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New material comprising more than four thousand specimens of planktonic foraminifers from the
lowermost Danian Cerithium Limestone at Stevns Klint, Denmark, reveal significant lateral bio-
stratigraphic differences along the 14 km long cliff. The Cerithium Limestone at Redvig (Korsnaeb)
in the southern part of Stevns Klint is dominated by foraminiferal assemblages indicative of the
Parvularugoglobigerina eugubina Zone (Po). This pattern changes laterally towards the north, where
the P. eugubina Zone becomes gradually thinner. At the northernmost locality investigated, Holtug
quarry, the Cerithium Limestone unit is characterised solely by assemblages of the succeeding
Parasubbotina pseudobulloides Subzone (P1a). This indicates thatthe Cerithium Limestone isdiachro-

nous and becomes gradually younger from the southern part of Stevns Klint towards the northern
part. The data indicate that a hiatus including all of the P. eugubina Zone is present at the Fish Clay
— Cerithium Limestone transition in the northern part of the cliff, whereas such a hiatus cannot be
demonstrated in the southern part.
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Early biostratigraphic studies of Maastrichtian-Da-
nianboundary strata in Denmark were based on echi-
noids and other macrofossil groups (e.g. Rosenkrantz
1924, 1937; Odum 1926; Nielsen 1937; Wind 1954),
but during the past few decades microfossils such as
foraminifers and dinoflagellate cysts together with
nannofossils have proved to be powerful alternatives
(e.g. Berggren 1960; Surlyk & Birkelund 1977; Han-
sen 1977; Perch-Nielsen 1979; Kjellstrom & Hansen
1981; Schmitz et al. 1992; Thomsen 1995; Hakansson
& Thomsen 1999).

The objective of the present study is to enhance
the biostratigraphic resolution of the basal Danian
succession of Stevns Klint, eastern Denmark by
means of planktonic foraminifers. Stevns Klint (Fig.
1) and the Fakse Limestone Quarry are the classic
type localities for the Danian stage, and in addition

Stevns Klint displays the classic Maastrichtian—-Da-
nian boundary strata (Desor 1847).

At Stevns Klint, the lower Danian sediments are
subdivided into three lithological units: the basal
Danian Fish Clay that is a 0-25+ cm thick clay and
marl unit (see description by Christensen et al. 1973);
up to 80 cm of Cerithium Limestone, and more than
20 m bryozoan limestone (Fig. 2). Calcareous micro-
and nannofossils are very rare within the Fish Clay,
whereas palynomorphs are abundant. In contrast, the
Cerithium Limestone and the bryozoan limestone
units are relatively rich in calcareous plankton, while
palynomorphs are rare (Hansen 1977, 1979; Brinkhuis
et al. 1998). Previous studies have indicated a poorly
preserved foraminiferal assemblage of very low den-
sity and diversity from the Cerithium Limestone
(Bang 1971; Schmitz et al. 1992).
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Fig. 2. Lithostratigraphic units of the Maastrictian-Danian boundary at Stevns Klint (Redvig at Korsnaeb). Ch = Maastrichtian
chalk; FC = Fish Clay; Ce = Cerithium Limestone; Br = bryozoan limestone.
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Fig. 3. Bio- and lithostratigraphy of the lower Danian strata of the eastern part of the Danish Basin.

Foraminifers from the Danian of Denmark were
documented by Brotzen (1948), Bronniman (1953),
Troelsen (1957), Berggren (1960, 1962), Hofker (1960),
Bang (1969, 1971, 1979a, b, 1982), Hansen (1970a,
1970b), Schmitz et al. (1992), Keller et al. (1993), Stouge
et al. (2000), Culver (2003), Rasmussen & Sheldon
(2004). The dinoflagellate cyst biostratigraphy of the
basal Danian strata was established by Hansen (1977,
1979), Kjellstrom & Hansen (1981), Hultberg (1986)
and Hansen et al. (1986).

The aim of the present paper is to enhance the bio-
stratigraphic resolution of the Cerithium Limestone
and to document the spatial distribution of key zon-
al foraminifers at Stevns Klint.

Localities and sample techniques

To investigate the bivalve fauna (Heinberg 2005, this
volume) and biostratigraphy (planktonic foramini-
fers) of the Cerithium Limestone, sample series were
collected from five selected Fish Clay basins repre-
senting most of the N-S range of this disjunctive unit.
A total of 17 microfossil samples (25 splits) were in-
vestigated using a new preparation procedure (see
Heinberg 2005, this volume), resulting in more than
4000 planktonic foraminifers. The samples were wet-
sieved, and all of the 40-125 pm fraction was subse-
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quently picked and analysed for microfossils. All
sample levels are measured upward from the bound-
ary between the Fish Clay and the Cerithium Lime-
stone. Although preservation is poor, our investiga-
tions have revealed that an unexpectedly abundant
assemblage of low diversity is indeed present in the
Cerithium Limestone in the 40-125 um fraction.

Previous biostratigraphic work

The Danian succession of Denmark was subdivided
into four zones by @dum (1926) based on benthonic
organisms (mainly echinoids and brachiopods). He
distinguished between the ‘Early Danian’ biozones
A and B and the ‘Late Danian’ biozones C and D
(Fig. 3). Zone A corresponds to the Cerithium Lime-
stone at Stevns Klint, zone B and C to the overlying
bryozoan limestones and calcilutites, and Zone D was
referred to the calcarenite-dominated uppermost part
of the succession. Zones A and B are characterised
by the echinoids Tylocidaris vexillifera forma a, T. vex-
illifera forma vy and Cyclaster bruennichi, while the C
and D zones are distinguished by the echinoid Ty-
locidaris vexillifera forma B and the brachiopod Tere-
bratula lens (Jdum 1926). Nielsen (1937) refined the
Danian echinoid-based zonation and introduced the
name Tylocidaris oedumi for the zonal marker Ty-
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Locality

Rodvig (Korsnaeb)

—___ Samples
Species

Rv-B
5-18 cm

Rv-C
15-30 cm

Rv-D
27-38 cm

Rv-E
40-50 cm

Rv-F
65-75 cm

base of
Bryozoan
Limestone
Rv-G

Hr-A
10-20 cm

Eoglobigerina eobulloides
Globanomalina sp. A
Globanomalina planocompressa
Globanomalina cf. compressa
Globanomalina sp.
Globigerinelloides sp.
Globoconusa daubjergensis
Parasubbotina pseudobulloides
Parasubbotina aff. pseudobulloides
Praemurica taurica

Subbotina triloculinoides

spiral planktonic indet.

spiral planktonic total

21

23

6
3

21

5
18

53

77

13

1
30

76

1

spiral planktonic %

10

23

69

Heterohelix and
Chiloguembelina spp. undiff
Zeauvigerina waiparaensis
biserial planktonic total

140

140

168

169

258

biserial planktonic %

72

87

31

Guembelitria cretacea 14
Woodringina spp.
triserial planktonic total 14

7 0 2

triserial planktonic % 7

2 0 7

benthonic foraminifers 70

10 8 0 0 42

Total 266

206 245 342 110 72

145

Fig. 4. Actual number of foraminifers within each of the investigated samples. The sample ranges in the upper part of the diagram

refer to their vertical range above the top of the Fish Clay.

locidaris vexillifera forma y of Jdum (1926).
In a contemporary study, Rosenkrantz (1937) cor-
related the T. oedumi and T. abildgaardi zones at Ste-
vns Klint with @dum’s Zone B, the T. bruennichi zone
with Zone C, and the T. vexillifera zone with Zone D
(Fig. 3). The lowermost part of the Danian, which is
barren of Tylocidaris, was regarded as the oldest zone
and correlated with @dum’s Zone A, which corre-
sponds to the Cerithium Limestone. Rosenkrantz
(1937) suggested that the overlying T. oedumi zone is
c. 5 m thick at Stevns Klint. Hansen (1977) correlated
the Tylocidaris zones with anewly established biostrati-
graphic zonation based on dinoflagellate cysts, which
subdivided the Danian succession into four dinoflag-
ellate cyst zonules (Fig. 3). He demonstrated that the
Tylocidaris zones are facies dependent and diachro-
nous becoming progressively younger towards the
northwestern, deeper part of the Danish Basin.
Troelsen (1957) was the first to describe a succes-
sion of planktonic foraminiferal assemblages through
the Danian stage of Denmark. Although his material
was limited, a total of six samples from the entire
Danian in Denmark, he reached some interesting
conclusions. He adopted the Tylocidaris-based zonal
scheme of Rosenkrantz (1937) and studied one sam-
ple from each of the four oldest zones, and two sam-
ples from the Tylocidaris vexillifera zone. The foramini-
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feral composition changed considerably during the
Danian, and ‘Globigerina pseudobulloides’ sensu Tro-
elsen (includes both Parasubbotina pseudobulloides,
Eoglobigerina eobulloides and possibly Globanomalina
sp. A according to the taxonomic interpretation of
the present authors) dominates the basal Danian
‘zone with no Tylocidaris’, and the succeeding T. oe-
dumi zone. The sample from the ‘zone with no Ty-
locidaris” was collected north of Holtug quarry, and
contained 32 specimens of planktonic foraminifers
dominated by P. pseudobulloides. Globoconusa daubjer-
gensis occurred very sporadically in the two lower
zones (Troelsen 1957, fig. 24). The succeeding T.
abildgaardi zone contained ‘Globigerina pseudobulloides’
together with G. daubjergensis, while the overlying T.
bruennichi and T. vexillifera zones were dominated by
G. daubjergensis. In addition to this species, the T.
bruennichi zone was also characterised by the first
occurrence of Subbotina triloculinoides (Globigerina
triloculinoides of Troelsen 1957), and the youngest
Danian zone, the T. vexillifera zone by the first occur-
rence of Globanomalina compressa (Globigerina compres-
sa of Troelsen 1957).

The same general development was documented
by Berggren (1960, 1962), who undertook a more
detailed study of the foraminiferal succession in the
Danish Danian succession (Fig. 3). In his interpreta-
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tion, S. triloculinoides had its first occurrence already
in the upper part of the T. abildgaardi zone and G.
compressa in the middle part of the T. bruennichi zone.
The biserial species, Chiloguembelina morsei and C.
midwayensis were reported from most of the Danian
succession. Berggren (1960, 1962) formalised the G.
daubjergensis Zone for the Danian succession of Den-
mark and Sweden, and the G. compressa Subzone for
the upper part of the succession, correlating with the
upper part of the T. bruennichi zone and the T. vexil-
lifera zone (Fig. 3).

Bang (1969, 1980, 1982) attempted a subdivision
of the Danian succession in Denmark based on plank-
tonic foraminifers. However, the zones were not de-
scribed in detail, nor where they formally defined,
but useful information may be extracted from the
published range-charts (Bang 1969, fig. 4; Bang 1982,
fig. B1). Three biozones, the Eoglobigerina danica,
Globoconusa daubjergensis and Subbotina triloculinoides
zones were recognised, including a total of seven
foraminiferal zonules and assemblages.

A detailed study of the latest Maastrichtian and
early Danian foraminifers from Hejerup at Stevns
Klint were presented by Schmitz et al. (1992). A small
planktonic assemblage from a sample of the bound-
ary layer between the Fish Clay and the Cerithium
Limestone, 5-7 cm above the base of the Fish Clay

were isolated, but no absolute abundances were giv-
en (Schmitz et al. 1992, table 1). The sample contained
rare Eoglobigerina danica, ‘Globoconusa conusa’ and
Woodringina hornerstownensis together with Guembeli-
tria spp., Heterohelix spp. (comparatively common)
and three planktonic species, which originated al-
ready in the Cretaceous. The overlying sample from
the middle of the Cerithium Limestone contained 28
planktonic specimens including the first occurrence
of Globoconusa daubjergensis and ‘Eoglobigerina’ tauri-
ca. Parasubbotina pseudobulloides is missing from the
Cerithium Limestone according Schmitz et al. (1992,
table 1); however, it is indicated to occur already from
the 25 cm level within the middle part of the Ceri-
thium Limestone in their range-chart (Schmitz et al.
1992, fig. 2).

Foraminiferal assemblages

The present study includes samples from the Ceri-
thium Limestone at five localities along Stevns Klint
from Redvig (at Korsneeb) in the south, through the
Hegjerup region, Sigerslev quarry and Mandehoved
to Holtug quarry in the northern part of the cliff (Fig.
1). The foraminiferal assemblage in the 40-125 pm
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Fig. 5. Triangle Plot showing the relative distribution (percent) of triserial, biserial and trochospiral planktic foraminifers in the
Cerithium Limestone at Stevns Klint. Data from Schmitz ef al. (1992) are shown for comparison. Zonation after Berggren & Miller

(1988).

fraction is completely dominated by calcitic plank-
tonic taxa, and only limited assemblages of calcitic
and aragonitic benthonic taxa were observed. The
planktonic fraction of the total foraminiferal assem-
blage within the Cerithium Limestone varies from
74% (sample Rv-A) to 100% (Rv-E, 6, Ht-E) with an
average of 96% (Fig. 4). In comparison, the plank-
tonic content within the basal part of the overlying
bryozoan limestone averages approximately 50%
(Rv-G, Hr-G).

The average spiral : biserial : triserial ratio of the
planktonic assemblage is 41% : 55% : 4% in the Ceri-
thium Limestone, showing that foraminifers with
biserial and spiral chamber arrangements are much
more common than triserial taxa (Figs 4, 5). Howev-
er, the average ratio of the Pae Zone (19% : 77% : 4%)
is significantly different from that of the Pla Zone
(59% : 37% : 4%), making the ratio useful for region-
al correlation (Heinberg et al. 2001; Heinberg 2005,
this volume). The diversity is generally low with a
few dominating species.

Redvig (Korsnaeb)

The succeeding description of the foraminiferal as-
semblages is solely concentrated on three main
groups of planktonic foraminifers (PF): spiral, bise-
rial and triserial morphotypes. The three groups have
been shortened spiral PF, biserial PF and triserial PF
in the following.
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The lower five samples from the Fish Clay basin
at Redvig (Korsnaeb) (Rv-A-Rv-E) were collected
from the 0-50 cm interval above the base of the Ceri-
thium Limestone. They are characterised by biserial
PF comprising 71-89% of the total foraminiferal as-
semblage. Biserial PF includes both Heterohelix spp.
and Chiloguembelina spp., but because of the gener-
ally poor preservation of the specimens from the
Cerithium Limestone, it was only occasionally pos-
sible to distinguish between the two genera. As a re-
sult, Heterohelix and Chiloguembelina are listed togeth-
er (Figs 4, 6).

Globoconusa daubjergensis is the dominant spiral PF
(4-15%) followed by Eoglobigerina eobulloides and
Globanomalina sp. A. Guembelitria cretacea is common
in Rv-A (7% of the total planktic foraminiferal as-
semblage), but less so (2-3%) in the four overlying
samples. The lowermost sample, Rv-A, contains a
single, badly preserved specimen referred to Globa-
nomalina? planocompressa.

The uppermost sample from the Cerithium Lime-
stone at Rodvig (Korsnaeb), Rv-F from the 65-75 cm
interval, contains an assemblage characterised by the
first appearance of Parasubbotina pseudobulloides (29%)
and by a distinct reduction in the relative number of
biserial PF (31%). Subbotina triloculinoides has its first
appearance in the basal part of the overlying bryo-
zoan limestone (Rv-G), where a single specimen was
observed together with a single specimen of Globa-
nomalina cf. compressa.



Hojerup

The basal sample from the Cerithium Limestone at
Hojerup (Hr-A, 10-20 ¢cm) contains a foraminiferal
assemblage similar to that of the lower to middle part
of the Cerithium Limestone at Rodvig (Korsneaeb). It
comprises abundant biserial PF (Chiloguembelina spp.
and Heterohelix globulosa constitute 92% of the total
planktonic assemblage) together with rare G. daubjer-
gensis, Globanomalina sp. A and G. cretacea. The over-
lying samples, Hr-B (20-30 cm) and Hr-E (45-50 cm)
are characterised by the appearance of P. pseudobul-
loides and a relative increase in the number of G. dau-
bjergensis. Subbotina triloculinoides has its first appear-
ance in the basal sample of the overlying bryozoan
limestone, where it comprises 8% of the foramini-
feral assemblage.

Sigerslev quarry

Two samples were studied. The lowermost sample
(Si-A) from 3-12 cm above the base of the Cerithium
Limestone is dominated by biserial PF (91% of the
total planktonic assemblage) and contains only a lim-
ited number of spiral (5%, mainly G. daubjergensis)
and triserial (4%) morphotypes. The overlying sam-
ple, Si-B from 17-25 c¢m, are characterised by a de-
crease in biserial PF (50%) and the appearance of P.
pseudobulloides (2%). G. daubjergensis is by far the most
common spiral PF representing 36% of the total
planktonic foraminifers. Eoglobigerina eobulloides and
Globanomalina sp. A are rare, while triserial PF (G.
cretacea) comprises about 5% of the total planktonic
assemblage.

Mandehoved

One sample was studied from Mandehoved (Fig. 1).
The sample (Mh-A) was collected from the lower-
most 8 cm of the Cerithium Limestone. The spiral :
biserial : triserial planktonic ratio is very similar to
the one known from the upper sample at Sigerslev
quarry (Si-B) and is represented by the following
values; 51% : 44% : 5% (Figs. 4, 5). A notable differ-
ence is, however, that P. pseudobulloides, which occur
in Si-B, is absent from Mh-A.

Holtug quarry

Three samples were studied from Holtug: Ht-A from
0-10 cm above the base of the Cerithium Limestone,
Ht-B from 10-15 cm and Ht-E from the uppermost
part of the unit (40-60 cm). In contrast to the locali-
ties south of this, all of the Holtug samples are dom-
inated by spiral PF. Ht-A is dominated by G. daubjer-
gensis (60%), while E. eobulloides comprises 6% and
P. pseudobulloides 2% of the total planktonic assem-
blage. Biserial PF represents 25% and triserial PF (G.
cretacea) 4% of the planktonic assemblage. Ht-B con-
tains a higher ratio of biserial PF (41%) but spiral PF
are still the dominating constituent. G. daubjergensis
comprises 42% of the total planktonic assemblage,
and triserial PF (G. cretacea) 6%. The uppermost 20
cm of the Cerithium Limestone (sample Ht-E) is char-
acterised by an increase in the number of P. pseudob-
ulloides (6%) and G. daubjergensis (57%), while biseri-
al morphotypes decrease to 30% of the total plank-
tonic assemblage.

Foraminiferal biostratigraphy of
the Cerithium Limestone

Most of the published Danian foraminiferal zonations
are based primarily on low and mid latitude assem-
blages (e.g. Blow 1979; Tourmakine & Luterbacher
1985; Berggren & Miller 1988; Keller 1988; Berggren
& Norris 1997), but also collections from the North
Sea and North Atlantic regions are occasionally in-
cluded (King 1983, 1989; Gradstein et al. 1994). The
latter three publications focused on the subdivision
of the Cenozoic succession of the North Sea with only
limited attention to the subdivision of the Danian.

The present study largely follows the zonation of
Berggren & Miller (1988), who made a detailed de-
scription and definition of Danian (and Paleogene)
foraminiferal biozones, which seems to be readily
applicable to Stevns Klint. An exception is the PO
Zone (see below), which follows the definition of
Keller (1988).

PO. Guembelitria cretacea Partial Range Zone
(sensu Keller 1988)

Definition. Partial range of the nominate species be-
tween the Last Appearance Datum of Cretaceous taxa
(e.g. Rugoglobigerina, Globotruncana, Globigerinelloides)
at the K-T boundary and the first appearance of Par-
vularugoglobigerina eugubina.
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Remarks. Recent work on deep sea cores and a res-
tudy of the El Kef stratotype section have revealed
that the global significance of the PO Zone may be
questioned. Hence, it has been suggested that P. eu-
gubina is more abundant in deep-sea sections com-
pared with shallow-marine sections, leading to the
assumption that the PO Zone represents a shallow-
marine biofacies (Norris et al. 1999). Zone PO has not
been recognised at Stevns Klint by means of fora-
minifers. The zone covers the black boundary clay
at El Kef (Keller 1988) or only the very basal part of
this (Norris ef al. 1999). Although calcareous micro-
plankton is virtually absent in the Fish Clay at Ste-
vns Klint — possibly as a result of dissolution — it
seems reasonable to assume that PO corresponds with
the Fish Clay interval at Stevns Klint.

Po.. Parvularugoglobigerina eugubina Partial
Range Zone

Definition. Interval from the first appearance of Par-
vularugoglobigerina eugubina to the first appearance
of Parasubbotina pseudobulloides sensu stricto (modi-
fied from Berggren & Miller 1988).

Characteristics. At Stevns Klint, the zone is character-
ised by abundant biserial morphotypes (Chiloguem-
belina spp. and Heterohelix globulosa), while Globoconu-
sa daubjergensis, although the most common spiral
planktonic species, occurs only in small numbers.
Eoglobigerina eobulloides and Globanomalina sp. A oc-
cur sporadically, while the nominate species P. eugu-
bina is missing, probably due to the relatively shal-
low, subtidal palaeoenvironment (Norris et al. 1999).

Distribution and thickness. Redvig (Korsneeb): the 0-
50 (65?) cm interval above the base of the Cerithium
Limestone; Hojerup: the 10 (0?)-20 cm interval above
the base of the Cerithium Limestone, and Sigerslev
quarry: the 3-12 cm interval above the base of the
Cerithium Limestone. The P. eugubina Zone (Po.) was
not observed at Holtug quarry.

Remarks. The correlation with the P. eugubina Zone is
based on circumstantial evidence. The absence of
Parasubbotina pseudobulloides sensu stricto and the high
percentage of biserial planktonic morphotypes, in-
cluding the Cretaceous survivor species Heterohelix
globulosa (see Heinberg 2005, this volume and Fig. 5
herein), indicate that this interval at Stevns is later-
ally equivalent to the P. eugubina Zone at Nye Klov
in northern Jutland, when compared with the data
from Bang (1980) and Keller et al. (1993). Olsson et al.
(1999) regarded Parvularugoglobigerina longiapertura

as a junior synonym of P. eugubina and this interpre-
tation is followed here. The P. eugubina Zone (Par) of
Berggren & Miller (1988) corresponds to Zone Pla
by Keller et al. (1993, 1995).

P1. Parasubbotina pseudobulloides—
Globoconusa daubjergensis Partial Range
Zone (Berggren & Miller 1988)

Definition. Concurrent partial ranges of the nominate
taxa between the first appearance of Parasubbotina
pseudobulloides (base) and the first appearance of Prae-
murica uncinata (top) (Berggren & Miller 1988).

Remarks. The P1 Zone was subdivided into the three
subzones Pla, P1b and Plc by Berggren & Miller
(1988). See below for further details.

Pla. Parasubbotina pseudobulloides Partial
Range Subzone (Berggren & Miller 1988)

Definition. Partial range of the nominate species be-
tween its first appearance (base) and that of Subboti-
na triloculinoides (top).

Characteristics. The P. pseudobulloides Subzone (Pla)
is dominated by spiral planktonic foraminifers at
Rodvig (Korsneeb) and Holtug quarry, and Globoconu-
sa daubjergensis is usually the most common. Other
characteristic spiral morphotypes include Eoglobige-
rina eobulloides, Globanomalina sp. A, and P. pseudob-
ulloides. The Pla Subzone at Heojerup and Sigerslev
quarry contains a considerably higher percentage of
biserial specimens than the Redvig (Korsnaeb) and
Holtug localities.

Distribution and thickness. Rodvig (Korsnaeb): the 65—
75 cm interval above the base of the Cerithium Lime-
stone; Hojerup region: the 20-50 cm interval above
the base of the Cerithium Limestone; Sigerslev quar-
ry: the 17-25 cm interval above the base of the Ceri-
thium Limestone, and Holtug quarry: all of the 60
cm thick Cerithium Limestone.

Remarks. It is not understood why the biserial plank-
tonic foraminifers are much more common (69-94%)
in the Pla Subzone at Hejerup than at the other lo-
calities (25-49%). One possibility is that the Pla stra-
ta are slightly older there than in the other localities.
Alternatively, the compositional dissimilarities may
reflect slight differences in taphonomy or deposition-
al setting along the cliff.
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P1b. Subbotina triloculinoides Partial Range
Subzone (Berggren & Miller 1988, emend.
Berggren et al. 1995)

Definition. Partial range of nominate species from its
first appearance (base) to the first appearance of Glo-
banomalina compressa and /or Praemurica inconstans

(top).

Remarks. The S. triloculinoides Subzone (P1b) charac-
terises the lower part of the bryozoan limestone at
Stevns Klint. This unit has not been investigated in
detail here, but scattered spot samples have shown
that P1b is represented at least at Redvig (Korsnaeb)
and Hejerup. Very small morphotypes of Globano-
malina cf. compressa, which are characterised by a
slightly more rounded periphery than G. compressa
sensu stricto have their first appearance within the
lower 2 m of the bryozoan limestone, at Redvig
(Korsnzb) already from just above the base of the
unit.

Discussion

The presence of a hiatus between the Fish Clay and
the Cerithium Limestone at Stevns Klint was pro-
posed by Schmitz et al. (1992) to span most or all of
their Zone Pla (= P. eugubina Zone), or even as much
as the entire interval from Zone P0 to within the lower
part of Plc sensu Keller (1988) and Keller et al. (1993,
1995) (cf. Fig. 3). The latter interval correlates with
the interval from Zone PO to within the P. pseudobul-
loides Subzone (Pla) or S. triloculinoides Subzone (P1b)
sensu Berggren & Miller (1988), but the correlation
between the two zonal schemes is difficult due to
different taxonomic interpretations.

The data presented here confirm the presence of a
hiatus, corresponding approximately to the P. eugu-
bina Zone, but only in the northern part of Stevns
Klint. On the other hand, our data indicate that no
hiatus exists in the southern part of Stevns Klint at
Redvig (Korsneaeb). Schmitz et al. (1992) based their
interpretations on a series of samples from south of
Hojerup Church, close to the locality ‘Hejerup’ in-
cluded in the present study. As discussed below, the
assemblages from Hejerup indicate that strata equiv-
alent to the P. eugubina Zone do exist in the lower
part of the section, and the hiatus at this site thus
can not include more than part of the P. eugubina
Zone. Furthermore, no sedimentological indication
of a hiatus at this level has been found (Hakansson
& Thomsen 1999).

The Parvularugoglobigerina eugubina Zone (Po.) sen-
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su Liu & Olsson (1992) and Berggren et al. (1995) was
defined by the total range of the nominate taxon. It
corresponds to the Pla Zone of Keller et al. (1995).
We failed — like Schmitz et al. (1992) - in finding P.
eugubina in the Stevns Klint sections despite a con-
siderably larger material. P. eugubina is a well known
constituent from basal Danian assemblages at low
palaeolatitudes such as Tunisia, Egypt, Spain, Italy,
southern USA (e.g. Alabama, Texas), the southern
Atlantic (e.g. DSDP site 528) and the northern Pacif-
ic Ocean (e.g. Luterbacher & Premoli Silva 1964; Blow
1979; Keller 1988, 2003; D’Hondt 1991; Canudo et al.
1991; McLeod 1995; Berggren & Norris 1997), but it
is also described from intermediate and high latitudes
such as Nye Klov, Denmark (Bang 1980 [as ‘New
Genus L sp.’]; Keller et al. 1993), where it occurs
sparsely in the 0.2-1.2 m interval above the base of
the Danian according to Keller et al. (1993). The Ceri-
thium Limestone at Stevns Klint is generally inter-
preted as a more shallow water equivalent to the
succession at Nye Klov (Hékansson & Thomsen 1999;
Heinberg 2005, this volume), and it is probable that
the apparent lack of P. eugubina at Stevns Klint is due
to palaeoenvironmental differences (Norris ef al.
1999).

In view of the lack of the nominate species, the
correlation with the P. eugubina Zone has been based
on the following criteria: The initial appearance of P.
pseudobulloides marks the top of Pa as defined by
Berggren & Miller (1988). Liu & Olsson (1992), Berg-
gren et al. (1995) and Olsson et al. (1999) instead used
the total range of P. eugubina to define the Po. Zone.
However, it was noted by Berggren et al. (1995) that
the first appearance of P. pseudobulloides and the last
appearance of P. eugubina were stratigraphically very
close. Keller et al. (1995, 2002) indicated that P. pseu-
dobulloides has its first appearance well below the last
appearance of P. eugubina. The main reason for the
difference between this interpretation and that of
Berggren et al. (1995) and Olsson et al. (1999) is that
the latter authors differentiated between an early
morphotype, Parasubbotina aff. pseudobulloides, and
P. pseudobulloides sensu stricto, while Keller ef al. (1995,
2002) regarded them as representing varieties of one
species. In the present study, we have used the ini-
tial appearance of P. pseudobulloides s.s. to mark the
top of the Po. Zone.

The first appearance of Chiloguembelina spp. is usu-
ally reported from levels within the P. eugubina Zone
at low latitudes (e.g. Keller 1988; Liu & Olsson 1992)
or even from very close to the base of this zone
(D’Hondt 1991; Karoui-Yaakoub et al. 2002). Bang
(1980) reported Chiloguembelina from the P. eugubina
Zone at Nye Klov, Denmark, showing that it occurs
already from the lower part of the zone also at north-
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Fig. 7. Correlation between the Redvig (Korsneaeb), Hejerup and Holtug quarry sections by use of planktonic foraminifers. Approx-
imate distance between the localities is indicated in the lower part. Abbreviations as in Fig. 2; zonation after Berggren & Miller

(1988).

ern high latitudes. The Heterohelix-Chiloguembelina
ratio is apparently higher at Redvig (Korsnaeb) than
at the more northern localities along Stevns Klint.
This further indicates that an older part of the Pa
Zone is preserved at Redvig than further north at
Stevns Klint, although reliable identification of many
specimens is hampered due to the lack of morpho-
logical detail.

The ratio between biserial and spiral (e.g. Malm-
gren 1982; Haslett 1994) and biserial and triserial (e.g.
Schmitz et al. 1992) planktonic foraminifers have
proven to be valuable in palaeoenvironmental inter-
pretations. Haslett (1994) showed that the biserial :
spiral ratio was reduced to zero above the P. eugubi-
na Zone at Bidart, south-west France. Heinberg et al.
(2001) and Heinberg (2005, this volume) correlated
the basal Danian beds at Nye Klov, Jutland with the
Stevns Klint succession in great detail using the spi-
ral : serial (biserial and triserial) ratio in a strictly
stratigraphic sense. The overall correlation concurs
with the results encountered in the present paper (see
also Fig. 5), suggesting that the main part of the Ceri-
thium Limestone at Redvig correlates with the P.
eugubina Zone.
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Conclusion

Our study underlines the necessity to include very
small specimens (40-125 pm) in studies of at least
the basal Danian foraminiferal assemblages (Keller
2003). All of the Cerithium Limestone at Redvig
(Korsneeb), except the uppermost 10 c¢m, is referred
to the P. eugubina Zone (P, while the uppermost
part belongs to the overlying P. pseudobulloides Sub-
zone (Pla). This pattern changes laterally towards
the north (Fig. 7), where the Po. Zone becomes grad-
ually thinner, and at the northernmost locality, Hol-
tug quarry, the entire Cerithium Limestone unit is
characterised by assemblages of the P. pseudobulloides
Subzone (Pla).

A hiatus exists between the basal Danian Fish Clay
and the overlying Cerithium Limestone in the north-
ern part of Stevns Klint comprising at least all of the
Pa Zone, whereas the Fish Clay — Cerithium Lime-
stone transition seems to be stratigraphically com-
plete in the Fish Clay basins in the southern part of
the cliff. Thus, the base of the Cerithium Limestone
is diachronous and becomes gradually younger from
the southern part of Stevns Klint towards the north.

Our biostratigraphic data are consistent with the
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well-known, hardground associated hiatus between
the Cerithium Limestone and the overlying bryozoan
limestone (e.g. Rosenkrantz 1924; Schmitz et al. 1992;
Surlyk 1997). Subsequent to the hardground forma-
tion, Subzone Pla was consistently eroded at the top
all along Stevns Klint. However, the pronounced in-
crease in thickness of this subzone from south to
north is taken to indicate that also the top of the Ceri-
thium Limestone may be diachronous (cf. Fig. 3).

Palaeontological notes

The classification follows primarily that of Olsson et
al. (1999).

Kingdom Protozoa Goldfuss, 1818
Order Foraminiferida Eichwald, 1930

Family Guembelitriidae Montanaro Gallitelli,
1957

Genus Guembelitria Cushman, 1933
Type species. Guembelitria cretacea Cushman, 1933.

Guembelitria cretacea Cushman, 1933
Fig. 8D

1933 Guembelitria cretacea n. sp. Cushman, p. 37, pl.
4, fig. 12a-b.

1999 Guembelitria cretacea Cushman - Olsson ef al.
pp- 79-80, fig. 31; pl. 8, figs 1-3; pl. 13, fig. 3;
pl. 63, figs 1-12 (with additional synonymy).

2003 Guembelitria cretacea Cushman - Keller, pl. 4,

figs 1-6.

2003 Guembelitria trifolia (Morozova) - Keller, pl. 2,
fig. 13.

2003 Guembelitria irregularis Morozova - Keller, pl.
2, fig. 14.

Remarks. See Olsson et al. (1999) for description.

Occurrence. Redvig (Korsneeb), Hejerup, Sigerslev
quarry, Mandehoved, Holtug quarry.
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Material. 132 specimens.

Genus Globoconusa Khalilov, 1956

Type species. Globoconusa conusa Khalilov, 1956.

Globoconusa daubjergensis (Bronnimann, 1953)
Fig. 8G-1.

1953 Globigerina daubjergensis n. sp. Bronnimann, p.
340, text-fig. 1.

1970b Globoconusa daubjergensis (Bronnimann) - Han-
sen, pp- 343-344; pl. 1, figs 1-2; pl. 2, figs 1-2;
pl. 3, figs 1-2; pl. 4, figs 1-2 (with additional
synonymy).

Facing page:

Fig. 8

A-B: Chiloguembelina morsei (Kline). A: sample Rv-B (Redvig),
P. eugubina Zone (Po), MGUH 27502, B: sample Rv-E (Rodvig),
P. eugubina Zone (Po.), MGUH 27503.

C: Zeauvigerina waiparaensis (Jenkins), sample Rv-B (Redvig),
P. eugubina Zone (Po.), MGUH 27504.

D: Guembelitria cretacea Cushman, sample Rv-B (Redvig), P.
eugubina Zone (Po), MGUH 27505

E: Heterohelix globulosa (Ehrenberg)?, sample Rv-C (Redvig),
P. eugubina Zone (Po.), MGUH 27506. Faint striae.

F: Heterohelix globulosa (Ehrenberg), sample Rv-B (Redvig), P.
eugubina Zone (Po), MGUH 27507. Distinct striae.

G-I: Globoconusa daubjergensis (Bronniman). G: sample Rv-E
(Redvig), P. eugubina Zone (Po), MGUH 27508; H: sample Rv-
C (Redvig), P. eugubina (Po), MGUH 27509; I: sample Ht-E (Hol-
tug quarry), P. pseudobulloides Subzone (Pla), MGUH 27510.
Large, multi-chambered morphotype.

J-M: Eoglobigerina eobulloides (Morozova). J: Sample Rv-D (Red-
vig), P. eugubina Zone (Po), MGUH 27511. Umbilical view. K:
Same specimen as | in oblique view. L: Sample Ht-E (Holtug
quarry), P. pseudobulloides Subzone (Pla), MGUH 27512. Um-
bilical view; M: Same specimen as L in oblique view.

N, O: Parasubbotina pseudobulloides (Plummer). N: sample Ht-
E (Holtug quarry), P. pseudobulloides Subzone (Pla), MGUH
27513. Umbilical view. O: sample Ht-E (Holtug quarry), P. pseu-
dobulloides Subzone (Pla), MGUH 27514. Lateral view.

P, Q: Globanomalina sp. A. P: sample Rv-F (Redvig), P. pseudob-
ulloides Subzone (P1a), MGUH 27515. Umbilical view; Q: sam-
ple Rv-F (Redvig), P. pseudobulloides Subzone (Pla), MGUH
27516. Lateral view.

R, S: ?Globanomalina sp. A. Sample Rv-D (Redvig), P. eugubina
(Pa), MGUH 27517. Umbilical view, six chambers in last whorl;
S: Same specimen as R in oblique view.

T: Praemurica taurica (Morozova). Sample Rv-D (Redvig), P.
eugubina Zone (Po), MGUH 27518. Umbilical view, six cham-
bers in last whorl (last chamber broken).






1999 Globoconusa daubjergensis (Bronnimann) - Ols-
son et al., pp. 80-81, fig. 32; pl. 8, figs 4-6; pl.
15, fig. 13-14; pl. 64, figs 1-12 (see additional
synonymy).

2003 Globoconusa daubjergensis (Bronnimann) - Kel-
ler, pl. 6, figs 2-3.

22003 Parvularugoglobigerina extensa (Blow) - Keller,
pl. 6, fig. 1 (only).

Remarks. The interpretation of Globoconusa daubjer-
gensis follows that of Hansen (1970b), who regarded
G. conusa Khalilov, G. kozlowskii Brotzen & Pézarys-
ka and G. daubjergensis gigantea Bang as junior syno-
nyms of G. daubjergensis Bronnimann. See Hansen
(1970b) for description.

Occurrence. Redvig (Korsneeb), Hejerup, Sigerslev
quarry, Mandehoved, Holtug quarry.
Material. 1202 specimens.

Genus Woodringina Loeblich & Tappan, 1957

Type species. Woodringina claytonensis Loeblich & Tap-
pan, 1957.

Woodringina sp. indet.
Not illustrated

Remarks. Three badly preserved specimens of possi-
ble Woodringina were observed from the Redvig
(Korsnaeb) section.

Material. 3 specimens.

Family Heterohelicidae Cushman, 1927

Genus Heterohelix Ehrenberg, 1840

Type species. Textilaria americana Ehrenberg, 1843.

Heterohelix globulosa (Ehrenberg, 1840)
Fig. 8E(?)-F.

1840 Textularia globulosa n. sp. Ehrenberg, p. 135, pl.
4, figs 2b, 4b, 5b, 7b, 8b.

1991 Heterohelix globulosa (Ehrenberg) — Nederbragt,
pp- 341-343, pl. 2, figs 1a-2b.
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2003 Heterohelix globulosa (Ehrenberg) — Keller, pl.
3, fig. 2.

?2003 Heterohelix striata (Ehrenberg) — Keller, pl. 3,
fig. 1.

Remarks. Heterohelix was discussed and revised by

Nederbragt (1991). The generally bad preservation

of the present material makes it difficult to distin-

guish Heterohelix from Chiloguembelina, and the two

genera have been treated as one group in the present
study.

Occurrence. Heterohelix and/or Chiloguembelina were
observed from Redvig (Korsneeb), Hejerup, Sigerslev
quarry, Mandehoved and Holtug quarry.

Material. 2032 specimens of Heterohelix and Chilo-
guembelina undifferentiated.

Genus Zeauvigerina Finlay, 1939

Type species. Zeauvigerina zealandica Finlay, 1939.

Zeauvigerina waiparaensis (Jenkins, 1965)
Fig. 8C.

1965 Chiloguembelina waiparaensis n. sp. Jenkins, p.
1095, pl. 1, figs 1-6.

1999 Zeauvigerina waiparaensis (Jenkins) - Olsson et
al. pp.97-98, text-fig. 37; pl. 71, figs 1-18 (with
additional synonymy).

Remarks. See Olsson et al. (1999) for description.

Occurrence. Radvig (Korsnaeb) and Holtug quarry.

Material. 4 specimens.
Family Chiloguembelinidae Reiss, 1963

Genus Chiloguembelina Loeblich & Tappan, 1956

Type species. Guembelina midwayensis Cushman, 1940.



Chiloguembelina morsei (Kline, 1943)
Fig. 8A-B.

1943 Giimbelina morsei n. sp. Kline, p. 44, pl. 7, fig.
12.

1999 Chiloguembelina morsei (Kline) - Olsson et al. pp.
91-92, pl. 13, figs 14-15, pl. 69, figs 9-15 (with
additional synonymy).

Remarks. See notes about ‘Heterohelix’ above.

Family Hedbergellidae Loeblich & Tappan,
1961

Genus Globanomalina Haque, 1956

Type species. Globanomalina ovalis Haque, 1956.

Globanomalina ?planocompressa (Shutskaya, 1965)
Not illustrated

?1965 Globorotalia planocompressa planocompressan. sp.
Shutskaya, p. 179; pl. 1, fig. 6a-c.

?1999 Globanomalina planocompressa (Shutskaya) -
Olsson et al. pp. 44; pl. 36, figs 1-6 (with addi-
tional synonymy).

Remarks. A probable but broken specimen of Globa-
nomalina planocompressa was observed from the
lowermost sample at Redvig (Korsnaeb). See Olsson
et al. (1999) for description.

Occurrence. Redvig (Korsneeb).

Material. 1 specimen.

Globanomalina sp. A
Fig. 8P-5

Remarks. Globanomalina sp. A has typically a globa-
nomalinid wall structure, 5-?6 chambers in the ulti-
mate whorl of the low to medium trochospiral test.
The specimens from the Cerithium Limestone are
generally badly preserved and a proper description
of the species awaits an investigation of supplemen-
tary material from other Danish localities. It is sup-
posed that Globanomalina sp. A is synonymous with
one of the morphotypes of ‘Globigerina’ danica ssp. 1

shown by Bang (1971, plate 1, fig. ?4, 6 (only)). Glob-
anomalina sp. A, however, differs significantly from
the morphotypes of ‘Globigerina’ danica Bang dis-
played initially by Bang (1969, plate 1, figs 1-3). The
latter types share similarities with Parasubbotina var-
ianta (Bang 1969, pl. 1, fig. 1la—c), Eoglobigerina eobul-
loides (Bang 1969, pl. 1, fig. 2a—c) and Eoglobigerina
edita (Bang 1969, pl. 1, fig. 3a—c).

Occurrence. Rodvig (Korsnaeb), Sigerslev quarry,
Mandehoved and Holtug quarry.

Material. 64 specimens.

Family Globigerinidae Carpenter, Parker &
Jones, 1862

Genus Eoglobigerina Morozova, 1959

Type species. Globigerina (Eoglobigerina) eobulloides
Morozova, 1959.

Eoglobigerina eobulloides (Morozova, 1959)
Fig. 8]-M

1959 Globigerina (Eoglobigerina) eobulloides n. sp.
Morozova, p. 1115, text-fig. la—c.

1999 Eoglobigerina eobulloides (Morozova) - Olsson
et al. pp. 20-22; fig. 8; pl. 8, figs 10-12, pl. 19,
figs 1-15 (with additional synonymy).

2003 Eoglobigerina eobulloides (Morozova) - Keller, pl.
6, fig. 15.

Remarks. See Olsson et al. (1999) for description.

Occurrence. Redvig (Korsneaeb), Hejerup, Sigerslev
quarry, Mandehoved and Holtug quarry.

Material. 143.

Genus Parasubbotina Olsson, Hembleben, Berggren
& Liu, 1992

Type species. Globigerina pseudobulloides Plummer,
1926.
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Parasubbotina pseudobulloides (Plummer, 1926)
Fig. 8N, O

Synonymy.

1926 Globigerina pseudobulloides n. sp. Plummer, p.
133; pl. 8, fig. 9a—c.

1999 Parasubbotina pseudobulloides (Plummer, 1926)
- Olsson et al. pp. 24-25; fig. 10; pl. 21, figs 1-
15 (with additional synonymy).

Remarks. See Olsson et al. (1999) for description.

Occurrence. Redvig (Korsneeb), Hejerup, Sigerslev
quarry and Holtug quarry.

Material. 107.

Parasubbotina aff. pseudobulloides (Plummer, 1926)
Not illustrated

aff. 1926 Globigerina pseudobulloides n. sp. Plummer,
p- 133; pl. 8, fig. 9a—.

Remarks. See Olsson et al. (1999) for description.

Occurrence. Redvig (Korsneeb).

Material. 2 specimens.

Genus Subbotina Brotzen & Pozaryska, 1961

Type species. Globigerina triloculinoides Plummer, 1926.

Subbotina triloculinoides (Plummer, 1926)
Not illustrated

1926 Globigerina triloculinoides n. sp. Plummer, p.
134, pl. 8, fig. 10a-b.

1999 Subbotina triloculinoides (Plummer) - Olsson et
al. pp. 31-32; fig. 12; pl. 9, figs 13-15; pl. 14,
figs 15-16; pl. 27, figs 1-13 (with additional
synonymy).

2003 Subbotina triloculinoides (Plummer) - Keller, pl.
6, figs 5-7.
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Remarks. See Olsson et al. (1999) for description.
Occurrence. Radvig (Korsneaeb) and Hejerup.

Material. 17.

Family Truncorotaloididae Loeblich & Tappan,
1961

Genus Praemurica Olsson, Hembleben, Berggren &
Liu, 1992

Type species. Globigerina (Eoglobigerina) taurica Moro-
zova, 1961.

Praemurica taurica (Morozova, 1961)
Fig. 8T

1961 Globigerina (Eoglobigerina) taurica n. sp. Moro-
zova, p. 10; pl. 1, fig. 5a—c.

1999 Praemurica taurica (Morozova) - Olsson et al.
pp- 75-76; fig. 29; pl. 10, figs 1-3; pl. 61, figs 1-
15 (with additional synonymy).

Remarks. See Olsson et al. (1999) for description.

Occurrence. Redvig (Korsneeb), Hojerup and Holtug
quarry.

Material. 15.
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