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ABSTRACT

Foraminifera from the Arnager Limestone, Bornholm, have been
recorded and identified. The fauna examined indicated a
Coniacian age for the Arnager Limestone. On the basis of
this fauna two benthonic foraminiferal zones, the Reussalle

kelleri Zone and the Stensioeina exsculpta Zone, are recog-

nized in the limestone. Apart from the index species only
the biostratigraphically most significant species are dis-

cussed.






INTRODUCTION

The three previous studies on the foraminiferal assemblages
from the Arnager Limestone, Bornholm (Douglas & Rankin,
1969; Stenestad, 1972; Bailey & Hart, 1979)

have not dealt with the fauna in detail, nor has any attempt
been made to distinguish any biostratigraphical zonation in
this formation on the basis of Foraminifera although the

fauna is well preserved.

Douglas & Rankin (1969) only treated certain planktonic
foraminiferal species from the upper part of the limestone,
while Stenestad (1972) and Bailey & Hart (1979) mentioned
the occurrence of only a few planktonic and benthonic spe-
cies. Their purpose was to provide valuable information for

the determination of the enigmatic age of the formation.

In an attempt to distinguish the extent of the Turonian
sedimentary beds in SW Skdne and on Bornholm, and to
establish a zonation on the basis of Foraminifera, we first
examined the foraminiferal fauna from the Arnager Limestone
(Figs. 1, 2) since there is much confusion regarding the age
of this formation, some authors assigning it to the Turonian
(e.g. Ravn, 1918, 1930; Brotzen, 1945; Birkelund, 1957) and
others to the Coniacian (e.g. Christensen, 1973, 1983, 1984;
Bailey & Hart, 1979).

Of the fauna investigated only the biostratigraphically
useful species are presented here, those that provide impor-
tant information -about the time of the deposition of the
Arnager Limestone and those that are zone markers. Thus,
more attention was paid to determining the stratigraphical
distribution of the species than to discussing their taxo-

nomic status (Fig. 3).



Except for the profiles showing the location of the samples
collected (Fig. 2), the lithology of the Arnager Limestone
is not discussed in this paper. A detailed 1lithological
analysis of the limestone is in process and will be presen-

ted in a forthcoming paper.
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FORAMINIFERAL BIOSTRATIGRAPHY

Previous studies

Douglas & Rankin (1969) examined certain planktonic Forami-
nifera from the upper third of the Arnager Limestone (only
three samples were studied) and concluded that this forma-
tion possibly "spans from the Late Turonian to Coniacian and
that "at least the upper part of the Limestone is Coniaci-

an n

Stenestad (1972) also based his conslusions on the Forami-
nifera from these beds, agreeing with Douglas & Rankin that
the Arnager Limestone is of late Turonian - Coniacian age.
He found that the fauna from the Arnager Limestone is domi-
nated by such species that are considered characteristic of
the Turonian but also of older or younger time intervals.
However, additional species are found elsewhere in beds that
are younger than the Turonian. Stenestad (1972) also agreed
with Douglas & Rankin that the molluscs recorded in these

beds have been redeposited.

Bailey & Hart (1979), who studied certain benthonic Forami-
nifera from the Arnager Limestone and the overlying Bavnodde
Greensand, found that the limestone was of Coniacian age,
and stated that certain species from the fauna recorded
could be facies-controlled. They have also shown that there
was a considerable hiatus, extending from the late Cenoma-
nian to the earlier Coniacian, after which the Arnager

Limestone was deposited.
The present study

The evidence of the foraminiferal analysis also indicates

that the Arnager Limestone is of Coniacian age. The species



Reussella kelleri

Gavelinella thalmanni

Vasilenko,Verneuilina

exsculpta (Reuss)

and Osangularia whitei

(Brotzen),

Stensioeina

11

muensteri Reuss,

exsculpta

(Brotzen) which

form part of the benthonic Foraminifera assemblage, appear

in the Coniacian for the first time (Figs. 3, 4).
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The presence of Gavelinella thalmanni, Gavelinella pertusa

(Marsson) and Gaudryina rugoéa d’Orbigny at the base of the

sequence (cosmopolitan benthonic species which elsewhere are
found in the upper part of the lower Coniacian for the first
time, Fig. 4) indicates that the deposition of the limestone
had at least begun in the later part of the earlier Conia-

cian, as was also shown by Bailey & Hart (1979).
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Fig. 4. The total stratigraphical ranges of the most impor-
tant species recorded in the Arnager Limestone and the

Bavnodde Greensand.

The biostratigraphically important species Gavelinopsis cf.

tourainensis Butt, sporadically recorded in the samples from

the Arnager Pynt and frequently is Hs-1 and Hs-2 from Hor-
semyre Odde (Figs. 3, 4) indicates that the deposition of
the Arnager Limestone did not extend into the Santonian.
This species has previously been reported from the uppermost
Turonian-Coniacian beds of France (Kuntz & Monciardini,
1981; Robaszynski, 1983) and from the Coniacian of England
(Carter & Hart, 1977).

This contention is also supported by the fact that a Santo-
nian foraminiferal assemblage occurs in the bed of the
greensand resting on the limestone. The most important

members of this assemblage are: (1) Globotruncana lapparenti
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Brotzen, a zone marker in the lower Santonian of the Upper
Cretaceous 1in the valley of the River Vistula, Poland,:
marking the Globotruncana lapparenti Zone sensu Peryt
(1980); (2) Neoflabellina suturalis suturalis (Cushman) (pl.

2, Figs. 21-23), another significant Santonian species which

in association with Neoflabelina gibbera (Wedekind) and the

Stensioeina granulata polonica Witwika, marks the Coniacian

- Santonian boundary in the Upper Cretaceous beds of the
Pompeckjsche Scholle (Koch, 1977); Vaginulinopsis scalari-
formis Porthault (pl. 3, Fig. 5), a benthonic species which
is reported from the Santonian of France (Alpes/Maritimes)
(Porthault, 1970) and England (Bailey & Hart, 1979); (4)
Loxostomum eleyi (Cushman) (pl. 3, Fig. 9) and Cibicides
ribbingi Brotzen (pl. 3, Figs. 10-1l1), two cosmopolitan
species which, according to Hart et al. (1981) made their

first appearance in the latter part of the lower Santonian.

It must be pointed out that the species Cibicides excavata

Brotzen (pl. 1, Figs. 21-22), which in the Brezno Formation
has been reported from the Santonian (Hercogova, 1983), is
in our study found in the upper part of the limestone (Fig.
3).

The boundary between the Coniacian and Santonian was not
found in our sequence because of an interruption in the
sedimentation after the deposition of the Arnager Limestone.

Evidence of this hiatus 1is the occurrence of Loxostomum

eleyi and Cibicides ribbingi (which appeared in the later

part of the lower Santonian) in the bed overlying the 1li-

mestone.

The foraminiferal species presented form only part of the
fauna recorded. The planktonic species described by Douglas
& Rankin (1969) from the upper part of the Arnager Limesto-
ne, are also found to be present in the lower part. In
addition to those, however, other planktonic species are

also found, the typical representatives of which are impor-
tant for the biostratigraphy of the Coniacian in the Tethys

and adjacent areas. These species, rare in our samples, are

Marginotruncana cf. angusticartinata (Gandolfi) (pl. 3,
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Figs. 14-16) and some specimens which belong to Marginotrun-

cana cf. paraconcavata Porthault (pl. 2, Figs. 11, 16-17)

and Dicarinella' cf. primitiva - Dicarinella c¢f. concavata
group (pl. 1, Figs. 19, 23-24).

The benthonic species, on the other hand, have helped us not
only to date the limestone but also to distinguish a fora-
miniferal zonation. The 2zones identified, the Reussella

kelleri Zone and the Stensioeina exsculpta exsculpta Zone,

are based on the ranges of the benthonic species Reussella

kelleri Vasilenko and Stensioeina exsculpta exsculpta

(Reuss). Here it must be noted that the former species has
recently been reported to mark in association with Lingulo-

gavelinella cf. vombensis (Brotzen) the Turonian-Coniacian

boundary in England (Bailey et al., 1984) and in Yonne,
France (Pomerol, 1983).

The Reussella kelleri Zone was originally established by

Amedro et al. (1978) in the Upper Cretaceous sequences of
the basin of Paris, marked by the first appearance of Reus-

sella kelleri Vasilenko to the first appearance of Osangu-

laria cordieriana (d°Orbigny). According to them this zone

represents the lowermost Coniacian (and possibly the top of
the Turonian). It is distinguished in the lower part of the
limestone, including the interval extending to the first

appearance of Stensioeina exsculpta exsculpta (Reuss) accor-

ding to our definition.

The Stensioeina exsculpta exsculpta Zone sensu Koch (1977),

originally established in the upper part of the Coniacian at
Pompeckjsche Scholle, is present in the upper part of the

Arnager Limestone (Fig. 3).

A more detailed description of these two Coniacian zones
will be given when further and more complete Upper Cretace-

ous sequences, in which both boundaries of the Coniacian
occur, are treated. According to the evidence of the Fora-
minifera examined rocks representing the lowermost Coniacian
and the Coniacian-Santonian Dboundary, are lacking in the

sequences discussed (Fig. 3).
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Conclusions

The above observations on Foraminifera from the Arnager
Limestone and from the basal part of the Bavnodde Greensand
point to the fact that the deposition of the limestone took
place during the Coniacian, bounded on both sides by a
hiatus (Fig. 3). The second interruption, during the, begin-
ning of the Santonian, did not last as long as the hiatus

before the deposition of the limestone.

The foraminiferal assemblage examined has further helped us
to distinguish a biostratigraphic subdivision in the 1li-

mestone. Two zones, the Reussella kelleri Zone, known from

the lowermost Coniacian of the Paris Basin (Amedro et al.,

1978) and the Stensioeina exsculpta exsculpta Zone sensu

Koch (1977) from the upper Coniacian of the Pompeckjsche
Scholle, based on the ranges of the benthonic species Reus-

sella kelleri Vasilenko and Stensioeina exsculpta exsculpta

(Reuss), were distinguished.

Finally, it must be pointed out that no conclusions regar-
ding the marine conditions under which the limestone was
deposited, and the environment where the Foraminifera lived,
have been drawn since the analysis of the lithology of the
limestone is not yet complete. The discussion is, therefore,
limited to our attempts to determine the age of the 1li-
mestone as well as to distinguish a biozonation on the basis

of the Foraminifera examined.
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SYSTEMATIC DESCRIPTIONS

Genus Reussella Galloway, 1933

Type species: Verneuilina spinulosa Reuss, 1850

Reussella cushmani Brotzen, 1936
(pl. 1, Figs. 3,9)
1936 Reussella cushmani Brotzen: pp. 135-136,

pl.8, Figs. 7a-c, text fig. 47.
1957 Reussella cushmani Brotzen; Hofker: pp.
205-207, text figs. 248-250

Remarks. - Reussella cushmani Brotzen, is distinguished by

its triangular and triserial test; sides slightly convex and
acute edges; chambers subtriangular in shape coiled in a
number of whorls, increasing in size as added and overlap-
ping each other. The last three chambers in some specimens
are visible from the apertural view; apertural slit perpen-
dicular to- the inner margin of the last chamber and surroun-

ded by a raised apertural lip.

As mentioned elsewhere this species is closely related to

Reussella kelleri Vasilenko but differs from the latter in

having acute edges and in lacking septal extensions or

spines on its surface.

Occurrence. - Reussella cushmani was originally recorded by

Brotzen (1936) in the lower Santonian Eriksdal marls in
Skdne, Sweden. It has later been reported by Hofker (1957)
from the Santonian - lower Campanian beds of northwestern
Germany and Holland. Kuntz & Monciardini (1981) found this
species ranging from the upper part of the Coniacian to

lowermost Campanian beds in Normandy, France.

In the Arnager Limestone Reussella cushmani was originally
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recorded by Stenestad (1972). We found this species to occur
throughout the limestone (Fig. 3).

Stratigraphical range. - Coniacian to lower Campanian.

Material. - 17 specimens.

Reussella kelleri Vasilenko, 1961
(pl. 1, Figs. 1, 2)

1961 Reussella kelleri Vasilenko: pp. 176-178,
pl. 38, Figs. 3-5, 12-13
1977 Reussella kelleri Vasilenko; Carter & Hart:

Fig. 3, no. 12
1981 Reussella kelleri Vasilenko; Hart et al.:
pp. 216, pl. 7:22, Figs. 5, 6

Description. - Test medium sized, triangular, triserial with
spinose surface in its earlier part. Sides slightly convex
or flat; edges subacute. Chambers subtriangular in shape,
increasing in size as added and overlapping each other. The
last chamber is the largest and is furnished with an aper-
tural slit which appears perpendicular to this chamber. This

apertural slit is surrounded by a slightly raised 1lip.

Remarks. - Reussella kelleri is closely related to Reussella

cushmani Brotzen, but differs from it in having spines or

septal extensions in its earlier part and subacute edges.

Occurrence. - Reussella kelleri was originally recorded from

the Coniacian and Santonian deposits of the Mangyshlak
Peninsula, Kazakhstan, by Vasilenko (1961). Since then it
has been reported by Monciardini (1978) from the Turonian-
Coniacian boundary exposed at the northern part of the Paris
Basin, from the Turonian-Coniacian beds at Cap Blanc-Nez,
Calais, France, by Amedro et al. (1978), from the Turonian-
Coniacian boundary at Beaumont-le-Roger (Normandy) by Kuntz
& Monciardini (1981), from the uppermost Turonian-Coniacian
beds of France and adjacent areas by Robaszynski (1983),
from the uppermost Turonian as R. cf. kelleri Vasilenko, the

Coniacian as typical R. kelleri of the Estessac Etpen-Other,
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France, by Pomerol & Monciardini (1983), from the upper
Turonian - Coniacian of the Brezno Formation, Bohemian, by
Hercogova (1983), the Coniacian - Santonian deposits of
England by Bailey (1978) and Bailey et al. (1984) and from
the Turonian - Senonian boundary in the stratotype area at
Sens (Yonne) by Pomerol et al. (1983).

In the Arnagar Limestone Reussella kelleri was first found

to be present by Bailey & Hart (1979) who also found it to
range to the top of the overlying Bavnodde Greensand. In our
samples from the Arnager Limestone this species occurs from
the sample taken from the conglomeratic layer, throughout
the limestone and to those samples taken from the base of
the Bavnodde Greensand (Figs. 2, 3)..

Stratigraphical range. - The primitive form of this species
called Reussella cf. kelleri is found to appear at the top
of the Turonian. Its typical representatives on the other
hand appear at the Turonian - Coniacian boundary and range
to the lowermost Campanian (Fig. 4).

Material. - More than 70 specimens recorded.

Genus Gavelinella Brotzen, 1942

Type species: Discorbina pertusa Marsson, 1978

Gavelinella pertusa (Marsson) 1878
(pl. 3, Figs. 1-3)

1878 Discorbina pértusa Marsson: p. 166,

pl. 4, Fig. 35a-c

1942 Gavelinella pertusa (Marsson); Brotzeu
pp. 41-43, pl. 1, Figs. 1, 2

1981 Gavelinella pertusa (Marsson); Edwards:
pp. 397-398, pl. 56, Figs. 7-9

1981 Gavelinella pertusa (Marsson); Hart

et al.: p. 196, pl. 7:12, Figs. 4-6

Remarks. - Gavelinella pertusa (Marsson) is characterized by
its large, low trochospiral test which is coiled in a number

of whorls; spiral side more convex than the umbilical side;

8-12 chambers in the final whorl which increase gradually in
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size in the direction of coiling; aperture an arcuate slit
occurring on the umbilical peripheral part of the final
chamber; umbilicus wide and open; surface with septal ridges

which are not always well defined.

Occurrence. - Gavelinella pertusa was originally reported by

Marsson (1878) in the Cretaceous of the island of Rugen,
Germany. Brotzen (1942) when describing this species, has
used specimens from the type locality (from the B. mucronata
Zone) as well as from the Upper Cretaceous of Hollviken.
Edwards (1981) recorded Gavelinella pertusa in the Upper

Cretaceous sequences (from the M. coranguinum Zone to the B.
mucronata Zone) of eastern England and northern France, and
Hart et al. (1981) found it in the Upper Chalk, Norfolk,
England.

In the sequence studied this species is found in all the
samples collected from the Arnager Limestone and the Bavnod-
de Greensand (Fig. 3).
Stratigraphical range. - Coniacian - Maastrichtian.
Material. - 30 specimens.

Gavelinella stelligera (Marie), 1941

(pl. 1, Figs. 6-8)

1941 Planulina stelligera Marie; p. 245,
pl. 37, Figs. 344a-c

1981 Gavelinella stelligera (Marie):;
Edwards: p. 404, pl. 58, Figs. 12-14

1981 Gavelinella stelligera (Marie); Hart

et al.: p. 196, pl. 7:12, Figs. 10-12

Remarks. - Gavelinnela stelligera (Marie) is distinguished

by its almost circular and strongly compressed test; a large

number of chambers occur in the last whorl where their
septae form gently raised spiral ridges; on the umbilical

side the test shows stellate arrangement of plates around
the umbo.

Stratigraphical range. - Coniacian to lower Campanian.

Material. - 22 specimens.
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Gavelinella thalmanni (Brotzen), 1936
(pl. 1, Figs. 11-13; pl. 2, Fig. 3)

1936 Cibicides thalmanni Brotzen: pp. 190-191,
pl. 14, Figs. 7a-c

1956 Anomalina (Gavelinella) scuptilis Hilter-
mann & Koch: p. 38, pl. 3, Fig. 3

1977 Gavelinella thalmanni (Brotzen); Koch:
p-4l1, pl. 48, Figs. 1-3

1981 Gavelinella thalmanni (Brotzen); Edwards:
p. 404, pl. 58, Figs. 7-11

1981 Gavelinella thalmanni (Brotzen); Hart
et al.: p. 198, pl. 7:13, Figs. 1-3

1982 Gavelinella thalmanni (Brotzen); Chatzi-

emmanouil: Fig. 2a-b

Remarks. - Gavelinella thalmanni (Brotzen) is distinguished

by its small, planispiral test; spiral side deep and furnis-
hed with an umbilicus; umbilical side flat composed only of
the chambers of the last whorl; the chambers of this last
whorl possess raised, well developed septal ridges on the
spiral side which become thickened in the last two chambers:;
umbilical side smooth; periphery broadly with an aperture

having an apertural 1lip.

Gavelinella thalmanni differs from other Gavelinella species

in being smaller and in having an umbilicus on the spiral
side. According to Edwards (1981) this species 1is evolved

from Gavelinella schloebachi (Reuss) in the upper part of

the lower Coniacian.

Occurrence. - Gavelinella thalmanni was originally recorded

by Brotzen (1936) from the lower Santonian Eriksdal marls of
Skdne, southern Sweden. Hiltermann & Koch (1956) found this
species in the Santonian beds at Lengende-Broistedt, West
Germany, and Devriers et al. (1974) from the Coniacian of NE
France. Later Koch (1977) reported it from the Coniacian -
lowermost Campanian of the Pompeckjsche Scholle, and Bailey
(1978) found it in the Coniacian - Santonian beds of sout-
hern England. In the Senonian stratotype at Sens Pomerol et

al. (1983) found Gavelinella thalmanni to range from the




21

upper part of the lower Coniacian to the top of this stage.

In Sweden Gavelinella thalmanni was recently recorded by

Norling (1978) in the Coniacian of the Kristianstad area
(Harlov boring) and Chatziemmanouil (1982) found it in the
Coniacian and Santonian beds of the Vomb Through.

In the sequence studied Gavelinella thalmanni appears from

the base of the Arnager Limestone, ranges throughout it and
continues upwards to the overlying Bavnodde Greensand (Fig.
3).

Stratigraphical range. - Coniacian to the top of the Santo-
nian.
Material. - 42 specimens.

Genus Osangularia Brotzen, 1940

Type species: Osangularia lens Brotzen, 1936

Osangularia whitei (Brotzen), 1936
(pl. 3, Figs. 17-19)

1936 Eponides whitei Brotzen: pp. 167-169,
pl. 12, Figs. 5-8, a-c
1981 Osangularia whitei (Brotzen); Hart

et al.: p. 212, pl. 7:20, Figs. 9, 10

Remarks. - Osangularia whitei (Brotzen) is characterized by

its medium-sized and strongly biconvex test which is coiled
in a number of whorls; spiral side strongly convex, umbili-
cal side convex, periphery acute and keeled; 1last whorl
composed of 7-8 chambers; sutures straight or slightly
oblique; apertural slit on the umbilical side of the test
furnished with a lip.

The species shows certain morphological similarities to

Osangularia cordieriana (d4°Orbigny) but differs from the

latter in being larger, in having a more convex umbilical
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side and in possessing a horizontal periphery compared with

the sigmoid periphery of O. cordieriana.

To be sure that the specimens of Osangularia whitei from the

Arnager Limestone are not misidentified, they were compared
with the type material of this species as described by
Brotzen (1936) (two paratypes of which are illustrated
below) and found to be identical.

Occurrence. - Osangularia whitei (Brotzen) was originally
described by Brotzen (1936) from the Eriksdal marls of Skadne

(lower Santonian). Since then it has been reported by Carter

& Hart (1977) from the Coniacian of the Thames Barrier,
London, and from the Coniacian and Santonian of SE England
by Bailey (1978). Hart et al. (1981) reported the range of
O. whitei in England to be from the Coniacian to the lower-

most Campanian.

In the Arnager Limestone this species was first found by

Bailey & Hart (1979). Osangularia whitei was found in all

the samples collected from the Arnager Limestone and the

Bavnodde Greensand (Fig. 3).

Stratigraphical range. - Coniacian to lower Campanian.

Material. - 80 specimens.

Genus Eouvigerina Cushman, 1926

Type species: Eouvigerina americana Cushman, 1926

Eouvigerina aculeata (Ehrenberg), 1854
(pl. 3, Fig. 13)

1854 Loxostomum aculeatum Ehrenberg: p. 22,
pl. 27, Figs. 21-22
1926 Eouvigerina americana Cushman: p. 4, pl. 1,

Figs. la-c

1936 Eouvigerina americana Cushman; Brotzen:
pp. 123-124, pl. 9, Figs. 4a-c
1957 Eouvigerina americana Cushman; Montanaro--
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1970 Eouvigerina aculeata Porthault: p. 57,
pl. 8, Fig. 25.
1981 Eouvigerina aculeata (Ehrenberg); Hart

et al.: p. 188, pl. 7:8, Figs. 3, 4

Remarks. - A species with a biserial, small free test having
the last chamber in central position. Shape of the chambers
reniform; chambers arrangement longitudinal to the opposite
side of the proloculus; terminal aperture with well develo-

ped neck and lip.

Occurrence. - As emphasized by Hart et al. (1981) the stra-
tigraphic value of this species has been devaluated because

it has been described by numerous authors as Eouvigerina

americana Cushman, Eouvigerina cretacea (Heron - Allen and
Earland) and Eouvigerina serrata (Cushman). However, the

records to date indicate the first appearance of E. aculeata
to be in the Coniacian. Hart et al. (1981) reported its
range to be the lower Maastrichtian. In the Arnager Li-
mestone this species is found to occur from the base of the

limestone to its top (Fig. 3).

Stratigraphical range. - Coniacian to the lower Maastrich-
tian.
Material: - 27 specimens.

Genus Verneuilina 4°Orbigny, 1840

Type species: Verneuilina tricarinata d’Orbigny,

1840
Verneuilina muensteri Reuss, 1854
(pl. 2, Fig. 24) (
1854 Verneuilina muensteri Reuss: p. 71,
pl. 26, Figs. 5a-c.
1960 Verneuilina muensteri Reuss; Tollmann:
pp. 156-157, pl. 9, Figs. 7-8
1981 Verneuilina muensteri Reuss; Hart et al.:

po 178, plo 7:3, FigS. 7—8
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Remarks. - Vernuilina muensteri Reuss possesses a large,

triangular, triserial test, the chambers of which increase
in size as added. The sides are slightly concave and the
sutures are curved and slightly raised. The apertural ope-
ning is towards the centre of the inner margin viewed from
the side.

Occurrence. - This spceies was described by Reuss (1854)
from the Coniacian of the Edelbachgraben at Gosau. Later,
Tollmann (1960) described it from the upper Coniacian of
Gosau. Bailey (1978) found this species ranging from the
base of the Coniacian to the top of the Santonian of SE
England. Hart et al. (1981) distinguished this species in
the Upper Chalk, Santonian, of England and stated that the
species ranged from the Coniacian to the lower Maastrichti-

ane.

In the sequence examined, Verneuilina muensteri occurs

throughout the Arnager Limestone and continues upwards to

the Bavnodde Greensand.

Stratigraphical range. - Coniacian to the lower Maastrich-
tian.
Material. - 28 specimens. "

Genus Gaudryina d°Orbigny, 1840
Type species: Gaudryina rugosa d°Orbigny, 1840

Gaudryina rugosa d°Orbigny, 1840
(pl. 3, Figs. 4, 8)

1840 Gaudryina rugosa 4°Orbigny: p. 44,
pl. 4, Figs. 20, 21

1941 Gaudryina rugosa d°Orbigny; Marie:

' p. 65, pl. 2, Figs. 33-23

1946 Gaudryina rugosa d4°Orbigny; Cushman:
p. 32

1953 Gaudryina rugosa d’Orbigny; Hagn: p. 14,
pl. 1, Fig. 14

1957 Gaudryina rugosa d°Orbigny; Hofker:

p. 63, text-figs. 56, 60
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1960 Gaudryina rugosa 4°Orbigny; Tollmann:
p. 158, pl. 9, Fig. 12
1977 Gaudryina rugosa d°Orbigny:; Hercogova:

p. 408, pl. 5, Figs. 1, 2a, b

Remarks. - A Gaudryina with a large and elongated test; the
earlier part of the test is smaller and triserial in shape
while the later part is biserially arranged having a qua-
drangular shape and is larger; sides flat, acute angles in
the earlier pért of the test, somewhat rounded in the later
part; chambers fairly distinct; aperture crescentic in
shape.

Occurrence. - Records of the occurrence of this species in
the last 30 years have shown that it first appears in the
Coniacian and ranges to the lower Maastrichtian (e.g. Cush-
man, 1946; Tollmann, 1960; Hagn, 1957, Hercogova, 1977). In

the Arnager Limestone this species ranges throughout the
limestone and continues into the Bavnodde Greensand.

Stratigraphical range. - Upper lower Coniacian to the lower
Maastrichtian.
Material. - 50 specimens.

Genus Gavelinonopsis Hofker, 1951

Type species: Discorbina praegeri Heron-Allen &
Earland, 1913

Gavelinoposis cf. tourainensis Butt, 1966
(plo 2,-FigS. 1—2, 7)

1977 Gavelinella cf. tourainensis (Butt);

Carter & Hart: Figs. 3:9

Remarks. - This species 1is distinguished by its convex
spiral side and flat umbilical side; it possesses a central
raised boss on the spiral side of the test; the chembers are

crescentic to subquadrate in shape.

This species is very similar to Gavelinopsis tourainensis
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Butt but differs from the latter in being flat on the umbi-
lical side and much more convex on the spiral side of the

test.

Occurrence. - Gavelinopsis cf. tourainensis is believed to

be restricted to the uppermost Turonian and Coniacian sta-
ges. This is because it has only been reported from the
uppermost Turonian of France and adjacent areas (Robaszyn-
ski, 1983) from the Coniacian of the Thames Barrier, Eng-
land, (Carter & Hart, 1977) and from the Coniacian of Nor-
mandy (Kuntz & Monciardini, 1981).

In the Arnager Limestone this species occurs sporadically in
the samples from the Arnager Pynt and is common in the
samples from Horsemyre Odde (Fig. 2).

Stratigraphical range. - Uppermost Turonian to Coniacian.

Material. - 10 specimens.

Genus Stensioeina Brotzen, 1936

Type species: Rotalia exsculpta Reuss, 1860

Stensioeina exsculpta exsculpta (Reuss),

1860
(pl. 1, Figs. 16-18; pl. 2, Figs. 8-10)
1860 Rotalia exsculpta Reuss: p. 22, pl. 11,
Figs. a-c
1936 Stensioeina exsculpta (Reuss); Brotzen:
pp. 165-167, pl. 11, Fig. 8a-c
1968 Stensioeina exsculpta exsculpta (Reuss):;

Trumper: pp. 21-25, pl. 8, Figs. l-4a-c

1977 Stensioeina exsculpta exsculpta (Reuss):
Koch: pp. 40-41, pl. 11, Figs. 9-11
1981 Stensioeina exsculpta exsculpta (Reuss);

Hart et al.: po 218, plo 7:23, FigS.ll—l3

Remarks. - This subspecies is characterized by its planocon-
vex to slithtly biconvex test which is coiled in 3-3 1/2

whorls; spiral side flat or slightly convex, ornamented,
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umbilical side convex; equatorial periphery sharply angled;
chambers subrectangular; sutures raised and slightly curved
on the spiral side, slightly curved and depressed on the
umbilical side; umbilicus furnished with lips which almost
overlap each other forming the shape of a star; aperture
placed on the umbilical side of the last chamber.

Stensioeina exsculpta exsculpta was discussed in detail by

Trumper (1968) who also presented a synonymy list. Koch
(1977) used the restricted range of this subspecies to
establish the Stensioeina exsculpta exsculpta Zone in the

Coniacian of the Pompeckjsche Scholle, West Germany.

In the Arnager Limestone this subspecies occurs in the upper

part of the limestone marking the Stensioeina exsculpta

exsculpta Zone and it continues upwards to the Santonian

Bavnodde Greensand.

Stratigraphical range. - Upper Coniacian to the top of the
Santonian.

Material. - 10 specimens.
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Plate 1
(each bar equal

Figs.

Figs.

Figs.

Figs.

Figs.

Figs.

Figs.

Figs.

Figs.

1-20

3,9.

4-5' lo.

6-8 .

11-13 .

14-25, 20.

16—18.

19, 23-24.

21-22,

to 100 pm)

Reussella kelleri Vasilenko

Side and apertural views. LO 5626 t.
Sample Bm-5.

Reussella cushmani Brotzen

Side and apertural views. LO 5627 t.
Sample Bm-5.

Marginotruncana marginata (Reuss)

Spiral, side and umbilical views. LO

t. Sample Bm-7.
Gavelinella stelligera (Marie)

Spiral, side and umbilical views.
LO 5629 t. Sample Bm-5.

Gavelinella thalmanni (Brotzen)

Spiral, side and umbilical views.
LO 5630 t. Sample Bm-7.
Globotruncana renzi Gandolfi

Spiral, side and umbilical views.

LO 5631 t. Sample Bm-5.

5628

Stensioeina exsculpta exsculpta (Reuss)

Spiral, side and umbilical views.
LO 5632 t. Sample Bm-ll.
Spiral, side and umbilical views of a

specimen belonging to the Dicarinella
cf. concavata (Brotzen). LO 5633 t.

Sample Hs-2.
Cibicides excavata Brotzen

Apertural and spiral views. LO 5634 t.
Sample Hs-2.
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Plate 2

(each bar equal to 100 ym)

Figs. 1-2, 7.

Fig. 3.

FigS. 4-5.

FigS. 6’ 12_130
Figs. 8-10.
Figs. 11, 16-17.
Figs. 18-20.
Figs. 21-23.
Fig. 24.

Gavelinopsis cf. tourainensis Butt
1. Spiral view. LO 5635 t. 2,7.
LO 5636 t.

Umbilical and side views.
Sample Hs-2.

Gavelinella thalmanni (Brotzen)
Spiral side. LO 5637 t. Samle Bm-7.

Stensioeina exsculpta exsculpta (Reuss)

Spiral and umbilical views of the spe-
cimen illustrated by Brotzen (1936) in
pl. 11, Fig. 8, Eriksdal, Skane. Pr. 155.
Swedish Museum of Natural History, Stock-
holm.

Gavelinopsis tourainensis Butt

Spiral, umbilical and side views of a
specimen from the type sample, Turonian,
LO 5638 t.

Stensioeina exsculpta exsculpta (Reuss)

France.

side and umbilical views.
LO 5639 t. Sample Hs-5.

Spiral,

Marginotruncana cf. paraconcavata
Porthault

Side, umbilical and spiral views.
LO 5640 t. Sample Bm-7.
Osangularia whitei (Brotzen)

Umbilical and spiral views of a specimen
Eriksdal,

Brotzen’s collection,

from the type sample 11D,
Pr. 1687.

Swedish Museum of Natural History.

Skane.

Dicarinella concavata (Brotzen)

side and umbilical views.
LO 5641 t.

Spiral,
Pont du Fachs, Tunisia.

Neoflabellina suturalis suturalis

(Cushman)
LO 5642 t.
Verneuilina muensteri Reuss

Apertural view. LO 5670 t. Sample Bm-7.

Sample Hs-5.







40

Plate 3

Figs. 4, 8.

Fig. 5.

Figs. 6-7, 12.

Fig. 9.

Figs. 10-11.

Fig. 13.

Figs. 14-16.

Figs. 17-19.

Gavelinella pertusa (Marsson)

Spiral, side and umbilical views.
LO 5671 t. Sample Bm-9.
Gaudryina rugosa d°Orbigny

Side and apertural view.

LO 5672 t. Sample Bm-12.
Vaginulinopsis scalariformis Porthault
Side view. LO 5673 t. Sample Bm-7.

Cibicides ribbingi Brotzen

Spiral, side and umbilical views.
Eriksdal, Skd&ne. Brotzen’s collection,
Pr. 104. Swedish Museum of Natural
History.

Loxostomum eleyi (Cushman)

Side view. LO 5675 t. Sample Hs-4.

Cibicides ribbingi Brotzen

Side and umbilical views.

LO 5676 t. Sample Hs-4.
Eouvigerina aculeata (Ehrenberg)
Side view. LO 5674 t. Sample Bm-7.

Marginotruncana cf. angusticarinata
(Gandolfi)

Spiral, side and umbilical views.
LO 5677 t. Sample Bm-12.

Osangularia whitei (Brotzen)

17. Spiral view. LO 5678 t.
18-19. Side and umbilical views.
IO 5679 t. Sample Bm-7.
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