples. Furthermore, they lack the
wings but show relatively blunt (compared to Saccocoma) oral projections. They are
similar to proximal brachials of Crassicoma schattenbergi SIEVERTS-DORECK & HESS,
in Hess, 2002 and Crassicoma subornata SIEVERTS-DORECK & HESs, in HEss, 2002
figured in Hess (1972: pl. 3, fig. 50a-b; 2002: pl. 2, fig. 11Br4; pl. 3, figs 6-9; pl. 7,
fig. 19). They differ from those ossicles by lacking a reticulate ornament on the sur-
face.
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Fig. 5: 1-7: Crassicoma? sp., brachials, Tithonian, Nutzhof, Austria (from sample NU 17.10);
1-3: secundibrachials (NHMW 2008z0240/0002, .../0003, .../0005); 4: IBrl (NHMW
2008z0240/0004); 5-6: 1Br2 (NHMW 2008z0240/0006, .../0007); 7: distal brachial (NHMW
2008z0240/0008). 8-10: Undetermined echinoderm ossicles (possibly radials of Crassicoma),
Tithonian, Nutzhof, Austria (NHMW 2008z0239/0001, .../0004, .../0005).

Additionally, five echinoderm ossicles resembling Crassicoma radials (figs 5.8-5.10)
have been recovered from samples NU 11.50, NU 11.70, NU 16.10, NU 16.60 (NHMW
2008z0239/0001 to 0005). Their external surface shows a coarse reticulate ornament
much like that seen in C. schattenbergi. Although their general shape suggests that these
may be radials, they lack a well-defined articulation facet and, thus, may not represent
crinoid ossicles at all.

Occurrence: Early Tithonian (Carpistomiosphaera tithonica Zone to Paras-
tomiosphaera malmica Zone) of Nutzhof, Klippenbelt, Austria (this study).
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Order Cyrtocrinida SIEVERTS-DORECK, 1953
Family Phyllocrinidae JAEKEL, 1907
Genus Phyllocrinus ’ORBIGNY, 1850

Phyllocrinus belbekensis ARENDT, 1974
(fig. 6)
1974  Phyllocrinus belbekensis sp.nov. — ARENDT: 118-119; figs 14n-k; pl. 14, figs 1-21.
1979  Phyllocrinus belbekensis ARENDT, 1974 — Pisera & Dzik: 824-825; figs 11c-d,
13d; pl. 4, fig. 1.
1984  Phyllocrinus belbekensis ARENDT, 1974 — ZI’TT, J. & MicHaLik: 605-607; pl. 1,
figs 1-2; pl. 2, figs 1-2; pl. 3, figs 1-2; pl. 4, figs 1-2; pl. 5, figs 1-2; pl. 6, figs
1-2, 4; pl. 7, figs 1-3.
1987  Phyllocrinus stellaris ZAREczNY, 1876 — GrucHowsKI: 32-34; figs 15.3; pl. 11,
figs 1-6; pl. 12, figs 1-6; pl. 13, figs 1-4.
71987 Phyllocrinus belbekensis ARENDT, 1974 — GrucHowsKI: 34; figs 15.5; pl. 14, figs 1-6.
2008  Phyllocrinus belbekensis ARENDT, 1974 — ZATON, SALAMON & KAZMIERCZAK:
563-564; figs 2.D,-D,.

Material: 32 cups and 7 cup fragments from samples NU 10.30 to NU 13.80
(NHMW 2008z0226/0001 to 0005, 2008z0227/0001 to 0013). No columnals or brachi-
als were found that could be assigned with confidence to this taxon.

Description: Small cups with pentagonal outline, usually reaching a horizontal
diameter of 1.5 mm only. Rarely, larger specimens of up to 2.4 mm were recovered
from the samples. The thecal outline and shape varies from more flattened forms to
forms with subequal diameter and height. In profile, the cup expands gradually upward
to the proximal margin of the arm facets (figs 6.3b, 6.4a). More distally, it becomes
narrower again.

The cup consists of 5 radials only; no basals are present. The sutures between the radi-
als are poorly visible and are in broad but shallow furrows on the proximal part of the
cup. The radials bear a sharp median keel on the aboral surface (fig. 6.1b). The articu-
lation facets are small and set in a deep radial notch (fig. 6.3a), separated from the deep
oral cavity by a transversal septum. Distinct ledges that are sharply separated from the
remaining radial surface are situated around the arm facets (fig. 6.3a). The interradial
processes are high, narrow and acute triangular. The base is very regularly pentagonal
and sharply delimited. The facet to the stem shows a central elevation pierced by an
axial canal (fig. 6.1a). The surface of the cup is smooth.

Remarks: The mature specimen figured by Pisera & Dzik (1979: figs 11c; pl. 4,
fig. 1) differs from the present specimens by its larger stem facet. The same is true for
some of the specimens figured by AReNDT (1974: figs 96, 20), but is here considered
to represent natural variation by allometric growth. Otherwise, the present material is
almost identical to the material of ARENDT (1974).

According to Pisera & Dzik (1979: 823, 825), P. belbekensis differs from Phyllocrinus
stellaris ZArRECZNY, 1876 by its angular radials with sharp median keel, sharply delim-
ited ledges around arm facets and the narrow interradial processes. Specimens attrib-
uted to P. stellaris by GrucHowski (1987: 32-34) are unlike those described by ZARECZNY
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Fig. 6: Cups of Phyllocrinus belbekensis ARENDT, 1974, Tithonian, Nutzhof, Austria (sample NU
12.30); 1la-b: NHMW 2008z0226/0003; 2: NHMW 2008z0226/0004; 3a-c: NHMW
2008z0226/0001; 4a-c: NHMW 2008z0226/0002).

(1876: 213-214, pl. 1, fig. 9) and PisEra & Dzik (1979) and are referred to P. belbeken-
sis here. Under the latter name, GrucHowski (1987: pl. 14, figs 1-6) illustrated strong-
ly corroded Phyllocrinus cups of questionable specific affinity. Phyllocrinus minutus
ZARECZNY, 1876 is the only other Phyllocrinus similar in shape, but like P. stellaris
lacks the characteristic ledges around the arm facets of P. belbekensis.

Occurrence: Early to Middle Oxfordian of the epicratonic shelf deposits in south-
ern Poland (ZatoN, SaLamMoN & Kazmierczak 2008); Oxfordian of the Western Car-
pathians, Slovakia (ZiTtT & MicHALiK 1984); Early to Middle Tithonian of the Pieniny
Klippen Belt, Poland (P1sera & Dzix 1979; GrucHowski 1987); Early to Late Titho-
nian (Semiradiata Zone to Praetintinnopsella Zone) of Nutzhof, Klippenbelt, Austria
(this study); Hauterivian of Krimea, Ukraine (ARENDT 1974).
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Results

The crinoid fauna recovered from the bulk samples of Nutzhof is typical for Upper
Jurassic strata of Central and Eastern Europe. The low diversity may be interpreted as
a result of the distal position of the section, which represents a deep water facies. It
seems possible, that the crinoid material, apart from the saccocomids, is of alloch-
thonous origin. Indeed, microfacies analysis carried out by LUKENEDER (2009) indicates
the presence allodapic material. This is also supported by the narrow size ranges repre-
sented by the isocrinid and phyllocrinid ossicles that could be explained by transport-
induced size-sorting. Additionally, only the calyces of Phyllocrinus are preserved,
whereas more fragile parts of the skeleton (columnals and brachials) are missing. Sac-
cocomid remains, in contrast, do not show sorting and include abundant fragile ele-
ments. This part of the crinoid fauna is thus interpreted as being autochthonous.

Biostratigraphically, only the saccocomid remains are useful, S. tenella being restricted
to the Late Kimmeridgian to Late Tithonian. The other species recovered, Balanocrinus
sp. and P. belbekensis, have long stratigraphic ranges. From a biogeographic point of
view the faunal composition indicates connections with the contemporaneous units in
Eastern Europe. This is a result of the palaeogeographic position of the section on the
Helvetic Shelf, on the southern slope of the European Massif (Northern Tethys Shelf;
HorMANN et al. 2002).

The replacement of saccocomid marl and limestone by calpionellid limestone in the
Late Tithonian, as observed at the Nutzhof section, appears to be very characteristic.
Similar successions were reported from numerous other regions in Austria (e.g. Kris-
TAN-TOLLMANN 1962: Gresten Klippen Belt, Frankenfels Nappe; FLUGEL 1967: Northern
Calcareous Alps; Horzer 1968, 1980: Northern Calcareous Alps; HoLZER & POLTNIK
1980: Karawanken Mts.; REHAKOVA et al. 1996: Gresten Klippen Belt, Frankenfels
Nappe), Germany (LAckscHEwITZ et al. 1989: Northern Calcareous Alps), Poland
(Pszczorkowskl & MyczyNski 2004: Pieniny Klippen Belt) and Slovakia (VASICEK et
al. 1992: Western Carpathian Klippen Belt). Many of these occurrences, however, differ
lithologically from the Nutzhof section. In most cases the saccocomid-bearing beds are
pure, reddish limestone.

In many cases the saccocomid limestones have been interpreted as Kimmeridgian de-
posits (e.g. FLUGEL 1967: 35; SAUER et al. 1992: 183; WEesseLy 2008: 210, fig. 5) and
have been used as a marker bed for that stage (BErnouLl 1972). Good stratigraphic
evidence, however, is lacking in most cases and detailed analyses are needed to verify
the supposed Kimmeridgian ages. Based on well-date sections, the major occurrences
of saccocomids are of Tithonian age (Nicosia et al. 1979; Keurp & MATYSZKIEWICZ
1997), which holds true for the present section as well.

The distribution pattern (fig. 2) of the crinoids in the Nutzhof section is clearly non-
random. Saccocoma tenella is restricted to the lower 6 m of the section; co-occurring
with juvenile isocrinid columnals attributed to Balanocrinus sp. in the lower part (sam-
ples NU 17.85 to 14.10). Above (NU 13.80 to 10.30), calyces of the cyrtocrinid Phyl-
locrinus belbekenis appear, while saccocomid remains become rare and vanish (last
abundant occurrence in sample 11.50). The replacement of the isocrinids by the cyrto-
crinid P. belbekensis is clearly not a stratigraphic signal because both taxa have longer
ranges elsewhere. Rather, this change reflects biotic changes in the source area of the
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re-deposited bioclasts. Likewise, the switch to more pure carbonates upsection and thin-
ning of the intercalated marls may relate to changes of current patterns, possibly caused
by geodynamically induced palaeogeographic changes and/or basinal deepening.

Conclusions

Four crinoid taxa were documented from the Tithonian Blassenstein Formation of the
Nutzhof section: Balanocrinus sp., Saccocoma tenella (GoLbruss, 1831), Crassicoma?
sp., and Phyllocrinus belbekensis AREnDT, 1974. Of these, only S. tenella is abundant.
The other taxa, in particular the benthic isocrinids and phyllocrinids, are rare. The pres-
ervation state and ossicle size range of the latter groups indicate their allochthonous
origin.

The saccocomid remains are restricted to the Tithonian at the Nutzhof section, the
saccocomid-rich facies being replaced by calpionellid limestones upsection. Literature
data suggests that this is the main interval of saccocomid distribution. The use of an
abundant occurrence of saccocomids as a marker for Kimmeridgian strata appears un-
suitable.
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Abstract

Dinoflagellate cysts (dinocysts) and acritarchs are described for the first time from the Pemberger Forma-
tion of the Gosau Group (Krappfeld, Carinthia, Austria). The dinoflagellate cyst assemblage is quite diverse
and well preserved and compositionally similar to those described from Upper Cretaceous strata in north-
ern Italy, Germany and the Czech Republic. Many stratigraphically significant taxa are documented, among
them Alisogymnium nucleases, Cannosphaeropsis utinensis, Florentinia mayii, Isabelidinium cooksoniae
and Xenascus ceratioides. They support a Campanian to Maastrichtian age. Ammonoids observed in this
study are instead rare within the investigated section: although several taxa were previously described to
occur in this area, only Pachydiscus (Pachydiscus) haldemsis and some indeterminable fragments were
found in the present study.

Key words: Dinoflagellata, Ammonoidea, biostratigraphy, Upper Cretaceous.

Zusammenfassung

Zysten von Dinoflagellaten (Dinozysten) und Arcritarchen werden zum ersten Mal aus der Pemberger-
Formation der Gosau-Gruppe (Krappfeld, Karnten, Osterreich) beschrieben. Die beschriebene Vergesell-
schaftung von Dinoflagellaten-Zysten ist relativ divers und gut erhalten und in ihrer Zusammensetzung
sehr dhnlich der Vergesellschaftung aus gleichaltrigen Ablagerungen von Nord-Italien, Deutschland und
der Tschechischen Republik. Viele stratigraphisch signifikante Formen sind dokumentiert. Darunter finden
sich Arten wie Alisogymnium nucleases, Cannosphaeropsis utinensis, Florentinia mayii, Isabelidinium
cooksoniae und Xenascus ceratioides. Der Fossilbefund ldsst auf ein Campanium bis Maastrichtium Alter
schlieBen. Was die Makrofossilien betrifft, so konnten nur wenige Ammoniten aus dem bearbeiteten In-
tervall geborgen werden. Obwohl schon einige Arten aus diesem Gebiet beschrieben worden sind, wurden
nur Vertreter der Art Pachydiscus (Pachydiscus) haldemsis sowie einige unbestimmbare Ammonitenreste
entdeckt.

Schlusselwdrter: Dinoflagellata, Ammonoidea, Biostratigraphie, Oberkreide.
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Introduction

Upper Cretaceous sediments of the Krappfeld in Carinthia (Austria) yield diverse dino-
flagellate cysts, benthic foraminifera (ScHREIBER 1979, 1980) and some ammonoids.
Earlier investigations on the micro- and macrofauna were done by THIEDIG & WIEDMANN
(1976). Based on foraminifera, ScHREIBER (1980) suggested an early Maastrichtian age
for these deposits belonging to the Krappfeld Group (Krappfeld Gruppe, van HINTE
1963). Same early Maastrichtian age was suggested for the unit by THIEDIG & WIED-
MANN (1976), who dated the sequence by ammonites. These authors collected Pseu-
dokossmaticeras brandti, Pseudokossmaticeras tercense, Pseudokossmaticeras gali-
cianum and Pachydiscus carinthiacus. The proposed age then unfortunately was based
on the incorrect use of the range of P. brandti which finally resulted in assigning the
investigated unit to early Maastrichtian age (HANcock & KENNEDY 1993). Recent stud-
ies show that the ammonoid fauna (including species like Pseudokossmaticeras tercense
(SEUNES, 1892)) indicate a Late Campanian age of the upper part of the Cretaceous at
the Krappfeld. This age is largely confirmed by the micro- and macrofossils of our
investigations because some of the fossil remnants hint at Late Campanian age. The rare
ammonoid fauna is accompanied by lamellaptychi, belemnites, bivalves, serpulids, fish
remains, trace fossils and plant debris.

This study provides new taxonomic and biostratigraphic data on dinoflagellate cysts and
ammonoids from the Pemberger Formation at the Krappfeld that confirm a Campanian
to Maastrichtian age for this unit. The dinoflagellate biostratigraphy is correlated with
other micro- and macrofossil zonations (SUMMESBERGER et al. 1999) of the studied sec-
tion and with dinoflagellate zonation schemes of Germany (KirscH 1991), northern
Italy (RoncaGLiA and CorraDINI 1997a) and the Mediterranean area (Hoex et al.
1996).

Previous Dinoflagellate Cyst Studies

Few studies have been published on Late Cretaceous dinoflagellate cysts of Austria.
KirscH (1991) studied 6 samples from the Waidach section near Salzburg and sug-
gested a Late Maastrichtian age. PAavLISHINA et al. (2004) carried out a palynological
study on Upper Cretaceous sediments (upper Turonian-Maastrichtian) from many sec-
tions in the Northern Calcareous Alps, focusing on sporomorphs and dinoflagellate
cysts. WAGREICH et al. (2006), in an integrated study with foraminifera and calcareous
nannoplankton, contributed a short note on the late Albian to early Cenomanian dino-
flagellate cysts of the lower red shale interval in the Rhenodanubian Flysch (Upper
Austria).

Although Austria lacks literature on Late Cretaceous dinoflagellate cysts, extensive
studies from other European sections are available (e.g. ALBERTI 1961; CLARKE & VER-
DIER 1967; KJELLSTROM 1973; CORRADINI 1973; HANSEN 1977; ROBASZYNSKI et al. 1985;
KirscH 1991; MARHEINECKE 1992; SIEGL-FARKAS & WAGREICH 1996; SIEGL-FARKAS
1997; RONCAGLIA & CORRADINI 19973, b; TORRICELLI & AMORE 2003; SKUPIEN & Mo-
HAMED 2008). Notable studies from the circum-Mediterranean include those of SoONCINI
& RAUSCHER (1990), EL BEIALY (1995), Hoex et al. (1996) and MaHMOUD & SCHRANK
(2007).
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Fig. 1: Geological map of the Krappfeld area and sampling location.
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Study Area

In general, the investigated deposits belong to the Gosau Group and crop out on a sur-
face of about 100 km2. These deposits are composed of flyschoid limestone and marl
with a thickness up to 1500 m within the Krappfeld area (compare TIEDIG & WIEDMANN
1976). The Krappfeld Subgroup is incorporated into the Gosau Group, with the Pem-
berger Formation spanning part of the Upper Cretaceous.

The observed section within the Pemberger Quarry (fig. 1) is about 5.5 m thick and
consists mainly of marl and marly limestones. Bed 24 consists of a lithoclastic breccia.
The thickness of single beds is variable; usually, beds are about 10-15 cm thick and
separated by thin interbeds, but at the base and top of the section, bed thickness in-
creases to 50-80 cm. Lithologically, the beds consist of marly limestone with higher
calcareous content than the interbeds; this makes them more resistent to weathering. A
detailed log is provided in figure 2.

Materials and Methods

For dinoflagellate cyst analyses, nine samples were collected. Small bulk samples were
processed in the Separation Laboratory of the Institute of Earth Sciences, University of
Graz, following standard palynological preparation procedures (e.g. Woob et al. 1996).
About 20-25 g of each sample was finely crushed and dissolved in cold hydrochloric
acid (35%) and cold hydrofluoric acid (40%). Neutralization after HCI and HF was
achieved by repeated decanting. A slight oxidation by diluted HNO, was initiated for
some samples for 45 to 60 seconds, followed by washing with diluted NaOH. The
remaining residue was sieved through 20 micron nylon mesh and stained with Saffranin
“O”. Two slides from each sample were prepared using glycerine jelly and then sealed
with nail varnish for light microscopy. One SEM stub from each sample was prepared
too. Residues, slides and SEM stubs are housed at the Institute of Earth Sciences, Uni-
versity of Graz, with labels PE-01 to PE-26 (e.g. PE-01 equates to Pemberger Quarry-
bed 01).

Systematic Part

Palynofloral characteristics

All the studied samples were productive and yielded well-preserved dinocysts. The
total record consisted of about 74 dinocyst taxa along with three acritarch genera
(Tarsisphaeridium, Paralecaniella, ? Cyclopsiella) and microforaminiferal test linings
(compare listing in Appendix A). Terrestrial palynomorphs are rare throughout the sec-
tion. Range charts of stratigraphically significant species taxa were plotted against the
lithological log of the studied section (fig. 2). There was no major change in the dino-
cyst assemblage throughout the studied samples. Selected taxa are illustrated on plates
1 and 2. The dinoflagellate cyst taxa listed in the present paper are fully referenced in
FENSOME et al. (2008).
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Age assignment based on dinoflagellate cysts

Although only few samples were studied, the dinocyst assemblage is diverse and age
diagnostic as many marker taxa suggesting a Late Cretaceous age have been recorded.
No formal or informal zonation is proposed due to insufficient material. The recorded
dinoflagellate cyst assemblage has been dated by comparison with assemblages docu-
mented from adjacent areas (RoBaszynski et al. 1985; KirscH 1991; RONCAGLIA &
CorrADINI 1997a) and especially by correlation with lowest and highest occurrences of
dinocyst taxa calibrated by WiLLiaMS et al. (2004).

Florentinia mayii KirscH, 1991 (pl. 2, fig. 4) was described from the lower Maastrich-
tian of Moos-Graben, Germany. However, WiLLIAMS et al. (2004) calibrated its first
occurrence in the northern hemisphere in the early Middle Campanian (79.0 Ma) and
the last occurrence in the latest Campanian (71.86 Ma). Since this species was record-
ed in all of the studied samples, they cannot be older than Middle Campanian.

According to KirscH (1991), Cannosphaeropsis utinensis WeTzeL, 1933 (pl. 1, fig. 3)
ranges from the lower Campanian to lower Maastrichtian, yet its earliest occurrence
could be as far back as the upper Santonian according to FoucHER (1976), HARDENBOL
et al. (1998: chart 5) and PrINCE et al. (1999). Furthermore, May (1980) suggested a
latest Campanian to earliest Maastrichtian age. A record from the Campanian to lower
Maastrichtian of the northern Apennines, ltaly, is reported by RoNCAGLIA & CORRADINI
(1997a) and RoncaGLIA (2002). Closer to the study area, its highest occurrence was
recorded from the upper Campanian in Hungary (SIEGL-FARKAS & WAGREICH 1996;
SIEGL-FARKAS 1997).

The presence of Xenascus ceratioides (DEFLANDRE, 1937) LENTIN & WILLIAMS, 1973
(pl. 2, figs 2, 3), Trichodinium castanea (DEFLANDRE, 1935) CLARKE & VERDIER, 1967,
Surculosphaeridium? longifurcatum (FirTiON, 1952) DAVEY et al., 1966 and Palaeohys-
trichophora infusorioides DEFLANDRE, 1935 (pl. 1, fig. 11) indicates a Campanian to (?)
earliest Maastrichtian age (May 1980; TocHER 1987; MAaHMOUD & SCHRANK 2007).

Hystrichosphaeridium tubiferum (EHRENBERG, 1838) DEFLANDRE, 1937b (pl. 1 fig. 8) is
a long-ranging species, a common constituent of the Late Cretaceous assemblages, and
geographically widespread. Occurrences of this taxon have been recorded from the up-
per Turonian to Campanian of the Paris Basin (FoucHErR 1975); Campanian to Maas-
trichtian of the Atlantic coastal plain of New Jersey and Delaware (Aurisano 1989);
?Upper Campanian to Maastrichtian of Germany (KirscH 1991; MARHEINECKE 1992).

The presence of Glaphyrocysta expansa (CORRADINI, 1973) RONCAGLIA & CORRADINI,
1997 strongly indicates an Early Maastrichtian age (RoNcAGLIA & CORRADINI 1997a).
This short-ranging species was documented across the Lower/Middle Maastrichtian
boundary in the northern Apennines, Italy. Its lowest occurrence delineates the G. ex-
pansa subzone (RoNCAGLIA & CORRADINI 1997a). Pervosphaeridium intervelum KirscH,
1991 (pl. 1, fig. 13) was described from the Lower to Middle Campanian of Germany
(KirscH 1991). It ranges from Upper Santonian (PRINCE et al. 1999) to Maastrichtian
(ScHigLER et al. 1997).

In addition to the key taxa discussed above, there are other notable taxa. Two specimens
of Apteodinium deflandrei (pl. 2, fig. 7) were obtained from sample PE-20. This species
was recorded in the Upper Campanian from the Tercis Quarry (France) by SCHIOLER &
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WiLsoN (2001). According to WiLLiams et al. (2004), its highest occurrence is within
the lower Maastrichtian in the northern hemisphere (68.8 Ma). A Campanian-Maastrich-
tian age of the investigated sediments is also supported by the presence of Dinogymnium
acuminatum EvitT et al. (1967), which is a well-known and widely distributed Late
Cretaceous fossil (ScHRANK 1984, 1987; SoNCINI & RAUSCHER 1990; PAVLISHINA et al.
2004).

Ammonoid taxa

Conventions: NHMW (Museum of Natural History Vienna, Austria); PIB (Institut fiir
Paléontologie, Rheinische Friedrich-Wilhelms-Universitat, Bonn, Germany); D (Dia-
meter); Wh (Whorl height); U (Diameter of Umbilicus).

Class Cephalopoda CuViEr, 1797
Order Ammonoidea ZITTEL, 1884
Suborder Ammonitina Hyatt, 1889
Superfamily Desmoceratoidea ZITTEL, 1895
Family Pachydiscidae Spath, 1922
Genus Pachydiscus ZITTEL, 1884

Type species: Ammonites neubergicus HAUER, 1858, p. 12, pl. 2, fig. 1-3, by subsequent
designation of DE GROSSOUVRE 1894.

Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867)
Plate 3, figs 1, 2

1867  Ammonites haldemsis SCHLUTER, p. 19, pl. 3, fig. 1.

1872  Ammonites haldemsis SCHLUTER, p. 70.

1894  Pachydiscus koeneni DE GROSSOUVRE, p. 178.

1984  Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867) — KENNEDY & SUMMES-
BERGER, p. 158, pl. 4, fig. 1-5, pl. 5, fig. 1, pl. 6, fig. 2; pl. 7, fig. 1-11; pl. 13,
fig. 1. With synonymy.

1997  Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867) — KENNEDY & KAPLAN,
p. 40, pl. 4, fig. 5-8; pl. 5, fig. 4; pl. 6, fig. 1,2; pl. 7, fig. 2,3; pl. 8,9; pl. 10,
fig. 5,8.

1998  Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867) — KENNEDY & JAGT,

p. 158, pl. 1, fig. 2-4.

2004  Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867) — JAGT et al., p. 575, pl.

1, fig. 9.

Lectotype is the original of SCHLUTER (1867, p. 3, fig. 1) subsequently designated and
refigured by KENNEDY & SUMMESBERGER (1984: p. 158, pl. 7, figs 3, 4).
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Material: Two individuals, NHMW 2008z0276/0001 and NHMW 2008z0276/0002
from the Late Cretaceous Gosau Group of the Krappfeld in Carinthia, Austria.

Description: Two flattened, corroded and fragmented internal moulds. Measure-
ments are exaggerated by post mortem compaction. No shell remains are preserved,
fragments of sutures are visible but undecipherable. Both individuals are adult macro-
conchs and have parts of the body chamber preserved. The whorl section cannot be
restored, whorls covering about two thirds of the preceding one. Between 25 and 30
bullae per volution give rise to strong primary ribs. Intercalatories appear in irregular
distances in the outer third of the flanks. At the venter about 40 ribs per volution can
be counted. Ribs are about 4 mm broad and spaced irregularly about 5 mm apart. They
cross the flank in a slight flexuous curve or with a shallow concavity, sweeping finally
over the venter with a shallow adapertural curvature.

D Wh Wh% U U%
NHMW/08/276/1 160 70 43.7% 40 25%
NHMW/08/276/2 131 61.5 47% 38.4 29%
PiB 50b 147 67 45.5% 38 26.2%

Tab. 1: Measurements of the Wietersdorf specimens in comparison to the lectotype of Pachy-
discus koeneni DE GROSSOUVRE, 1894 (PIB 50b).

Discussion: Both individuals are interpreted to be specifically identical and mac-
roconchs of Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867), which were orig-
inally described as Pachydiscus koeneni DE GROSSOUVRE, 1894 (KENNEDY & SUMMES-
BERGER 1984, p. 158). The co-occurring Pachydiscus carinthiacus THIEDIG & WIEDMANN
1976 (pl. 2, fig. 4) is a fragment of an adult volution which shows a distinct change in
ornament from delicate and narrow standing ribs to coarse and distant ones. Co-occur-
ring taxa of Pseudokossmaticeras differ by their smaller whorl height, P. brandti
(REDTENBACHER, 1873) also by its wider umbilicus (38%) and much fewer and coarser
ribs (25 primaries on the last whorl of the lectotype). Pseudokossmaticeras galicianum
(FAvre, 1869) differs by its much finer ribbing.

Occurrence: Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867) is a wide-
ly distributed Late Campanian species. It occurs in the Northern Temperate Realm.
In Austria it is described from the Late Campanian of Gams (Styria, Austria) by
SUMMESBERGER et al. (1999) and from the Gschliefgraben (KENNEDY & SUMMES-
BERGER 1984). Co-occurrence with Pseudokossmaticeras brandti (REDTENBACHER,
1873) (THiEDIG & WIEDMANN 1976) in the “Krappfeld Gosau” endorses its strati-
graphical position. The former use of P. brandti to indicate Lower Maastrichtian
(THiEDIG & WIEDMANN 1976: 23-24) is outdated (Hancock & KENNEDY 1993,
p. 156). Co-occurrence with the Maastrichtian Pachydiscus neubergicus (HAUER)
(THIEDIG & WIEDMANN, 1976: 23) is based upon a doubtful juvenile specimen:
Pachydiscus sp. juv. aff. neubergicus (HAUER; THIEDIG & WIEDMANN, 1976, fig. 2A)
and an earlier described adult Pachydiscus neubergicus (HAuer) of 10 cm diameter
(RepLicH 1900).
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Conclusions

Dinoflagellate cysts from the Upper Cretaceous of Carinthia (Austria) are described for
the first time. The encountered palynomorphs are well preserved and diversified. The
identified palynofloral assemblage includes 77 species belonging to 40 genera of dino-
flagellates and 3 genera of acritarchs. However, the sporomorphs (pollen and spores)
are already documented but no attempt has been done, neither to identify them nor to
use them as biostratigraphic tool, for dating the section. An Early Maastrichtian age was
proposed for the Pemberger Formation based on foraminifera (SCHREIBER 1979, 1980)
and ammonoids (THIEDIG & WIEDMANN 1976). According to this study Campanian-
Early Maastrichtian age is suggested for at least the upper part of the Pemberger Forma-
tion based on the occurrence of dinoflagellate cysts like Alisogymnium nucleases,
Cannosphaeropsis utinensis, Florentinia mayii, Isabelidinium cooksoniae and Xenascus
ceratioides. Additionally, the occurrence of the newly found ammonoid taxon Pachy-
discus (Pachydiscus) haldemsis supports the age proposed by the microflora, as it is an
indicator for Late Campanian age.
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Appendix
List of dinocyst species recorded

Plate and figure numbers are provided when the taxon is illustrated. Taxonomy follows
FENsOME et al. (2008) and references therein.

1. Achomosphaera ramulifera (DEFLANDRE, 1937b) EvitT, 1963 (pl. 1, fig. 1)

2. Actinotheca aphroditae CooksoN & EISENACK, 1960a

3. Alisogymnium eucleases (CookSON & EISENACK, 1970a) LENTIN & VOZZHENNIKOVA,

1990
. Apteodinium cf. reticulatum SinGH, 1971 (pl. 1, fig. 6)
. Apteodinium deflandrei (CLARKE & VERDIER, 1967) Lucas-CLARK, 1987 (pl. 2, fig.
7)

. Areoligera coronata (WETZzEL, 1933b) LEJEUNE-CARPENTIER, 1938

. Areoligera flandriensis SLimani, 1994

. Areoligera guembelii Kirsch, 1991

. Areoligera senonensis LEJEUNE-CARPENTIER, 1938

. Areoligera volata DruGG, 1967

11. Balcattia cirrifera CooksoN & EISENACK, 1974

12. Batiacasphaera compta DruGa, 1970

13. Biconidinium reductum (May, 1980) KirscH, 1991

14. Cannosphaeropsis utinensis WeTzeL, 1933 (pl. 1, fig. 3)

15. Codoniella campanulata (CooksoN & EISENACK, 1960a) DOWNIE & SARJEANT,
1965

16. Coronifera oceanica CooksoN & EISENACK, 1958 (pl. 1, fig. 4)

17. Cometodinium? whitei (DEFLANDRE & COURTEVILLE, 1939) STOVER & EvitT, 1978;
emend. MoONTEIL, 1991a

18. Cordosphaeridium fibrospinosum DaVEY & WILLIAMS, 1966b

19. Cribroperidinium edwardsii (CooksoN & EISENACK, 1958) DAvEy, 1969a

20. Cribroperidinium? pyrum (DRUGG, 1967) STOVER & EviTT, 1978

21. Cyclonephelium crassimarginatum CooksoN & EISENAcCK, 1974

22. Dinogymnium acuminatum Evirr et al., 1967 (pl. 1, fig. 2)

23. Dinogymnium albertii CLARKE & VERDIER, 1967

24. Dinogymnium curvatum (VOZzZHENNIKOVA, 1967) LENTIN & WILLIAMS, 1973

25. Dinogymnium westralium (CooksoN & EISENACK, 1958) Evirr et al., 1967

26. Diphyes recurvatum May, 1980 (pl. 1, fig. 5)

27. Downiesphaeridium multispinosum (SiNGH, 1964) IsLAM, 1993

28. Exochosphaeridium bifidum (CLARKE & VERDIER, 1967) CLARKE et al., 1968 (pl. 1,
fig. 7)

29. Exochosphaeridium phragmites DAVEY et al., 1966

30. Florentinia aculeata Kirsch, 1991 (pl. 1, fig. 9)

o

-
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31. Florentinia mantellii (DAVEY & WiLLiAMS, 1966b) DAVEY & VERDIER, 1973

32. Florentinia mayii KirscH, 1991 (pl. 2, fig. 4)

33. Glaphyrocysta espiritosantensis (REGALI et al., 1974) ARral in FAUCONNIER &
MASURE, 2004

34. Glaphyrocysta expansa (CORRADINI, 1973) RONCAGLIA & CORRADINI, 1997

35. Glaphyrocysta ordinata (WiLLIAMS & DowNIE, 1966¢) STOVER & EviTT, 1978 (pl. 1,
fig. 10)

36. Glaphyrocysta semitecta (Buiak in Bujak et al., 1980) LENTIN & WILLIAMS, 1981

37. Hystrichosphaeridium recurvatum (WHITE 1842) LEJEUNE-CARPENTIER, 1940

38. Hystrichosphaeridium salpingophorum (DEFLANDRE, 1935) DEFLANDRE, 1937b;
emend. DAVEY & WILLIAMS, 1966b

39. Hystrichosphaeridium tubiferum (EHRENBERG, 1838) DEFLANDRE, 1937b; emend.
DavEy & WiLLIaMS, 1966b (pl. 1, fig. 8)

40. Hystrichosphaeropsis ovum DEFLANDRE, 1935

41. Isabelidinium cooksoniae (Alberti, 1959b) LeEnTIN & WiLLiaMs, 1977a (pl. 2,
fig. 1)

42. Manumiella? cretacea (Cookson, 1956) Busak & Davies, 1983 (pl. 2, fig. 8)

43. Nelsoniella aceras CooksoN & EISENACK, 1960a

44. Operculodinium centrocarpum (DEFLANDRE & COOKSON, 1955) WALL, 1967

45. Palaeohystrichophora infusorioides DErLANDRE, 1935 (pl. 1, fig. 11)

46. Pervosphaeridium intervelum Kirsch, 1991 (pl. 1, fig. 12)

47. Pervosphaeridium pseudohystrichodinium (DerLANDRE, 1937) Yun, 1981

48. Phelodinium exilicornutum Smity, 1992

49. Phelodinium pentagonale (CorraDINI, 1973) STOVER & EviTT, 1978

50. Phelodinium tricuspe (WETzEL, 1933a) STOoVER & EviTT, 1978

51. Pterodinium cingulatum (WEetzeL, 1933) BeLow, 1981 (pl. 1, fig. 12)

52. Pterodinium crassimuratum (DAvey & WiLLIAMS, 1966a) THUROW et al., 1988

53. Raetiaedinium truncigerum (DEFLANDRE, 1937b) KirscH, 1991

54. Spinidinium echinoideum (CooksoN & EISENACK, 1960a) LENTIN & WILLIAMS, 1976
(pl. 2, fig. 9)

55. Spinidinium eggeri KirscH, 1991

56. Spiniferites cooksoniae LENTIN & WiLLIAMS, 1977b

57. Spiniferites katatonos COrRRADINI, 1973

58. Spiniferites multibrevis (Davey & WiLLiaMs, 1966a) BELow, 1982c

59. Spiniferites ramosus (EHRENBERG, 1838) MANTELL, 1854

60. Spiniferites ramosus subsp. granosus (Davey & WiLLIaMS, 1966) LENTIN &
WIiLLIAMS, 1973

61. Spiniferites scabrosus (CLARKE & VERDIER, 1967) LENTIN & WILLIAMS, 1975

62. Surculosphaeridium basifurcatum Yun, 1981

63. Surculosphaeridium belowii Yun, 1981

64. Surculosphaeridium cassospinum Yun, 1981 (pl. 2, figs 11, 12)

65. Surculosphaeridium longifurcatum (FirTiON, 1952) DAVEY et al., 1966

66. Tanyosphaeridium xanthiopyxides (WETZzEL, 1933b) STOVER & EvITT, 1978; emend.
SARJEANT, 1985b

67. Trabeculidium quinquetrum DuxBURY, 1980 (pl. 2, figs 13-15)

68. Trichodinium castanea (DEFLANDRE, 1935) CLARKE & VERDIER, 1967

69. Trithyrodinium evittii DRuGG, 1967 (pl. 2, figs 5, 6)
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70. Trithyrodinium suspectum (MaNuM & COOKSON, 1964) Davey, 1969b

71. Xenascus australensis CooksON & EISENACK, 1969

72. Xenascus ceratioides (DEFLANDRE, 1937b) LENTIN & WiLLiams, 1973 (pl. 2, figs
2,3)

73. Xenascus gochtii (CORRADINI, 1973) SToVER & EviTT, 1978

74. Xenascus sarjeantii (CORRADINI, 1973) STOVER & Evirt, 1978

Acritarchs

1. Tarsisphaeridium geminiporatum RIEGEL, 1974 (pl. 2, fig. 10)
2. Paralecaniella spp.
3. ? Cyclopsiella spp.
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Plate 1

All are SEM microphotographs. The species names are followed by sample number.
Scale bars equal 20 pm.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

1:

R A

10:

11:
12:

13:
14:

Achomosphaera ramulifera (DEFLANDRE, 1937b) EvitT, 1963; sample PE-23; dorsal
view.

Dinogymnium acuminatum EviTT et al., 1967; sample PE-26; ventral view.
Cannosphaeropsis utinensis WETzEL, 1933; sample PE-06; uncertain orientation.
Coronifera oceanica CooksoN & EISENACK, 1958; sample PE-26; ? ventral view.
Diphyes recurvatum May, 1980; sample PE-06; ? ventral view.

Apteodinium cf. reticulatum SiNGH, 1971; sample PE-23; dorsal view.

Exochosphaeridium bifidum (CLARKE & VERDIER, 1967) CLARKE et al., 1968; sample
PE-23; ? apical view.

Hystrichosphaeridium tubiferum (EHRENBERG, 1838) DEFLANDRE, 1937; emend.
DAVEY & WiLLIaMs, 1966; sample PE-25; apical view.

Florentinia aculeata KirscH, 1991; sample PE-26; oblique dorsal view.

Glaphyrocysta ordinata (WiLLiaMs & DowNIE, 1966¢) STOVER & EviTT, 1978;
sample PE-25; ventral view.

Palaeohystrichophora infusorioides DEFLANDRE, 1935; sample PE-20; lateral view.

Pterodinium cingulatum (WETzEL, 1933) BELow, 1981a; sample PE-24; antapical
view.

Pervosphaeridium intervelum KirscH, 1991; sample PE-22; uncertain orientation.

Xenascus gochtii (CorraDINI, 1973) STOVER & EviTT, 1978; sample PE-06; apical
view.
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Plate 2

All are bright field microphotographs. The species names are followed by sample number,
slide number and England Finder reference. Scale bars equal 20 pum.

Fig. 1
Figs. 2, 3:

Fig. 4:
Figs. 5, 6:
Fig. 7:

Fig. 8:

Fig. 9:

Fig. 10
Figs. 11, 12:

Figs. 13-15:

Isabelidinium cooksoniae (ALBERTI, 1959b) LENTIN & WILLIAMS, 1977a; sample
PE-06, slide A, K54, dorsal view.

Xenascus ceratioides (DEFLANDRE, 1937b) LENTIN & WiLLIAMS, 1973; sample
PE-22, slide B, S24/3, successive foci.

Florentinia mayii KirscH, 1991; sample PE-20, slide A, D51, dorsal view.
Trithyrodinium evittii DrRuGG, 1967; sample PE-20, slide A, G26, dorsal view.

Apteodinium deflandrei (CLARKE & VERDIER, 1967) Lucas-CLARK, 1987; sample
PE-20, slide A, N28/3, ? ventral view.

Manumiella? cretacea (CooksoN, 1956) Buiak & Davies, 1983; sample PE-24,
slide A, U55/4, dorsal view.

Spinidinium echinoideum (CooksoN & EISENACK, 1960a) LENTIN & WILLIAMS,
1976; sample PE-20, slide A, C29/3, ventral view?

Tarsisphaeridium geminiporatum RIEGEL, 1974; sample PE-22, slide A, 048,
uncertain orientation.

Surculosphaeridium cassospinum Yun, 1981; sample PE-03, slide A, E34/4,
successive foci.

Trabeculidium quinquetrum DuxBuURyY, 1980; sample PE-04, slide B, O70/1,
successive foci.
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Plate 3

Fig. 1, 2: Pachydiscus (Pachydiscus) haldemsis (SCHLUTER, 1867); sample PE-03; lateral
view, NHMW 2008z0276/0001-2.
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Abstract

The Speeton Clay Formation is exposed in the cliffs north of Flamborough Head in N. E. England. The
formation ranges in age from Ryazanian to the Albian but is often poorly exposed in the sea cliffs and on
the foreshore. In the lower part of the succession (Ryazanian — Barremian) the foraminiferal assemblage is
dominated by long-ranging nodosariids although, at some levels, the fauna is dominated by monospecific
assemblages of epistominiids. The diversity of the total foraminiferal assemblage varies throughout the
succession, with the maximum diversity being recorded in the Late Hauterivian. Using information from
(i) diversity, (ii) distribution of epistominiids, (iii) glauconite and (iv) pyrite it is possible to identify
potential sequence boundaries in the Late Ryazanian (~138 Ma), Early Valanginian (~136 Ma), mid-Hau-
terivian (~129 Ma) and Early Barremian. These four events are very close in age to the events (K20, K30,
K40 and K50) originally described by SHARLAND and co-workers in Arabia.

Keywords: Foraminifera, Speeton Clay Formation, Sequence Stratigraphy, taphonomy.

Introduction

The Speeton Clay Formation is about 100 metres thick at its type locality in Filey Bay
(Fig. 1) but thickens inland to ~360 m in the Fordon No. 1 borehole about 4.4 km west
of Speeton (DILLEY, in discussion of NEaLE 1968). South of the present outcrop, seismic
data indicate a thickness of ~1 km before thinning towards the Market Weighton High
(KirBY & SwaLLow 1987; RawsoN 2006). Off-shore, in the North Sea Basin thick-
nesses of 100-170 m are normally recorded (RawsoN et al. 1978; CAMERON et al. 1992,
fig. 79) although <900 m are recorded near the Dowsing Fault Line (CAMERON et al.
1992). In the well-known Filey Bay succession all six Lower Cretaceous stages are
represented although the Valanginian, Aptian and Albian successions are much reduced
by non-sequences and erosional features. The dominantly argillaceous succession is
badly affected by folding, faulting and landslides, and surfaces are frequently obscured
by downwash. The most reliable sections are found on the foreshore when a combina-
tion of favourable tides and wind has removed beach sand and shingle.

! School of Earth, Ocean & Environmental Sciences, University of Plymouth, Drake Circus, Plymouth PL4
8AA, United Kingdom Corresponding author: Malcolm B. Hart (mhart@plymouth.ac.uk)
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Within the overall clay succession are thin, phosphatic nodule beds and concentrations
of glauconite which may represent significant pauses in sedimentation. Some of the
clays are distinctly mottled (by chondritiform burrow systems), while in places there
are silt layers and distinctive colour changes. Some of these pale (more calcareous)/dark
(less calcareous) rhythmic alternations are best seen in the top C Beds and lowest B
Beds (near the Hauterivian/Barremian boundary) and may represent Milankovitch pre-
cession cycles (22,300 years: see RAWSON & MUTTERLOSE 1983).

One of the earliest descriptions of the Speeton Clay Formation was by LECkenBY (1859),
closely followed by Jupp in 1868. Late in the nineteenth century LampLuGH (1889)
subdivided the succession into four units, each of which was represented by a letter (A
— D, with the D Beds at the bottom and the A Beds at the top). Each of the identified
units was recognised by the presence of a diagnostic belemnite and so this lettering
scheme was not a genuine lithostratigraphical sub-division of the formation. Bed E was
identified as the thin phosphatic “Coprolite Bed” that forms the base of the succession
and which rests non-conformably on the Kimmeridge Clay Formation (Upper Jurassic).
Subsequent work by Ennis (1937), NEALE (1960a, 1962a), KAYE (1964) and FLETCHER
(1969) has refined the lithological subdivisions of the lettered units. The ammonite
fauna has been described by LAMPLUGH (1924), NEALE (1962a), RawsoN (1971a, b,
1975), Rawson et al. (1978), Kemper et al. (1981) and DovyLE (1989) but taxa are
relatively rare except in the Hauterivian. Belemnites, however, are relatively common
throughout the succession and have been described by LampLuGH (1889, 1924),
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SWINNERTON (1936), SPAETH (1971), PINCKNEY & RAWSON (1974), PINCKNEY (1975),
RAWSON & MUTTERLOSE (1983), MUTTERLOSE et al. (1987) and MUTTERLOSE (1990).

The first systematic description of the foraminifera was by SHErLock (1914), who
compared the fauna with the Gault Clay Formation of Folkestone (Kent, S. E. England),
the Hils Clay of Germany (HEcHT 1938; BARTENSTEIN & BETTENSTAEDT 1962), the Gault
Clay Formation of Montcley, France (BERTHELIN 1880) and the Recent foraminifera
collected during the HMS Challenger Expeditions. A later paper by KHan (1962)
compared the foraminifera of the Speeton Clay Formation with comparable successions
in Germany, but the imprecise location of the samples used in this investigation has
rendered this work of limited value.

The ostracod fauna, which is quite diverse and abundant, has been described by NEALE
(1960b, 1962b, 1968, 1973, 1978). The calcareous nannofossil assemblage has been
described by Brack (1971), SissINGH (1977), PERCH-NIELSEN (1979) and TAYLOR
(19784, b, 1982).

Distribution of the foraminifera

It has been suggested that water depths during the deposition of the lower part of the
Speeton Clay Formation may have been less than 100 m (Rawson 2006, p. 375). Some
horizons, in the D Beds (e.g., D5) may either have been shallower as suggested by
the presence of Lingula, or almost anoxic as indicated by the presence of abundant
pyrite (including infilled burrow systems). In such shallow shelf successions the fo-
raminiferal morphogroups present do not show the variability seen in, for example,
the Brazilian Continental Margin (Koutsoukos & HART 1990). Analysis of the fauna
using alpha diversity and triangular diagrams (Murray 1991, pp. 313-322) has also
proven to be ineffective in this succession. The dominant assemblage is one of rela-
tively long-ranging nodosariids (especially Lenticulina and Citharina) with smaller
numbers of agglutinated taxa. In some horizons the assemblage can, however, contain
~95 % Epistomina and/or Hoeglundina.

Our knowledge of the foraminifera is limited with the only major investigation being
that of FLETCHER (1966) which remains largely unpublished. FLETCHER (1973) provided
a summary of his research, presenting data on the distribution of the foraminifera in the
Speeton Clay Formation (bed-by-bed), though no taxa were illustrated. Some of this
information was used by Hart et al. (1982, 1989) in a summary of Cretaceous foraminif-
era, which was supplemented by some additional collecting by MBH in 1977 and a
study of borehole material in the collections of the late Professor J. W. NeaLE (Hull
University). The material used by FLETCHER, in the collections of Hull University, has
also been consulted and this provided some of the specimens used to illustrate HART et
al. (1982, 1989). The diversity information presented here is based on the species iden-
tifications of MBH, after consultation with Dr B. N. FLETcHER and Prof. J. W. NEALE. The
samples prepared by FLETCHER were washed on a 75um sieve, while the additional samples
prepared by MBH used the “white spirit” method (Brasier 1980) and were also washed
on a 75um sieve (the norm in the 1960s and 1970s). In 1988 CRITTENDEN (in an unpub-
lished PhD thesis) described the fauna of the Speeton Clay Formation in the Southern
North Sea Basin, although the bulk of the fauna was not illustrated by SEM photographs.
BANNER & DEsal (1988) have described the planktic foraminifera from the Aptian and
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Albian succession in N. E. England, although planktic taxa have not been described
from the Ryazanian (Berriasian) to Barremian part of the Speeton Clay Formation.

Sequence Stratigraphy

Sequence stratigraphy was developed in the 1970s and, initially, used for the interpretation
of seismic profiles. VaiL et al. (1977) developed the concept, extending it to allow the
inclusion of borehole and outcrop data. The hypothesis was that short-term fluctuations
in sea level generate “sequences” or “genetically related strata bounded by uncomformi-
ties or their correlative conformities” (VAN WAGONER et al. 1988, p. 39). Sequence
stratigraphy quickly developed a relatively complicated terminology of systems tracts.
This “Exxon Model” of a sequence must not be confused with the “Galloway Model”,
which uses the Maximum Flooding Surface (rather than the Sequence Boundary) as the
key to sequence identification (GALLowAY 1989a, b) or the “Einsle Model” which is based
on the recognition of transgressive/regressive cycles (EINSLE & BAYER 1991).

The “Exxon Model” was used by EMERY & MyYERS (1996) in their interpretation of
sequences and the palaeontological signal that would be left in the fossil record (Fig. 2).
As there are no planktic taxa in the lower levels of the Speeton Clay Formation in the
Filey Bay section only the pattern left by the benthic taxa is relevant. In this, parts of
the Lowstand Systems Tract (LST) would have a reduced diversity while the maximum
diversity would be expected around the Maximum Flooding Surface (MFS) or “Zone
of Maximum Flooding” (sensu MONTANEZ & OSLEGER 1993; STRASSER et al. 1994,

proximal overlying sequence distal

SB

HST
legend

o proximal biofacies
L #  terrestrial and marginal marine
distal biofacies
open aceanic /marine

: { g ? dysaerobic conditions

MF5

T5T

PLANKTONIC BENTHONIC 3 et lowstand fan
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& &
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"""‘--..._‘_‘_ lD’\o\l’"—'—.—F'
7 \ previous sequence (cont.)

Fig. 2: The “Exxon Model” of a sequence (based on EMERY & MYERs 1996, fig. 6.14a) and the
hypothetical distribution of benthic and planktic foraminifera. The planktic foraminifera are most
abundant (and diverse) in the region of the MFS with deeper-water morphotypes being found in
more distal regions while only surface-water morphotypes are to be found in more proximal
environments.
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1999; OLIvERr 1998). The MFS coincides with the most landward distribution of diverse,
open marine, plankton and a diversity maximum of benthic taxa. This approach has
been used effectively in younger rocks, most notably in the Cenozoic sediments of the
Gulf of Mexico (SHAFFER 1987, 1990; ARMENTROUT 1987, 1991; ARMENTROUT &
CLEMENT 1990; ARMENTROUT et al. 1990, 1999; PacHT et al. 1990; VAIL & WORNARDT,
1990; VAN DER ZWAN & BruGMAN 1999). Recently a number of other authors have
extended this approach to the interpretation of Mesozoic successions (OLssoN 1988;
CUBAYNES et al. 1990; StmMons et al. 1991; PowtLL 1992; Hart 1997, 2000; HENDER-
SON 1997; HENDERSON & HART 2000; OxrFoRD et al 2000, 2004; SHARLAND et al. 2000).

The Speeton Clay Formation has been investigated, often indirectly, for its record of Early
Cretaceous sequences and changes in sea level. Some of this research (MiTCHELL & UNDER-
wooD 1999; UNDERWOOD & MITCHELL 1999; RUCKHEIM et al. 2006) has been focussed
on the upper part of the formation which is Barremian to Albian in age. The lower part of
the formation (Berriasian to Barremian in age) has been studied by RawsoN & RILEY
(1982), CopesTAKE et al. (2003) and HOEDEMAEKER & HERNGREEN (2003). The interpreta-
tions of the latter authors appear to have been driven by parallel work on the Rio Argos
(S. E. Spain) succession by HOEDEMAEKER (1995) and HOEDEMAEKER & LEEREVELD
(1995). The Rio Argos succession investigated by Hoedemaeker (and P. R. Vail — though
not listed as a co-author on the 1995 paper) is a very complete, fossiliferous succession
dominated by limestone/marlstone cycles that are driven by Milankovitch periodicities
(TeEN KATE & SPRENGER 1989). It is quite difficult to follow the reasoning behind Hoede-
maeker’s selection of systems tracts and, in the paper with Leereveld, there is no indication
of the sequence boundaries that appear in HOEDEMAEKER (1995, fig. 1). This interpretation
identified major (= long term) sequence boundaries in the early to mid-Berriasian, late
Berriasian, mid-Valanginian, mid-Hauterivian, late Hauterivian and early to mid-Barremi-
an. These major events appear to be those used by HOEDEMAEKER & HERNGREEN (2003,
foldout chart). HOEDEMAEKER & HERNGREEN (2003, p. 261) also indicate that Hoede-
maeker had used the foraminiferal data of FLETCHER (1973) and the ostracod data of NEALE
(1962b) in his (HoEDEMAEKER 1998, 2002) interpretation of the D Beds of the Speeton Clay
Formation. This appears to be the only reference to the use of microfossils in the interpre-
tation of the sequence stratigraphy in the lower part of the Speeton Clay Formation.

The MFS is usually identified as the most clay-rich part of the sequence (EMERY & MYERS
1996), often identified in well logs by the presence of a higher gamma-ray record. This clay-
rich environment will leave a very different faunal signal, compared with silts or sands
elsewhere in the succession. How this faunal signal is interpreted is now described.

Interpretation of the benthic fauna

Any fauna recorded in geological samples is the result of:

o The initial fauna that was living on or within the sediment;
Post-mortem taphonomy (including transport in and transport out);
Diagensis and compaction;

Changes during burial and geological time; modern weathering and exhumation
(if not collected from the subsurface); and

Errors introduced during sampling, processing and analysis.
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In order to understand the processes involved in the distribution of benthic foraminifera
within sequences we have investigated the controls on a modern assemblage and then
attempted to understand the anticipated post-depositional changes.

Plymouth Sound — a modern analogue

In Plymouth Sound, a large drowned valley system on the Devon/Cornwall boundary
in S. W. England we have, over a number of years, collected sea floor samples from
fixed sites and documented the changes in the benthic foraminifera from1973 onwards
and over annual cycles (1994-1996 and 2007-2008). All samples collected in this on-
going project were placed in buffered formalin on the boat and then washed and stained
with rose Bengal (to identify the “living” foraminifera) within a few hours. In Figure 3
it can be seen that the sites cover a range of substrates, including sand, sand waves,
shell gravel, mixed mud/sand/gravel and mud. When the diversity and annual production
are calculated for these sample sites the data are quite interesting (Fig. 4). Sample 9

PLYMOUTH
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Plymouth 5 ound with station locations showing idealised sediment type and distribution.
Based on mapping carried out by Fiona Fitzpatrick (1991)

Fig. 3: Sediment distribution map of Plymouth Sound and the location of some of the sampling
sites used in the monthly analysis (1994-1996) of the benthic foraminifera (after CASTIGNETTI
et al. 2000)
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(mud) records the highest diversity while the sand wave environment is the lowest with
other sand environments also recording low values. The graphs for total annual produc-
tion, though not quite identical, provide a very similar pattern between the mud (high-
est) and sands (lowest).

As in all ecological studies the controls on the fauna are complex but it is clear that in
the nutrient-rich clays there is an abundant, diverse fauna with the nutrient-poor sands
supporting only a poor, in-situ living fauna. It is also clear that the faunas in the clay-
rich environments will be enhanced by the slow rate of sedimentation and that any
micropalaeontological sample from a geological succession must include a significant
number of yearly standing crops compared with the dilution effect of the higher rates
of sedimentation in the more sand-rich environments. Compaction will further accentu-
ate this situation with clays often being subjected to 50 % reduction in thickness as
water is removed. This compaction can be evidenced in the Speeton Clay Formation by
the generally compressed nature of the agglutinated taxa (e.g., Ammobaculites, Haplo-
phragmoides, etc.).

In recent years a number of investigations of the preservation potential of foraminifera
have been undertaken by MURRAY (1989), ALVE & MURRAY (1995) and MURRAY & ALVE
(2000). It is particularly noted by Murray & ALVE (2000) that high diversity aggluti-
nated assemblages can be derived from high diversity assemblages dominated by cal-
careous taxa through the selective dissolution of the calcareous component over time.
This process will particularly impact on the aragonitic taxa and, in the Jurassic and
Cretaceous, the epistominids will often only be recorded in the dense, clay-rich parts of
the succession that have acted as aquacludes to ground water movement (Fig. 5). In
some parts of this, and other, clay successions epistominids are also preserved as pyrite
steinkerns or, even when the outer test survives, an infilling of pyrite. Deposition of
pyrite within the tests of foraminifera is normally limited to organic-rich clay environ-
ments.

Using the model shown in Figure 5 it is relatively simple to argue that the EMERY &
MyYERSs (1996, fig. 6.14a) interpretation of faunas in an idealised sequence is correct and
that, in geological settings, we should expect both variation in diversity, quality of
preservation (including collapsed agglutinated taxa) and a presence/absence of arago-
nitic taxa.

Foraminifera in the Speeton Clay Formation

As indicated above, the lower part of the Speeton Clay Formation contains a quite diverse
assemblage of benthic foraminifera. The fauna is dominated by Lenticulina spp. many
of which are well-known across Eastern England, the North Sea Basin (CRITTENDEN
1988) and North Germany (see HECHT 1938; BARTENSTEIN & BETTENSTAEDT 1962).
Other wide-ranging, diagnostic taxa are members of the Superfamily Ceratobuliminacea
(Epistomina and Hoeglundina); both of which have aragonitic tests. As shown in Fig-
ure 6, many of these aragonitic species are relatively well-preserved, although many are
in-filled with pyrite (also an indicator of organic-rich, clay environments).

When the species diversity data for the lower part of the Speeton Clay Formation are
plotted (Fig. 7) it is evident that there are two main “cycles”. One is Lower to mid-
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Fig. 5: Theoretical model for the history of a “sample” from deposition to final collection, show-
ing the effects of taphonomy, compaction and dissolution by groundwater flow (after OxrorD
et al. 2004).
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Fig. 6: Representative species of foraminifera from the Speeton Clay Formation, Filey Bay, N. E.
England. (1) Epistomina ornata (RoEMER), Hauterivian (Bed C4); (2) Epistomina ornata (ROEMER),
Hauterivian (Bed C4); (3) Hoeglundina caracolla (RoEMER), Barremian (Bed LB4D); (4) Episto-
mina hechti BARTENSTEIN & BoLLi, Barremian (Bed LB2); (5) Citharina harpa (RoEMER), Haute-
rivian (Bed C4E); (6) Marginulinopsis foeda (Reuss), Hauterivian (Bed C4C); (7) Lenticulina
eichenbergi BARTENSTEIN & BRraND, Hauterivian (Bed C7); (8) Lenticulina schreiteri (EICHEN-
BERG), Hauterivian (Bed C2F); (9) Lenticulina guttata (TEN Dam); and (10) Lenticulina guttata
(TeN DaM), Hauterivian (Bed C3). All of the scale bars represent 100 um. The figured specimens
(and other material from the Speeton Clay Formation) are in the Micropalaeontology Collections
(under the heading “Stratigraphic Index of Fossil Foraminifera™) of the University of Plymouth.
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Fig. 7: The Speeton Clay Formation in the Filey Bay succession, including lithostratigraphy, bios-
tratigraphy, species diversity of benthic foraminifera and interpretation of the sequence stratigraphy.
The “no samples” marked in the calcareous nannofossil column refers (here and in Figs 8, 9) to
samples solely for nannofossil work and not samples for stable isotopes or foarminifera.

Hauterivian with another in the mid-Upper Hauterivian, with a (?) sequence boundary
in the mid-Hauterivian (~129 Ma) which appears close to the SHARLAND et al. (2001)
K40 event. This is, almost certainly, the mid-Hauterivian event identified by RawsonN
& RiLEY (1982) and close to the mid-Hauterivian discontinuity identified by HOEDE-
MAEKER & HERNGREEN (2003). The end of the upper cycle appears to be in the Early
Barremian (~126 Ma), with another sequence boundary a little higher in the mid-Bar-
remian (~123 Ma). Both of these events appear to be close to K50 and K60 of the
SHARLAND et al. (2001) model and some of the sequence boundaries and maximum
flooding events identified by CoPESTAKE et al. (2003).

There is a fairly prominent maximum flooding event in the latest Berriasian/Ryazanian
(Peregrinoceras albidum Zone) followed by a regression or sequence boundary in the
earliest Valanginian (~136 Ma = K30). While we have no desire to overplay what the
foraminiferal distribution tells us, it does appear to be the case that the major cycles
(sequences) are in some agreement with other Lower Cretaceous data. The pattern
recorded by the foraminifera also confirms why the ammonites are largely seen in the
Hauterivian as that appears to be the most “open” marine part of the succession
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biostratigraphy, diversity of benthic foraminifera, suggested sea level changes and schematic
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(Fig. 8). This is supported by the distribution of the aragonitic foraminifera, which
reach their maximum levels of abundance in the Hauterivian and earliest Barremian.
The distribution of Epistomina and Hoeglundina in the sequences identified here is
comparable to that recorded by Oxrorp et al. (2004) in the Oxfordian (Jurassic).
Using the diversity data and the known distribution of taxa (FLETCHER 1973; HART et
al. 1989) it is possible to interpret the sea level changes in a general way (Fig. 7).
There is, in this interpretation, a relatively close correspondence with some of the
transgressive/regressive cycles identified by bE Graciansky et al. (1998, chart 4).

Stable isotope stratigraphy

Figure 9 shows the 80 and &**C data (from Prick et al. 2000; MCARTHUR et al. 2003),
together with the diversity curve. The carbon isotope profile shows a clear trend through
the studied section from &**C values around 0.0%o0 during the early Valanginian (Para-
tollia—Polyptychites beds) to more positive values during the early Hauterivian interval.
Such an abrupt change in 6**C values, a characteristic feature of a stratigraphic break,
maybe correlated with the late Valanginian-early Hauterivian positive carbon isotope
event observed by WEissert (1989). The Valanginian positive carbon isotope excursion
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has been related to episodes of platform drowning within Tethys whereby the leaching of
nutrients on coastal lowlands during a rise in sea-level resulted in increased ocean ferti-
lization, productivity and an expansion of the oxygen minimum zone (e.g., WEISSERT
1989). This, in turn, leads to global sea-waters enriched in 6**C. Such a trend is consistent
with the sea level curve based on foramiferal diversity data and the known distribution
of taxa. What is more difficult to reconcile is the oxygen isotope data and sea level curve.
Increasingly negative 80 carbonate values can be related to elevated temperatures in
environmental settings where continental ice volume is at a minimum and evaporation or
freshwater input are minor factors. Hence assuming that these conditions apply, from the
Valanginian through into the Hauterivian oxygen isotope values become more positive,
possibly indicative of cooling and decrease to more negative values in the Barremian (i.e.,
warming). The postulated sea level curve would, however, appear to suggest the opposite
and this discrepancy has yet to be resolved. It may simply be a function of the scale of
the relatively minor sea level changes involved. The mid-Barremian is also a time of plate
re-adjustment in North West Europe (e.g., opening of the Bay of Biscay).
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Summary

The distribution of benthic foraminifera in the Speeton Clay Formation does appear to
record the major sequences (sequence boundaries and “zones” of maximum flooding).
While not perfect, the resulting pattern does seem to show some agreement with other
interpretations of the succession. The recorded pattern has been discussed in the light
of on-going research on modern environments and a model is presented for discussion.
The very “spiky” nature of the diversity curve is what was found by Oxrorp et al.
(2004) in Oxfordian strata on the Dorset Coast and it either represents “noise” in the
diversity graph or, more significantly, parasequences that would require very close
sampling to resolve.

Acknowledgements

The authors wish to thank Dr Brian Fletcher and the late Professor John Neale for their advice and wise
counsel on the stratigraphy and micropalaeontology of the Speeton Clay Formation. The helpful suggestions
of two reviewers (Prof. P. Rawson and Dr C. Underwood) are also acknowledged. Mr John Abraham is
thanked for the production of some of the figures.

References

ALVE, E. & MuURRAY, JW. (1995): Experiments to determine the origin and palaeoenvironmen-
tal significance of agglutinated foraminiferal assemblages. — In: Kaminski, M.A.,
GEROCH, S. & GasINSKI, M.A. (eds): Proceedings of the Fourth International Workshop
on Agglutinated Foraminifera, Grzybowski Foundation Special Publication, 3: 1-11.

ARMENTROUT, J.M. (1987): Integration of biostratigraphy and seismic stratigraphy: Pliocene —
Pleistocene, Gulf of Mexico. — In: Gulf Coast Section, Society of Economic Paleontolo-
gists and Mineralogists, Eighth Annual Research Conference, 6-14.

——— (1991): Paleontologic constraints on depositional modelling; examples of integration of
biostratigraphy and seismic stratigraphy, Gulf of Mexico. — In: WEIMER, P. & LiNk, M.H.
(eds): Seismic facies and sedimentary processes of submarine fans and turbidite systems.
— pp. 137-170, Berlin (Springer-Verlag).

—— & CLEMENT, J.F. (1990): Biostratigraphic correlation of depositional cycles: a case study
in High Island-Galveston-East Breaks areas, offshore Texas. — In: Gulf Coast Section,
Society of Economic Paleontologists and Mineralogists, Eleventh Annual Research Con-
ference: 21-51.

——— , EcnoLs, R.C. & LEg, T.D. (1990): Patterns of foraminiferal abundance and diversity:
implications for sequence stratigraphic analysis. — In: Gulf Coast Section, Society of
Economic Paleontologists and Mineralogists, Eleventh Annual Research Conference:
53-58.

—— , FEARN, B., RODGERS, K., RooT, S., LYLE, W.D., HErRRICK, D.C., BLOCH, R.B., SNEDDEN,
JW. & Nwanko, B. (1999): High-resolution sequence biostratigraphy of a lowstand pro-
grading delta wedge: Oso Field (late Miocene), Nigeria. — In: JoNES, RW. & SIMMONS,
M.D. (eds): Biostratigraphy in Production and Development Geology. — Geological So-
ciety, London, Special Publications, 152: 259-290.

BANNER, F. T. & DEesal, D. (1988): A review and revision of the Jurassic — Early Cretaceous
Globigerinina, with especial reference to the Aptian assemblages of Speeton, (North
Yorkshire, England). — Journal of Micropalaeontology, 7: 143-185.



Harr et al.: Foraminifera from the Speeton Clay 437

BARTENSTEIN, H. & BETTENSTAEDT, F. (1962): Marine Unterkreide (Boreal und Tethys). -In:
SIMON, W. & BARTENSTEIN, H. (eds): Leitfossilien der Mikropaldontologie — pp. 225-297,
Berlin (Gebruder Borntraeger).

BERTHELIN, G. (1880): Mémoire sur les Foraminiféres de I’Etage Albien de Montcley (Doubs).
— Mémoire Société géologique de France, 1(5): 1-84.

Brack, M. (1971): Coccoliths of the Speeton Clay and Sutterby Marl. — Proceedings of the
Yorkshire Geological Society, 38: 381-424.

Brasier, M. D. (1980): Microfossils. — 193 p., London (George Allen & Unwin).

CAMERON,T. D. J., CROSBY, A., BALSON, P. S., JEFFERY, D. H., LOTT, G. K., BULAT, J. & HARRISON,
D. J. (1992): The geology of the southern North Sea. United Kingdom Offshore Re-
gional Report, British Geological Survey. London (HMSO).

CaAsTIGNETTI, P. (1997): Population dynamics and facies association of Recent foraminifera from
a nearshore marginal marine environment: Plymouth Sound. Unpublished Ph.D. Thesis,
University of Plymouth [2 volumes].

——— , HART, M.B. & MANLEY, C.J. (2000): Technitella (Norman, 1878) from Plymouth Sound,
South Devon, U.K. — In: HART, M.B., KaMINSKI, M.A. & SMART, C.W. (eds): Proceedings
of the Fifth International Workshop on Agglutinated Foraminifera. — Grzybowski Foun-
dation Special Publication, 7: 81-88.

COPESTAKE, P., SiMs, A. P., CRITTENDEN, S., HAMAR, G. P., INESON, J. R., RoOsg, P. T. & TRING-
HAM, M. E. (2000): Lower Cretaceous. — In: Evans, D., GRAHAM, C., ARMOUR, A.
& BatHURST, P. (eds): The Millenium Atlas: Petroleum Geology of the Central and
Northern North Sea. — pp. 191-211, London (Geological Society).

CRITTENDEN, S. (1988): The Lithostratigraphy and Biostratigraphy (Foraminifera) of the Early
Cretaceous of the Southern North Sea Basin. — Unpublished PhD Thesis, University of
Plymouth: 416 pp.

CUBAYNES, R., REY, J., RUGET, C., COURTINAT, B. & BODEGAT, A.M. (1990): Relations between
systems tracts and micropalaeontological assemblages on a Toarcian carbonate shelf
(Quercy, southwest France). — Bulletin, Société Géologique de France, 8: 989-993.

DE GRACIANSKY, P.-C., HARDENBOL, J., JACQUIN, T. & VAIL, P. R. (1998): Mesozoic and Ceno-
zoic Sequence Stratigraphy of European Basins. — Society of Economic Paleontologists
and Mineralogists (SEPM), Tulsa, Oklahoma, Special Publication 60: 786 pp.

DovLE, J. C. (1989): The stratigraphy of a late Lower Hauterivian horizon in the Speeton Clay
formation (Lower Cretaceous) of East Yorkshire. — Proceedings of the Geologists” As-
sociation, 100: 175-182.

EINSLE, G. & BAYER, U. (1991): Asymmetry in transgressive-regressive cycles in shallow seas
and passive continental margin settings. — In: EINSLE, G., RICKEN, W. & SEILACHER, A.
(eds): Cycles and Events in Stratigraphy. — pp. 660-681, Berlin (Springer-Verlag).

EMERY, D. & MyErs, K.J. (1996): Sequence Stratigraphy. — Blackwell Science, Oxford,
297 pp.

Ennis, W. C. (1937): The Upper Beds of the Speeton Clay. — Transactions of the Hull Geo-
logical Society, 7(5): 130-138.

FrrzeaTrick, F. (1991): Studies of sediments in a tidal environment. — Unpublished PhD Thesis,
Polytechnic South West (now University of Plymouth).

FLETCHER, B. N. (1966): Lower Cretaceous foraminifera from the Speeton Clay of Yorkshire.
— Unpublished PhD Thesis, University of Hull, 428 pp.



438 Annalen des Naturhistorischen Museums in Wien 110 A

——— (1966): A lithological subdivision of the Speeton Clay C Beds (Hauterivian), East York-
shire. — Proceedings of the Yorkshire Geological Society, 37: 323-327.

——— (1973): The distribution of Lower Cretaceous (Berriasian-Barremian) Foraminifera in
the Speeton Clay. — In: Casgy, R. & Rawson, P.F. (eds): The Boreal Lower Cretaceous
— Geological Journal, Special Issue No. 5: 161-168.

GaLLowAy, W. E. (1989a): Genetic stratigraphic sequences in basin analysis. 1. Architecture
and genesis of flooding surface bounded depositional units. — American Association of
Petroleum Geologists, Bulletin, 73: 125-142.

——— (1989h): Genetic stratigraphic sequences in basin analysis. Il: Application to northwest
Gulf of Mexico Cenozoic basin. — American Association of Petroleum Geologists, Bul-
letin, 73: 143-154.

Hart, M.B. (1997): The application of micropalaesontology to sequence stratigraphy: an example
from the chalk of south-west England. — Proceedings of the Ussher Society, 9: 158-163.

——— (2000): Foraminifera, sequence stratigraphy and regional correlation; an example from
the uppermost Albian of Southern England. — Revue de Micropaléontologie, 43: 27-45.

——— , BarLEy, H. W. CRITTENDEN, S., FLETCHER, B. N., PRICE, R. J. & Swikcicki, A. (1982):
Cretaceous. — In: JENKINS, D. G. & MURRAY, J. W. (eds): Stratigraphical Atlas of Fossil
Foraminifera [1* Edition]. — pp. 149-227, Chichester (Ellis Horwood Ltd).

——— , BAILEY, H. W. CRITTENDEN, S., FLETCHER, B. N., PRICE, R. J. & Swikcicki, A. (1989):
Cretaceous. — In: JENKINS, D. G. & MURRAY, J. W. (eds): Stratigraphical Atlas of Fossil
Foraminifera [2" Edition]. — pp. 273-371, Chichester (Ellis Horwood Ltd).

HEecHT, F. E. (1938): Standard Gleiderung der Nordwestdeutschen Unterkreide nach Foramini-
fera. — Abhandlungen Senckenberg Naturforschende Gesellschaft, 443; 1-42.

HENDERSON, A. S. (1997): The palaeoecology and biostratigraphy of the Foraminifera from the
Oxfordian of North Dorset. — Unpublished PhD Thesis, University of Plymouth, 385 pp.

——— & Hart, M. B. (2000): The distribution of Foraminiferida in the Oxfordian sequences
of North Dorset. — GeoResearch Forum, 6: 311-320.

HOEDEMAEKER, P. J. (1995): Ammonite evidence for long-term sea-level fluctuations between
the 2" and 3" order in the lowest Cretaceous. — Cretaceous Research, 16: 231-241.

—— (1998): A Tethyan-Boreal correlation of pre-Aptian Cretaceous strata: correlating the
uncorrelatables. — Geologica Carpathica, 50: 101-124.

——— (2002): Correlating the uncorrelatables: a Tethyan-Boreal correlation of pre-Aptian Cre-
taceous strata. — In: MicHALIK, J. (ed.): Tethyan/Boreal Cretaceous Correlation. Mediter-
ranean and Boreal Cretaceous palaeobiogeographic areas in Central and Eastern Europe.
— pp. 235-284, Bratislava (Publishing House of the Slovak Academy of Sciences).

——— & LEEREVELD, H. (1995): Biostratigraphy and sequence stratigraphy Of the Berriasian-
lowest Aptian (Lower Cretaceous) of the Rio Argos succession, Caravaca, SE Spain. —
Cretaceous Research, 16: 195-230.

——— & HERNGREEN, G. F. W. (2003): Correlation of Tethyan and Boreal Berriasian — Bar-
remian strata with emphasis on strata in the subsurface of the Netherlands. — Cretaceous
Research, 24: 253-275.

Jupp, J. W. (1868): On the Speeton Clay. — Quarterly Journal of the Geological Society of Lon-
don, 24: 218-250.

KAYE, P. (1964): Observations on the Speeton Clay (Lower Cretaceous). — Geological Magazine,
101: 340-356.



Harr et al.: Foraminifera from the Speeton Clay 439

KEMPER, E., Rawson, P. F. & THIiEULOY, J.—P. (1981): Ammonites of Tethyan ancestry in the
early Lower Cretaceous of north—west Europe. — Palaeontology, 24: 251-311.

KirBY, G. A. & SwaLLow, P. (1987): Tectonism and sedimentation in the Flamborough Head
region of north-east England. — Proceedings of the Yorkshire Geological Society, 46:
301-309.

KouTtsoukos, E. A. M. & Hart, M. B. (1990): Cretaceous foraminiferal morphogroup distribu-
tion patterns, palaeocommunities and trophic structures; a case study from the Sergipe
Basin, Brazil. — Transactions of the Royal Society of Edinburgh: Earth Sciences, 81:
221-246.

KHAN, M. H. (1962): Lower Cretaceous index foraminifera from northwestern Germany and
England. — Micropaleontology, 8: 385-390.

LampLUGH, G. W. (1889): On the subdivisions of the Speeton Clay. — Quarterly Journal of the
Geological Society of London, 52: 575-618.

——— (1924): A review of the Speeton Clays. — Proceedings of the Yorkshire Geological So-
ciety, 20: 1-31.

LECKENBY, J. (1859): Note on the Speeton Clay of Yorkshire. — Geologist, 2: 9-11.

MCARTHUR, J.M., MUTTERLOSE, J., PRICE, G.D., RawsoN, P.F., RUFFELL, A.H. & THIRLWALL,
M.F. (2004): Belemnites of Valanginian, Hauterivian and Barremian age: Sr-isotope
stratigraphy, composition (¢Sr/®°Sr, 6**C, &®0O,Na, Sr, Mg), and palaeo-oceanography. —
Palaeogeography, Palaeoclimatology, Palaeoecology, 202: 253-272.

MITCHELL, S. F. & UNDERWOOD, C. J. (1999): Lithological and faunal stratigraphy of the Aptian
and Albian (Lower Cretaceous) of the type Speeton Clay, Speeton, N. E. England. —
Proceedings of the Yorkshire Geological Society, 52: 277-296.

MONTANEZ, 1. P. & OSLEGER, D. A. (1993): Parasequence stacking patterns, third-order accom-
modation events, and sequence stratigraphy of Middle to Upper Cambrian platform
carbonates, Bonanza King Formation, southern Great Basin. — In: Loucks, R.G. & SARG,
J.F. (eds): Carbonate sequence stratigraphy: Recent developments and applications. —
American Association of Petroleum Geologists, Memoir, 57: 305-326.

MUuURRAY, JW. (1989): Syndepositional dissolution of calcareous foraminifera in modern shallow-
water sediments. — Marine Micropaleontology, 15: 117-121.

——— (1991): Ecology and Palaeoecology of Benthic Foraminifera. — 397 p. Harlow, England
(Longman Scientific & Technical, Longman Group UK Limited).

——— & ALVE, E. (2000): Do calcareous dominated shelf foraminiferal assemblages leave
worthwhile ecological information after their dissolution? — In: HART, M.B., KAMINSKI,
M.A. & SMART, CW. (eds): Proceedings of the Fifth International Workshop on Agglu-
tinated Foraminifera. — Grzybowski Foundation Special Publication, 7: 311-331.

MUTTERLOSE, J. (1990): A belemnite scale for the Lower Cretaceous. — Cretaceous Research,
11: 1-16.

MUTTERLOSE, J., PINCKNEY, G. & RawsoN, P. F. (1987): The belemnite Acroteuthis in the Hibo-
lites beds (Hauterivian — Barremian) of North West Europe. — Palaeontology, 30: 635-
645.

NEALE, J. W. (1960a): The subdivision of the Upper D Beds of the Speeton Clay of Speeton,
East Yorkshire. — Geological Magazine, 97: 353-362.

——— (1960h): Marine Lower Cretaceous Ostracoda from Yorkshire, England. — Micropaleon-
tology, 6: 203-224.



440 Annalen des Naturhistorischen Museums in Wien 110 A

—— (1962a): Ammonoidea from the Lower D Beds (Berriasian) of the Speeton Clay. — Pal-
aeontology, 5: 272-296.

——— (1962b): Ostracoda from the type Speeton Clay (Lower Cretaceous) of Yorkshire. —
Micropaleontology, 8: 425-484.

——— (1968): Biofacies and lithofacies of the Speeton Clay D Beds, E. Yorkshire. — Proceedings
of the Yorkshire Geological Society, 36: 309-335.

——— (1973): Ostracoda as a means of correlation in the Boreal Lower Cretaceois, with special
reference to the British marine Ostracoda. — In: Casey, R. & Rawson, P. F. (eds): The
Boreal Lower Cretaceous — Geological Journal, Special Issue No. 5: 169-184.

——— (1978): The Cretaceous. — In: BATE, R. H. & RoBINsON, E. (eds): A Stratigraphical Index
of British Ostracoda — Geological Journal, Special Issue No. 8: 325-384.

OLIVER, G.M. (1998): High resolution sequence stratigraphy and diagenesis of mixed carbonate/
siliciclastic successions. — Unpublished Ph.D. Thesis, University of Plymouth.

Orsson, R.K. (1988): Foraminiferal modelling of sea-level change in the Late Cretaceous of
New Jersey. — In: WiLGus, C.K. et al. (eds): Sea-level change: an integrated approach.
— Society of Economic Paleontologists and Mineralogists Special Publication, 42: 289-
298.

OXFORD, M.J., HART, M.B. & WATKINsON, M.P. (2000): Micropalaeontological investigations of
the Oxford Clay — Corallian succession of the Dorset Coast. — Geoscience in south-west
England, 10: 9-13.

——— , Hart, M.B. & WaTkinsoN, M.P. (2004): Foraminiferal characterisation of Mid-Upper
Jurassic sequences in the Wessex Basin (United Kingdom). — Rivista Italiana di Paleon-
tologia e Stratigrafia, 110: 209-218.

PacHT, J.A., BoweN, B.E., BEARD, J.H. & SHAFFER, B.L. (1990): Sequence stratigraphy of Plio-
Pleistocene depositional facies in the offshore Louisiana south additions. — Gulf Coast
Association of Geological Societies, Transactions, 40: 1-18.

PERCH-NIELSEN, K. (1979): Calcareous nannofossils from the Cretaceous between the North Sea
and the Mediterranean. — In: WEIDMANN, J. (ed.): Aspekte der Kreide Europas. — In-
ternational Union of Geological Sciences, Series A, No. 6, 223-272, Stuttgart
(E. Schweizerbart’sche Verlagsbuchhandlung).

PINCKNEY, G. & Rawson, P. F. (1974): Acroteuthis assemblages in the Upper Jurassic and
Lower Cretaceous of northwest Europe. — Newsletters in Stratigraphy, 3: 193-204.

PINCKNEY, G. (1975): The belemnite genus Acroteuthis in the Late Jurassic and early Lower
Cretaceous of northwest Europe. — Unpublished PhD Thesis, University of London,
239 pp.

PoweLL, A. J. (1992): Making the most of microfossils. — Geoscientist, 2: 12-16.

Pricg, G.D., RUFFELL, A.H., JoNEs, C.E., KALIN, R.M. & MUTTERLOSE, J. (2000): Isotopic evi-
dence for temperature variation during the early Cretaceous (late Ryazanian-mid Hau-
terivian). — Journal of the Geological Society, London, 157: 335-344.

Rawson, P. F. (1971a): Lower Cretaceous ammonites from north-east England: the Hauterivian
genus Simbirskites. — Bulletin of the British Museum Natural History (Geology), 20:
25-86.

——— (1971b): The Hauterivian (Lower Cretaceous) biostratigraphy of the Speeton Clay of
Yorkshire, England. — Newsletters in Stratigraphy, 1: 61-75.



HART et al.: Foraminifera from the Speeton Clay 441

——— (1975): Lower Cretaceous ammonites from north-east England: the Hauterivian hetero-
morphy Aegocrioceras. — Bulletin of the British Museum Natural History (Geology), 26:
129-159.

——— (2006): Cretaceous: sea levels peak as the North Atlantic opens. — In: BRENCHLEY, P. J.
& Rawson, P. F. (eds): The Geology of England and Wales. — pp. 365-393, London
(Geological Society).

—— & MUTTERLOSE, J. (1983): Stratigraphy of the Lower B and basal Cement Beds (Bar-
remian) of the Speeton Clay, Yorkshire, England. — Proceedings of the Geologists’
Association, 94: 133-146.

——— & RILEY, L. A. (1982): Latest Jurassic-Early Cretaceous events and the ‘Late Cimmerian
Unconformity in the North Sea area. — American Association of Petroleum Geologists,
Bulletin, 66: 2628-2648.

—— , CURRY, D., DILLEY, F. C., HANCOCK, J. M., KENNEDY, W. J., NEALE, J. W., Woop, C. J.
& Worssam, B. C. (1978): A correlation of Cretaceous rocks in the British Isles. — Geo-
logical Society of London, Special Report No. 9, 70 pp.

RUCKHEIM, S., BORNEMANN, A. & MUTTERLOSE, J. (2006): Integrated stratigraphy of an Early
Cretaceous (Barremian—Early Albian) North Sea borehole (BGS 81/40). — Cretaceous
Research, 27: 447-463.

SHAFFER, B.L. (1987): The potential of calcareous nannofossils for recognising Plio-Pleistocene
climatic cycles and sequence boundaries on the shelf. — Gulf Coast Section of the Soci-
ety of Economic Paleontologists and Mineralogists, Eighth Annual Research Conference:
142-145.

——— (1990): The nature and significance of condensed sections in Gulf Coast late Neogene
stratigraphy. — Gulf Coast Association of Geological Societies, Transactions, 40: 186-195.

SHARLAND, P.R., ARCHER, R., CASEY, D.M., DAviEgs, R.B., HALL, S.H., HEWARD, A.P., HORBURY,
A.D. & Simmons, M.D. (2001): Arabian Plate Sequence Stratigraphy. — GeoArabia Spe-
cial Publication 2, Bahrain (Gulf PetroLink).

SHERLOCK, R. L. (1914): The foraminifera of the Speeton Clay of Yorkshire. — Geological
Magazine, 6: 216-222, 255-265, 289-296.

SimMoNs, M.D., WiLLiams, C.L. & HARrT, M.B. (1991): Sea level changes across the Albian-
Cenomanian boundary in south-west England. — Proceedings of the Ussher Society, 7:
408-412.

SissiNGH, W. (1977): Biostratigraphy of Cretaceous calcareous nannoplankton. — Geologie en
Mijnbouw, 56: 37-65.

SpAETH, C. (1971): Untersuchungen an Belemniten des Formenkreises um Neohibolites minimus
(Miller 1826) aus dem Mittel- und Ober-Alb Nordwestdeutschlands. — Geologisches
Jahrbuch, 100: 127 pp.

STRASSER, A., PITTET, B. & PASQUIER, J.-B. (1994): Multiplication of maximum-flooding sur-
faces, sequence boundaries, and transgressive surfaces as a response to high- frequency
sea-level fluctuations. — 14" International Sedimentological Congress, Rio de Janeiro,
Abstracts: 70-72.

——— , PITTET, B., HILLGARTNER, H. & PASQUIER, J.-B. (1999): Depositional Sequences in shal-
low carbonate-dominated sedimentary systems: concepts for a high-resolution analysis.
— Sedimentary Geology, 128: 201-221.

SwWINNERTON, H. H. (1936-1955): A monograph of British Lower Cretaceous Belemnites. —
Palaeontographical Society Monograph, 86 pp.



442 Annalen des Naturhistorischen Museums in Wien 110 A

TAYLOR, R. J. (1978a): The distribution of calcareous nannofossils in the Speeton Clay (Lower
Cretaceous) of Yorkshire. — Proceedings of the Yorkshire Geological Society, 42: 195-
200.

——— (1978b): The biostratigraphy of Lower Cretaceous calcareous nannoplankton from north-
west Europe and North Africa. — Unpublished PhD Thesis, University of London,
362 pp.

——— (1982): Lower Cretaceous (Ryazanian to Albian) calcareous nannofossils. — In: LorD, A.
R. (ed.): A Stratigraphical Index of Calcareous Nannofossils. — pp. 40-80, Chichester
(Ellis Horwood Ltd).

TeEN KATE, W. G. & SPRENGER, A. (1989): On the periodicity in a calcilutite-marl succession
(S. E. Spain). — Cretaceous Research, 10: 1-31.

UNDERWOOD, C. J. & MITCHELL, S. F. (1999): Mid-Cretaceous onlap history of the Market
Weighton structural high, northeast England. — Geological Magazine, 136: 681-696.

VAIL, P. R., MitcHUM, R. M., ToDD, R. G., WIDMIER, J. M., THOMPSON, S., SANGREE, J. B., BUBB,
J. N. & HatLEID, W. G. (1977): — Seismic stratigraphy and global changes in sea-level.
— In: PayTon, C. E. et al. (eds): Seismic stratigraphy — applications to hydrocarbon ex-
ploration. — American Association of Petroleum Geologists, Memoir 26: 49-62.

—— & WORNARDT, W. W. (1990): Well-log seismic stratigraphy: an integrated tool for the
1990’s. — In: Sequence Stratigraphy as an Exploration Tool: concepts and practices in
the Gulf Coast, Gulf Coast Section of the Society of Economic Paleontologists and
Mineralogists, Eleventh Annual Research Conference, Houston: 3789-397.

VAN DER ZWAN, C. J. & BruGgMaN, W. A. (1999): Biosignals from the EA Field, Nigeria. — In:
JonEs, R. W. & SimMons, M. D. (eds): Biostratigraphy in production and development
geology. — Geological Society, London, Special Publications, 152: 291-301.

VAN WAGONER, J. C., POSAMENTIER, H. W., MiTcHUM, R. M., VAIL, P. R., SARG, J. F., LouTIT,
T. S. & HARDENBOL, J. (1988): An overview of the fundamentals of sequence stratigraphy
and key definitions. — In: WiLGus, C. K. & al. (eds): Sea- level changes : an integrated
approach. — Society of Economic Paleontologists and Mineralogists, Memoir 42: 39-45.

WEISSERT, H. (1989): C-isotope stratigraphy, a monitor of palaeoenvironmental change: acase
study from the early Cretaceous. — Surveys in Geophysics, 10: 1-161.



	110A_313330_Lukeneder
	110A_331344_Pruner
	110A_345381_Rehakova
	110A_383399_Kroh
	110A_401421_Soliman
	110A_423442_Hart

