
Biostratigraphy and palaeogeographical applications of
Lower Cretaceous nannofossils from north-western
Europe
Jeson A. Crux

Rapid changes within Lower Cretaceous
nannofloral assemblages permit the division of
Upper Ryazanian to Barremian strata of north-
western Europe into l6 nannofossil zones. This
degree of biostratigraphical refinement is
approaching that achievable using ammonites
and belemnites.

During certain periods of time, the
nannofloras show strong Tethyan or Boreal-
Arctic provincialism. The increase and decrease
of Tethyan or Boreal-Arctic nannofloral
elements are correlated to the pattern of
transgressions, regressions and the opening-
closing of seaways in north-western Europe. The
following history is inferred from the
nannofloral development in the NW European
basins.

(a) A Late Ryazanian transgression with weak
marine connections to the west of Britain
and possibly beyond to Tethys.

(b) A transgression in the Early Valanginian,
mainly from the Boreal Arctic Ocean.

(c) An extensive Late Valanginian transgression
with good marine connections to Tethys
through the Polish Trough for most of the
time and a reduction of the Boreal-Arctic
influence upon the north-western European
area.

(d) A major and more extensive transgression in
the Early Hauterivian bringing stronger

Tethyan influences into the north-western
European area.
The nannofloras from the uppermost Lower
Hauterivian (inversum Zone and
Aegouiocera.r Beds) are transitional
between the Tethyan influenced assemblages
below and those showing Boreal-Arctic
influence above. This change occurred
during a strongly transgressive interval. The
arrival of Boreal-Arctic species in the area
was possibly caused by an improvement of
the marine connections to the north, or by a
temporary closing of the Polish Trough, or
by a change in the climate.
There was a return of Tethyan influence to
the nannofloras of the uppermost
Hauterivian, possibly caused by a

continuation of the transgression, opening
seaways to the west or through the Polish
Trough.
A short, sharp regression in the Early
Barremian caused partial closure of marine
connections to the north between the
Shetlands and Norway (the Polish Trough
was by this time permanently closed).
Although this regression was possibly
followed by a transgression, the connections
with Tethys remained poor. This period of
sluggish circulation led to anoxic conditions
in the bottom waters and the deposition of
the blätterton organic-rich facies. The
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anoxlc envlronment was eventually broken
down by an influx of water from the north at
the end of the Early Barremian. This
sequence of events is reflected in the
nannofloras by an abrupt change from
strongly Tethyan influenced assemblages to
those of a more endemic nature. With the re-

establishment of good marine connections to
the north, these were in turn replaced by
assemblages showing a strong Boreal Arctic
influence.

(h) A minor regression in the Late Barremian
once again allowed the establishment of
endemic nannofloras.

8.I INTRODUCTION
The Lower Cretaceous (Ryazanian Barremian)
strata of north-western Europe contain rich and
distinctive nannofloras. These comprise a
mixture of cosmopolitan, endemic, Tethyan and
Boreal-Arctic taxa. The diversity of the
nannofloras is greater than that of their
contemporaries in the Tethyan Realm, with
more than 40 species occurring in a single sample.

Previous studies have mainly concentrated on
the description of new taxa and the
biostratigraphical distribution of the
nannofloras (Black l97lb, Thierstein 1973,
Taylor 1978, 1982, Perch-Nielsen 1919, Köthe
1981, Jakubowski 1986, 1987, Crux 1987). More
recently, Mutterlose and Harding (1987) and
Kemper et al. (1987) have used the nannofossils
to interpret the origin of distinctive lithological
units such as the 'Hauptblätterton' of north-
western Germany and the Aegocriocera.s Beds.

The aims of the present study are twofold:
firstly, to develop the nannofossil zonation
schemes proposed by Taylor (1982) and
Jakubowski (1987) and to integrate the results
with the ammonite and belemnite zonations.
Secondly, to use the Tethyan and Boreal Arctic
variations in the nannofloras to recognise
regressions, transgressions and the opening and
closing of seaways.
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8.2 METHODS
For light microscope examination, the samples
were prepared by crushing I cm3 of rock in a

clean pestle and mortar. A little distilled water
was added, the resulting slurry was poured onto a

20 pm sieve and washed through with further
distilled water. The material that passed through
the sieve was collected and allowed to settle in a
glass vial. Most of the remaining water was
decanted and the residue was agitated to
homogenise it. A pipette was used to place two
drops of the residue onto a microscope slide
where it was smeared out into a thin layer, this
was dried on a hot plate and a coverslip was
attached using a permanent mounting medium.

For scanning electron microscope
examination the samples were prepared using a

centrifuge, as described by Taylor and Hamilton
(1e82).

8.3 SECTIONS STTJDIED
A total of 23 I samples from six sections of
Ryazanian to Barremian age from England.
Germany and offshore Norway have been
examined for their calcareous nannofossil
content (Fig. 8.1). The most complete of these
sequences, although condensed in places, is the
Speeton section from Filey Bay, Yorkshire.
where Upper Ryazanian to Albian sediments are
partially exposed. Four sections from the
Hanover area make up a composite section of
Upper Ryazanian to Aptian sediments. A short
core from Sklinnabanken, offshore Norway.
which comprises Upper Ryazanian to Lower
Valanginian and Upper Hauterivian to Lower
Barremian sediments, has also been studied.
Brief details of these sections are given below.
together with an account of their nannofloras
and range charts showing the stratigraphical
distribution of the species.

Generally the ages assigned in this work are
taken from the most recently published accounts
of each section. Exceptions to this are (l) the
dating of the Sklinnabanken Core 78, which is

established in the present study by means of
nannofossil biostratigraphy, and (2) the position
of the Lower-Upper Hauterivian boundary in

Biostratigraphy and palaeogeographical applications
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the Moorberg, Sarstedt section, which is taken to
lie above the Aegocrioceras Beds rather than

below, where Mutterlose (1984) placed it. This
results in the boundary lying in approximately
the same horizon as it is placed in the Speeton

section.
A remaining problem is the positioning of the

Hauterivian-Barremian boundary between the

various sections studied. The boundary is placed

at the base of the pugio belemnite Zone in the

Otto Gott, Sarstedt section, but at the base of the

stratigraphically older variabilis ammonite Zone

at Speeton. In comparative discussions of the

two sections, the boundary defined by
ammonites at Speeton is approximately applied
to the Otto Gott section in order to compare like
with like.

(a) Speeton, Filey Bay, Yorkshire (England)
Location: the type locality of the Speeton Clay
lies at the southern end of Filey Bay, Yorkshire
(Grid Ref. TA 145763 to 155754), where the clay
forms low cliffs along a l.2km coastal section.
References: the Speeton section was first
described in detail by Lamplugh (1889), who
divided it into four major units, the A to D Beds,

according to belemnite faunas. He further
subdivided the D and C Beds on an essentially
lithological basis. Further lithological
subdivisions for different parts of the section
have been made by Neale (1960, 1962), Kaye
(1964), Fletcher (1969), Rawson (1971) and
Rawson and Mutterlose (1983). The most recent
descriptions of the section giving ammonite and/
or belemnite stratigraphies are Neale (1962) for
the Ryazanian D Beds, Neale (1960) for the
Valanginian to Hauterivian D Beds, Rawson
(1971) for the Hauterivian to Barremian D and C
Beds and Rawson and Mutterlose (1983) for the
Barremian Lower B and basal Cement Beds. In
addition, zones used for the Valanginian by
Rawson et al. (1978) are applied.
Stratigraphical extent: the extent and
completeness of the stratigraphical record
available for sampling at the Speeton section is

controlled by three factors. Firstly the original
history of sedimentation has resulted in a major

lch.8

gap in the succession with the absence of Upper
Valanginian strata and condensed sequences in
the Lower and Upper Ryazanian, Lower
Valanginian and the Lower Hauterivian. The
second factor is the state of the low cliffs which
are constantly slumping and slipping, preventing
collection of particular beds at any one time. The
third factor is the deposition of beach sands on

beds which are best exposed on the foreshore.
The combination of the last two factors has

prevented detailed sampling of the Upper
Hauterivian C6-C4 Beds and the uppermost
Barremian beds. It has been possible to relate all
samples collected to ammonite biostratigraphl
in the Speeton section.

23 samples have been collected from the

uppermost Ryazanian albidum Zone to the

Lower Valanginian Polyptychites spp. Zone.21
samples have been collected from the

Hauterivian strata; three from the condensed

amblygonium and noricum Zones, the remainder
from the regale to marginatus Zones. 31 samples
were collected from the Barremian variabilis to
denckmanni Zones.
Nannofloras: the distribution and composition of
the nannofloras of the Speeton section are

presented in Figs. 8.2 8.4. Samples from the

lower part of the albidum Zone are barren or
contain only rare Watznaueria barnesae. The
upper part of the albidum Zone contains rich but
poorly diversified nannofloras. The dominant
species are divided equally between survivors
from the Jurassic such as W. barnesae,

Staurolithites crux, Biscutum ellipticum and
Diazomatolithus lehmanii and new Cretaceous
species such as Rhagodiscus asper, Cretarhabdus
crenulatus, Micrantholithus obtusus and

Crucibiscutum salebrosun. Distinctive species

present in this interval are Nannoconus sp.
(discs), Sollasites arcuatus, Micrantholithus
brevis and Perissocyclus fletcheri; these species

are all very short ranging. A dramatic drop in
abundance and diversity of the nannofloras
occurs at the top of the Ryazanian. The Lower
Valanginian D4C to D2E Beds are highly
condensed and have a low calcite content. The
few nannofossils present are solution-resistant

Biostratigraphy and palaeogeographical applications
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species which are often poorly preserved. The
presence of Micrantholithus speetonensis,
however, makes these assemblages characteristic
enough to be biostratigraphically useful.

Upper Valanginian strata are missing in the
Speeton section. The hiatus is followed by a very
condensed sequence of lowermost Hauterivian
strata, rich in calcareous nannofossils. Although
the nannofloras of the Lower Hauterivian are
generally dominated by VIt. barnesae, there is an
unusually high abundance of Cyclagelosphaera
margerelii and R. asper in these beds. Several
species which probably evolved in the
Valanginian appear for the first time in these
beds. These are Haqius circumradiatus,
Tegumentum striatum, T. ocldormis and
Eprolithus antiquus. New species which evolved
during the Early Hauterivian and are recorded at
Speeton are Scapholithus fossilis and
Rhagodis cus pseudoangustus. The extinctions of
Corollithion silvaradion and E. antiquus are useful
biostratigraphical events within this interval.

The Upper Hauterivian yielded relatively
sparse nannofloras compared with those of the
Lower Hauterivian. This pattern was also
observed in the Moorberg, Sarstedt section.
Species which evolved in the Late Hauterivian
and are recorded at Speeton include Tegulalithus
septentrionalis, Cretarhabdus inaequalis and
Chiastozygus cepekii. The common occurrence of
T. septentrionalis in the Upper Hauterivian is
biostratigraphically useful.

The lowermost beds of the Barremian are
relatively rich in nannofossils compared to the
underlying Upper Hauterivian. The nannofloras
are dominated by W. barnesae, with lesser

numbers of R. asper, S. crux, B. ellipticum,
Corollithion geometricum, Assipetra infra-
cretacee, Discorhabdus ignotus, Cylindralithus
lffittei and D. lehmqnii. The nannofloras
become less abundant in the upper part of the

fissicostatum and lower elegans Zones (Beds
LB2A-LB I A) and two species, C. margerelii and,
Nannoconus abundans, become relatively more
abundant.

Above Bed LBIA two species, T.
septentrionalis and D. lehmanii,return after being

lch.8

absent from the nannofloras ofBeds C2E-LBIA
and LB2CII-LBIA respectively. This return is
associated with an increase in abundance of
Z eug r hab do t us s isy p hus and S oll as it e s ho r t icus.

It is possible to recognise l5 of the l6
nannofossil zones proposed in this study in the
Speeton section (Figs. 8.10 and 8.1 l).

(b) Sachsenhagen, near Hanover (Germany)
Location: west of Hanover, Map Ref. TK 25
Sachsenhagen, Nr. 3621 re: 35 17 300, h: 58 07
I 50.

Reference: Mutterlose (1984) gave a recent
account of the section exposed in this large
shallow pit. He divided the section into five parts.
A-E from bottom to top. These divisions are
faunal and reflect the progress of the
depositional environment from brackish to fully
marine.
Stratigraphical extent: Upper Ryazanian
(Berriasian) to Lower Valanginian. 26 samples
were collected through the succession.
Nannofloras: the samples collected are barren of
nannofossils and poor in calcareous material in
general.

(c) Münchenhagen, near Hanover (Germany)
Location: west of Hanover, 0.5 km east of the
Loccum Wiedensahl road and about I km north
of the Zweigstrasse to Münchenhagen. Map Ref.
TK 25 Schlusselburg, Nr. 3520, re: 35 09 775,h:
58 08 625.
Reference: Mutterlose (1984) gave a recent
account of this section. He described the beds
exposed, which he numbered 95 to 124, from
bottom to top.
Stratigraphical extent: the 20 m section exposes
the part of the Upper Valanginian (the upper
part of the Dichotomites Beds). l2 samples were
taken only from Beds 108 to 124, since the lower
part of the section was covered by chemical
waste.
Nannofloras: the stratigraphical distribution of
the nannofossils recovered is shown in Fig. 8.5.
The nannofloras are dominated by W. barnesae
with lesser numbers of C. margerelii. This section
is important for establishing the ranges of some

Biostratigraphy and palaeogeographical applications



key taxa used in the biostratigraphical zonatlon
scheme of this study. The presence of T. striatum
in this section, but its absence in the Lower
Valanginian strata of Speeton and Core 78,
Sklinnabanken, offshore Norway, shows it to
have evolved in the early Late Valanginian. The
total absence of E. antiquus from this section
possibly indicates that it did not evolve until the
latest Valanginian or earliest Hauterivian. The
two highest samples taken from this section are
barren of nannofossils, except for rare W.

barnesae. The whole of the fossiliferous section
from Münchenhagen can be assigned to the 7".

striatum Zone of this study.

(d) Moorberg, near Hanover (Germany)
Location: 30 km south of Hanover, east of the 86.
Map Ref. TK 25 Sarstedt Nr. 3725, re: 35 59 880,
h: 57 89 550.
Reference: Mutterlose (1984) gave a recent
account of this brick pit, although much of the
section described has since been covered by
refuse. The section consists of strongly dipping
Lower Cretaceous strata unconformably
overlying Bajocian to Toarcian sediments.
Mutterlose (1984) numbered the Lower
Cretaceous beds 100 to 33 and then from - I up
to - 50 upwards through the succession.
Stratigraphical extent: the section once extended
from the Lower Hauterivian amblygonium Zone
to the Lower Barremiany'ssicos t atum Zone. The
filling in of the pit with refuse, prevented the
collection of samples above Bed - 3, which lies
within the Upper Hauterivian gottschei Zone. 33

samples were taken from Beds l0l to -3.
Nannofloras: the stratigraphical distribution of
the nannofossils recovered in the 33 samples
from this section is shown in Fig. 8.6. The
nannofloras of the Lower Hauterivian are
dominated by W. barnesae, with lesser numbers
of R. asper and C. margerelii. There is a marked
drop in abundance and diversity of the
nannofloras in the upper part of the Lower
Hauterivian (Aegocrioceras Beds, Bed 73). In the
remainder of the Hauterivian section, the
diversity and abundance of the nannofloras
increase with the first 7. septentrionalis and later

Fig. 8.5 - Stratigraphical distribution ofnannofossils in the
Münchenhagen clay pit.
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present in the Upper Hauterivian but becomes
absent in the Lower Barremian and re-enters just
below the Lower Upper Barremian boundary.
This return is associated with the abundant
occurrence of Z. sisyphus and the return of D.
lehmanii as was the case also in the Speeton
section. Biostratigraphically important
nannofossil events in this section are the last
occurrences of R. pseudoangustus and 1/.

abundans, the first occurrences of N. abundqns
and Vagalapilla matalosa and the re-entry of f.
seplentrionalis.

The S. comptus-C. inaequalis, N. abundans, C.

conicus, Z. sisyphus and V. matalose zones are
present in the Otto Gott section.

(f) Core 78, Sklinnabanken (offshore Norway)
Location: the core was taken close to the eastern
margin of the Trondelag Platform, offshore
Helgeland, northern Norway (65' 06.0' N, 10"

17.3', E).
Reference: the core is described and related to
seismic stratigraphy by Aarhus et al. (1986).
They also provided an account of the
macrofossils, palynomorphs and nannofossils of
the core, but their findings do not totally agree
with the present study. The dating of this section
is possibly hampered by reworking of the
palynomorphs (M. Partington pers. commun.).
Stratigraphical extent: the core ranges from the
Upper Ryazanian to Lower Valanginian where a
hiatus causes the remainder of the Valanginian
and most of the Hauterivian to be absent.
Sedimentation resumed in the latest Hauterivian
to earliest Barremian. 22 smear slides (given to
the author by Jacob Verdenius) from 4.50 to
10.95 m depth in the core were studied.
Nannofloras: the stratigraphical distribution of
the nannofossils in this core is presented in Fig.
8.8. The Upper Ryazanian and Lower
Valanginian nannofloras are dominated by LIt.

barnesae and C. salebrosum. The lowermost two
sampfes contain S. arcuatus, a species restricted
to D6A at Speeton. Other biostratigraphically
important species are P. fietcheri and the 'calcite
rosettes' of Verdenius in Aarhus et a/. ( I 986). The
former appears to have a stratigraphically

Nannoconus spp. being relatively common.
Useful biostratigraphical events within the
Moorberg section include the first occurrences of
T. octiformis, T. seplentrionalis and C. inaequalis
and the last occurrences of E. antiquus, C.

sil v ar adio n, common T. s e p t en tr i onal i s and lar ge

T. striatum.
The E. anliquus, C. silvaradion, C. margerelii,

T. septenlrionalis and Stradnerlithus comptus
Zones, as defined in this study, were recognised
in the Moorberg section.

(e) Otto Gott, Sarstedt, near Hanover (Germany)
Location: 30 km south of Hanover, I km east of
the 86. Map Ref. TK 25 Sarstedt, Nr. 3725, re: 35

60 400, h: 57 90 650.
Reference: Mutterlose (1984) gave a recent
account of the beds exposed in this actively
worked brick pit. He numbered the beds from 50

to 215 upwards and related them to a composite
ammonite and belemnite zonation scheme. No
ammonite zonal assignments are available for
the upper part of the section which is dated with
belemnites.
Stratigraphical extent: the section ranges from
the Upper Hauterivian gottschei ammonite Zone
to the Upper Barremian depressa belemnite
Zone. This is followed by an unconformity and
an Upper Aptian section. 56 samples were
collected from the gottschei to depressa Zones,
Beds 50-199.
Nannofloras: the stratigraphical distribution of
the nannofossils in the 56 samples from this
section is presented in Fig. 8.7. The nannofloras
of the Otto Gott section are more abundant and
diverse in the Upper Hauterivian and Lower
Barremian than in the Upper Barremian.
Walznaueria harnesae dominates the
nannofloras throughout the section with lesser

numbers of R. asper, S. crux and B. ellipticum.
The very lowest part of the section in the Upper
Hauterivian has a relatively high abundance of
nannoconids. These become less common in the
Lower Barremian and are replaced by a single
species, N. abundans (Mutterlose and Harding
(1987) additionally record Nannoconus borealis
and 1/. elongatus). Tegulalithus septentrionalis is
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restricted range from Upper Ryazanian to Lower
Valanginian, while the latter appears to be

restricted to the Valanginian.
The Upper Hauterivian to Lower Barremian

strata contain nannofloras dominated by W.

barnesae with common to abundant R. asper.

This interval is dated by the presence of L
septentrionalis, C. cepekii, C. inaequalrs and S.

comptus.
The S. arcuatus. unnamed Zone and the S.

comptus Zones are recognised in this core.

8.4 BIOZONATION SCHEME
Two previous biozonation schemes have been
proposed specifically for Early Cretaceous
nannofossils of the north-western European
area. These are Taylor (1982) and Jakubowski
(1987). The former was based on a study of the
Speeton (England), Otto Gott and Moorberg,
Sarstedt (Germany) sections. Taylor proposed
five nannofossil zones integrated with the
ammonite biostratigraphy for the Late
Ryazanian to Barremian interval. Some of her
zones are included in the present scheme, but
further age resolution has been achieved by using
previously undescribed species and knowledge
gained from North Sea well studies.

The most recent zonation scheme proposed for
the Early Cretaceous is that of Jakubowski
(1987). This study is based mainly on the
examination of well material from the Moray
Firth area (North Sea) with some reference to the
Nettleton (Lincolnshire) and Speeton sections
onshore. Some of the zones proposed by
Jakubowski have been found useful in the
present study, but others have proved to be of
only local significance in the Moray Firth area.
In addition, the lack of ammonite dated reference
material has led Jakubowski to interpret wrongly
the age significance of some of his
biostratigraphical events.

Further reference to the two previous zonation
schemes is made in the comments sections for the
individual zones. A comparison of the zonation
proposed here and the two previous schemes is
given in Fig. 8.9.

In this study, l6 interval zones are defined for
the Late Ryazanian to Late Barremian interval.
They are graphically compared with the
ammonite and belemnite zones in Fig. 8.10
(Ryazanian-Valanginian interval) and 8.1 I
(Hauterivian-Barremian interval). Range charts
showing the composite ranges for the
biostratigraphically useful species in both
Germany and England are presented in Figs.
8.12 and 8.13.

(a) Nannoconus sp. (discs) Zone

Definition: from the first to the last occurrence of
N anno conus sp. (discs).

Author: Crux, this study.
Assemblage characteristics: the nannoflora is
dominated by Watznaueria barnesae with
common to abundant Bukrylithus ambiguus,
Rhagodiscu.s asper, Glaukolithus compactus,

Cretarhabdus crenulatus, Axopodorhabdus
dietzmannii, Hemipodorhabdus gorkae-
Tetrapodorhabdus coptensis, Cyclagelosphaera
margerelii, Nannoconus sp. (discs) and
Crucibiscutum salebrosum. Micrantholithus
ärevls occurs for the first time in this zone.

Stratigraphical extent: this zone is an interval
within the Upper Ryazanian, corresponding to
part of the albidum ammonite Zone.
Type section: Speeton, Bed D7B.
Comments: Bed D7B is the oldest bed sampled at
Speeton that yielded diverse nannofloras. In
more basinal sections more complete Ryazanian
sections may occur, allowing the extension of this
zone into older strata. Nannoconus sp. (discs) has

not been previously used in zonation schemes,

but has been observed in the Norwegian sector of
the North Sea and the Porcupine Basin, offshore
Ireland. Thus its distribution is sufficiently
widespread to be useful for correlation.

This zone corresponds to part ofthe Retecapsa

angustiforata Zone of Taylor ( I 982) and of the R.

angustforata Subzone of Jakubowski (1987).

This zone is defined by the first occurrence of
Cretarhabdus angustiforalus; however, H.
Dockerill (pers. commun.) reports this species

from the Jurassic of France.
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Fig. 8.10 Ammonite and nannofossil zones of the Ryazanian to Valanginian
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(b) Perissocyclus fletcheri Zone
Definition: from the last occurrence of
Nannoconus sp. (discs) to the first occurrence of
Sollasites arcuatus.
Author: Crux, this study.
Assemblage characteristics: the nannoflora is
dominated by LIt. barnesae with common to
abundant R. asper, G. compactus, C. crenulatus,
Staurolithites crux, Biscutum ellipticum, H.
gorkae-T. coptensis, Discorhabdus ignotus,
Diazomatolithus lehmanii, Micrantholithus
obtusus, C. sslebrosum, Zeugrhabdotus embergeri

and P erissoc yc lus fle tc heri.
Stratigraphical extent: this zone lies entirely
within the Upper Ryazanian; it is equivalent to
part of the qlbidum ammonite Zone.
Lithostratigraphical equivalents: Beds D7A-D6B
ofthe Speeton section.
Type section: Speeton, Beds D7A-D6B.
Comments: the presence of common P. fletcheri
is characteristic of this zone. This is equivalent to
part of the Ä. angustiforata Zone of Taylor
(1982) and the R. angustiforala Subzone of
Jakubowski (1987).
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lF Attor Porch-Noken ( 1 979)

Fig. 8.12 Composite range chart olbiostratigraphically useful nannofossils in the Speeton section.
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(c) Sollasites arcuatus Zone
Definition: from the first to the last occurrence of 8.00 m.
S. arcuatus.
Author: Jakubowski (1987).
Assemblage characteristics: the nannoflora is
dominated by W. barnesae with common to
abundant R. asper, G. compactus, C. crenulatus,
S. crux, B. ellipticum, Zeugrhabdotus erectus, C.

salebrosum and Cylindralithus lffittei. The
nominate taxon is rare.
Stratigraphical extent: this biozone lies entirely
within the Upper Ryazanian; it is equivalent to
part of the albidum ammonite zone.
Lithostratigraphical equivalents: this biozone is

restricted to a single bed of the Speeton section,
Bed D6A. It is also present in the Core 78 from
Sklinnabanken, offshore Norway, between 10.95

and 10.85 m.
Type section: Speeton, Bed D6A.
Comments: although S. arcuatus is only rare
within this zone it is known to occur over a wide
geographical area (Speeton, offshore Norway,
Moray Firth) and is a reliable biostratigraphical
marker.

This zone corresponds to parts of the R.
angus I ifor at a and the C ruc ip lac o lit hus s qle b r o sus

Zones ofTaylor (1982).

(d) Unnamed Zone
Definition: from the last occurrence of S.

arcuatus to the first occurrence of
M icr ant holit hus spee t onensis.

Author:Jakubowski emend. Crux this study.
Assemblage characteristics: the nannoflora is
dominated by W. barnesae and C. salebrosum.
Perissocyclus fietcheri, Corollithion silvaradion,
M. brevis, Diadorhombus rectus and 'calcite
rosettes' are among the biostratigraphically
significant species.
Stratigraphical extent: uppermost Ryazanian to
Lower Valanginian?; it is probably equivalent to
the uppermost part of the albidum ammonite
Zone and the lower part of the Paratollia spp.
Zone.
Lithostratigraphical equivalents: D5-D4C Beds
of the Speeton section and 10.75-8.00 m in Core
7B, Sklinnabanken, offshore Norway.

lch.8

Type section: Sklinnabanken, Core 7B, 10.75-

Comments: this zone is barren in the Speeton
section. The last occurrence of P. fletcheri and
the inception of 'calcite rosettes'in this zone may
be biostratigraphically useful in the future.

This zone corresponds to part of the C.
salebrosus Zone of Taylor (1982) and to part of
the M. speetonensis Zone of Jakubowski (1987).

(e) Micrantholith us speetonensis Zone
Definition: from the first to the last occurrence of
M. speetonensis.
Author: Taylor (1982) emend. Crux this study.
Assemblage characteristics: only a very sparse
nannoflora was recorded from this zone in the
Speeton section. It includes rare specimens of W.
barnesae, R. asper, S. crux, H. gorkae-T.
coptensis, Cretarhabdus madingleyensis, C.
salebrosum, Corollithion geometricum and M.
speetonensis.
Stratigraphical extent: Lower Valanginian,
equivalent to the upper part of the Paratollia
spp. ammonite Zone and most of the
Polyptychites spp. Zone?
Lithostratigraphical equivalents: Beds D4B-D2E
of the Speeton section.
Type section: Speeton, Beds D4B-D2E.
Comments: the upper limit of this zone is defined
by the extinction of M. speetonensis. This event
was recorded in Bed D2E at Speeton by Perch-
Nielsen (1979), but M. speetonensis was only
recorded as high as Bed D4A in the present
study. Perch-Nielsen's range is adopted here to
define the duration of this zone. Taylor (1982)
also followed Perch-Nielsen's range but
misquoted it, placing the extinction of M.
speetonensis in the Upper Valanginian.
Jakubowski (1987) recorded this event at the
Lower-Upper Valanginian boundary: his range
was also based on Perch-Nielsen's (1979) record.
A stratigraphical break occurs in the Speeton
section with the uppermost Lower Valanginian
and Upper Valanginian strata missing; it is thus
possible that M. speetonensis could range into
younger sediments elsewhere. A sharp reduction
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in the abundance of C. salebrosula in this zone

may also be biostratigraphically useful.
This zone is equivalent to parts of the M.

speetonensis Zones of Taylor (1982) and
Jakubowski (1987).

(f) Unstudied Interval
Description: from the extinction of M.
speetonensis to the first occurrence of
Tegumentum striatum.
Stratigraphical extent: uppermost Lower
Valanginian to Upper Valanginian, equivalent to
the later part of the Polyptychites spp. ammonite
Zone to the early part? of the Dichotomites spp.

Zone.
Comments: this interval was not sampled. As
noted above, it is possible that M. speetonensis

ranges into the earlier part of the Late
Valanginian and may thus have an overlapping
range with T. striatum. Jakubowski (1987) noted
the presence of Z. striatum in the Lower
Valanginian D3A Bed at Speeton. This range
was not substantiated in the present study and
thus this interval is reported.

(g) Tegumentum striatum Zone
Definition: from the first occurrence of Z.

striatum to the first occurrence of Eprolithus
antiquus.
Author: Taylor (1982) emend. Crux this study.
Assemblage characteristics: the nannofloras are

dominated by W. barnesae and C. margerelii.
Other biostratigraphically useful species present

include T. striatum, Assipetra infracretacea,
Speetonia colligata and C. silvaradion.
Stratigraphical extent: Upper Valanginian to
?Lower Hauterivian, DichotomiteJ spp. Zone to
the ?amblygonium Zone. (Mutterlose (pers.

commun.) reports T. striatum from the
lowermost Upper Valanginian of Germany; thus
this zone can be extended into the unstudied
interval.)
Lithostratigraphical equivalents: a complete
section through this zone was not sampled in the
present study. A short interval within the zone

occurs in the Münchenhagen clay pit, Beds 108-
124.

Type section: Münchenhagen, Beds 108-124.
Comments: if Jakubowski (1987) is correct in
claiming that T. striatum occurs in the Lower
Valanginian D3A Bed at Speeton, then this zone
would overlap with the underlying zone (M.
speetonensis Zone). In the present study no such

overlap was observed. Taylor (1982) did not
record the first occurrence of T. striatum until the
Lower Hauterivian. However, no Upper
Valanginian sections were available to her study.

This zone corresponds to part of the
Chiastozygus striatus Zone of Taylor (1982) and
part of the C. silvqrqdion Zone of Jakubowski
(1e87).

(h) Eprolithus antiquus Zone
Definition: from the first to the last occurrence of
E. antiquus.
Author: Crux this study.
Assemblage characteristics: the nannofloras are
dominated by 14/. barnesae and C. margereliiwith
common to abundant B. ambiguus,
Lithraphidites carniolensis, C. crenulatus, C.

lffittei, D.lehmanii, T. striatum, R. asper and C.
salebrosum. Scapholithus fossilis and
Tegumentum octiformis have their inceptions in
this zone.
Stratigraphical extent: the exact lower limit of
this zone was not defined in the present study,
but it must lie in the uppermost Valanginian to
lowermost Hauterivian. The total range of this
zooe is Upper? Valanginian to Lower
Hauterivian, unnamed ammonite Zone
(Eleuiceras Beds) to the regale Zone.
Lithostratigraphical equivalents: Beds D2D-C I 0
of the Speeton section and Beds l0l-80 of the
Moorberg, Sarstedt section.
Type section: Moorberg, Sarstedt, Beds 101-80.
Comments: the exact level of the inception of E.

antiquus is not known as no uppermost
Valanginian sections were available for study.
Perch-Nielsen (1985) assigned a Hauterivian to
Albian range to E. antiquus. This range, which
extends into much younger strata than that
recorded in the present study, is probably
explained by the inclusion in her species concept

Biozonation scheme 169
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of E. antiquu.r, of forms attributable to Eprolithus
varolü.

This zone corresponds to part of the C. striatus
Zone of Taylor (1982) and part of the C.

silvaradion Zone of Jakubowski (1987).

(i) Corollithion silvaradion Zone
Definition: from the last occurrence of E.

antiquus to the last occurrence of C. silvaradion.
Author: Jakubowski (1987) emend. Crux, this
study.
Assemblage characteristics: the nannofloras of
this biozone are dominatedby W. barnesae with
common to abundant R. asper, S. crux, C.

lffittei, C. margerelii and C. salebrosum.

Corollithion silvaradion has its extinction at the
top of this zone.

Stratigraphical extent: this zone lies completely
within the Lower l{auterivian. In the Speeton

section it is equivalent to the regale to inversum

ammonite Zones, while in the Moorberg,
Sarstedt section it lies entirely within the regale

ammonite Zone. The ammonite correlation of
this part of the two sections is rather tentative
and the apparent difference in the extent ofthis
zone in the two sections may not be real.
Lithostratigraphical equivalents: Beds C9D C7F
of the Speeton section and Beds 80-78 of the
Moorberg, Sarstedt section.
Type section: Speeton, Beds C9D-C7F.
Comments: the top of this zone is placed at the
extinction of C. silvaradion. The
biostratigraphical usefulness of this species was
first recognised by Köthe (1981), who noted its
extinction in the regale ammonite Zone of the
Moorberg, Sarstedt section. Jakubowski (1987)
used the extinction of this species to define the
upper limit of his C. silvaradion Zone. He placed
this event in the Lower Hauterivian.

This zone is equivalent to part of the C. striatus
Zone of Taylor (1982) and part of th€ C.

silvaradion Zone of Jakubowski ( I 987).

6) Cyclagelosphaera margerelii Zone
Definition: frorri the last occurrence of C.
silvaradion to the first occurrence of Tegulalithus

lch.8

septentrionalis.
Author: Jakubowski (1987) emended to zonal
status.
Assemblage characteristics: this zone is
characterised by relatively sparse nannofloras
compared with the overlying and underlying
sections in both Speeton and Moorberg,
Sarstedt. The nannofloras are dominated by I4z.

barnesae with no other species particularly
common.
Stratigraphical extent: Lower to Upper
Hauterivian, equivalent to the inversum to
speetonensis ammonite Zones of the Speeton
section and the regale to stffii Zones of the
Moorberg, Sarstedt section.
Lithostratigraphical equivalents: Beds C7E-C5L
(and higher?) ofthe Speeton section and Beds 73-
72 of the Moorberg, Sarstedt section.
Type section: Moorberg, Sarstedt, Beds73-72.
Comments: the upper limit of this zone cannot be

accurately identified in the Speeton section
owing to faulting in the cliff.

This zone is equivalent to part of the C. striatus
Zone of Taylor (1982).

(k\ Tegulalithus septentrionalis Zone
Definition: from the first occurrence of 7.
septentrionalis to the top of its acme.
Author: Jakubowski (1987) emend. Crux, this
study.
Assemblage characteristics: the nannofloras are
dominated by W. barnesce with common T.
septentrionalis. Cretarhabdus inaequaäs has its
inception and Speetonia colligata its last
occurrence within this zone.
Stratigraphical extent: Upper Hauterivian,
equivalent to the stafri to gottschei ammonite
Zones of the Moorberg, Sarstedt section and the
speetonensis? to gottschei Zones of the Speeton
section.
Lithostratigraphical equivalents: Beds 67-34 of
the Moorberg, Sarstedt section. The full extent of
this zone is unknown at Speeton owing to
faulting in the cliffs.
Type section: Moorberg, Sarstedt, Beds 67-34.
Comments: this zone may be diachronous over
long distances as L septentrionalis is known to

Biostratigraphy and palaeogeographical applications



l7t8.41 Biozonation scheme

have an earlier first occurrence in high latitudes
(Thierstein 1973). Jakubowski (1987) used the
extinction of Cruciellipsis cuvillieri to divide this
zone, which he extended to the Hauterivian-
Barremian boundary. This biostratigraphical
event is not considered useful in the present study
owing to the extreme rarity of C. cuvillieri.

This zone corresponds to part of the C. striatus
Zone of Taylor (1982) and is probably equivalent
to the ,S. colligata Subzone and the L.
septentrionalis Zone of Jakubowski (1987).

(l) Stradnerlithus comptus Zone
Definition: from the top of the T. septentrionalis
acme to the last occurrence of Stradnerlithus
comptus.
Author: Jakubowski (1987), emend. Crux, this
study.
Assemblage characteristics: the nannofloras of
this zone are dominated by W. barnesae with
common to abundant R. asper, S. crux, C.
geometricum, D. ignotus, C. lffittei and D.
lehmanii. Rhagodiscus pseudoangustus and C.
inaequalis are rare but characteristic ofthis zone.

S. comptus has its last occurrence at the top of
this zone. Various species of Nannoconus are
common within this zone. There is a marked
reduction in the diameter of the elliptical
coccoliths of T. striatum within this zone.

Stratigraphical extent: uppermost Hauterivian to
lowermost Barremian, equivalent to the gottschei
to variabilis ammonite Zones.
Lithostratigraphical equivalents: Beds C2E-C2B
of the Speeton section, 7.354.50 m in Core 78,
from Sklinnabanken, offshore Norway. It is not
possible to differentiate this zone from the
overlying C. inaequalis Zone in the Otto Gott,
Sarstedt section, owing to the absence of S.

comptus.
Type section: Speeton, Beds C2E-C2B.
Comments; the lower limit of this zone is poorly
defined in the type section at Speeton owing to
faulting in the cliffs, preventing accurate
sampling over this interval. It is recognised in the
Moorberg, Sarstedt section in Bed 33.

This zone corresponds to part of the C. striatus
Zone of Taylor (1982). It is difficult to compare it

with the zones of Jakubowski (1987) as he
records the top of the Z. septentrionalis acme at
the Hauterivian-Barremian boundary, while the
findings of the present study suggest that it
should lie much lower. The S. comptus Zone of
the present study is probably equivalent to the S.

comptus and part of the C. salebrosum? Zones of
Jakubowski (1987).

(m) C ret a rh ahdus i n aeq u alis Zone
Definition: from the last occurrence of S. comptus
to the first occurrence of Nannoconus abundans.
Author; Crux, this study.
Assemblage chai'acteristics: the nannofloras of
this zone are dominated by W. barnesae with
common to abundant R. asper, S. crux, B.
ellipticum, D. lehmanii, H. gorkae-T. coptensis
and Pseudolithraphidites parallelus.
Stratigraphical extent: Lower Barremian,
equivalent to the variabilis to rarocinctum
ammonite zones of the Speeton section and the
discofolcatus''! to pugio Zones of the Otto Gott,
Sarstedt section.
Lithostratigraphical equivalents: Beds C2A
LB5C ofthe Speeton section and up to Bed 76 of
the Otto Gott, Sarstedt section, where the base of
the zone cannot be defined.
Type section: Speeton, Beds C2A-LB5C.
Comments: C. inaequalis, Perissocy clus tay loriae
and R. pseudoangustus are rare but distinctive
elements of the nannoflora of this zone.
Jakubowski (1987) used the extinctions of S.

colligata and T. septentrional,r to divide this
interval. These events are not used here as the
former species is very rare and the latter does not
become extinct until the Upper Barremian or
Albian?

This zone corresponds to parts of the C.

striatus and N. abundans Zones of Taylor ( I 982)

and parts of the S. comptus and C. salebrosum

Zones of Jakubowski (l 987).

(n) N annoconus abundans Zone
Definition: from the first occurrence of N.
abundans to the last occurrence of R.
pseudoangustus.
Author; Taylor (1982) emend. Crux, this study.
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Assemblage characteristics: the nannofloras are
dominated by W. barnesae with common to
abundant R. asper, B. ambiguus, L. carniolensis,
S. crux, B. ellipticum, A. infracretacea and N.
abundsns. Rhagodis cus pseudo angustas becomes
extinct at the top ofthis zone.
Stratigraphical extent: Lower Barremian,
equivalent to the rqrocinctum to fissicostatum
ammonite Zones of the Speeton section and the
pugio to Aulacoteuthis spp. belemnite Zones of
the Speeton and Otto Gott, Sarstedt sections.
Lithostratigraphical equivalents: Beds LB5B-
LB3A of the Speeton section and Beds 79 I 00 of
the Otto Gott, Sarstedt section.
Type section: Speeton, Beds LB5B-LB3A.
Comments: Taylor (1982) recorded the first
occurrence of N. abundans in the variabilis Zone;
this record was not substantiated in the present
study and my own record of its first occurrence is
used. The last occurrence of Ä. pseudoangustus

which marks the top of this zone may not be its
true extinction. This species is probably ancestral
to Rhagodiscus angustus which first appears in
the Aptian; thus it is likely that somewhere the
ranges of the two species overlap. Jakubowski
(1987) uses the extinction of C. salebrosum to
divide this zone. In the present study C.
salebrosum was recorded throughout the
Barremian and is known from strata as young as

Cenomanian. However, Jakubowski may be

applying a more restricted taxonomic concept, as

small forms of this species are generally absent
above this level.

This zone corresponds to part of the N.
abundans Zone ofTaylor (1982) and parts ofthe
C. salebrosum and Conusphaera rothii Zones of
Jakubowski (1987).

(o) Cretarhabdus conicus Zone
Definition: from the last occurrence of R.
pseudoangustus to the re-entry of T.
septentrionalis.
Author: Crux, this study.
Assemblage characteristics: the nannofloras are
dominated by W. barnesae with common to
abundant, R. asper, L. carniolensis, Cretarhabdus
conicus, S. crux, A. dietzmannii, B. ellipticum, C.
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laffittet, C. margerelii, C. crenulatus and N.
abundans.
Stratigraphical extent: Lower Barremian,
equivalent to the fssicostatum to elegans
ammonite Zones of the Speeton section and
within the Aulacoteuthis belemnite Zone of Otto
Gott, Sarstedt.
Lithostratigraphical equivalents: Beds LB2D-
LBIA ofthe Speeton section and Beds 100-102
of Otto Gott, Sarstedt.
Type section: Otto Gott, Sarstedt, Beds 100-102.
Comments: the extinction of C. rothii, used by
Jakubowski (1987) to divide this zone, is of only
local significance in the Moray Firth area. This
species is too rare over most of the North Sea and
surrounding areas.

This zone corresponds to part of the i/.
abundans Zone of Taylor (1982) and part ofthe
C. rothä and Nannoconus borealis Zones of
Jakubowski (1987).

(p) Zeugrhabdotus sisyphus Zone
Definition: from the re-entry of T. septentrionalis
and/or the abundant occurrence of
Zeugrhabdotus sisyphus to the first occurrence of
Vagalapilla matalosa.
Author: Crux, this study.
Assemblage characteristics: the nannofloras are
dominated by W. barnesae with common R.
asper, S. crux, B. ellipticum, D. lehmanii, C.
margerelii, Z. sisyphus and S. horticus. This zone
is characterised by the unusual occurrence of
common to abundant Z. sisyphus together with
species such as T. septentrionalis, Ethmorhabdus
hauterivianus and D. lehmanii,which became rare
or absent during the deposition of
'Hauptblätterton'.
Stratigraphical extent: Lower to Upper
Barremian, elegans to denckmanni ammonite
Zones in the Speeton section and the
Aulacoteuthis spp. to brunsvicensis belemnite
Zones in the Speeton and Otto Gott, Sarstedt
sections.
Lithostratigraphical equivalents: Beds LBIA to
49 ofthe Speeton section and Beds 102 to I 16 of
the Otto Gott, Sarstedt section.
Type section: Otto Gott, Sarstedt, Beds 102-l 16.

Biostratigraphy and palaeogeographical applications
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Comments: the absence and re-appearance of ?-

septentrionalls is possibly caused by the closing
and reopening of seaways to the north. It is thus
possible that this biozone is slightly diachronous.
However, this is not apparent when it is

compared with the belemnite zones in the
Speeton and Otto Gott sections. Mutterlose and
Harding's (1987) record of T. septentrionalis
within the 'Hauptblätterton' is probably
incorrect as they illustrate (Plate 2, Figs. I 9-21)
forms attributable to N. abundans.

This zone corresponds to part of the i/.
abundans to Taylor (1982) and part of the N.
borealis? and N. abundqns Zones of Jakubowski
(1e87).

(q) Vagalapilla matalosa Zone
Definition: from the first occurrence of V.

matalosa to the top of the studied interval.
Author: Crux, this study.
Assemblage characteristics: the nannofloras from
the lower part of this zone are dominated by ll/.
barnesae: they become less abundant in the upper
part of the zone and this dominance decreases.

Other species which are rare to common within
this zone are R. asper, B. ellipticum, C. lffittei
and the Zeugrhabdotus noeliae group.
Stratigraphical extent: Upper Barremian,
equivalent to the germanica to .depressa
belemnite Zones (top not seen).

Lithostratigraphical equivalents: Beds I I G I 99 of
the Otto Gott, Sarstedt section and Beds 48 and
47 of the Speeton section.
Type section: Otto Gott, Sarstedt, Beds I lGl99.
Comments: the upper limit of this zone remains
undefined. Further study of the uppermost
Barremian to Lower Albian sections may reveal
a suitable biostratigraphical event. The
extinction of N. abundans may be useful; this
event probably occurs within the Otto Gott
section, possibly in Bed 183. However, poor
preservation above this level may cause its
absence from the higher beds. Jakubowski (1987)
considered N. ahundans to range to the top of the
Barremian. However, his work is based on well
material with no ammonite or belemnite
stratigraphy over this interval.
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This zone corresponds to part of the N.
abundans Zones of Taylor (1982) and
Jakubowski (1987).

8.5 THE NANNOFLORAL DEVELOPMENT
AND THE PALAEOGEOGRAPHICAL
RECORD IN THE NORTH.WESTERN
EUROPEAN EARLY CRETACEOUS
The Early Cretaceous basins of eastern England,
the North Sea region and northern Germany
formed a southern shelf sea extension of the
Boreal Arctic Ocean. There were intermittent
marine connections to the south-east with Tethys
through the Polish Trough during parts of the
Early Cretaceous. A more enduring and stronger
marine connection between north-western
Europe and the Boreal Arctic Ocean existed to
the north between the Shetlands and Norway.
Other connections with Tethys also existed
around the north west of Britain.

The ammonite zonal sequences for north-
western Europe are based on groups of genera

which dominated the faunas at successive
periods of time (Kemper et al. l98l). The change
from one genus to another was sometimes a
gradual evolutionary progression, but more
often immigration of a new genus caused a rapid
change in the fauna. These immigrations came
from both the Boreal and Tethyan regions.

Rawson (1973) and Kernper et al. (1981)

distinguished three groups of migrants from
Tethys to north-western Europe: (a) isolated
strays, (b) mass migrations and (c) inter-regional
mass occurrences. A relationship between the
occurrence of the last two categories and the
timing of transgressions was noticed by Kemper
et al. (1981). Influxes ofTethyan derived genera

are found to coincide with periods of
transgression, while endemic and Boreal faunas
prevail in intervals between transgressions. In the
present study an attempt is made to see whether
nannofloras exhibit a similar pattern and
whether they can be used to contribute to our
knowledge of the geological history of this
period.

Our knowledge of Tethyan nannofloras is
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relatively good when compared with the records
from the Arctic regions. In this study, I have used

the nannofossil species abundances from south-
eastern France. Switzerland and the Atlantic
given in Thierstein (1973) as Tethyan standards.
No such extensive record is available from the
Arctic: only a single publication on Valanginian
nannofloras from Svalbard (Verdenius 1978).

Further work is needed to define Boreal and
Arctic nannofloral characteristics. and thus to
enable their recognition in the north-western
European area.

Wind and Öepek (1979) and Covington and
Wise ( 1987) have reported rich Lower
Cretaceous nannofloras from offshore Morocco
and Carolina (USA) respectively. These

assemblages are similar to those from Tethys
recorded by Thierstein (1973), but in addition
several rare occurrences of new species were
recorded. Further studies are needed to
determine whether these new species are
geographically restricted, or simply rare delicate
members of the nannoflora which are not always
preserved and have previously been overlooked
in other areas. Two of these species, Watznaueria

fasciala and Rhagodiscus pseudoangustus, were
recorded in the present study. This supports the
idea that the geographical ranges of the other
species will in time be proved more extensive than
known at present. Similarly rare species such as

Clepsilithus polystreptus, Chiastozygus cepekii,

Calculites sarstedtensis and Watznaueria
rawsonii described by Crux (1987) may not be

geographically restricted to the north-western
European area and they wiil probably be

recorded from other regions in future studies.

The nannofloras from the Proto-Atlantic Ocean

are included in the broad term Tethyan in the
present study. Table 8.1 lists species considered
in this study to have Tethyan, endemic or
Boreal-Arctic origins together with species

indicative of certain environments.
In the following section, the nannofloral

record from the localities studied is compared
with the records of other fossil groups, the
sediment distribution within the north-western
European basins and the sea level changes
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Table 8.1 Summary of Tethyan, endemic and Boreal
Arctic nannofossils considered in this study, together with
species indicalir e ol certarn environments.

Tethyan Endemic

Biostratigraphy and palaeogeographical applications

(including Proto-
Atlantic)
L. bollii N. ahundans
S. colligata M. brevis?
S. comptus? Nannoconus sp. (discs)
C. r:uvillieri M. speetonensis?
N. minutus
Nannoconu.s sp.l
Nannoconu.s sp.2
Nannoconus sp.3
C. ohlongata
C. rothii
N. sleinmannii
T- verenae

Transgressive
intervals
R. asper
C. margerelii
D.lehmanii

Boreal Arctic
(Austral?)

E. antiquus?
S. arcuatus
P. fetcheri?
S. horticus
C. sulehrosum
T. septentrionalis
C..silvaradion
Z. sisyphus
T. strialum

Periods of good
circulation
E. hauterivianus?
D. lehmanii
Z. sisyphus?

previously proposed for the Early Cretaceous.
For these comparisons information is drawn
from Kemper et al. (1981) on ammonite
migrations, from Mutterlose el a/. (1983) on
belemnite migrations, and from Tyson and
Funnell (1987) and Rawson and Riley (1982) on
palaeogeography and sea level changes. A
summary of the nannofloral record in north-
western Europe and the comparisons drawn is

given in Fig. 8. 14.

(a) Preservation
The preservation of the nannofloras throughout
the studied interval is generally good, with the
nannofossils showing only slight signs of
dissolution. Exceptions to this are as follows:
dissolution and almost complete removal of the
nannofloras in the Lower Valanginian at
Speeton; dissolution of the nannofossils of the
Aegocrioceras Beds, Moorberg, Sarstedt, which
results in low diversities of the nannofloras;
dissolution and low diversity in the nannofloras
of the Upper Barremian, Otto Gott, Sarstedt;
dissolution and overgrowth of secondary calcite
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Fig. 8. I 4 - Summary of transgressions and regressions and their relationship to the nannofossil record.
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in the Upper Ryazanian to Lower Valanginian
interval of Core 78, Sklinnabanken.

(b) Ryazanian
The early Ryazanian north-western European
basins were areas of brackish and lacustrine
limestone and shale deposition of the Purbecko-
Wealden facies. Near active sediment source
areas, deltaic and fluvio-lacustrine clastics were
deposited. In the North Sea, marine black shales
were deposited (Kimmeridge Clay Formation).

A well-documented Late Ryazanian regional
transgression initiated deposition of the Speeton
Clay Formation in Yorkshire, the Valhall
Formation in the North Sea, and the Upper
Spilsby Sandstone Member over the East
Midlands shelf (England). This transgressive
phase is also recorded as far north as

Sklinnabanken, where uppermost Ryazanian to
lowest Valanginian sediments were deposited.

The oldest nannofloras examined in the
present study were deposited during this
transgressive phase. They come from the D7D to
D6A Beds at Speeton and approximately the
lowest metre of the Sklinnabanken Core 78. The
first diverse nannoflora recorded in the Speeton
section is from the D7B Bed (24 species). For the
remainder of the Ryazanian similar assemblages
occur. These diversities are comparable with
those recorded over the same interval in the
Tethyan region by Thierstein (1973). The species

assemblages of the two areas are, however,
markedly different. The assemblages recorded in
the Core 78 from Sklinnabanken are less diverse
than those from Speeton, but this is probably a
result ofpoorer preservation. The nannofloras of
the Speeton section are dominated by W.

barnesae with common to abundant, R. asper, C.
crenulalus, S. crux, B. ellipticum, D. lehmanii, C.
margerelä, C. salebrosum and Z. embergeri.
Some of these species are also common to
abundant in the Tethyan sections (W. barnesae,
Z. embergeri, C. margerelii, D. lehmanii and C.
crenulatus).

Species abundant in the Tethyan sections but
rare or absent at Speeton are Nannoconus
steinmannä, M. obtusus and Braarudosphaera
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bigelowii. Less common species found only rn
Speeton include P. fletcheri, Nannoconus sp.
(discs) and S. arcuatus. Rare species found only
in Tethys include Nannoconus bronnimannii,
Nannoconus truittii, Rucinolithus wisei and C.
rothii.

Thus quite substantial differences existed
between the nannofloras of Speeton and Tethys,
although they did have some elements in
common. The relative high abundances of C.
margerelii and D. lehmsnü in the Speeton section
possibly indicate transgressive conditions rather
than marine connections with Tethys. These two
species, together with R. qsper, are found to be
abundant in other transgressive intervals. The
presence of a single nannoconid species,
Nannoconus sp. (discs), suggests marine
connections with areas to the west of Britain and
possibly Tethys as this species occurs in the
Porcupine Basin, offshore Ireland. The absence
of N. steinmannii, B. bigelowii, R. wisei and C.
rothiifrom Speeton at this time, together with the
abundant presence of the Boreal species C.
salebrosum and the occurrence of P.fletcheri and
S. arcuatus, points to a strong Boreal influence
on the nannofloras.

In conclusion, a weak Tethyan influence is
seen on the essentially Boreal nannofloras ofthe
Late Ryazanian at Speeton and Sklinnabanken.
This influence is not so pronounced as in the later
transgressions. There is also tentative evidence to
suggest that these influences entered the area by
way of a western seaway, rather than from the
south east.

(c) Earty Valanginian
The Early Valanginian was a period of further
transgression in most of the north-western
European basins. Marine sedimentation
returned to the Lower Saxony Basin, and is seen
in the Sachsenhagen pit. Fully marine conditions
also returned to Speeton after a brief brackish
interval (Bed D5), and further onlap occurred on
the Sklinnabanken. In other areas, the
transgression is also shown by the appearance of
marine sediments in the Polish Trough and
Sweden and the abrupt change from sands to

Biostratigraphy and palaeogeographical applications
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clays and ironstone deposition in Lincolnshire.
This Early Valanginian transgression was

accompanied by the immigration of the
ammonite genus Platl'lenticeras, which evolved
rapidly to occupy the whole of the Lower Saxony
Basin and the Speeton area (Kemper et al.198l).

The nannofossil record from the Early
Valanginian is disappointing. Very sparse
nannofloras are present in the Early Valanginian
D4B to D2E Beds from Speeton. The samples

collected from the Sachsenhagen pit are barren
and only a limited stratigraphical interval is

represented in Core 78 from Sklinnabanken. The
scarcity of nannofossils in the Speeton section is

due to poor preservation. There is a general lack
of calcite in these beds and the nannofloras
present are strongly etched. Only limited
conclusions can be drawn from such an

impoverished assemblage. The only point of note
is the presence of M. speetonensis.This species is
probably endemic to the north-western
European area, although it may also have

originated from the Arctic area.
The nannofloras of the Core 7B from

Sklinnabanken are dominated by W. barnesae

and C. salebrosum. The abundance of the latter
and the presence of the high latitude species C.

silvaradion and P..fletcheri show a strong Arctic-
Boreal influence, which is hardly surprising for
the geographical location of this core. Some
nannoconids are present but the Tethyan
influence is weak.

In conclusion, the Tethyan influence in the
Early Valanginian transgressive phase is much
weaker than that seen in later phases, especially
in comparison to the Tethyan influences of the
latest Hauterivian to Barremian, where common
C. rothii and several nannoconid species occur on
the Sklinnabanken.

(d) Late Valanginian
A short regressive phase occurred in the 'mid'
Valanginian, with brackish conditions returning
to the Polish Trough (Tyson and Funnell 1987).

A major transgressive interval which is evident
over much of Europe succeeded this phase, with
an expansion of the Saxony Basin in Germany.
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The first nannofossil-rich sediments occur in the
Upper Valanginian of the Hanover area which
were sampled in the Münchenhagen pit. At
Speeton the Upper Valanginian is absent, but the
presence of reworked ammonites in the basal
Hauterivian attests to the marine conditions that
prevailed during the Late Valanginian.

Although endemic ammonite genera

continued to dominate the faunas of north-
western Europe until nearly the end of the
Valanginian, some changes did occur. One of
these was the increased migration in both
directions between western Tethys and north-
western Europe (Kemper et al. l98l).

The only Late Valanginian nannofloras
available for comparison with those from Tethys
are from Münchenhagen near Hanover. The
strata sampled there only represent a short
interval in the Late Valanginian. The
nannofloras are dominatedby W. barnesae with
common to abundant C. margerelii. Other
species which commonly occur in some samples
are C. angustiforatus, C. crenulstus, C. lffittei,
B. ellipticum and D. lehmanii. There is a marked
decrease in the abundance of C. salebrosum
which dominated the Lower Valanginian
nannofloras of Sklinnabanken. Tegumentum
striatum is recorded for the first time in this
section. This species is thought to occur earlier at
high latitudes (Verdenius 1978). Species that
were common to abundant in the Tethyan area at
this time include W. barnesae, Z. embergeri,
Cretarhahdu.r sp., C. rothii, C. margerelii,
Nannoconus spp., D. lehmanii, Watznaueria
britannica, L. carniolensis, C. lqffittei, B.
ellipticum, R. asper, C. cuvillieri, Micrantholithus
spp., S. crux, B. higelov'ii and Calcicalithina
oblongata. These two assemblages show that
significant differences still existed between the
nannofloras of the Tethyan and north-western
European areas. Tethyan species such as C.
cuvillieri, C. oblongata and C. rothii were
excluded from the Saxony Basin (and T. striotum
was excluded from the Tethyan area?).

Tubodiscus verenae has not been recorded from
either the Lower or Upper Valanginian of the
north-western European area. This rare species,
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however, has a sporadic and stratigraphically
restricted occurrence in Tethyan sections. Its
apparent absence from north-western Europe
may be due to insufficient sampling of the
Valanginian (Taylor's (1982) record of T. verenae

from the Hauterivian to Albian is not considered
to be of true T. verenae).

In conclusion, the limited evidence provided
by the nannofloras of the Münchenhagen pit
points towards relatively better connections
between Tethys and the north-western European
area. This is indicated by the decline in the

1 
dominance of the Boreal Arctic species C.

'1 salebrosum and the increased similarities of the
i nannofloral assemblages of the two areas. The
marine connections were, however, inferior to
those of the Hauterivian when the Tethyan
species C. cuvillieri and C. rothii were able to
migrate to north-western Europe for the first
time.

(e) Early Hauterivian
The Early Hauterivian saw the general
continuation of the Early Cretaceous
transgression. There was a further expansion of
marine sedimentation in the Lower Saxony
Basin, the deposition recommenced at Speeton
and in central Lincolnshire.

Amongst ammonite faunas, the Early
Hauterivian was a period of significant Tethyan
influence (Kemper et al. l98l).It is also a time
when the belemnite Hibolites migrated
northwards in large numbers to replace the
Boreal Arctic Acroteuthis (Mutterlose et a/.

l e83).
In the present study, a thick sequence ofLower

Hauterivian strata has been sampled from
Moorberg, Sarstedt. The succession sampled at
Speeton is less complete with the lowermost two
ammonite zones being condensed. The
nannofloras of both sections are diverse and
abundant, dominated by W. barnesae but with
particularly common C. margerelii and R. asper.
Other species which are sporadically common to
abundant arc C. crenulatus, L. carniolensls, G.
compactus, B. ambiguus, C. lffittei and T.
striatum. For the first time in the north-western
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European area, C. rothii and C. cuvillieri are
recorded. Nannoconids are also consistently
present throughout the Lower Hauterivian.
Species that were common to abundant in the
Tethyan area during the Early Hauterivian
include W. barnesae, Z. embergeri, Z. sisyphus,
C. margerelii, Nannoconus spp., L. carniolensis,
C. conicus, B. ellipticum, D. ignotus, R. asper,
Micrantholithus spp., C. crenulatus and, C.
oblongata. Calcicalithina oblongata has not been
recorded in the present study in the Speeton and
German sections; Perch-Nielsen (1979),
however, reported it to be present in the northern
North Sea and Jakubowski (1987) reported its
rare presence in the North Sea; it is also present in
the Porcupine Basin. This suggests that this
species migrated northwards around the west of
the British Isles but failed to reach the southern
North Sea and the Saxony Basin. Lithraphidites
bollii, a species that evolved in the Hauterivian
and is biostratigraphically useful in the Tethyan
area, also appears to be excluded from much of
the north-western European area.

Possible Boreal-Arctic influences on the
Lower Hauterivian nannofloras are the
abundant occurrences of C. salebrosum in certain
beds at Speeton (CllB and C7H) and the
occurrence of E. antiquus, although little is
known about the palaeobiogeographical
distribution of the latter species.

Thus the nannofloras of the Tethyan and
north-western European areas were by this time
quite similar to one another, although still with
distinctive characteristics. The transgression of
the Early Hauterivian was probably more
extensive than previous transgressions. It caused
a greater similarity between the nannofloral
assemblages in the two areas as well as

introducing for the first time previously
exclusively Tethyan elements to the nannoflora
of the north-western European area.

(f) Late Hauterivian
Sea level changes in the Late Hauterivian and in
the Barremian are not so clearly defined as the
transgressions that occurred from the Late
Ryazanian to Early Hauterivian. Rawson and

Biostratigraphy and palaeogeographical applications
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Riley (1982) reported a major transgression in
the mid-Hauterivian, which Kemper et al. (1981)
also recorded inthe inversumZone.In support of
this, they cite local coastal onlap in north
Germany and a sharp facies change and minor
erosion in England, with clays locally resting on
highly condensed Upper Valanginian and Lower
Hauterivian sediments. There was also a
dramatic increase in the depositional area on the
Russian Platform. In offshore areas, the mid-
Hauterivian is marked on some highs by a

change from condensed calcareous beds of Late
Ryazanian to Early Hauterivian age (basal
Valhall limestone) to shales of Late Hauterivian
age. Throughout the remainder of the Late
Hauterivian to Early Barremian, Rawson and
Riley (1982) showed a mild regression. An
important factor in this development is the
marine connection through the Polish Trough.
Tyson and Funnell (1987) summarised the
available data: 'In the Polish Basin the Early
Hauterivian basin is similar to that in the Late
Valanginian but undergoes progressive
shallowing that culminates in brackish episodes
in the early Late Hauterivian but the southern
link with Tethys apparently became broken or
very restricted at this time.' In contrast to this
Mutterlose (pers. commun.) considers the Polish
Trough to have remained open.

Palaeobiogeographical data on the Late
Hauterivian ammonites and belemnites suggest
that there were poor marine connections between
Tethys and the north-western European area.
Ammonite faunas are almost exclusively Boreal,
with the exception of some heteromorphs
(Kemper et al.l98l), while the belemnite genus

Hibolites underwent differential speciation in the
two areas (Mutterlose et al. 1983).

The sediments of the uppermost Lower
Hauterivian in the Moorberg section
(Aegocriocercs Beds) yield only poorly preserved
low diversity nannofloras. The succeeding beds
from the stffi Zone contain common T.
septentrionalis, which is considered to be a

Boreal-Arctic species. It has its first occurrence
in the Boreal area in the north-western European
area in the Late Hauterivian but T.

septentrionalis, or closely related forms, does not
reach the Tethyan area until the Aptian
(Thierstein 1973). Stradnerlithus comptus is

absent from the Aegocriocertis Beds and above in
the Moorberg, Sarstedt section. It is only present
in a single sample from the inversum Zone and is
absent from the speetonensis and gottscheiZones
at Speeton, although this interval is poorly
sampled. This absence coincides with the
strongly transgressive interval and the arrival of
T. septentrionalis. Tegulalithus septentrionalis
becomes less common together with a reduction
in size of specimens of T. striatun in the upper
part of the gottschei Zone of the Moorberg and
Otto Gott, Sarstedt sections. At the same time
there is an increase in the number of
nannoconids, R. asper and C. margerelii. The
nannoconids are most abundant in the lower part
of the discofalcatus Zone. This pattern is not so

easy to observe at Speeton, because faulting in
the cliff only allowed a single sample to be taken
from the upper part of the speetonensis and
gottschei Zones.In this sample T. septentrionalis
is common. In the succeeding samples, from the
marginatus Zone, there is a marked increase in
the numbers of R. asper and D. lehmanii.

This pattern of nannofloral development
suggests a changeover from Tethyan influenced
nannofloras of the Lower Hauterivian, below the
Aegocrioceras Beds, to Boreal-Arctic influenced
nannofloras above. These are in turn followed by
a return of Tethyan influenced assemblages
above the gottschei Zone. These changes are at
least in part related to regional transgressions
and regressions. The Early Hauterivian
transgression introduced Tethyan influence into
the nannofloras. This was followed by a second
major transgression in the late Early Hauterivian
(Aegocrioceras Beds inversum Zone). In the
Moorberg, Sarstedt section this resulted in a

slightly condensed sequence which contains only
sparse nannofloras. The sparse assemblages are
possibly the result of dissolution due to the
nannofossils' protracted stay at the sediment
surface water interface. The transgression may
also have introduced deeper, colder and more
corrosive waters into the area. At Speeton the
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dissolution of the nannofloras is not seen. The
change from a diverse Tethyan influenced
nannoflora to a less diverse Boreal-Arctic
influenced assemblage is more gentle. The
section is possibly more complete, but as

mentioned above sampling of the beds above Bed
C5L was poor.

The arrival of T. septentrionalis and the less

diverse nannofloras in the north-western
European area in the Late Hauterivian (stalJl-
?speetonensis Zone) probably indicates the
presence of colder, more northerly waters. Their
presence in the area could be due to one of the
following: (a) the transgression that began in the
late Early Hauterivian had by this time improved
marine connections to the north so that these
waters were temporarily able to displace the
Tethyan influenced waters; (b) a temporary local
restriction in the Polish Trough caused the
connections to Tethys to be broken (Tyson and
Funnell 1987); (c) a climatic change allowed the
northerly waters to extend further south.

The first two explanations are more probable,
but recently Kemper et al. (1987) have proposed
a climatic change corresponding to the base of
the Aegocrioceras Beds, based on changes in the
nannofloras, microfaunas, ammonites and
calcium carbonate content in the Moorberg,
Sarstedt section and the well Konrad l0l.

(g) Barremian
Rawson and Riley (1982) discussed the
conflicting evidence for regression and
transgression in the Barremian and concluded
that it was essentially a regressive interval with
only minor transgressive pulses. The sea had
withdrawn from the Polish Trough and the
Russian Platform by the Early Barremian. In
contrast, the deposition of the blätterton beds in
Germany and other similarly laminated clays at
Speeton, together with the worldwide
development of organic-rich sediments in the
Barremian to Aptian, suggests a transgressive
phase.

Mutterlose and Harding (1987) discussed the
distribution of the blätterton facies in the Early
Barremian. They found the greatest thickness of

lch.8

the 'Hauptblätterton' to occur in areas furthest
away from the northern seaways in the eastern
part of the Lower Saxony Basin. From this they
concluded that the facies represented a regressive
phase.

Two Barremian sections were sampled in the
present study. The Speeton section ranges from
the Lower to the lower Upper Barremian, and
the Otto Gott, Sarstedt, section from Lower to
Upper Barremian. In both sections it was not
possible to sample the uppermost Barremian.
The nannofloras of the two sections are
dominated by W. barnesae with common to
abundant B. ambiguus, R. asper, L. corniolensi.s,
S. crux, B. ellipticum, C. geometricum, C. conicus.
S. horticus, D. ignotus, A. infracretacea, D.
lehmanii, C. margerelii, Z. sisy-phus, Z. noeliae
group, P. parallelus, C. lffittei and 1/. ahundans.
The abundance patterns of these species show
quite marked variations through the Lower and
lower Upper Barremian. Significant features of
these patterns are as follows: (l) N. abundans, an
endemic north-western European species.

dominates the nannoconid assemblages; (2)
common to abundant R. asper; this is more
pronounced in the Speeton section; (3) common
to abundant D. lehmanii in the lowest Barremian
(variabilis-rarocinctum Zones), dropping off to
total absence in the lower part of the

fissicostatum Zone and returning at the end of
that zone; (4) Cyclagelosphaera margerelii
common to abundant in the upper part of the
Lower Barremian; (5) the absence of T.
seplentrionalis during most of the Lower
Barremian, and its return in the uppermost beds
together with abundant Z. sisyphus and, in
Speeton only, S. horticus;(6) a general decline in
the diversity and abundance of the nannofloras
in the Upper Barremian; (7) the absence of N.
abundans during the return of T. septentrionalis,
and its own return in the Upper Barremian of
Otto Gott, Sarstedt.

These patterns are interpreted as follows: a
restriction of the northern seaways,
approximately at the base of the Aulacoteuthis
spp. belemnite Zone, possibly associated with a
regression, is followed by a transgressive

Biostratigraphy and palaeogeographical applications
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interval. The nannofloras reflect this by the
change from Tethyan nannoconids to the
common to abundant occurrence of N. abundans,
an endemic species which evolved from Tethyan
ancestors but does not occur outside north-
western Europe. Nannoconus abundans is absent
from the Porcupine Basin, offshore Ireland,
possibly indicating poor marine connections
between this area and the North Sea area at this
time. The abundant occurrence of R. asper is

clearly linked in the Otto Gott, Sarstedt section
to the interval of the 'Hauptblätterton'
deposition. Organic-rich sediments such as these
are commonly associated with strongly
transgressive intervals (Hallam and Bradshaw
1979).It has already been noted in this study that
common to abundant R. asper is also associated
with transgressive periods, possibly suggesting
that the 'Hauptblätterton' was deposited during
a transgressive interval. Erba (1987) has recently
reported R. asper to indicate moderate primary
productivity in periods of warmer waters in
Aptian-Albian sections from central ltaly. The
return of the Boreal-Arctic species, T.

septentrionalis in Bed LB I A of Speeton and Bed
102 of Otto Gott, Sarstedt indicates that the
transgressive interval had improved marine
connections to the north, allowing an influx of
Boreal-Arctic species. Associated with the return
of T. septentrionalis in both Speeton and Otto
Gott is Z. sisyphus and, in Speeton only, S.

horticus. This influx of northern waters caused
basin flushing, the destruction of stratified
anoxic water and cessation of black shale
deposition. Basin flushing after the deposition of
the 'Hauptblätterton' was possibly caused by
colder and/or more saline Boreal-Arctic waters
sinking under the wanner more brackish waters
of the north-western European area. This influx
of northern waters also caused a decline in the
abundance of N. abundaLrs. However, this species

(after a short absence in the Otto Gott section)
was able to re-establish itself in the Late
Barremian Beds (127-137). This may indicate a

second period of restriction in the marine
connections to the north.

The greater thickness of the'Hauptblätterton'

Taxonomy

away from the northern seaways, noted by
Mutterlose and Harding (1987), shows that some

1 oxygenated bottom waters were entering the
i north-western European area, but these were

insufficient to oxygenate the whole area. These

oxygenated bottom waters prevented the thick
sections of organic-rich laminated clays (as seen

in Germany) being deposited near the opening to
the northern ocean.

Mutterlose and Harding (1987) and
Mutterlose (pers. commun.) considered influxes
of warm surface waters to be of prime
importance amongst the causes of the
'Hauptblätterton' deposition. In support of this
they cite the presence of Nannoconus spp.
Diadorhombus rectus and C. rothii ( C.

mexicana ) , as well as evidence from the
palynofloras and other fossil groups. The
nannoconid species present, however, are

endemic north-western European species, with
the exception of N. elongatus. The specimen of
this species that they illustrate is possibly more
closely related to N. borealrs, than to true N.
elongatus. The presence of D. reclus is probably
the result of reworking; this species is usually
considered to be restricted to the Valanginian
(Perch-Nielsen 1985). Reworked palynomorphs
are also common in the 'Hauptblätterton' (M.
Partington pers. commun.).

The idea that influxes of warm surface waters
could enter the restricted north-western
European area is difficult to accept. Mutterlose
and Harding (1987) agree that the only marine
connection to other areas lay to the north.
Influxes of surface waters through this northerly
opening would be more likely to be of colder
water that would sink and oxygenate the bottom
waters (as postulated above), rather than warm
waters that would remain on the surface.

8.6 TAXONOMY

Genera and species referred to in this paper are
listed alphabetically. Citations not found in the
references to this paper may be found in Perch-
Nielsen (1985).

t8l
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Comments: this rare species is easily overlooked
under the light microscope and has not been
included in the estimates of abundancies.

Genus: Chiastozygus Gartner 1968

Chiastozygus cepekii Crux 1987
Plate 8.5, Figs. 4-7, Plate 8.12, Figs. l0 l4

Chiastozygus sp. I
Plate 8.12, Figs. 8, 9

Description: a large species of Chiastozygrzs with
a narrow rim. The central cross bars support a
spine.

Chiastozygus sp.2

Description: species of Chiastozygus whose
central bars are divided into two parts by a
median line running the length of the bar.

Genus: Clepsilithus Crux 1987

C lepsilithus polystreptus Crux I 987
Plate 8.5, Figs. 8,9

Comments: this small species was not identified
under the light microscope.

Genas C onus p hae r a T rejo 19 69
C o nu s p h ae r a r o t hii (Thier stein I 9 7 I ) Ja k ubowsk i

1986

Plate 8.13, Figs. 31,32

Genus: Assipetra Roth 1973

Assipetra infrocretacea (Thierstein 1973) Roth
1973

Plate 8.14, Figs.3,4

Genus: Axopodorhaödas Wind & Wise in Wise &
Wind 1977

Axopodorhabdus dietzmannii (Reinhardt I 965)
Wind & Wise 1983

Plate 8.3, Fig. 8; Plate 8.1l, Figs. l8-20

Genus: Biscutum Black in Black & Barnes 1959

Biscutum ellipticum (Görka 1957) Grün in Grün
& Allemann 1975

Plate 8.2, Figs. 11,12;Plate 8.10, Figs. 2l-24

Genus: Braarudosphaera Deflandre 1947

Braarudosphaera bigelowii (Gran & Braarud
1935) Deflandre 1947

Genus: Bukrylithus Black l97l
Bukrylithus amhiguus Black l97l

Plate 8.6, Figs. 1,2;Plate 8.12, Fig. l5

Genus: Calcicalithina Thierstein l97l
Calcicalithina oblongata (Worsley 197l)

Thierstein l97l

Genus: Calculites Prins & Sissingh in Sissingh
1977

Calculites sarstedtensis Crux 1987

Plate 8.6, Figs. 9-12; Plate 8.13, Fig. 20

PLATE 8.I
The bars at the top ofthe photographs : I p m.

Plate 8.1, Figs. l, 2. Watznaueria barnesae. Fig. l, proximal view, Albian,
Albian. Mundays Hill, Bedfordshire.

Mundays Hill, Bedfordshire. Fig. 2, distal view,

Plate 8.1, Figs. 3, 7. Cyclagelosphaera margerelii. Fig. 3. distal view, Albian, Mundays Hill, Bedfordshire. Fig. 7, distal view,
Hauterivian, Speeton, PAL 3408.

Plate8.l,Figs.,t-6. Watznaueriarawsonii.Fig.4,distalview,Barremian,Speeton,PAL33TS.Fig.5,distalview,Hauterivian?,
Otto Gott, PAL2846. Fig.6, coccosphere, Barremian?, Speeton.

Plate 8.1. Fig.8. Watznaueria.fasciata. Distal view, Hauterivian?, Otto Gott. P4L2846.

Plate 8.1, Fig.9. Watznaueria ovata. Distal view, Barremian, Otto Gott, PAL 2888.

Plate 8.l, Fig 10. Watznaueria britannica. Distal view, Barremian, Otto Gott, PAL 2888.

PlateS.l,Figs. ll, 12.Manivitellapemmatoidea.Fig. ll,proximalview,Hauterivian,OttoGott,PAL2352.Fig. l2,proximal
view, Hauterivian, Otto Gott, PAL 2852.
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Cretarhabdus madingleyezsis (Black l97l) nov.
comb.

Plate 8.4, Fig. 3; Plate 8.1 l, Figs. 9-l I

1968 Polypodorhabdus madingleyensr Black, p.

806, Plate 150, Fig. 2 (invalid)
197 I a P o ly p o do r hab dus mading I e y e nsis Black, p.

619, Plate 45.4, Fig. 37.

Comments: no differences in the rim
constructions of the genera Cretarhabdus
Bramlette and Martini 1964 and
Polypodorhaödas Nöel 1965 were seen in the
present study so this species is placed in the senior
genus.

Cretarhabdus sp.

Description: a species of Cretarhabdas, with six
central windows-perforations, two of which are
at each end of the elliptical coccolith.

Genus: Crucibiscutun Jakubowski 1986

Crucibiscutum salebrosum (Black l97l)
Jakubowski 1986

Plate 8.2, Figs. 8, 9; Plate 8.10, Figs. 28-32

Genus: Cruciellipsis Thierstein l97l
Cruciellipsis cuvillieri (Manivit 1966) Thierstein

t97l
Plate 8.I l, Figs. l, 2

Genus: Corollithion Stradner l96l
Corollithion achylosum (Stover 1966) Thierstein

t97l

Corollithion geometricum (Görka 1957) Manivit
t97t

Plate 8.5, Fig.12; Plate 8.13, Figs.2l,22

Corollithion rhombicum (Stradner & Adamiker
1966) Bukry 1969

Plate 8.5, Fig. I l; Plate 8.13, Fig. 25

Corollithion silvaradion Filewicz et al. in Wind &
Wise 1977

Plate 8.5, Fig. l0; Plate 8.13, Figs.23,24

Genus: Cretarhabdus Bramlette & Martini 1964

C re t ar habdus angus t ifo r alas (Black I 97 1 ) Bukry
t973

Plate 8.4, Figs.4, 5; Plate 8.1l, Figs. 5-7

Cretarhabdus conicus Bramlette & Martini 1964

Plate 8.4, Fig. l; Plate 8.1l, Figs. 12, l3

Cretarhobdus crenulatus Bramlette & Martini
t964

Plate 8.4, Fig.2; Plate 8.11, Fig.8

Cretarhabdus inaequalis Crux 1987

Plate 8.4, Figs. 7-10; Plate 8.1l, Figs. 14, l5

PLATE E.2
Thebarsat the topofthephotographs : I pm.

Plate 8.2, Figs. l-3. Discorhabdus ignotus.Fig. l, distal view, Hauterivian?, Otto Gott, PAL 2846.Fig.2, proximal view,
Hauterivian?. Otto Gott, PAL 2846. Fig. 3, proximal view, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.2, Fig. 4. Sollasites arcuatus. Distal view, Ryazanian, Speeton, PAL 341 8.

Plate 8.2, Fig.5. Sollasites /on'ei. Proximal view, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.2, Fig.6. Sollasites horticus. Distal view, Ryazanian, Speeton, PAL 3424.

Plate 8.2, Figs. 7, 10. Diazomatolithus lehmonii. Fig. 7, proximal view, Barremian, Speeton, PAL 2888. Fig. 10, proximal view,
Hauterivian?, Otto Gott, P^L2846.

Plate 8.2. Figs. 8, 9. Crucibiscutum salebrosum. Fig. 8, distal view, Barremian, Speeton, PAL 3378. Fig. 9, distal view.
Hauterivian?, Otto Gott, PAL 2846.

Plate 8.2. Figs. I I, 12. Biscutum ellipticum. Fig. I I, proximal view, Hauterivian?. Otto Gorr, PAL 2846.Fig. 12, distal view,
Barremian, Speeton, PAL 3378.
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Genus: CyclagelosphaeraNoöl 1965 Genus: Ethmorhabdus Noöl 1965

Cyclagelosphaera margerelii Noöl 1965 Ethmorhabdus hauterivianus (Black l97l)
Plate 8.1, Figs. 3, 7;Plate 8.10, Figs. 13, l4 Applegate et al.in Covington &Wise 1987

Plate 8.3, Fig. l0; Plate 8.1l, Figs. 3l-34
Cyc lage losp haera rot acly pe ata Bukry 1969

Plate 8.10, Fig. l8

Genus: Cylindralithus Bramlette & Martini 1964

Cylindralithus lffittei (Noöl 1957) Black 1973

Plate 8.9, Fig. 8; Plate 8.13, Figs. 29, 30

Genus: Diadorhombzs Worsley l97l
Diadorhombus rectus Worsley l97l

Genus: Diazomatolitäas Noöl 1965

Diazomatolithus lehmanü Noöl I965
Plate 8.2, Figs. 7, 10; Plate 8.10, Figs. l-5

Genus: Discorhabdus Noöl 1965

Discorhabdus ignotus (Görka 1957) Perch-
Nielsen 1968

Plate 8.2, Figs. l-3; Plate 8.10, Fig.25

Genus: Eprolithus Stover 1966

Eprolithus antiquus Perch-Nielsen 1979
Plate 8.9, Figs. 9, 12;Plate 8.14, Figs. 13,18,23

Eprolit hus varolii Jakubowski I 986

Genus: Glaukolithus Reinhardt 1964
Gluukolithus compactus (Bukry 1969) Perch-

Nielsen 1984

Plate 8.12, Figs.25-27

Genus: Grantarhabdus Black l97l
Grantarhabdus coronadvenlr (Reinhardt 1966)

Grün in Grün & Allemann 1975

Grantarhabdus meddii Black l97l
Plate 8.4, Figs. 11, l2; Plate 8.1l, Figs. 16, 17

Genus: Haqius Roth 1978
Haqius circumradiatas (Stover 1966) Roth 1978

Plate 8.10, Figs. l5-17

Genus: H emipodor habdus Black 197 I
Hemipodorhabdus gorkae (Reinhardt 1969) Grün

in Grün & Allemann 1975

Plate 8.3, Fig.12; Plate 8.1l, Fig. 2l

Genus: Lapideacassis Black l97l
Lapideacassis glans Black l97l

Plate 8.9, Fig. I I

PLATE 8.3
The bars at the top ofthe photographs : I p m.

Plate 8.3, Fig. l. Perissocyclusfetcheri. Distal view, Ryazanian, Speeton, PAL 3418.

Plate 8.3, Figs. 2-6. Perissocyclus tayloriae. Fig. 2, distal view, Aptian, Otto Gott, PAL 2891. Fig. 3, proximal view,
Barremian, Speeton, PAL 3378. Fig. 4, holotype, distal view, Hauterivian, Otto Gott, PAL 2852. Fig.5, proximal view,
Barremian, Speeton, PAL 3379. Fig. 6, distal view, Barremian, Speeton, PAL 3378.

Plate 8.3, Fig. 7 . Speetonia colligata. Proximal view, Hauterivian, Speeton, PAL 3408.

Plate 8.3, Fig.8, Axopodorhabdus dietzmannii.Distal view, Barremian, Otto Gott, PAL 2888.

Plate 8.3, Fig. 9. Repagulum parvidentatum. Distal view, Albian, Mundays Hill, Bedfordshire.

Plate 8.3, Fig.10. Ethmorhabdus hauterivrcnus. Proximal view, Ryazanian, Speeton, PAL3424.

Plate 8.3, Fig. ll. Tetrapodorhabdus coptensis. Distal view, Ryazanian, Speeton, PAL 3424.

Plate 8.3, Fig. 12. Hemipodorhabdus gorkae. Distal view, Hauterivian, Otto Gott, PAL 2852.
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Genus: Lilhraphidites Deflandre 1963
Lithraphidites bollii (Thierstein l97l) Thierstein

t973

Lithraphidites carniolensis Deflandre 1963
Plate 8.7, Fig. l2; Plate 8.13, Figs. 34,35

Genus: Manivitella Thierstein l97l
Manivitella pemmatoidea (Deflandre in Manivit

1965) Thierstein l97l
Plate 8.1, Figs. I l, l2; Plate 8.10 Figs. 6, 7

Genus: Micrantholitias Deflandre in Deflandre
& Fert 1954

Micrantholithus brevis Jakubowski 1986

Micrantholithus obtusus Stradner 1963

Plate 8.14, Figs. 1,2

N anno c onus bor e alis Perch-Nielsen 197 9

lch.8

Nannoconus bronnimannif Trejo I 959

N annoconus elongatus Brönnimann I 955

Nannoconus minutus Brönnimann I 955

Nannoconus steinmannü Kamptner I 93 I
Plate 8.14, Fig. l5

N annoc onus t ruit t ii Brönnimann I 955

Nannoconus sp. (discs)

Plate 8.14, Figs.6,7

Description: a flat species of Nannoconzs, which
has dark birefringence colours between crossed-
nicols under the light microscope.

Biostratigraphy and palaeogeographical applications

Micrantholithus speetonensls Perch-Nielsen 1979 Comments: this biostratigraphically useful
Plate 8.14, Fig.5 specieshasnotbeenobservedunderthescanning

electron microscope in this study. Perch-Nielsen
Genus: Microstaurus Black l97l (pers. commun.) considers it to be similar to

Microstqurus chiastius (Worsley l97l) Grün in Nannoconus abundans, frotn her own
Grün & Allemann 1975 observations of it. Under the light microscope

Plate8.4,Fig.6;Plate8.ll,Figs.3,4 the two species can be distinguished by the
darker birefringence colours of Nannoconus sp.

Genus: Nannoconus Kamptner 1931 (discs).
Nannoconus abundans Stradner & Grün 1973
Plate 8.9, Figs. 4, 7, l0; Plate 8.14, Figs. 9-l I

Nannoconus sp. I
Plate 8.14, Fig. l6

PLATE8.4
The bars at the top of the photographs : I pm.

Plate 8.4, Fig. l. Cretarhabdus conicus. Distal view, Barremian, Otto Gott, PAL 2888.

Plate 8.4, Fig. 2. Cretarhabdus crenulatus. Distal view, Aptian, Otto Gott, PAL 2891.

Plate 8.4, Fig.3. Cretarhabdus madingleyenrr,s. Distal view, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.4, Figs.4,5. Cretarhabdus angustiforutus. Fig.4, distal view, Barremian, Otto Gott, PAL 2888. Fig.5, distal view,
Hauterivian, Otto Gott, P{L2852.

Plate 8.4, Fig. 6. Microstaurus chiastius. Distal view, Hauterivian, Otto Cott, PAL 2852.

Plate 8.4, Figs.7-10. Cretarhabdus inaequalis. Fig.7, distal view, Hauterivian?, Otto Gott, PAL 2846.Fig.8, distal view,
Barremian, Speeton, PAL 3378. Fig. 9, proximal view, Barremian, Speeton, PAL 3378. Fig. 10, distal view, Hauterivian?, Otto
Gott, PAL 2846.

Plate 8.4, Figs. ll, 12. Grantarhabdus meddii. Fig. ll, distal view, Ryazanian, Speeton, PAL3424,Fig. 12, distal view,
Barremian, Speeton, PAL 3378.
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Description: a species of Nannoconrzs which is

square shaped in side view under the light
microscope.

Nannoconus sp.2
Plate 8.14, Figs. 8, 12, 17

Description: a globular species of Nannoconus

whose axial canal opens at one end.

Nannoconus sp.3
not illustrated

Comments: a Nannoconzs species similar to
Nannoconus multicadus Deflandre & Deflandre
1959, it has a cylindrical shape with a central
constriction which gives it the appearance of
being two smaller nannoconids joined together.

Genus: Percivalia Bukry 1969

Percivalia fenestrata (Worsley l97l) Wise 1983

Plate 8.13, Figs. 6-9

Genus: Perissocyclus Black l97l
Per issocy c lus fe t c heri Black I 97 I

Plate 8.3, Fig. I

Comments: a distinctive species of Perissocyclus
with l0 central perforations.

lch.8

Comments: species of Perissocyclus with five to
nine central perforations, these perforations are
large and similar to those of P. plethotretus.
Perissocyclus plethotretus is grouped with P.
noeliae in the light microscope abundance
estimates, as there is a continuous transition
from the one to the other with P. noeliae having
less than l0 perforations and P. plethotretus l0
or more.

Perissocyclus plethotretu.s (Wind & Öepek 1979)
nov. comb

Plate 8.ll,Figs.24-27

1979 Octopodorhabdus plethotretus Wind &
Öepek, pp.23C-:231, Plate 4, Figs. l-5

Comments: this species is differentiated from P.
noeliae by the greater number of central
perforations, from P.fletcheri by its larger size

and generally greater number of central
perforations and from P. tayloriae by the large
size of the central perforations and the equal
spacing ofthese perforations around the central
area.

Perissocyclus tayloriae nov. sp.

Plate 8.3, Figs. 2-6; Plate 8.1l, Fig. 28

Derivation of name: after R.J. Taylor
Holotype: Plate 8.3, Fig.4

Biostratigraphy and palaeogeographical applications

Perissocyclus noeliae Black 1971

Plate 8.11,Fi5s.22,23

PLATE 8.5
The bars at the top ofthe photographs : I pm.

Plate 8.5, Fig. l. Tegumentum stialum. Distal view, Hauterivian, Otto Gott, P{L2825.

Plate 8.5, Figs. 2, 3. Tegumentum octdormis. Fig. 2, distal view, Barremian, Speeton, PAL 3379. Fig. 3, proximal view.
Barremian, Speeton, PAL 3378.

Plate 8.5, Figs. zt-7. Chiastozygus cepekii. Fig. 4, distal view, Hauterivian?, Otto Gott, PAL 2846. Fig. 5, distal view.
Barremian, Speeton, PAL 3379. Fig. 6, proximal view, Hauterivian?, Otto Gott, PAL 2846. Fig. 7, proximal view.
Hauterivian?, Otto Gott, P4L2846.

Plate 8.5, Figs. 8,9. Clepsilithus polystreptus. Fig. 8, distal view, Hauterivian?, Otto Gott, PAL 2846.Fig.9, proximal view.
Hauterivian?, Otto Gott, P4L2846.

Plate 8.5, Fig. lO. Corollithion silvarsdion Proximal view, Ryazanian, Speeton, PAL 3424.

Plate 8.5, Fig. ll. Corollithion rhombicum. Proximal view, Hauterivian, Speeton, PAL 3384.

Plate 8.5, Fig. 12. Corollithion geometricun. Distal view, Hauterivian, Speeton, PAL 3384.
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Diagnosis: large species of Perissocyclrzs with 8 to
22smallcentral perforations in one or two cycles.
These perforations appear in some specimens to
be divided into four quadrants and separated by
large spine supporting buttresses.
Type level; Bed 50, Otto Gott, Sarstedt.
Range : Hauterivian-Aptian.

Genus: Pseudolithraphidites Keupp I 976

Diagnosis: this genus is emended to include
spines of four parallel bars with small coccoliths
attached. These coccoliths appear to have a

central cross and a slightly imbricating rim of
calcite elements
Pseudolithraphidites parallelus (Wind & Öepek

1979) nov. comb.
Plate 8.7, Figs. 10, I l; Plate 8.13, Fig. 33

1979 Rhabdolekiskus parallelus Wind & Öepek,
p.232, Plate 3, Figs. 3-6

Comments: Perch-Nielsen (1985) has pointed out
that the genus Rhabdolekiskus Hill 1976 is a
junior synonym of Lithraphidites Deflandre
1963. The similarity in the construction of the
spines illustrated by Keupp 1976, (Figs. 25 27)
and those of Rhabdolekiskus parallelus leads to
the latter's inclusion in the genus
Pseudolithraphidites. The very small size of the
coccoliths of this species differentiate it from

lch.8

members of the genus Staurolithites.
Genus: Repagulum Forchheimer 1972

Repagulum parvidentatum (Deflandre & Fert
1954) Forchheimer 1972

Plate 8.3, Fig.9;Plate 8.10, Figs. 19,20

Genus: Rhagodiscus Reinhardt 1967
Rhagodiscus angustus (Stradner I 963) Reinhardt

1971

Rhagodiscus asper (Stradner 1963) Reinhardt
1967

Plate 8.8, Figs. l-5, Plate 8.13, Figs. 1,2

Rhagodiscus eboracensis Black I 97 I

Rhagodiscus ffinitus (Worsley l97l) Applegate
et al. in Covington & Wise 1987

Plate 8.13, Figs. I I 14

Rhagodiscus pseudoangustus Crux 1987
Plate 8.8, Figs. 10, l1; Plate 8.13. Figs. l6-19

Rhago dis cus r e ig h t onens is (Taylor I 978) Watkins
in Watkins & Bowdler 1984

Plate 8.8, Figs. 7, 8

Comments: I cannot differentiate this species
from R. asper und,er the light microscope; it is
thus included in R. asper in the estimates of
abundancies.

Biostratigraphy and palaeogeographical applications

PLATE 8.6
The bars at the topofthephotographs : I pm.

Plate 8.6, Figs. 1,2. Bukrylithus ambiguus. Fig. l, distal view, Barremian, Speeton, PAL 3378. Fig.2, proximal view,
Barremian, Speeton, PAL 3378.

Plate 8.6, Figs. 3 6, Stqur.olithites cnrr. Fig. 3, distal view, Hauterivian, Otto Gott, PAL 2852. Fig.4, distal view, Haurerivian,
Otto Gott, PA.L2852. Fig. 5, proximal view, Hauterivian, Otto Gott, PAL 2849. Fig. 6, distal view, Hauterivian?, Otto Gott,
PÄ'L2846.

Plate 8.6, Figs. 7, 8. Staurolithites mutterlosei. Fig. 7, holotype, distal view, Barremian, Speeton, PAL 3378. Fig. 8, proximal
view, Barremian, Speeton, PAL 3378.

Plate 8.6, Figs. 9 12. Calculites sarstedtensis. Fig. 8, distal view, Hauterivian?, Otto Gott, PAL 2846. Fig. 10, distal view,
Hauterivian?, Otto Gott, PAL 2846. Fig, 11, side view, Hauterivian?, Otto Gott. PAL 2846. Fig. 12, proximal view,
Hauterivian?, Otto Gott, PAL 2846.
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Rhagodiscus splendens (Deflandre 1953) Verbeek
1977

Plate 8.8, Fig. l2

Rhagodiscus sp.

Comments: this species, which was only seen in
side view under the light microscope, has a short
granular spine which flares at the distal end.

Genus: Rucinolithus Stover 1966

Rucinolithus wlsei Thierstein I 97 I

Genus: Scapholithus Deflandre in Deflandre &
Fert 1954

Scapholithus .fossilis Deflandre in Deflandre &
Fert 1954

Plate 8.7, Fig. 9

Genus: Sollasites Black 1967

Sollasites arcuatus Black 1971

Plate 8.2, Fig. 4

Sollasites horticus (Stradner et al. in Stradner &
Adamiker 1966) Öepek& Hay 1969
Plate 8.2, Fig.6; Plate 8.10, Fig.26

Sollqsites lowei (Btkry 1969) Roth 1970

Plate 8.2, Fig. 5; Plate 8.10, Fig.27

lch.8

Genus: Speetonia Black l97l
Speetonia colligata Black l97l

Plate 8.3, Fig. 7;Plate 8.11, Figs. 29, 30

Genus: Staurolit hites Caratini I 963
Staurolithites crux (Deflandre in Deflandre &

Fert 1954) Caratini 1963

Plate 8.6, Figs.3-6;Plate 8.12, Figs. 17, l8

S taurolit hite s mut ter losei nov. sp.

Plate 8.6, Figs.7,8;Plate 8.12, Figs. 16,21,22

Derivation of name: after J. Mutterlose
Holotype: Plate 8.6, Fig. 7

Diagnosis: a species of Staurolitäiles whose
central cross is slightly offset from the long and
short axes ofthe coccolith. The longer bars ofthe
cross are slightly curved. The rim has a complex
structure composed of two superimposed cycles
of imbricating elements. The two parts of the rim
can be seen under the light microscope between
crossed-nicols.
Type level: Bed LB 6, Speeton
Range: Hauterivian-Barremian

Staurolithites sP.

Plate 8.12, Figs. 19, 20

Description: a species of Staurolithites which
shows a double rim structure (an inner rim).

Biostratigraphy and palaeogeographical applications

PLATE 8.7
The bars at the top of the photographs : 1 p m.

Plate 8.7, Fig. l. Zeugrhabdotus sisyphus. Distal view, Barremian, Otto Gott, PAL 2888.

Pfate 8.7, Figs. 2, 3. Zeugrhabdotus noeliae. Fig.2, distal view, Hauterivian, Speeton, PAL 3384. Fig. 3, distal view, Aptian,
Otto Gott, PAL 2891.

Plate 8.7, Figs, 4, 5. Zeugrhabdotus embergeri. Fig. 4, distal view, Ryazanian, Speeton, PAL 3424. Fig. 5, proximal view,
Barremian, Otto Gott, PAL 2888.

Plate 8.7, Fig. 6. Zeugrhabdotus sp. l. Distal view, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.7, Fig. 7 . Tranolithus gabalus. Distal view, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.7, Fig.8. Zeugrhabdotus sp.2. Distal view, Hauterivian, Otto Gott, PAL 2846.

Plate 8.7, Fig.9. Scapholithusfossilis. Proximal view?, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.7, Figs. 10, ll. Pseudolithraphidites parallelus. Fig. 10, side view, Hauterivian, Otto Gott, P1^L2852. Fig. 1 l, side view,
proximal view, Hauterivian?, P AL 2846.

Plate 8.7, Fig. 12. Lithraphidites carniolensrs. Side view, Aptian, Otto Gott, PAL 2891.
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Genus: Stradnerlithus Black l97l
Stradnerlithus comptus Black 1971

Plate 8.13, Figs. 20 28

Genus: Tegulalithus Crux 1986

Tegulalithus septentrionalis (Stradner 1963) Crux
1986

Plate 8.9, Figs. l-3, 5, 6; Plate 8.14, Figs. 19 22,

2+27

Comments: this species has an erratic occurrence
throughout the Hauterivian Albian. Many
authors consider it to be synonymous with
Tegulalithus tessellatus (Stradner, Adamiker &
Maresch 1968) Crux 1986. Tegulalithus
septenftionalis first occurs in the Upper
Hauterivian in both Speeton and the Moorberg,
Sarstedt section, it has an acme in the Upper
Hauterivian and disappears at the Hauterivian-
Barremian boundary in Germany. It re-occurs in
both Speeton and the Otto Gott, Sarstedt section
in the Aulacoteuthis Zone and disappears again
in the brunsvicensis Zone. The records of Z.

tesselatus in the Aptian and Albian may simply
be further re-occurrences. The appearance ofthe
specimens from the Barremian is slightly
different from that of the specimens from the
Hauterivian. These differences are thought to be

due to better preservation in the Hauterivian.

Genus: Tegumentum Thierstein in Roth &
Thierstein 1972

Tegumentum octiformis (Köthe 198 I ) nov. comb.
Plate 8.5, Figs. 2, 3; Plate 8.12, Figs. 6, 7

lch.8

l98l Chiastozygus octifornrs Köthe, pp.2V2l,
Plate 2, Fig.2.
Comments: the rim structure of this species is that
of the genus Tegumentum.

Tegumentum striatum (Black l97l) nov. comb.
Plate 8.5, Fig. l; Plate 8.12, Figs. l-5

197lb Chiastozygus striatus Black, p. 416, Plate
34, Fig.7.
1978 Tegumentum striatum (Black) Taylor, p.
199 (invalid)
Comments: early forms of thii species
(Valanginian-Hauterivian) tend to be larger
than later forms (Hauterivian Barremian). The
change-over from large forms to smaller forms
occurs in the Upper Hauterivian at the top of the
gottscheiZone. Some specialists consider the two
sizes of T. striatum to be two different species. In
the present study no difference in the structures
of the large and small forms was observed under
the scanning electron microscope.

Tegumentum tenuis (Black l97l) nov. comb.

197 lb C hias t o z y gus t enuis Black, p. 41 6, Plate 34,
Fig. 8.

Comments: this 'species' is possibly synonymous
with Z. striatum.It is differentiated in the present
study by the smaller angle that the two cross bars
make with one another when they meet in the
centre ofthe coccolith. It is differentiated from Z.
octiformis by the presence of the distinctive 8-
shaped cross-structure in the latter.

Biostratigraphy and palaeogeographical applications

PLATE 8.8
The bars at the top ofthe photographs : I pm.

Plate8.8,Figs. l5.Rhagodiscusasper.Fig. l,distalview,Aptian,OttoGott,PAL289l.Fig,2,distalview,Aptian,OttoGott,
PAL 2891 . Fig, 3, distal view, Hauterivian, Otto Gott, PAL 2852. Fig.4, distal view, Aptian, Otto Gott, PAL 2891 . Fig. 5,
proximal view, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.8, Figs. 6, 9. Viminites swinnertonii. Fig. 6, distal view, Hauterivian, Otto Gott, PAL 2852. Fig. 9, distal view,
Hauterivian, Otto Gott, P4L2852.

Plate 8.8, Figs, 7, 8. Rhagodiscus reightonensis. Fig. 7, distal view, Barremian, Speeton, PAL 3378. Fig. 8, distal view,
Barremian, Speeton, PAL 3379.

Plate 8.8, Figs. 10, 11. Rhagodiscus pseudoangustus. Fig. 10, distal view, Barremian, Speeton, PAL 3378. Fig. I l, proximal
view, Barremian, Speeton, PAL 3378.

Plate 8.8, Fig. 12. Rhagodiscus splendens. Distal view, Barremian, Otto Gott, PAL 2886.
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Genus: Tetrapodorhabdus Black l97l Comments: this species was not identified under
Tetrapodorhabdus coptensls Black l97l the light microscope.

Plate 8.3, Fig. I I
Watznaueria ovata Bukry 1969

Comments: this species is grouped with Plate 8.1, Fig.9; Plate 8.10, Figs. 8-10
Hemipodorhabdus gorkae for the abundance
estimates shown on the range charts. Watznaueria rawsonii Crux 1987

Plate 8.1, Figs.4-6
Genus: Tranolithus Stover 1966

Tranolithus gqbalus Stover 1966 Comments: this species was not identified under
Plate 8.7, Fig. 7; Plate 8.12, Figs. 32, 33 the light microscope.

Genus: Tubodiscus Thierstein 1973 Genus: Zeugrhahdotns Reinhardt 1965
Tubodiscusverenae Thierstein 1973 Zeugrhabdotus embergeri (Noöl 1959) Perch-

Nielsen 1984
Genus: Vagalapilla Bukry 1969 Plate 8.7, Figs.4, 5; Plate 8.12, Figs. 34, 35

Vagalapilla matalosa (Stover 1966) Thierstein
1973 Zeugrhabdotus erectus (Deflandre in Deflandre

Plate 8.12, Fi$s.23,24 & Fert 1954) (Reinhardt 1965)
Plate 8.12, Figs. 28, 29

Genus: Vininites Black 1975
Viminites swinnertonii (Black l97l) Black 1975 Zeugrhabdotus noeliae Rood er al. l97l

Plate 8.8, Figs.6,9; Plate 8.13, Figs. 3-5 Plate 8.7, Figs.2,3; Plate 8.12, Fig.3l

Genus: Watznaueria Reinhardt 1964 Zeugrhabdotus sisyphus (Gartner 1968) nov.
Watznaueria barnesae (Black in Black & Barnes comb.

1959) Perch-Nielsen 1968 Plate 8.7, Fig. l; Plate 8.12, Fig. 30
Plate 8. l, Figs. I , 2; Plate 8. 10, Fig. I I

Watznaueria britannica (Stradner I 963)
Reinhardt 1964

Plate 8.1, Fig. l0; Plate 8.10, Fig.12

Watznaueria fasciataWind & Öepek 1979

Plate 8.1, Fig.8

PLATE 8.9
The bars at the top of the photographs : I I m.

Plate 8.9, Figs. 1-3, 5, 6. Tegulalithus septentrionalis. Fig. l, plan view, Hauterivian, Otto Gott, PAL 2852. Fig,2, side view,
Hauterivian, Otto Gott, PAL 2852. Fig. 3, plan view, Hauterivian, Otto Gott, PAL 2852. Fig.5, plan view, Barremian, Otto
Gott, PAL 2888. Fig.6, plan view, Barremian, Otto Gott, PAL 2888.

Plate 8.9, Figs.4, 7, 10. Nannoconus abundans. Fig. 4, side view, Barremian?, Speeton. Fig. 7, plan view, Barremian?, Speeton.
Fig. 10, plan view, Barremian?, Speeton.

Plate 8.9, Fig.8. Cylindralithus Iafittei. Proximal view, Albian, Mundays Hill, Bedfordshire.

Plate 8.9, Figs. 9, 12. Eprolithus antiquus. Fig.8, plan view, Hauterivian, Speeton, PAL 3408. Fig. 12, side view, Hauterivian,
Speeton, PAL 3408.

Plate 8.9, Fig. ll. Lapideacassis glans. Side view, Hauterivian?, Otto Gott, PAL 2846.

1968 Zygodiscus sisyphus Gartner, p. 34, Plate
14, Fig. l9;Plate 18, Figs. 17 l9;Plate2l, Fig.6;
Plate22, Figs. 5, 6;Plate23, Figs. 17, l8; Plate 25,
Figs. 19-22; Plate 26, Fig. 6.

Zeugrhobdotas sp. I
Plate 8.7, Fig.6
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Description: a small almost square species of
Zeugrhabdotas whose central bar supports a

large spine base.

Unnamed species

Coccolith sp. I

Holococcolith sp. I
Plate 8.10, Figs. 33-35

Comments: this species was included in the Z. Description: an elliptical coccolith with a bright
noeliae group in the light microscope abundance golden elliptical rim when seen between crossed-

estimates. nicols under the light microscope
Zeugrhabdotus sp.2

Plate 8.7, Fig. 8 Coccolith sp. 2
Description: a small species of Zeugrhabdotus,
with a high strongly imbricating rim. The central Description: a large elliptical darkly birefringent
bar does not have a spine or spine base. coccolith with a diffuse aspect.
Comments: this species was included in the Z.
noeliae group in the light microscope abundance
estimates.

PLATE E,IO
All magnifications x 2430.

Plate 8.10, Figs. l-5. Diazomatolithus lehmanii. Fig. l, crossed-nicols, Hauterivian, Moorberg, PAL2904. Fig.2, crossed-
nicols, Hauterivian, Otto Gott, PAL2852. Fig. 3, bright field, same specimen. Fig. 4, bright field, Hauterivian, Speeton, PAL
3410. Fig. 5, crossed-nicols. same specimen.

Plate8.l0,Figs.6,7. Manivitellapemmatoidea. Fig.6,crossed-nicols,Hauterivian,OttoGott,PAL2S52.Fig.T,brightfield,
same specimen.

Plate 8.10, Figs. 8 10. Watznaueria ovala. Fig. 8, crossed-nicols, Hauterivian, Otto Gott, PAL 2852. Fig. 9, bright field, same
specimen. Fig. 10, crossed-nicols, Hauterivian, Otto Gott, PAL 2850.

Plate 8.10, Fig. ll. lAatznaueria barnesae. Crossed-nicols, Valanginian, Speeton, PAL743.

Plate 8.10, Fig. 12. llatznaueria britannica. Crossed-nicols, Albian, Mundays Hill, Bedfordshire.

Plate 8. 10, Figs. 13, 14. Cyclagelosphaera margerelii.Fig. 13, crossed-nicols, Hauterivian, Otto Gott, PAL 2851. Fig. 14, bnght
field, same specimen.

Plate 8.10, Figs. l5-17. Haqius circumradiatus. Fig. 15, bright field, Barremian, Otto cott, PAL 2843. Fig. 16, bright field,
Hauterivian, Otto Gott, PÄ^L2849. Fig. 17, bright field, Hauterivian, Otto Gott, PAL2849,

Plate 8.10, Fig. 18. Cyclagelosphaera rotaclypeata. Crossed-nicols, Albian, Mundays Hill, Bedfordshire.

Plate 8.10, Figs. 19, 20. Repagulum parvidentatum. Fig. 19, bright field, Mundays Hill, Bedfordshire. Fig. 20, crossed-nicols,
Albian, same specimen.

Plate 8.10, Figs.21-24. Biscutum ellipticum. Fig. 21, bright field, Hauterivian, Moorberg, PAL 2898. Fig. 22, crossed-nicols,
same specimen. Fig. 23, bright field, Otto Cott, PAL 2852. Fig.24, crossed-nicols, Hauterivian, same specimen.

Plate 8.10, Fig. 25. Discorhabdus ignotus. Bright field, Hauterivian, Otto Gott, PAL 2852.

Plate 8.10, Fig.26. Sollasites horticus. Bright field, Hauterivian, Otto Gott, PAL 2852.

Plate 8.10, Fig. 27 . Sollasites lowei. Bright field, Hauterivian, Moorberg, PAL 2899.

Plate 8.10, Figs. 28-30. Crucibiscutum salebrosun. Fig. 28, crossed-nicols, Ryazanian, Speeton,PAL3422. Fig.29, bright field,
Hauterivian, Moorberg, PAL 2898. Fig. 30, crossed-nicols, same specimen.

Plate 8.10, Figs. 31, 32. Large Crucibiscutum salebrosum. Fig. 31, bright field, Hauterivian, Moorberg, PAL 2922. Fig. 32,
crossed-nicols, same specimen.

Plate 8. I 0, Figs. 33-35. Holococcolith sp. l. Fig. 33, bright field, Ryazanian, Speeton, PAL 3427 . Fig.34, crossed-nicols, same
specimen. Fig. 35, crossed-nicols, Hauterivian, Moorberg, PAL 2903.
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Description: a small brightly birefringent Comments: this large species was illustrated by
holococcolith? with a solid centre cut by a single Kok (1985, Plate l, Figs. I l-13), who quoted a

slit parallel to the long axis of the coccolith. A Berriasian-Valanginian age for it in the North
narrow outer rim can also be seen between Sea area.

crossed-nicols.
8.7 CONCLUSIONS

'Calcite rosettes' The rapid changes within the Lower Cretaceous
Plate 8.14, Fig. 14 nannofloral assemblages enable us to divide the

Upper Ryazanian to Barremian into l6
Description: irregular rosettes of six to ten calcite nannofossil zones. This degree of
elements. biostratigraphical refinement is approaching

PLATE 8.II
All magnifications x 2430.

Plate 8.1l, Figs. l, 2 Cruciellipsis cuvillieri. Fig. l, bright field, Hauterivian, Speeton, PAL 3399. Fig. 2, crossed-nicols, same

specimen.

Pfate8.ll,Figs.3,4. Microstauruschiastius. Fig.3,brightfield,Hauterivian,OttoGott,PAL2S52.Fig.4,crossed-nicols,
same specimen.

Plate 8.11, Figs. 5-7. Cretarhabdus angustiforatus. Fig. 5, bright field, Barremian, Otto Gott, PAL2842. Fig. 6, bright field,
Hauterivian, Otto Gott, PAL2852. Fig. 7, crossed-nicols. same specimen.

Plate 8.1 l, Fig. 8. Cretarhabdus crenulalus. Bright field, Hauterivian?, Otto Gott, PAL 2849.

Plate 8. I l, Figs. 9-l l. Cretarhabdus madingleyensk. Fig. 9, crossed-nicols, Hauterivian, Moorberg, PAL 2908. Fig. 10, bright
field, same specimen. Fig. I I, bright field, Barremian, Otto Gott, PAL2842.

Pfate 8.1I, Figs. 12, 13. Cretarhabdus conicus. Fig. 12, crossed-nicols, Hauterivian, Otto Gott,PAL2852. Fig. 13, bright field,
same specimen.

Plate 8.1 1, Figs. 14,15. Cretarhabdus inaequalis. Fig. 14, crossed-nicols, Barremian, Otto Gott, PAL 2884. Fig. 15, bright field,
same specimen.

Plate 8.I I, Figs. 16, 17 . Grantarhabdus meddii. Fig. 16, bright field, Hauterivian, Otto Gott, PAL 2852. Fig. 17, crossed-nicols,
same specimen.

Plate 8.11, Figs. 18-20. Axopodorhabdus dietzmannii. Fig. 18, bright field, Hauterivian?, Otto Gott, PAL 2848. Fig. 19,

crossed-nicols, Hauterivian, Otto Gott, PAL 2852. Fig. 20, bright field, same specimen.

Plate 8. I l, Fig. 2l . Hemipodorhabdus gorkae. Bright field, Hauterivian, Otto Gott, PAL 2852.

Plate 8.1l, Figs. 22,23. Perissocyclus noeliae. Fig.22, bright field, Hauterivian, Moorberg, PAL 2919. Fig. 23, bright field,
Hauterivian, Otto Gott, PÄ.L2852.

Plate 8.1 1, Figs. 24-27 . Perissocyclus plethorretus. Fig. 24, bright field, Hauterivian, Otto Gott, PAL 2852.Fig.25, bright field,
Hauterivian?, Otto Gott, PAL 2849. Fig. 26, bright field, Barremian, Otto cott, PAL 2845. Fig. 27, bright field, Barremian,
otto Gott, PAL2837.

Plate 8. t l, Fig. 28. Perissocyclus tayloriae. Bright field, Hauterivian?, Otto Gott, PAL 2847 .

Plate 8.11, Figs. 29, 30. Speetonia colligata. Fig. 29, crossed-nicols, Hauterivian, Moorberg,PAL29ll. Fig. 30, bright field,
same specimen.

PlateS.ll,Figs.3l-34. Ethmorhabdushauterivianus.Fig.3l,brightfield,Hauterivian,Moorberg,PAL2912.Fig.32,crossed-
nicols, same specimen. Fig. 33, bright field, Hauterivian, Moorberg, PAL 2905. Fig. 34, crossed-nicols, same specimen.



203Biostratigraphy and palaeogeographical applications

& *" d.
#- * "c-#*-. $."{C' a'"#S :.

.- It w *-s
'q: "..:* d, ;

V-, -.*,::": -:;:
. " .*ßetr "ffiF'" '"*" **1ä

,& ..,
-'" &l*

./' db ."*
.$#"'f';-" 

n 
"' 

."i9
k,"r _,"
' *":1 ' ..

* i:! 18

\t#{
*\ffi
b! lk:rt*rr#"#
4*"#

'l 'l;.t."s:.'*,#w- 
.

* & -dfI;
ffin'":t "t

3t



204

that achieved by the zonation schemes of
ammonites and belemnites.

Analysis of the nannofossil assemblages

throughout the lower Cretaceous provides
evidence for transgressions, regressions and the

opening and closing of seaways. The following
conclusions have been drawn from the present

study:
(a) There was only a weak Tethyan influence on

the nannofloras of the Upper Ryazanian.

This suggests that the Late Ryazanian

Biostratigraphy and palaeogeographical applications lch.8

transgression was less extensive than later
transgressions. The presence of Nannoconus
sp. (discs) in these sediments suggests marine
connections from these areas to the west of
Britain, including the Porcupine Basin.

(b) The Boreal-Arctic influence and endemic
character of the nannofloras of the Lower
Valanginian remained strong with abundant
C. salebrosum together with rare M.

PLATE 8.12
All magnifications x 2430.

Plate 8. 12, Figs. l-5. Tegumentum striatum.Fig. I, bright field, Hauterivian, Otto Gott, PAL 2852. Fig. 2, crossed-nicols, same
specimen. Fig. 3, bright field, Hauterivian?, Otto Gott, PAL 2849. Fig.4, crossed-nicols, same specimen. Fig. 5, bright field,
Hauterivian, Otto Gott, PA-L2852.

Plate 8.12, Figs. 6, 7. Tegumentum octiformis. Fig. 6, bright field, Hauterivian, Otto Gott, PAL 2852. Fig.7, crossed-nicols,
same specimen.

Plate 8.12, Figs. 8, 9. Chiastozygus sp. I . Fig. 8, bright field, Barremian, Otto Gott, PAL 2840. Fig. 9, crossed-nicols, same
specimen.

Plate 8.12, Figs. l0-14. Chiastozygus cepekii. Fig. 10, bright field, Hauterivian, Otto Gott, PAL 2852. Fig. 11, bright field,
Hauterivian?, Otto Gott, PAL 2846. Fig. 12, crossed-nicols, same specimen. Fig. 13, bright field, Hauterivian, Moorberg, PAL
2923. Fig. 14. crossed-nicols. same specimen.

Plate 8.12, Fig. 15. Bukrytithus ambiguus.Crossed-nicols, Hauterivian. Moorberg, PAL 2922.

Plate 8.12, Figs. 16, 21,22. Staurolithites mutterlosel. Fig. 16, bright field, Hauterivian?, Otto Gott, P{L2846. Fig. 21, bright
field, Hauterivian?, Otto Gott, PAL 2846.Fig.22, crossed-nicols, same specimen.

Plate 8.12, Figs. 17, 18. Staurolithites crux. Fig. 17, crossed-nicols, Hauterivian, Otto Gott, P{L2852. Fig. 18, bright field,
same specimen.

Plate 8.12, Figs. 19, 20. Staurolithites sp. Fig. 19, crossed-nicols, Hauterivian, Otto Gott, PAL 2852.Fig.20, bright field, same
specimen.

Plate 8.12, Figs. 23, 24. Vagalapilla matalosa. Fig. 23, bright field, Barremian, Otto Gott, PAL 2883. Fig. 24, crossed-nicols,
same specimen.

Plate 8.12, Figs. 25-27 . Glaukolithus compactus. Fig. 25, bright field, Barremian, Otto Gott, PAL 2845. Fig. 26, bright field,
Barremian, Speeton, PAL 3378. Fig. 27, crossed-nicols, same specimen.

Plate8.l2,Figs.28,29. Zeugrhabdotuserectus.Fig.23,brightfield,Hauterivian,OttoGott,PAL2S52.Fig.29,crossed-nicols,
same specimen.

Plate 8.12, Fig.30. Zeugrhabdotus sisyphus. Crossed-nicols, Hauterivian, Otto Gott, PÄ^L2852.

Plate 8.12, Fig. 31. Zeugrhabdotus noeliqe. Crossed-nicols, Albian, Mundays Hill, Bedfordshire.

Plate 8.12, Figs. 32, 33. Tranolithus gabalus.Fig.32, crossed-nicols, Hauterivian, Moorberg, PAL2907. Fig. 33, bright field,
same specimen.

Plate 8.12, Figs. 34, 35. Zeugrhabdotus embergeri. Fig. 34, crossed-nicols, Hauterivian, Speeton, PAL 3409. Fig.35, bright
field, same specimen.
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speetonensis, P. fletcheri and 'calcite
rosettes'. The Tethyan influence on these
nannofloras was weak with several Tethyan
species (C. rothii and C. cuvillieri) excluded
from the north-western European area.

(c) The limited nannofloras available from the

Upper Valanginian indicate a reduction of
Boreal-Arctic influence upon the north-
western European area.

lch.8

(d) The transgression of the Early Hauterivian
was probably more extensive than the
previous transgressions and caused greater
similarity in the nannofloras of the Tethys
and north-western European areas. It
introduced the Tethyan species C. rothii and
C. cuvillieri into the latter area for the first
time. A possible restriction of the marine
connections with Tethys, or an improvement
of connections with the Boreal-Arctic area,

Biostratigraphy and palaeogeographical applications

PLATE E.I3
All magnifications x 2430, except Figs. 34 and 35 which are x 700.

Plate 8.13, Figs. l, 2. Rhagodiscus asper. Fig. l, bright field, Hauterivian, Otto Gott, PAL 2852. Fig. 2, crossed-nicols, same

specimen.

Plate 8.13, Figs. 3-5. Viminites swinnertonii. Fig. 3, bright field, Hauterivian, Otto Gott, PAL 2852. Fig.4,crossed-nicols, same
specimen. Fig. 5, crossed-nicols, Hauterivian, Otto Gott, PAL 2852.

Plate 8. I 3, Figs. 6-9. Percivalia fenestrata. Fig.6, bright field, Hauterivian, Speeton, PAL 3409. Fig. 7, crossed-nicols, same
specimen. Fig. 8, bright field, Hauterivian, Otto Gott, PAL 2848. Fig. 9, crossed-nicols, same specimen.

Plate 8.13, Figs. 10, 15. Rhagodiscus splendens. Fig. 10, bright field, Albian, Mundays Hill, Bedfordshire. Fig. 15, crossed-
nicols, same specimen.

Plate 8. | 3, Figs. I I-14. Rhagodiscus infnitus. Fig. I I, bright field, Hauterivian, Moorberg, PAL 2901. Fig. 12, crossed-nicols,
same specimen. Fig. 13, bright field, Hauterivian?, Moorberg, PAL 2848. Fig. 14, crossed-nicols, same specimen.

Plate 8.1 3, Figs. 16-19. Rhagodiscus pseudoangustus.Fig. 16, bright field, Hauterivian?, Otto Gott, PAL 2846. Fig. 17, crossed-
nicols, same specimen. Fig. 18, bright field, Barremian, Speeton, PAL 3378. Fig. 19, crossed-nicols, same specimen.

Plate 8. 13, Fig. 20. Calculites sarstedtensß. Bright field, Hauterivian?, Otto Gott, PAL 2846.

Plate 8.13, Figs.2l,22. Corollithion geometricum. Fig. 21, bright field, Hauterivian, Moorberg, PAL2922.Fig.22,bright field,
Hauterivian, Speeton, PAL 3401.

Plate 8. I 3, Figs. 23, 24. Corollithion silvaradion. Fig. 23, bright field, Ryazanian, Speeton, PAL 342'l . Fig. 24, crossed-nicols,
Hauterivian, Speeton, PAL 3410.

Plate 8.13, Fig.25. Corollithion rhombicum. Bright field, Albian, Mundays Hill, Bedfordshire.

Plate 8.13, Figs.2G28. Sftadnerlithus comptus.Fig.26, bright field, Hauterivian, Speeton, PAL 3403. Fig. 27, crossed-nicols,
same specimen. Fig. 28, crossed-nicols, Hauterivian, Moorberg, P AL 29W.

Plate 8.13, Figs. 29, 3O. Cylindralilhus lafrttei. Fig. 29, bright lield, Hauterivian, Moorberg, PAL 2909. Fig. 30, bright field,
same specimen.

Plate 8.13, Figs. 31, 32. Conusphaera rothii. Fig. 31, bright field, Hauterivian?, Otto Gott, PAL 2846. Fig. 32, crossed-nicols,
same specimen.

Plate 8.13, Fig.33. Pseudolithraphidites parallelus. Bright field, Hauterivian, Otto Gott, PAL 2852.

Plate 8.13, Figs. 34, 35. Lilhraphidites carniolensis. Fig. 34, bright field, Hauterivian, Otto Gott, P{L2852. Fig. 35, crossed-
nicols, same specimen.
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or a climatic change at the end of the Early
Hauterivian, caused a decline in the
nannofloras.

(e) The pattern of nannofloral development.
through the Late Hauterivian suggests a.

period of strong Boreal Arctic influence,
(common T. septentrionalis) in the early Late
Hauterivian followed by increasing Tethyan
influence (three species of Nannoconus).The
Boreal-Arctic influence probably occurred
during the early part of a major
transgression, while the Tethyan influence
occurred in the later part of the same
transgression. Further evidence for the latest
Hauterivian transgression, which continued
into the Early Barremian, comes from the
onlap of sediments onto Sklinnabanken at
this time.

Biostratigraphy and palaeogeographical applications lch.8

(f) Three nannoconid species present in the
uppermost Hauterivian and lowest
Barremian are replaced by the endemic
species N. abundans (and N. borealis
(Mutterlose and Harding 1987a)) in the
Lower Barremian. This is thought to reflect
the closing of seaways to Tethys, possibly by
a regression. An interval of poor circulation
followed, during which the blätterton
organic-rich laminated clays were deposited.
This deposition may have occurred during a
period oftransgression as Ä. asper,aspecies
found to be common during the earlier
transgressions of the Early Cretaceous, is
also common in these beds. The
'Hauptblätterton' deposition was brought to
an end by an influx of northern waters which
brought with them the return of T.
septentrionalis. This influx was probably the

PLATE 8.14
All magnifications x 2430, except Fig. l5 which is x 1900.

Plate 8.14, Figs. l,2. Micrantholithus obtusus. Fig. l, bright field, Hauterivian, Moorberg, PAL2902. Fig.2, crossed-nicols,
same specimen.

Plate 8.14, Figs. 3, 4. Assipeta infrauetacea. Fig. 3, bright field, Barremian, Otto Gott, PAL 2843. Fig. 4, crossed-nicols, same
specimen.

Plate 8.14, Fig.5. Micrantholithus speetonensrb. Crossed-nicols, Valanginian, Speeton, PAL743.

Plate 8.14, Figs. 6, 7. Nannoconus sp. (discs). Fig. 6, bright field, Ryazanian, Speeton, PAL 3428. Fig. 7, crossed-nicols, same
specimen.

Plate 8.14, Figs.8, 12, 17. Nannoconus sp.2. Fig.8, bright field, Hauterivian, Otto Gott, PAL 2850. Fig. 12, bright field,
Hauterivian, otto Gott, PAL 2850. Fig. 17, bright field, Hauterivian, otto Gott, pAL 2s50.

Plate 8.14, Figs. 9-1. Nannoconus abundans. Fig. 9, bright field, Barremian, Otto Gott, PAL 2339. Fig. 10, crossed-nicols, same
specimen. Fig. I l, bright field, Barremian, Otto Gott, PAL 2889.

Plate 8.14, Figs. 13, 18,23. Eprolithus antiquus. Fig. 13, bright field, Hauterivian, Speeton, PAL 3403. Fig. 18, bright field,
Hauterivian, Moorberg, PAL 2917 . Fig. 23, crossed-nicols, same specimen.

Plate 8.14, Fig. 14. 'Calcite rosette'. Crossed-nicols, Valanginian, Münchenhagen,PAL2976.

Plate 8.14, Fig. 15. Nannoconus steinmannü. Bright field, Hauterivian?, Otto Gott, PAL 2847.

Plate 8. 14, Fig. 16. Nannoconus sp. l. Bright field, Hauterivian?, Otto Gott, PAL 2847.

Plate 8.14, Figs. 19-22,24 27. Tegulalithus septentrionali.s.Fig. 19, bright field, Barremian, Otto Gott, PAL 2386. Fig. 20,
crossed-nicols, same specimen. Fig. 24, bright field, same specimen. Fig.25, crossed-nicols, Barremian, Otto Gott, PAL 2890.
Fig. 21, bright field, Hauterivian, Moorberg, PAL 2922. Fig.26, crossed-nicols, same specimen. Fig.22, bright field,
Barremian, Otto Gott, PAL 2889. Fig. 27, crossed-nicols, Barremian, Otto Gott, PAL 2889.
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result of a seaway opening to the north,
possibly as the result ofthe transgression.

(g) A decrease in the abundance and the
diversity of the nannoflora in the Upper
Barremian and the return of N. abundans
probably indicates a period of regression.

These patterns of regressions and
transgressions in the Early Cretaceous are in
general agreement with those proposed by
Haq et al. (1987). This similarity is to be

expected, as many of the data used to create
their chronology of fluctuating sea levels

came from the north-western European
area,
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