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Calcareous nannoplankton in the Upper Jurassic marine deposits of the Bohemian
Massif: new data concerning the Boreal-Tethyan communication corridor
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Calcareous nannoplankton assemblages from the Jurassic relict deposits in the northern part of the Bohemian Massif are
described here for the first time. They are generally of low diversity and dominated by watznaueriaceans. Some of them are
diagenetically affected, probably due to dolomitisation. Calcareous nannoplankton enables the stratigraphical range of the
Northern Bohemia Jurassic succession to be extended to the Tithonian by reference to the stratigraphical range of Jurassic
platform sequences in Central Poland and the eastern part of the Bohemian Massif. The Oxfordian—Kimmeridgian
nannofossil assemblages indicate a generally oligotrophic condition of the restricted sea with episodic fluvial input contain-
ing terrestrial nutrients. The character of the upper part of the water column was generally uniform and did not reflect variabil-
ity at the sea-floor expressed by lithofacies diversity. The palaeoenvironment interpreted for the famous former
palaeontological locality “Sternberk Quarry” was characterized by a higher nutrient content and more stable environment.
The Tithonian nannofossil assemblages contain warm-water Tethyan taxa which suggest south-north migration of

=

nannoplankton due to warming during the Jurassic—Cretaceous boundary interval.
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INTRODUCTION

The Jurassic marine deposits of the northern part of the Bo-
hemian Massif are preserved in a few small outcrops associ-
ated with the Lusatian Fault (Elias, 1981). However, these
relicts may have palaeogeographical significance in recording
the communication corridor between Boreal and Sub-Boreal ar-
eas and the Tethyan Realm (Atrops et al., 1993; Matyja and
Wierzbowski, 1994, 2000).

Though fossils from these outcrops, comprising diverse fos-
sil assemblages (ammonites, belemnites, brachiopods, bi-
valves, sponges, echinoderms, bryozoans, annelids and fish)
are stored in museum collections, only the ammonites have
been studied, mostly in the 19th century (Lenz, 1870; Bruder,
1881, 1882, 1885, 1886).

Using these data from the 19th century as well as the re-
sults of geological mapping from the 1960s (Kopecky et al.,
1963), the geology of the northern Bohemia Jurassic units was
described in syntheses of the Bohemian Massif (Elias, 1981;
Suk et al., 1984; Chlupac et al., 2002). The newest data have
been published by Hrbek (2014) who suggested an Upper
Oxfordian and Lower Kimmeridgian age of the Jurassic relicts
on the basis of aulacostephanid ammonites. The presence of
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Boreal and Sub-Boreal taxa in the Northern Bohemian Massif
probably reflects the equatorwards migration of cold-water
ammonites around the Oxfordian—Kimmeridgian boundary.
Taxa occurring in Northern Bohemia show affinity to those oc-
curring in the Polish Jura Chain and southern Germany which
supports the presence of a seaway between these areas across
the Bohemian Massif (Matyja and Wierzbowski, 1995).

Our study describes the first finding of Jurassic calcareous
nannoplankton in the Bohemian Massif. The aim of the work is
to describe these nannofossil assemblages and discuss their
biostratigraphical, palaeogeographical and palaeoecological
significance.

GEOLOGICAL SETTING

The Jurassic strata in Northern Bohemia are associated
with the Lusatian Fault (Elias, 1981). During the younger phase
of the Saxonic tectonic event, the re-activation of the Lusatian
tectonic zone thrust the Cadomian, Paleozoic and Jurassic
rocks over the Cretaceous ones (Elias, 1981). The Late Paleo-
zoic—Mesozoic sedimentary succession overlay the Upper Pro-
terozoic and Paleozoic metamorphic rocks and granitoids of
Lugicum (Chlupa¢ and Storch, 1992). The Middle Jurassic
Brtniky Formation built up predominantly of sandy, fossil-poor
clastic deposits was formed after deposition of terrigenous Car-
boniferous and Permian sediments and a long hiatus (Suk et
al., 1984). lts sedimentation probably corresponds to the
Callovian (Bruder, 1881, 1882; Kopecky et al., 1963; Elias,
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1981; Chlupac et al., 2002). The overlying Doubice Formation is
built up of a carbonate-siliciclastic succession that was depos-
ited in a deep shelf environment. Based on data from outcrops
that no longer exist, a sedimentary succession formed of
organodetrital limestones, marly limestones, cherts, marls, and
sandy rocks can be reconstructed (Fig. 1; Kopecky et al., 1963;
Elias, 1981; Suk et al., 1984; Hrbek, 2014). Unfortunately, a
modern detailed sedimentological analysis of the Upper Juras-
sic facies of Northern Bohemia is not possible because of scar-
city of outcrop. Due to influence of the Lusatian tectonic zone
and Cenozoic volcanism, the Doubice Formation was weakly to
strongly dolomitised (Elias, 1981). Existing exposures exhibit
only strongly dolomitised carbonate with extremely rare
macrofossils (Hrbek, 2014; Kostak, pers. comm., 2015). These
include old quarries near Doubice classified as a representative
geosite of the Central Europe Jurassic by Alexandro-
wicz (1999).

MATERIAL AND METHODS

The lack of a continuous section of Jurassic deposits in
Northern Bohemia (with the exception of strongly dolomitised
rocks) led us to develop two indirect ways of reconstructing the
depositional history for the purposes of nannoplankton investi-
gation (Fig. 2): (1) rock material from the former Sternberk
Quarry near Brtniky is preserved in the collections of the Na-
tional Museum, Prague (NM-N) and the Institute of Geology
and Palaeontology, Faculty of Science, Charles University,
Prague (CIGP) (20 samples). Though the quarry is equated
with the old quarry “Brtniky” in the list of geosites registered by
the Czech Geological Survey (http://lokality.geology.cz), only
strongly dolomitised carbonates without macrofossils are ex-
posed there nowadays (Kostak, pers. comm., 2015). (2) Frag-
ments of Jurassic rocks from the creek below “Peskova stran”
(Pesek’s Hillside) near the village of Kyjov represent the most
diverse source of Upper Jurassic lithotypes today (46 samples).

Six lithotypes have been distinguished among fragments
from “Peskova stran”: (1) light coarse micritic limestones (6
fragments), (2) light fine micritic limestones (21 fragments), (3)
dark fine limestones (5 fragments), (4) light coarse marly lime-
stone (8 fragments), (5) light coarse organodetrital limestone (5
fragments), (6) light fine marly limestone (1 fragment). These
lithotypes could be equated with the Doubice Formation, though
the time succession of lithotypes cannot be determined and
correlation with section described in 19th century (Fig. 1) is im-
possible. Unfortunately, no fine clastic deposits which could be
more suitable for preservation of calcareous nannofossils were
found either in the museums or in the field.

Nannoplankton was studied using the simple smear slides
in normal and polarized light. Smear slides were prepared from
powdered sediment without centrifuging, cleaning and concen-
tration in order to retain the original sediment composition fol-
lowing the methodology of Casellato (2008). Calcareous
nannofossils were investigated using a light polarizing micro-
scope, at 1000x magnification. The nannofossil abundance
was expressed as the number of nannofossils per field of view
averaged for ca. 50 fields of view per sample. Besides the
quantitative measure of nannofossil abundance the semi-quan-
titative scale for Late Jurassic nannoplankton was also applied
(Casellato, 2010): abundant (A): >10 specimens per field of
view; common (C): 1-10 specimens per 1 field of view; few (F):
1 specimen per 1-10 fields of view; rare (R): 1 specimen per
11-50 fields of view; barren (B): no specimen was found.
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Fig. 1. Idealized lithological succession of Jurassic deposits
from Northern Bohemia (summarized from data of Kopecky et
al., 1963; Elias, 1981; Suk et al., 1984; Hrbek, 2014)

The scanning electron microscope (SEM) was used to
study the preservation of the nannofossils. Calcareous
nannoplankton was concentrated for SEM study using the de-
canting method with electrolyte (35 g of sodium
hexametaphosphate, 8 g of sodium carbonate in 1 | of distilled
water). Approximately 1 g of powdered rock sample was
shaken with 10 ml of electrolyte and, after 40 minutes, the liquid
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was decanted. This process was repeated five times. Then a
suspension was mixed once again and, three minutes after
mixing, a drop of liquid was used for observation under SEM.
For evaluation of nannofossil preservation, the classifica-
tion of Roth (1983) was applied: (1) E1 — slight etching, E2 —
moderate etching, E3 — strong dissolution for classification of
etching, and (2) O1 — slight overgrowth, O2 — moderate over-
growth, O3 — strong overgrowth for evaluation of overgrowth.

RESULTS

PRESERVATION OF NANNOFOSSILS

SEM study showed better preservation of nannoplankton in
the former Sternberk Quarry by comparison with rock fragments
from “PeSkova stran” (Figs. 3 and 4). Though some specimens
have serrate outlines (e.g., Fig. 3E, T, AC, BL, ML, BM, BQ) as
well as broken central areas (Fig. 3AX), most nannofossils from
Sternberk Quarry shows intact outlines and structures in the cen-
tral area, therefore preservation can be classified as category E1
— slight etching (Roth, 1983). Strongly diagenetically influenced
assemblages composed only of dissolution-resistant large
Watznaueria with serrate outlines (e.g., Fig. 4A, B, G, H) were
found in rock fragments from “PeSkova stran”. They are classi-
fied as category E3 — strong dissolution (Roth, 1983). Even the
nannofossils from the best preserved, diverse assemblages
showed dissolution when studied by SEM (Fig. 4A0-AV), their
preservation corresponding with category E2 (moderate etch-
ing). Figure 5 shows that there is no correlation between
lithological type and nannoplankton preservation. In particular,
the expected correlation of well-preserved nannofossils with fine
and marly lithotypes in contrast to badly-preserved nannoplan-
kton with coarse carbonates has not been observed.

ABUNDANCE OF NANNOFOSSILS

All samples from Sternberk Quarry and most samples from
rock fragments from “Peskova stran” (88%) contain calcareous
nannoplankton. Average nannofossil abundances in individual
samples vary from 0 to 56 specimensf/field of view in fragments
from “PeSkova stran” and from 0.5 to 9.2 specimens/field of
view in Sternberk Quarry samples (Fig. 6A, B).

No correlation between the six recognized lithotypes and
calcareous nannoplakton abundance has been observed
(Fig. 6B). The Kruskall-Wallis test (Palentological Software
PAST; Hammer et al., 2001) confirmed the hypothesis about no
statistically significant differences in nannofossil abundances in
individual lithotypes (p <0.001).

Additionally, the nannofossil abundances were classified
using Casellato’s semiquantitative abundance scheme
(Casellato, 2010) defined for Late Jurassic nannofossils
(Fig. 6C). Visual evaluation of the histogram suggests the high-
est abundances for dark fine limestones and light coarse marly
limestones. However, the evaluation is not fully reliable due to
the small numbers of samples from some lithotypes (mainly fine
marly limestones).

DIVERSITY OF NANNOFOSSIL ASSEMBLAGES

In total, nineteen species were determined, with number of
species in individual samples varying from two to eight.
Watznaueria spp. predominate in all assemblages while the ratio
between W. communis, W. bamesiae, W. fossacincta and W. bri-
tannica varies. Cyclagelosphaera margerelii, and watznauerias
are abundant. The relative abundances of small Watznaueria
spp., large Watznaueria manivitiae and Cyclagelosphaera
deflandrei differ between individual samples, suggesting they are
common, while other species are rare (Appendix 1%).

Using the results of cluster analyses (Ward’'s method; corre-
lation coefficient = 0.9253) supported by results of non-metric
multidimensional scaling (n-MMDS; stress = 0.096) seven as-
semblages were distinguished (Fig. 7A, B):

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/g9q.1282
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Fig. 3. Calcareous nannoplankton from the former Sternberk Quarry

A-T — morphological variability of Watznaueria britannica (Stradner, 1963) Reinhardt, 1964; U, W — Watznaueria fossacincta (Black, 1971)
Bown in Bown & Cooper, 1989; X, Y — Watznaueria barnesiae (Black in Black & Barnes, 1959) Perch-Nielsen, 1968; Z-AO — Watznaueria
communis Reinhardt, 1964; AP—AW — small indeterminable coccoliths; AX — Watznaueriaceae with broken central area; AY — strongly
diagenetically affected specimen (indeterminable); AZ-BC — Assipetra sp.; BD, BE — small Watznaueria fossacincta (Black, 1971)
Bown in Bown & Cooper, 1989; BF-BQ — Cyclagelosphaera margerelii Noél, 1965; BR — Retecapsa escaigii (Noél, 1965) Young & Bown
2014; BS, BT — Axopodorhabdus cylindratus (Noél, 1965) Wind and Wise in Wise and Wind, 1977; BU, BV — Lotharingius sigillatus
(Stradner, 1961); BW — Helenea chiastia Worsley, 1971; BX—-CC — Watznaueria britannica (Stradner, 1963) Reinhardt, 1964; CD, CE —
Cyclagelosphaera margerelii Noél, 1965; CF — Retecapsa octofenestrata (Bralower in Bralower et al., 1989) Bown in Bown & Cooper, 1998;
CG - corroded Watznaueria britannica, 2. Retecapsa octofenestrata, 3. small Watznaueriaceae; CH — Cyclagelosphaera sp.; Cl: 1 —
Watznaueria britannica (Stradner, 1963) Reinhardt, 1964, 2 — Watznaueria sp.; A-BW — optical microscope, polarized light, black scale bar
(5 ym); BX-CI — scanning electron microscope, length of scale bar 1 ym
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Fig. 4. Calcareous nannoplankton from rock fragments from “Peskova stran” (Pesek’s Hillside) near the village of Kyjov

A-K — assemblage with large nannofossils mainly W. communis: A—E, J — Watznaueria communis Reinhardt, 1964, F — Cyclagelosphaera
argoensis Bown, 1992, G — Cyclagelosphaera deflandrei (Manivit, 1966) Roth, 1973, H, | — large Watznaueria barnesiae (Black in Black &
Barnes, 1959) Perch-Nielsen, 1968, K— small Watznaueria sp.; L-Y —assemblage with Watznaueria spp. and Cyclagelosphaera margerelii:
L-O — Watznaueria barnesiae (Black in Black & Barnes, 1959) Perch-Nielsen, 1968, P — Watznaueria fossacincta (Black, 1971)
Bown in Bown & Cooper, 1989, Q-Y — Cyclagelosphaera margerelii Noé€l, 1965; Z-AN — assemblage dominated by W. barnesiae and W.
fossacincta: Z, AB-AJ, AL, AM — Watznaueria barnesiae (Black in Black & Barnes, 1959) Perch-Nielsen, 1968, AA, AK, AN — Watznaueria
fossacincta (Black, 1971) Bown in Bown & Cooper, 1989; AO-BL — diverse assemblage: AO, BK — Watznaueria britannica (Stradner, 1963)
Reinhardt, 1964, AP — Watznaueria communis Reinhardt, 1964, AR, AS — Watznaueria biporta Bukry, 1969, AT, BG, BJ — Cyclagelosphaera
margerelii Noél, 1965, AV — Biscutum constans (Gérka, 1957) Black in Black and Barnes, 1959, AW—AZ — Nannoconus sp., BA — Biscutum
sp., BB-BD — Diazomatolithus lehmanii Noél, 1965, BF, BH — Watznaueria sp., Bl — Retecapsa octofenestrata (Bralower in Bralower et al.,
1989) Bown in Bown & Cooper, 1998, BL — Orthopithonella sp.; A-P, R—-BH, BK — optical microscope, polarized light with the exception of
AW, AY (normal light), black scale bar (5 pm); Bl, BJ, BL — scanning electron microscope; length of scale bar 1 pm
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7. The worst preservation of nannofossils and the lowest
diversity characterize two samples with only large
nannofossils from “PeSkova stran” (Fig. 7).

The distribution of assemblages in individual lithotypes

shows no correlation between the lithotype and type of assem-

blage (Fig. 7F).

INTERPRETATION AND DISCUSSION

BIOSTRATIGRAPHY

The stratigraphical ranges of the species determined are
summarized in Appendix 1 and Figure 8, using mainly data from

Young etal. (2014) and Gradstein et al. (2012). Since there was
no continuous section sampled, the stratigraphic succession of
the samples is unknown. Therefore, the maximum
biostratigraphical range was determined for each individual
sample (Appendix 1) and the duration of the marine Jurassic
sedimentation in Northern Bohemia were synthesized from
these data (Fig. 8).

Three intervals of the maximum possible time of Jurassic
sedimentation = were  determined  from  calcareous
nannoplankton ranges. However, the real time of marine incur-
sion might have been shorter.

1. Most samples contain only long-range taxa ranging from
the NJ9 to NJ12 zones through the top of the Jurassic or the
Lower Cretaceous. Sporadically occurring species with their
last occurrence in the NJ15 Zone (Lotharingius sigillatus;

(line width corresponds to the number of samples)
+ calcareous nannoplanton biostratigraphical events (Young et al., 2014
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Fig. 8. Maximum biostratigraphical ranges of the Northern Bohemia Jurassic deposits based
on calcareous nannoplankton
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Schizosphaerella sp.) indicate that the depositional history
must have started before the NJ15 Zone if these species are
not reworked.

Within this interval is possible to include the range of deter-
mined ammonite zones of Cardioceras cordatum to
Ataxioceras hypselocyclum (Hrbek, 2014), which can be corre-
lated with nannoplankton zones from the upper part of NJT13a
to the middle part of NJT14 (Tethyan zonation) or from NJ14 to
the middle part of NJ15b (Boreal zonation; Gradstein et al.,
2012). Unfortunately, the high-latitude and fragile genus
Stephanolithion, significant for biostratigraphical correlation in
this interval, is missing. The reasons could be
palaeogeographic and palaeoecological (lack of suitable
palaeoenvironment in the North Bohemian Basin or along the
connecting seaways) and/or taphonomic (destruction or disso-
lution of fragile nannofossils).

2. Co-occurrence of Diazomatolithus lehmanii and
Axopodorhabdus cylindratus in rock fragments from “PeSkova
stran” indicates a Tithonian age. However, neither of the spe-
cies is an important biostratigraphic marker, therefore this cor-
relation might not be entirely reliable.

3. Samples with Helenea chiastia and nannoconids indicate
a mid-Tithonian age (Casellato, 2010; Gradstein, 2012).

The stratigraphical ranges (2) and (3) have extended the age
of Jurassic deposits in the Northern Bohemia as determined
from ammonites (Hrbek, 2014). Isochronous deposits are known
from autochthonous Jurassic sequences in the eastern part of
the Bohemian Massif (Adamek, 2005) and central Poland (Kutek
and Zeiss, 1997; Gazdzicka, 1998; Kin et al., 2013). This sug-
gests that the Northern Bohemia could have represented a com-
munication corridor between Boreal and Sub-Boreal areas and
the Tethyan Realm up until the latest Jurassic.

PALAEOECOLOGY

The prevailing genus Watznaueria seems to be ubiquitous
and dominant during the mid-Jurassic—Late Cretaceous, espe-
cially within the low and middle palaeolatitudes in different ar-
eas of the Tethys Ocean, as well as e.g. in the Central Atlantic
and on the Russian Platform (Street and Bown, 2000;
Bornemann et al., 2003; Lees et al., 2004, 2006; Giraurd et al.,
2006; Ustinova, 2009; Kedzierski, 2012; Colombié et al., 2014).
The genus is considered to be a cosmopolitan form, dissolu-
tion-resistant, indicating more oligotrophic surface water nutri-
entlevels (e.g., Roth and Krumbach, 1986; Premoli-Silva et al.,
1989; Williams and Bralower, 1995; Pittet and Mattioli, 2002;
Bornemann et al., 2003). In contrast, Lees et al. (2004, 2006)
explained the high abundance of low-diversity assemblages
dominated by watznaueriaceans as a response to nutrient-rich
environments from which non-watznaueriacean taxa were eco-
logically excluded. In any case, watznaueriaceans represent a
eurytopic life strategy with wide palaeoecological tolerance, and
all prevailing species — W. britannica, W. barnesiae/fossacincta
and Cyclosphaera margerelii could live in unstable environ-
ments (Lees et al., 2004, 2006; Columbié et al., 2014).

Though seven calcareous nannoplankton assemblages
were distinguished in Northern Bohemia (Fig. 7), the species
composition characterizing these assemblages is very similar
and no nannoplankton changes known from the Late Jurassic
have been clearly recorded here. These changes may reflect
nutrient oscillations, for example in increase of markers of high
nutrient levels such as Biscutum constans, Discorhabdus
ignotus and Zeugrhabdotus erectus in the Early Tithonian (e.g.,
Premoli-Silva et al., 1989; Coccioni et al., 1992; Erba et al.,
1992; Bornemann et al., 2003). Similarly in the Volgian

(=Tithonian) sequence of the Russian Platform, a succession of
Watznaueria barnesiae—W. fossacincta acme, followed by a W.
britannica—W. communis acme Zeugrhabdotus erectus and
Biscutum constans acme have been interpreted as a transition
from a warmer, oligotrophic setting to a cooler, eutrophic one
(Kessels et al., 2003). On the other hand, increase in relative
abundance of Schizosphaerella punctulata recorded in the lat-
est Oxfordian—earliest Kimmeridgian of SW Germany was cor-
related with a shift from humid conditions in the earliest Late
Oxfordian to a drier and warmer climate in the earliest
Kimmeridgian (Bartolini et al., 2003). Similarly the ‘Nannofossil
Calcification Event’ (NCE) with mass occurrences of strongly
calcified taxa Conusphaera mexicana, Polycostella
beckmannii, Nannoconus spp., Watznaueria cf. manivitae rec-
ognized in the mid-Tithonian was caused by aridification,
oligotrophic surface water conditions and lower atmospheric
pCO; (Bornemann et al., 2003).

The absence of these events in Northern Bohemia may be
explained by both diagenetic alteration of assemblages in which
only dissolution-resistant Watznaueria were preserved (Roth
and Krumbach, 1986; Bornemann et al., 2003) or primarily by
specific palaeoecological conditions. Dissolution may have
played a role in low-diversity assemblages composed mainly of
large, badly preserved heterococcolithus (assemblages domi-
nated by W. britannica and assemblages of large coccoliths;
Fig. 7). Other assemblages more probably reflect the existence
of specific but stable conditions during the Late Jurassic in
North Bohemia. For detailed interpretation of palaeoecological
variability in the Northern Bohemia Jurassic sea, the ratio be-
tween (1) Watznaueria britannica — (2) the W. fossacinctal/W.
barnesiae group — (3) large W. manavitiae and (4) Cyclagelo-
sphaera margerelii were used. Variation in this ratio defines the
six assemblages (Fig. 7).

1. The assemblage dominated by W. britannica is the most
diverse in Northern Bohemia and contains the best preserved
nannofossils. This, together with the highest abundances of
small watznaueriaceans (14%), indicates low to no diagenetical
alternation of assemblages. Therefore the assemblage may be
easily used for palaeoecological interpretation. The palaeoeco-
logical preferences of W. britannica were suggested by many
authors, as follows Lees et al. (2004) described adaptation of
the species to high nutrient concentrations; Giraud et al. (2006)
showed that the environmental preferences of W. britannica
vary with morphometrical variance: increasing sizes are associ-
ated with a lowering of the trophic level and warm climatic condi-
tions; this was also suggested by Olivier et al. (2004 ) who noted
that small W. britannica preferred high mesotrophic environ-
ments, whereas large W. britannica were oligotrophic; Carcel et
al. (2010) also described a dominance of the smallest
morphotype of W. britannica in higher trophic conditions. In
Northern Bohemia, medium-sized specimens (5.5-6.5 uym) pre-
vailed, which could correspond with low mesotrophic condi-
tions. Such conditions possibly represent the highest trophic
level in the study area. Moreover, this interpretation is sup-
ported by high abundances of other small watznaueriaceans.
The W. britannica assemblage has been recorded only in sam-
ples from the former Sternberk Quarry which might suggest that
this famous palaeontological locality yields deposits represent-
ing the higher nutrient palaeoconditions.

2. A low-diversity assemblage with abundant W. britannica
accompanied by W. barnesiae and W. fossacincta, together
with the absence of small watznaueriaceans, suggests that it is
a diagenetically affected assemblage (1). Both assemblages
occur only in the former Sternberk Quarry.

3. An assemblage dominated by W. barmesiae and W.
fossacincta as end-members of a morphological continuum
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(Lees et al., 2004, 2006; Bornemann and Mutterlose, 2006) is
characteristic of rock fragments from “PeSkova stran”. The as-
semblage reached moderate diversity (4—5 species) and
nannofossils are rarely well or, more commonly, moderately
preserved. According to Roth and Krumbach (1986), W.
barnesiae-dominated assemblages are indicators of dissolution
which could correspond with low diversity and moderate preser-
vation of nannofossils in Northern Bohemia. On the other hand,
the presence of small coccoliths liable to dissolution rather sup-
ports an original composition of assemblages. Mutterlose
(1989) and Mutterlose and Wise (1990) recorded high abun-
dances of W. barnesiae in restricted, shallow-water settings. W.
barnesiae seems to have been an ecologically robust form that
could tolerate a wide range of extreme biotopes and was one of
the pioneer species to settle in new biotopes (Mutterlose,
1991). W. barnesiae is generally interpreted as indicative of
oligotrophy (Erba, 1992; Erba et al., 1992; Wiliams and
Bralower, 1995; Pittet and Mattioli, 2002; Herrle, 2003;
Bornemann et al., 2003; Mutterlose et al., 2005) and the abun-
dances of W. barnesiae are in “phase opposition” with eutrophic
taxa such as Z. erectus and B. constans (Erba et al., 1992;
Herrle, 2003). In contrast, Lees et al. (2004) concluded that W.
fossacincta/barnesiae occupied a more eutrophic position than
W. britannica, although later the same authors stated that W.
fossacincta/barnesiae assemblages indicate slightly less nutri-
ents by comparison with W. britannica assemblages (Lees et
al., 2006).

To summarize these inconsistencies, the assemblage (2)
type represents a generally oligotrophic environment with sea-
sonal and/or interannual oscillations of ecological parameters
including nutrients and salinity. The influence of diagenetic ef-
fects cannot be excluded.

4. A Watznaueria spp.—Cyclagelosphaera margerelii-only
assemblage occurs both in fragments from “PeSkova stran” as
well as from Sternberk Quarry. C. margerelii became dominant
in neritic and/or restricted environments (Bown, 2005; Giraud et
al., 2005; Carcel et al., 2010). Busson et al. (1992, 1993) have
described assemblages composed essentially of C. margerelii
and W. britannica in a Late Jurassic restricted-lagoon environ-
ment, possibly receiving fresh-water influxes. Monospecific as-
semblages formed of C. margerelii characterize Kimmeridgian
strata deposited in a lagoonal environment with significant sa-
linity variations (Tribovillard et al., 1992). Street and Bown
(2000) and Bown et al. (2004) argued that C. margerelii was a
neritic taxon. Lees et al. (2006) considered C. margerelii to be
the most extremely r-selected species, exploiting unusual con-
ditions. Generally, this assemblage may represent an unstable
marginal environment, e.g. with salinity oscillations.

5. A diverse assemblage composed of well-preserved
nannofossils occurs in rock fragments from “PeSkova stran”.
Besides watznaueriaceans (excluding W. britannica),
Diazomatolithus lehmanii, large Cyclagelosphaera deflandrei
and Nannoconus sp. may appear here but only in low abun-
dances, while small watznaueriaceans are common. Assem-
blages can be correlated with the Tithonian, and may represent
a slight influence of Tithonian events, both increase of nutrients
(occurrence of the high-nutrient marker Diazomatolithus
lehmanii: Roth, 1981; Roth and Bowdler, 1981; Roth and
Krumbach, 1986; Premoli-Silva et al., 1989; Coccioni et al.,
1992; Erba, 1992; Williams and Bralower, 1995; Mattioli and
Pittet, 2004) and a ‘Nannofossil Calcification Event’ (occur-
rence of Nannoconus sp.).

6. Assemblages dominated by W. communis and an as-
semblage only with large nannofossils contains the worst-pre-
served nannofossil specimens and reached the lowest diver-
sity. Both these assemblages are taphonomically affected and
do not provide palaeoecological information.

PALAEOGEOGRAPHY

Provincialism of Late Jurassic calcareous nannofossils is
well known and has been clearly documented (Cooper, 1989;
Mutterlose and Kessels, 2000; Street and Bown, 2000). How-
ever, the Bathonian—Kimmeridgian interval is characterized by
the dominance of the genus Watznaueria in both Boreal and
Tethyan provinces (Busson et al.,, 1992; Bown and Cooper,
1998; Pittet and Mattioli, 2002; Olivier et al., 2004; Lees, 2004,
2006, Tremolada et al., 2006) as well as in Northern Bohemia.
Only a few individuals record directions of nannoplankton mi-
grations through the Northern Bohemian corridor.

Generally, Tethyan taxa migrated to the Boreal province
when seaways, sea-level and surface temperatures became
suitable (Mutterlose, 1989; Mutterlosse et al., 2005) and
vice-versa: the cold-water Boreal taxa may have penetrated to
Tethys during cooling episodes, while warm-water
nannoplankton migrated to the north during warm periods.
Therefore, palaeotemperature trends are decisive for direction
of migration. For reconstruction of palaeotemperature trends in
the Late Jurassic a coincidence of the bulk O-isotope curve
(Weissert and Erba, 2004) with trends reconstructed with
palynological information from northern Europe by Abbink et al.
(2001) was used. They described the mid-Oxfordian warming
contrasting with the cool Early and Late Oxfordian and Early
Kimmeridgian following by a long-term warming trend lasting
from the Kimmeridgian into the earliest Cretaceous. Moreover,
Tremolada et al. (2006) described a cooling episode at the
Callovian—Oxfordian boundary.

The Northern Bohemian Oxfordian—Kimmeridgian assem-
blages are low-diversity and contain only watznaueriaceans.
The high-latitude genus Stephanolithion is lacking and assem-
blages reflect an unstable, marginal environment without mark-
ers of migration direction. However, Hrbek (2014) described an
equatorward migration of cold-water ammonites close to the
Oxfordian—Kimmeridgian boundary which may reflect Oxford-
ian—Kimmeridgian cooling.

Episodic migrations of the Tethyan genus Nannoconus into
the Boreal Realm known from the Valanginian, Hauterivian and
mid-Aptian were used to reconstruct global changes in temper-
ature and sea-level (Mutterlosse et al., 2005). The occurrence
of Tethyan taxa in the Tithonian samples in Northern Bohemia
indicates a south-north direction of migration in agreement with
warming towards the Jurassic—Cretaceous boundary.

CONCLUSIONS

1. Calcareous nannoplankton was found in Jurassic relicts in
Northern Bohemia. The calcareous nannoplankton assem-
blages studied are generally of low diversity, dominated by
watznaueriaceans and some of them are diagenetically affected.

2. The degree of diagenetic alternation does not correspond
with lithotypes recognize so far and probably corresponds with
the degree of dolomitisation induced by Cenozoic tectonic ac-
tivity in the Lusatian tectonic zone and by Cenozoic volcanism.
Therefore, strongly dolomitised Jurassic strata are not promis-
ing for further nannoplankton studies.

3. The first time of Jurassic marine incursion to the Northern
Bohemia cannot be exactly dated by calcareous nannoplankton,
and can be better determined by ammonites. However, calcare-
ous nannoplankton allows determination of the duration of the
North Bohemian sea corridor to the Tithonian.

4. The Oxfordian—Kimmeridgian assemblages dominated
by Watznaueria fossacincta/barnesiae community show a
rather oligotrophic condition of a restricted sea. However, epi-
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sodic instability triggered probably by seasonal and/or
interannual freshwater input may have taken place. Generally,
the palaeoenvironment of the superficial water was uniform and
did not reflect variability at the sea-floor expressed by
lithofacies variance.

5. Specific assemblages dominated by Watznaueria britan-
nica characterize the former palaeontological locality
“Sternberk Quarry” and indicate higher nutrient contents and a
more stable environment. The degree of diagenetic alternation
is low in this case.

6. The Tithonian assemblages exhibit high diversity and con-
tain warm-water Tethyan taxa. This suggests migration of Tethyan

taxa to the Boreal-Subboreal Province, probably due to tempera-
ture increase towards the Jurassic—Cretaceous boundary.
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