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Abstract

The inoceramid bivalve faunas from the Arnager
Greensand, Arnager Limestone, and Bavnodde
Greensand Formations of the island of Bornholm,
Denmark are described. The fauna from the basal part
of the Arnager Greensand s. str. is from the Lower
Middle Cenomanian and includes Inoceramus crippsi
Mantell, I. crippsi hoppenstedtensis Troger, and /.
schoendorfi Heinz. The Arnager Limestone at its type
locality immediately west of Arnager yielded a diverse
fauna, including /. waltersdorfensis cf. hannovrensis
Heinz, I. lusatiae Andert, /. cf. rotundatus Fiege, /.
striatoconcentricus Giimbel, /. (Heroceramus) cf. Her
cules Heinz, /. cf. wandereri Andert, /. cf. annulatus
Goldfuss, I. cf. renngarteni Bodilevski & Schulgina,
and I. (Mytiloides) incertus Jimbo. This fauna is Lower
Coniacian. /. cf. lusatiae and I. cf. guerichi Heinz are
recorded from the top part of the formation east of
Horsemyre Odde, which is Lower Coniacian. I. (Cremnoceramus) schloenbachi Bohm from the upper Lower
Coniacian is reported from the Arnager Limestone
Formation at Muleby. I. (Volviceramus) koeneni
Muller and I. (V.) alievimussensis Ivannikov occur in

the top part of the Arnager Limestone Formation at
Stampe A; this fauna is probably Lower Middle Conia
cian. The fauna of the Bavnodde Greensand Formation
at the type locality consists of I. (Sphenoceramus)
pachti cf. pachti Arkhangelsky and I. (S.) cardissoides
Goldfuss which are Lower, but not lowest, Santonian.
At Risenholm, the formation yielded /. (S.) subcardissoides Schliiter, I. (S.) cardissoides, I. (S. ?) bornholmensis n. sp., I. (S.) sp. ex gr. pachti!cardissoides, and
incomplete, poorly preserved inoceramids possibly be
longing to the I. (Magadiceramus) subquadratus group;
this fauna is basal Santonian. The fauna of the forma
tion at Jydegard comprises /. (S.?) bornholmensis n.
sp. and I. (S.) sp. ex gr. pachti!cardissoides, and the
formation here is lowest Santonian and possibly highest
Coniacian.
The Cenomanian-Santonian lithostratigraphic for
mations of Bornholm are reviewed and their ages are
discussed with regard to various fossil groups, including
inoceramid bivalves, ammonites, belemnites, and foraminifera. Locality details are given.

Introduction (W KC)

Ravn (1916a, 1916b, 1918, 1921, 1925, 1930, 1946)
described the Cenomanian-Santonian lithostratigraphic
formations on Bornholm and their fossil contents in a
series of papers. In addition to these papers the macrofauna was dealt with by Schliiter (1874a, 1874b), Stolley (1897, 1930), Rosenkrantz (1945), and Birkelund
(1957). Later Christensen (1971, 1973, 1990) revised or
commented upon the belemnites, Kennedy, Hancock
& Christensen (1981) revised the ammonites from the
Arnager Greensand Formation, and Kennedy & Chris
tensen (in press) described the ammonites from the
Arnager Limestone and Bavnodde Greensand Forma
tions. Work is in progress on the belemnites from the
Arnager Limestone and Bavnodde Greensand by Dr.
M.-G. Schulz, Kiel and W.K. Christensen. Foraminifera were described, discussed or commented upon by

Douglas & Rankin (1969), Stenestad (1972), Hart
(1979, 1980), Bailey & Hart (1979), Solakius & Larsson
(1985), and Solakius (1988, 1989). Forchheimer (1970)
described coccoliths from the Arnager Greensand. Sorgenfrei (1957) surveyed the Upper Cretaceous litho
stratigraphic formations of Bornholm, and Christensen
(1985) reviewed the Albian to Maastrichtian of Born
holm and southern Sweden.
The aim of the present paper is to describe the inoceramid bivalve faunas from the Upper Cretaceous of
Bornholm and to discuss their stratigraphical signifi
cance. Since the papers by J.P.J. Ravn were published
in Danish, it is considered appropriate to review the
lithostratigraphical formations and provide locality de
tails.
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Fig. I. Geological map of Bornholm. Modified from Gry (I960, 1969) and Gravesen el al. (1982).
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Geological setting (W KC)
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ing lithostratigraphic units, from bottom to top, the
Arnager Greensand, the Arnager Limestone, and the
Bavnodde Greensand Formations (Figs 2-3). The for
mations occur in three fault blocks: (1) the Nyker block
to the west, (2) the Arnager-Sose block to the south
west, and (3) the Bpsthpj block to the south (Fig. 1)
(Gry 1956, 1960, 1969). The names of the fault blocks
are from Gravesen et al. (1982). The Albian-Santonian
deposits of Bornholm are known from low coastal
cliffs, small sections along stream-cuttings, small pits,
and shallow bore-holes. The Mesozoic deposits off
shore SW Bornholm were dealt with by Hamann (1987)
and Jensen & Hamann (1989).
Very little attention has been paid to the study of
sedimentary facies and environments of the forma
tions, except for recent studies on the Arnager Lime
stone (Noe-Nygaard & Surlyk 1985) and the Bavnodde
Greensand (Briisch 1984).

Lithology

The island of Bornholm in the Baltic Sea is a horst
within the F’ennoscandian Border Zone: that is the
marginal area between the stable Precambrian Baltic
Shield and the subsiding Late Palaezoic-Mesozoic Da
nish Subbasin. The northern part of the island consists
of Precambrian basement, whereas Palaeozoic and
Mesozoic sediments occur in down-faulted blocks to
the south and west (Fig. 1).
The lithostratigraphy and sedimentary environments
of the Triassic, Jurassic, and Lower Cretaceous were
fully described by Gravesen, Rolle & Surlyk (1982).
From the Landinian to Valanginian, Bornholm occu
pied a position in the transition zone between land and
sea. After an important hiatus, including the Hauterivian, Barremian, and Aptian, the sedimentary envi
ronment changed to open marine in the Albian.
The open marine Cretaceous sediments, ranging in
age from the Albian to Santonian, include the follow
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Fig. 2. Scheme o f the Cenomanian-Santonian lithostratigraphic formations of Bornholm and biostratigraphical age of exposures
based on inoceramid bivalve, ammonite, and belemnite evidence. 1 is the Arnager Greensand at the type locality; 2 is the Arnager
Limestone at the type locality; 3 is the Arnager Limestone Formation at Muleby; 4 is the top part of the Arnager Limestone
Formation at Stampe A; 5 is the Bavnodde Greensand Formation in the bay east of Forchhammers Odde and west of Horsemyre
Odde; 6 is the Bavnodde Greensand Formation at Jydegard; 7 is the Bavnodde Greensand Formation at Risenholm; and 8 is the
Bavnodde Greensand Formation west and east of Bavnodde and at Florsemyre Odde.
Fig. 3. Scheme showing the Cenomanian-Santonian sedimentary sequences on three blocks on Bornholm.
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Lithostratigraphy (W KC)

Arnager Greensand Formation

Thickness

Ravn (1916a)

Gry (1960) estimated the thickness of the formation to
be about 70-130 m. In a shallow borehole (DGU No.
246.615), placed about 280 m northeast of Horsemyre
Odde (Fig. 4), the thickness is about 85 m.

Name
From the small village of Arnager on the southwest
coast of Bornholm (Fig. 4).

Type locality
The coast at Arnager Bugt (bay) between Madsegrav in
the east to immediately west of Arnager (Fig. 4).

Lithology
Poorly sorted, glauconitic quartz sand. The greensand
is unconsolidated except for a few cemented beds in the
basal part and is heavily bioturbated. A 18-55 cm thick
conglomerate with complexly built phosphatized pebb
les and cobbles is also present in the basal part of the

Fig. 4. Map o f the Arnager-Sose fault block showing exposures on the southwest coast on Bornholm from Madsegrav in the east to
west of Bavnodde, and along Stampe A. The Arnager Greensand Formation is exposed in the Arnager Bugt (bay) between
Madsegrav to immediately west of Arnager. The Arnager Limestone Formation is exposed from west of Arnager to east of
Horsemyre Odde. The Bavnodde Greensand Formation is exposed from east o f Horsemyre Odde to west o f Bavnodde. The
outcrops showing Bavnodde Greensand on the southwest coast have the following abbreviations: WB = west of Bavnodde, EB =
east of Bavnodde, EF = east o f Forchhammers Odde, FS = between Forchhammers Odde and Skidteper, WS ■= west of
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greensand (Ravn 1916a, 1925; Kennedy etal. 1981, Fig.
3; and Figs 5-6 herein). The conglomerate has not been
observed in the Nyker fault block (Gravesen el al.
1982).

Andersen 1944; Gry 1956, I960), but is poorly known
from the Nyker and Bpsthpj blocks.

Geological age
Boundaries
In the Arnagcr-Sose block at Madsegrav the formation
rests with a slight angular unconformity on the Lower
Cretaceous Jydegard Formation (Gry 1960) (Figs 3 and
5). At the brook Stampe A the base of the greensand
occurs in inverted position (Gronwall & Milthers 1916;
Ravn 1921; Gry 1960). The Arnager Greensand For
mation is conformably overlain by the Coniacian Ar
nager Limestone Formation. The boundary between
the greensand and the overlying Arnager Limestone is
discussed below.

Distribution
The formation occurs in the Nyker, Arnager-Sose, and
Bpsthpj blocks (Ravn 1916a, 1916b, 1921, 1925, 1946;

The basal 30 cm of glauconitic quartz sand of the for
mation at Madsegrav has yielded shark teeth, foraminifers, “Rhynchonella” sigma, and Avellana incrassata;
all of little stratigraphic value (Bromley 1979).
A 40 cm thick conglomerate with complexly built
phosphatized pebbles and cobbles follows upon the
glauconitic quartz sand at Madsegrav. The ammonites
from the Arnager Greensand Formation were revised
by Kennedy et al. (1981). The specimens from the
primary nodules of the conglomerate represent two
time intervals in the Albian (Leymeriella tardefurcata
and Douvilleiceras mammillatum Zones). The speci
mens from the secondary nodules of the conglomerate
(various species of Schloenbachia) are from the Lower
Cenomanian, Mantelliceras saxbii and/or M. dixoni
Zones. The ammonites from the Arnager Greensand
sensu stricto originated by and large from the hard beds
near the base of the greensand and include Turrilites

Skidteper, and H = Horsemyre Odde. In the Stampe A area, the boundary between the Lower’Cretaceous Jydegard Formation
and the Cenomanian Arnager Greensand Formation is exposed at loc. 1. Loc. 2 is Jespersens Hule (Jespersens Cave), where the
Arnager Greensand is exposed. Loc. 3 at 0rsteds Kilde (0rsted’s spring) also shows Arnager Greensand. 0rsteds Kilde is a
bore-hole made in 1819. A sandy limestone o f the Arnager Limestone Formation is exposed at loc. 4, and a glauconitic marl o f the
Arnager Limestone Formation crops out at loc. 5, which has yielded inoceramid bivalves and belemnites. Loc. 6 is the abandoned
building “Stampen" (the former sea-side hotel). After Kennedy & Christensen (in press).
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scheuchzerianus Bose, Acanthoceras rhotomagense sussexiense (Mantell), and species of Schloenbachia sug
gesting the lower Middle Cenomanian Turrilites costa
tus Zone (Figs 2, 7). The greensand has also yielded the
belemnite Actinocamax primus Arkhangelsky which
occurs in the Lower to Middle Middle Cenomanian (cf.
Birkelund 1957; Christensen 1990).
The inoceramid bivalve fauna from the basal part of
the greensand includes Inoceramus crippsi Mantell, I.
crippsi hoppenstedtensis Troger, and I. schoendorfi
Heinz (this paper) which occur in the Lower and Mid
dle Cenomanian (Fig. 8). It is worthy of note that
Kaplan, Keller & Wiedmann (1984) correlated the I.
schoendorfi Zone with the T. costatus Zone (see Fig.
7). The biostratigraphic age based on inoceramid bi
valves is therefore in accordance with the ammonite
dating.
The foraminifera of the Arnager Greensand sensu
stricto were studied by Hart (1979). According to Hart
the benthic foraminifera of the basal 5 m of the green
sand are of Early Cenomanian age, while the main
thickness of the greensand is of early Middle Ceno
manian age. Of particular interest is the report by Hart
of Rotalipora reicheli Mornod from the top of the
greensand; this species spans the boundary between the
Zones of M. dixoni and T. costatus of Early and Middle
Cenomanian age, respectively.
To summarize, the Arnager Greensand s. str. can be
referred to the lower Middle Cenomanian on ammo10
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nite and inoceramid bivalve evidences. On foraminiferal evidence, the basal 5 m of the greensand is from
the Lower Cenomanian, while the remaining green
sand is from the lower Middle Cenomanian.
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Arnager Limestone Formation

Name

Jespersen (1865)

From the small village of Arnager on the southwest
coast (Fig. 4).

Inoceramus crippsi crippsi Maniell
Inoceramus crippsi hoppenstedtensis Trflger

Type locality

Inoceramus virgatus virgatus Schluter
Inoceramus virgatus scalprum Bflhm

•

•

The low cliffs on the southwest coast immediately west
of Arnager (Figs 4, 9).

-
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—
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Fig. 8. Diagram showing the stratigraphical range of Ceno
manian inoceramid bivalves in the Subhercynian Cretaceous
Basin and the Elbe Valley at Dresden, and the age of the
Arnager Greensand.

Gry (1960) estimated the thickness of the formation to
be about 12-20 m.

Lithology
At the type locality the formation consists of a marly
chalk (hard splintery limestone) with a 20 cm thick
basal bed of phosphatized and glauconitized pebbles
(see sketch by Bromley 1979). The lower 7 m of the
strongly bioturbated formation is light grey and has a
carbonate content varying from 45-70%. The top part
of the formation, exposed east of Horsemyre Odde, is
11

Fig. 9. Photomozaic showing the type locality of the Arnager Limestone west of Arnager, looking southeast. Note the mound
bedding o f the limestone. April 1984.

bluish-grey and the carbonate content is only about
30% (Christensen 1985). The non-carbonates include
clay, fine-grained quartz sand and silica in the form of
abundant cristobalite lepispheres (Noe-Nygaard & Surlyk 1985).
Noe-Nygaard & Surlyk (1985) showed that deposi
tion of the formation at Arnager took place in a com
plex of low mud mounds, and they suggested that the
mounds were caused by the baffling effect of dense
growth of siliceous sponges and sponge spicule mats.

At the brook Stampe A the formation is developed
as glauconitic marl and sandy limestone (Fig. 6). In the
Nyker block the formation consists of sandy, glauconi
tic marl, the so-called “Glass-marl” of Ravn (1946).
Distribution
The Arnager Limestone Formation occurs in the Arnager-Sose and Nyker blocks (Fig. 3) (Ravn 1918,
1921, 1946; Gry 1960).

Fig. 10. The boundary beds between the Arnager Greensand below and Arnager Limestone above immediately west o f Arnager,
looking southwest. The head o f the ice-pick points towards the base of the conglomerate, consisting of phosphatized and
glauconitized pebbles, at the base o f the limestone. The length o f the ice-pick is 90 cm. April 1984.
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Fig. II. The boundary beds between the Arnager Greensand
below and the Arnager Limestone above immediately west of
Arnager. The head of the ice-pick points towards the top of the
conglomerate, consisting of phosphatized and glauconitized
pebbles, at the base of the limestone. The length o f the ice-pick
is 90 cm. April 1984.

Boundaries
The formation rests on the lower Middle Cenomanian
Arnager Greensand with an erosional unconformity
(Figs 10-11) and is overlain conformably by the Bavnodde Greensand.

Geological age
The biostratigraphical age of the Arnager Limestone
has formerly been the subject of much discussion,
which is summarized by Christensen (1973, pp. 132133) (see also Christensen 1985; Kennedy & Christen
sen in press). It was placed in the Upper Turanian on
the basis of ammonites, inoceramid bivalves, and belemnites by Ravn (1918, 1930, 1946) and Birkelund
(1957). Stolley (1930) referred the formation to the
“Mittlerer Emscher” (= Middle to Upper Coniacian)
on inoceramid evidence, and Jeletzky (1958) suggested
that it was late Coniacian on belemnite evidence. On
the basis of foraminifera, the Arnager Limestone at its
type locality was assigned to the upper Coniacian by
Douglas & Rankin (1969), Stenestad (1972), and Hart
(1980). On the other hand, Solakius & Larsson (1985),
on foraminiferal evidence, suggested that the forma
tion spans most of the Coniacian, and they recognized a
lower Reussella kelleri Zone of early Coniacian age and
an upper Stensioeina exsculpta Zone of late Coniacian
age.
The ammonites of the Arnager Limestone at the type
locality west of Arnager and east of Horsemyre Odde

were described by Kennedy & Christensen (in press).
They recorded five species, including the age diagnostic
Scaphites (S.) kieslingswaldensis kieslingswaldensis
Langenhan & Grundey and Peroniceras tridorsatum
(Schliiter). P. tridorsatum is the index species of the
Middle Coniacian in ammonite terms, and S. (S.) k.
kieslingswaldensis first appears in the middle part of the
Lower Coniacian and ranges into the Upper Coniacian
(Fig. 12). Kennedy & Christensen concluded that the
formation at the type locality is in part at least Middle
Coniacian on ammonite evidence (Fig. 2).
According to Troger (this paper) the relatively di
verse inoceramid fauna occurring in the formation at
the type locality west of Arnager comprises taxa that
elsewhere are recorded from the top of the Turanian
and the base of the Coniacian. The fauna includes I.
waltersdorfensis cf. hannovrensis Heinz, I. lusatiae Andert, I. cf. rotundatus Fiege, /. cf. wandereri Andert, /.
striatoconcentricus Giimbel, I. cf. annulatus Goldfuss,
/. (Mytiloides) cf. incertus Jimbo, and I. (Heroceramus)
hercules Heinz. The sum of evidence, however, suggest
that the formation here is from the Lower Coniacian on
inoceramid evidence (Figs 2, 13). The top part of the
formation east of Horsemyre Odde has yielded I. cf.
lusatiae Andert and /. cf. guerichi Heinz, and it is
considered to be Lower Coniacian. /. (Cremnoceramus) schloenbachi Bohm of late Early Coniacian age is
recorded from the sandy, glauconitic marl (loc. 1) of
the Arnager Limestone Formation at Muleby (see be
low). I. (Volviceramus) koeneni Muller and I. (V.)
alievimussensis Ivannikov occur in the glauconitic marl
at the top of the Arnager Limestone Formation in the
Stampe A area; this fauna is probably Lower Middle
Coniacian (Figs 2, 13).
Solakius (1989) discussed the age of the boundary
beds of the Arnager Limestone and Bavnodde Green
sand exposed east of Horsemyre Odde with respect to
foraminifera. He postulated that there is a non-se
quence, corresponding to the Loxostomum eleyi As
semblage Biozone sensu Bailey et al. (1983), between
the two formations, because he did not recognize the
eponomous species in the top part of the Arnager
Limestone. According to Bailey et al. (1983) this zone
ranges in southern England from the Hope Point Marl,
which is low in the Middle Coniacian to immediately
above the Whitaker’s 3-inch Flint Band, which is lower
to middle Middle Santonian. This is at variance with
the dating of the formations based on ammonites, in
oceramid bivalves, and belemnites. It is also at variance
with the dating of the Arnager Limestone based on
foraminifera by Solakius & Larsson (1985). We do not
think that negative evidence, the lack of L. eleyi in the
top part of the Arnager Limestone, should be used in
biostratigraphical analysis, because this species may be
facies controlled (Bailey & Hart 1979).
In summary, it can be concluded that the Arnager
Limestone Formation at its type locality is Coniacian.
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There are, however, discrepancies with respect to
which part of the Coniacian Stage the formation should
be placed. It is in part at least Middle Coniacian on
ammonite evidence, Lower Coniacian on the basis of
inoceramid bivalves, while the foraminifera suggest
that the formation spans most of the Coniacian. This
discrepancy is not related to the definition of the Co
niacian substages, because the inoceramid bivalves ap
pears earlier in the fossil record than the ammonites.
The formation is upper Lower Coniacian at loc. 1 at
Muleby, and the top part of the formation at Stampe A
is lower Middle Coniacian on inoceramid bivalve evi
dence.

Bavnodde Greensand Formation
Ravn (1916a)

Name
From the point Bavnodde on the southwest coast of
Bornholm (Fig. 4).

Type locality
The low coastal cliffs on the southwest coast of Born
holm from west of Bavnodde "to east of Horsemyre
Odde (Figs 4, 14-16).
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Fig. 13. Diagram showing the stratigraphical range of Upper Turonian to Middle Santonian inoceramid bivalves and the age of
Arnager Limestone and Bavnodde Greensand Formations based on inoceramid evidence. Sources: Seitz (1965), Troger (1981,
1989), and Keller (1982). The Inoceramus assemblage zones are after Troger (1989).

Thickness
Gry (1960) estimated the thickness to be 180 m. Briisch
(1984) estimated the formation to be maximum 120 m.
Offshore Bornholm, the formation may be as thick as
800 m (Jensen & Hamann 1989).

quartzitic beds, and marly beds are included in the
greensand, which is strongly bioturbated. In the Nyker
fault block the formation consists of greensands and
marls.

Boundaries
Lithology
At the type locality the formation consists of poorly
sorted, calcareous, glauconitic, fine-grained, silty
quartz sand. Several layers of nodular greeensand,

At the type locality the greensand rests with a disconformity on the Arnager Limestone Formation and fol
lows directly upon the top bed of the limestone without
any development of conglomerate or phosphatized
15

Fig. 14. Photomozaic showing the exposure o f the Bavnodde
Greensand west of Bavnodde, looking southeast. Bavnodde is
to the right. Bed 2 is a quartzose sandstone and beds 4 and 5
are nodular sandstone (cf. Fig. 15). April 1984.

nodules at the base of the greensand (Ravn 1921;
Christensen 1985; Solakius 1989) (Fig. 17). At the Jydegard clay pit in the Nyker block (Figs 18-19) the
Bavnodde Greensand Formation is separated from the
Lower Cretaceous Jydegard Formation by a reverse
fault (see Gry 1956, 1960; Gravesen et al. 1982).
The formation is unconformably overlain by Qua
ternary glacio-fluvial deposits. The Bavnodde Green
sand is the youngest pre-Quaternary formation known
from Bornholm.

Distribution
The formation is reported from the Arnager-Sose and
Nyker blocks (Ravn 1921, 1946; Gry 1960).

Geological age
Ravn (1921) assigned the Bavnodde Greensand on the
southwest coast of Bornholm to the Lower Senonian
(= Emscher, by and large equivalent to the Lower and
lower Middle Santonian) on the basis of Gonioteuthis
westfalica (Schliiter), Texanites pseudotexanus (de
Grossouvre), and the presumed occurrence of Scaphites inflatus Roemer. According to Ravn all outcrops
on the southwest coast were of the same age, and this
view was followed by Stolley (1930). Birkelund (1957:
table 4) placed the Bavnodde Greensand on the south
west coast in the Lower Middle Santonian I. cordiformis Zone on the basis of G. westfalica, Belemnitella
propinqua ravni (Birkelund), and the presumed occur
rence of I. cordiformis Sowerby (Fig. 12). She sug
gested that the oldest part of the Bavnodde Greensand
was exposed to the east, and that the formation is
getting younger westwards. Due to small-scale faulting,
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the strike and dip of the sediments, and the course of
the coastline, the suggestion has been shown to be
incorrect. The oldest Bavnodde Greensand on the
southwest coast is exposed in the bay between Forchhammers Odde and Horsemyre Odde (Christensen &
Schulz, personal observation).
Christensen (1971) showed that B. propinqua ravni is
a junior synonym of B. p. propinqua (Moberg), and he
referred, on the basis of a biometric analysis of a samp
le of G. westfalica from the Bavnodde Greensand west
of Bavnodde, the formation to the Lower and lower
Middle Santonian. The Bavnodde Greensand at Jyde
gard was considered by Birkelund (1957) to be slightly
older than that on the southwest coast. It was placed in
the basal Santonian on the basis of the co-occurrence of
G. westfalica, G. aff. westfalica, and “A ”, lundgreni
excavata (Sinzow). Christensen (in press) placed G. aff.
westfalica sensu Birkelund and "A. ” lundgreni excavata
(Sinzow) in synonymy of “A." I. lundgreni.
Ravn (1921) recorded /. cordiformis from the type
locality and Christensen (1985) reported /. patootensiformis Seitz and I. angustus Beyenburg (determined by
Dr. E.G. Kauffman, Boulder) from the formation. The
two last-mentioned species are elsewhere known from
the Upper Santonian-Lower Campanian. Following the
revision by Troger (this paper) it is now known that
none of these taxa occur in the formation. According to
Troger the greensand exposed at the type locality has
yielded I. (Sphenoceramus) pachti cf. pachti Arkhangelsky, I. (S.) pachti subsp. indet., and I. (S.) cardissoides Goldfuss subsp. indet., and it is Lower Santo
nian (Figs 2, 13). Troger records /. (S.) subcardissoides
Schliiter, I. (S.) cardissoides subsp. indet., I. (S.?)
bornholmensis n. sp., and 1. (S.) sp. ex gr. pachti!
cardissoides from the Bavnodde Greensand Formation
exposed at Risenholm, and the formation is here basal
Santonian. He reports I. (S.) sp. ex gr. pachti!cardis-

I

1 glauconitic sandstone

E 3 glauconitic sand
IttflW nodular glauconilic sandslone

soides and I. (S.?) bornholmensis n. sp. from the green
sand at Jydegard, and this greensand is lowest Santonian and possibly highest Coniacian (Figs 2, 13).
According to Kennedy & Christensen (in press) the
ammonites from east and west of Bavnodde, Forchhammers Odde, Horsemyre Odde, Risenholm, and Jy
degard either indicate a Santonian age, are longer rang
ing, or are imprecisely dated. It is worthy of note,
however, that Scaphites (S.) kieslingswaldensis fischeri
Riedel, which occurs at Bavnodde, Forchhammers
Odde, and Risenholm, first appears in the Lower San
tonian elsewhere.
Dr. M.-G. Schulz, Kiel and W.K. Christensen have
recently made new collections of belemnites from the
Bavnodde Greensand Formation at the type locality
and at Jydegard. These are under study now, but pre
liminary results indicate that the formation probably
embraces the Upper Coniacian-Lower Santonian in belemnite terms. The oldest part of the formation crops
out in the bay between Forchhammers Odde and
Horsemyre Odde. These outcrops have only yielded
“A .” lundgreni, and the greensand here is considered
to be from the upper Coniacian (Figs 2, 12). The Bavn
odde Greensand east and west of Bavnodde, at Forch
hammers Odde, and at Horsemyre Odde has yielded
the age diagnostic Gonioteuthis westfalica westfalica
(Schliiter) and Belemnitella propinqua propinqua
(Moberg). and the greensand at these outcrops is
Lower Santonian on belemnite evidence (Figs 2, 12).
The age of the boundary beds of Arnager Limestone
and Bavnodde Greensand Formations were discussed
by Solakius (1989) (see above).

V /A quartzose glauconilic sandstone
20

bed number

Fig. 15. Two sections o f the Bavnodde Greensand. A is the
exposure west o f Bavnodde and B is the exposure east of
Bavnodde.
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Fig. 16. Exposures of the Bavnodde Greensand Formation in the bay east of Forchhammers Odde and west of Horsemyre Odde,
looking northwest. 1 is the exposure east of Forchhammers Odde (EF), 2 is the outcrop referred to as Forchhammers
Odde-Skidteper (FS), and 3 is the exposure west of Skidteper (WS) (see also Fig. 4).

Concluding remarks
The Upper Cretaceous sedimentary succession of
Bornholm is about 220 m thick and consists mainly of
detrital clastic sediments: calcareous, glauconitic,
clayey, quartz sand/sandstones and siltstones.

Fig. 17. The boundary beds between the Arnager Limestone
Formation below and the Bavnodde Greensand Formation
above east of Horesmyre Odde. Lens cap is 5 cm. August
1986.
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The Arnager Greensand Formation of Early Middle
Cenomanian age is about 85 m thick, and the Bavn
odde Greensand Formation of late Coniacian-Early

Fig. 18. Map showing the Jydegard marl pit and Blykobbe A
at Risenholm. The Bavnodde Greensand Formation is re
corded from the marl pit and stream cuttings o f the Blykobbe
A close to Risenholm. After Kennedy & Christensen (in
press).

Santonian age is about 120 m thick. The Coniacian
Arnager Limestone Formation, which is sandwiched
between the two greensands, is only 12-20 m thick.
The Arnager Greensand and Bavnodde Greensand
Formations seem to be developed in the same way on
the fault blocks, although it should be stressed that the
degree of exposure is generally poor, especially in the
Nyker and Bpsthpj blocks.
The Arnager Limestone Formation has generally a
higher content of carbonate than the subjacent and
superjacent formations, but it is only on the southwest
coast immediately west of Arnager that the formation
consists of marly chalk. The top of the formation, ex
posed east of Florsemyre Odde, is developed as a marl/

calcareous siltstone and has a low carbonate content (c.
30%). The Arnager Limestone Formation at the brook
Stampe A, situated only 3-4 km northwest of Arnager
on the same block, consists of glauconitic marl and
sandy limestone. At Muleby on the Nyker block, the
formation consists of sandy, glauconitic marl. At the
type locality deposition of the Arnager Limestone took
place in a complex of low mud-mounds most likely
caused by the baffling effect of siliceous sponges work
ing in concert with sponge spicule mats. It may be
suggested that the small amount of terrigeneous elastics
here was caused by the filter effect of siliceous sponges
close to the shore-line.
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Fig. 19. Photomozaic of the northern and part o f the eastern
faces of the Jydegard marl pit. The northern face shows marls
below and glauconitic sand above o f the Bavnodde Greensand
Formation. The Lower Cretaceous Jydegard Formation is ex
posed at the eastern face. The strata of the Bavnodde Green
sand Formation are steeply dipping and separated from the
vertical strata o f the Jydegard Formation by a reverse fault.
April 1975.
«
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Locality details (W KC)

Arnager-Sose block
In this block the Albian-Santonian sedimentary rocks
crop out in low coastal cliffs on the southwest coast and
along stream-cuttings of the brook Stampe A (also
referred to as Vellens A) (Fig. 4). In addition, sedi
ments are known from shallow bore-holes (see below).
The general strike of the Cretaceous strata of the
block is about 120-140° and they dip about 6-8° to
wards southwest (Gry 1969; Christensen & Schulz, per
sonal observations). In the Stampe A area the Cretace
ous of the Arnager-Sose block is separated from the
Middle Jurassic Baga Formation on the Rpnne-Hasle
block by a prominent fault (see Fig. 1). The Cretaceous
strata are inclined and they are inverted adjacent to the
fault (Ravn 1921; Gry 1960: Fig. 5, Gry 1969: Fig. 5).

Southwest coast of Bornholm

The Arnager Greensand Formation is known from
Madsegrav in the east to about 130 m west of Arnager
Pynt (point) (Fig. 4). The basal part of the formation is
exposed at Madsegrav (Fig. 5), the top part of the
greensand and the boundary between the greensand
and the overlying Arnager Limestone Formation is ex
posed east of Arnager (see sketch of the boundary
strata by Bromley 1979) (Figs 10-11). Between Mad
segrav and Arnager Pynt the formation is only known
from small scattered exposures.
The lower 7 metres of the Arnager Limestone For
mation is exposed immediately west of Arnager, and
the very top of the formation has been recorded from
the bay east of Horsemyre Odde (Figs 9, 17).
The Bavnodde Greensand Formation is recorded
from scattered exposures from east of Horsemyre
Odde to west of Bavnodde (Fig. 4). Larger exposures
are present west and east of Bavnodde, at Forchhammers Odde, in the bay between Forchhammers Odde
and Horsemyre Odde, and at Horsemyre Odde (Figs
14, 16).

Stampe A

The Albian-Coniacian sedimentary sequence in the
Stampe A area (also referred to as Stampen by earlier
authors) is poorly known due to the small number of
stream cuttings along the brook.
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First a few comments on the place names “Stampe”
and “Stampen”. A stamp mill was built in 1750 at the
brook, hence the name Stampen and Stampe A. The
noun Stampen, however, has been used in different
ways earlier. The abandoned hotel, situated at loc. 6 on
Fig. 4, was called Stampen. The noun Stampegarden
has also been used for this building. Rpnne Water
Works from 1937 is also called Stampen (the name is
not indicated on the topographical map). Lastly, a
small point northwest of the point Korsodde is called
Stampen on the newest topographical map from 1978,
1812 III NV Rpnne (1: 25.000).
The outcrops along Stampe A were discussed by
Gronwall & Milthers (1916), Ravn (1921), and Hansen
(1939). Gry (1960) gave a schematized section of the
sedimentary sequence along Stampe A from its mouth
to Robbedale; the section seems to be based partly on
the papers by Gronwall & Milthers (1916) and Hansen
(1939).
The following description is based on observations
made by earlier authors in addition to observations
made by W.K. Christensen in 1986 and 1987. It should

Fig. 20. Exposure showing glauconitic marl (calcareous green
sand of Ravn 1921) o f the upper part of the Arnager Limestone
Formation at locality 5 at Stampe A. This exposure has yielded
inoceramid bivalves o f early Middle Coniacian age and belemnites. Dr M.-G. Schulz to the left and Prof. F. Schmid to the
right are looking for fossils in fallen material.

be mentioned that J.P.J. Ravn collected samples of the
sediments when he did field-work in the area in the
beginning of this century. These samples are housed in
the Geological Museum, Copenhagen, and they have
been examined by W.K. Christensen.
Towards the west the Arnager Greensand is inverted
and overlies the Lower Cretaceous Jydegard Formation
(loc. 1 in Figs 4, 6). The basal beds of the Arnager
Greensand Formation strike 135° and dip 100° towards
northeast. A 50 cm thick conglomerate occurs at the
base of the greensand (Fig. 6). An indurated bed,
which has yielded Inoceramus schoendorfi and /.
crippsi subsp. indet., occurs about 4 m above the base.
Further upstream, the Arnager Greensand crops out at
Jespersens Hule (cave) (loc. 2) and east of 0rsteds
Kilde (spring) (loc. 3). 0rsteds Kilde is a bore-hole
made in 1819 (Gronwall & Milthers 1916). The beds at
loc. 2 and 3 seem to be vertical and they strike about
140°.
According to Ravn (1921) a bed with phosphatized
pebbles was present at the base of the Arnager Lime
stone Formation. This pebble bed was not exposed in
1986 and 1987, but samples collected by Ravn confirm
this observation. A little further upstream, at loc. 4, the
Arnager Limestone Formation is developed as sandy
limestone. At loc. 5 (Fig. 20) the formation is devel
oped as glauconitic marl (calcareous greensand of
Ravn), which has yielded Inoceramus (Volviceramus)
koeneni and I. (V.) alievimussensis, in addition to “Actinocamax” lundgreni and A. verus. At this locality the
strata are less inclined than the basal part of the forma
tion.
Ravn (1921) reported greensand from the aban
doned building Stampen (loc. 6) to the east. The green
sand did not yield any fossils, but on the basis of its
similarity to the Bavnodde Greensand exposed be
tween Forchhammers Odde and Horsemyre Odde (Fig.
4), Ravn tentatively assigned it to the Bavnodde
Greensand Formation. On the other hand, Gry (1960:
Fig. 5) did not indicate this formation on his schema
tized drawing of the section along Stampe a, and the
greensand to the east was assigned to the Arnager
Greensand Formation. According to Hansen (1939), it
is uncertain if the Bavnodde Greensand was penetrated
by bore-holes in the Stampe A area. It may thus be
concluded that the Bavnodde Greensand Formation is
not exposed along the Stampe A.
Birkelund (1957) recorded “A .” lundgreni? from the
glauconitic marl at Stampe A and “A .” lundgreni excavata? from the greensand at Stampen. Stolley (1897)
recorded a specimen of A. propinquus mut. (var.) nov.
(= "A .” lundgreni) from Stampen. In the opinion of
W.K. Christensen the locality names “Stampen” and
“Stampe A” were used synonymously by earlier au
thors, and the belemnite specimens mentioned above
came most likely from the glauconitic marl at loc. 5.
Christensen (in press) placed “A ." lundgreni excavata?

sensu Birkelund and A. propinquus mut. (var.) nov. in
synonymy of “A.” lundgreni.

Nyker Block
The Upper Cretaceous sedimentary strata of the Nyker
fault block arc poorly known because only very few
exposures have been recorded and most of these are
not accessible today.
Ravn (1946) described the outcrops which were
found in stream cuttings along the brooks Blykobbe A
to the south (Fig. 18) and Muleby A to the north (Figs
21-22). The exposures along the stream cuttings only
showed very small sections. Upper Cretaceous deposits
were also recorded from two marl pits.
Ravn (1946) recorded a sandy, yellow, grey, or green
marl from an exposure at Blykobbe A, southwest of the
farm-house Risenholm (Fig. 8). This marl was included
in the Bavnodde Greensand Formation by Ravn on the
basis of belemnites, ammonites and inoceramid bi
valves. This marl has yielded basal Santonian ino
ceramid bivalves (this paper) and Santonian ammonites
(Kennedy & Christensen in press).
An alternating sequence of glauconitic, medium to
fine-grained sand and marl belonging to the Bavnodde
Greensand Formation is known from the Jydegard marl
pit, situated close to Blykobbe A (Fig. 18) (Ravn 1946;
Gry 1956; Birkelund 1957; Gravesen et al. 1982). The
formation is separated from the Lower Cretaceous Jy
degard Formation by a reverse fault and the greensand
and marl are steeply dipping. Birkelund (1957) re-

Fig. 21. Map showing the brooks Bagd and Muleby A close to
the west coast o f Bornholm. Cenomanian-Coniacian sedimen
tary rocks were recorded from stream cuttings of the Muleby A
and at the abandoned Muleby marl pit immediately west of
Sorthat-Muleby (for details, see Fig. 22).
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Fig. 22. Map showing exposures at the brook Muleby A. After
Ravn (1946).

garded the greensand and marl to be slightly older than
the Bavnodde Greensand on the southwest coast on the
basis of G. westfalica, G. aff. westfalica, and “A",
lundgreni excavata (see above). The greensand and
marl of the Jydegard marl pit was well-exposed in 1975
and 1976 and new collections of belemnites and inoceramid bivalves were made by Dr. M.-G. Schulz and
W.K. Christensen. Today the strata are covered by
scree. This locality has yielded Santonian ammonites
(Kennedy & Christensen in press) and the inoceramid
bivalves are from the lowest Santonian and possibly the
highest Coniacian (this paper).
Ravn (1946: Fig. 1) indicated eight exposures along
Muleby A (Figs 21-22). Calcareous glauconitic sand
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was recorded from outcrops to the west (loc. 1, 2, 6,
and 7), and Ravn suggested that this greensand might
belong to the Arnager Greensand Formation although
it did not yield any diagnostic fossils. The strata at loc.
1 dip at least 60° towards southeast. The strata to the
east at loc. 2, 6, and 7 were less inclined. It is now
known that Inoceramus (Cremnoceramus) schloenbachi (this paper) occurs at loc. 1. The age of the calcare
ous glauconitic sand here is thus Coniacian.
The so-called “Glass-marl” of Ravn (1946), a sandy,
glauconitic marl, was reported from exposures to the
east (loc. 3-5), in addition to the abandoned marl pit at
Muleby (loc. 8), situated immediately west of the road
leading from Sorthat to Hasle. This marl was formerly
exploited for manufacturing of bottle glass, hence the
name “Glass-marl”. Ravn (1946) and Birkelund (1957)
regarded the “Glass-marl” to be a contemporaneous,
lateral equivalent to the Arnager Limestone on the
southwest coast on belemnite evidence.

B0sth0j block
The Arnager Greensand Formation was recorded in
the Bdsthpj fault block by Andersen (1944) and Gry
(1956). The greensand crops out in stream cuttings
along Laesa and was met with also in shallow bore
holes. Fossils have not been recorded from the green
sand of the block. The fault block with Arnager Green
sand is separated by faults to the west, south and east
from Lower Palaeozoic deposits; to the north the
greensand is separated from the Lower Cretaceous Jy
degard Formation by a fault (Fig. 1).

Systematic palaeontology (KAT)

Specimens figured by earlier authors are housed in the
Type Collection of the Geological Museum of the Uni
versity of Copenhagen, prefix MMH. The specimens
figured in the present paper that have not been figured
before are filed as MGUH. Specimens that have not
been figured carry the accession numbers of the mu
seum with prefix GM.
The inoceramid bivalves from Bornholm are usually
incomplete, badly preserved, and deformed by sedi
ment compaction. The critical characters of the speci
mens (Fig. 23) were measured and compared, if pos
sible, to specimens of the same species and subspecies
from Central Europe.

Mollusca Linne, 1758
Bivalvia Linne, 1758
Inoceramidae Zittel, 1881

Remarks. - Heinz (1932) proposed a new classification
of the inoceramid bivalves and distinguished two fami
lies: Inoceramidae and Sphenoceramidae. He also established many new genera and species. The classifica
tion of Heinz was critized by Jaworski (1934), Stolley
(1937), and Seitz (1965) because he ignored the vari
ability and new genera and species were inadequately
described. The new genera and species are considered
nomina nuda following O.H. Schindewolf (see Seitz
1965).
In many inoceramid bivalve species important cha
racters, such as the hinge line with the ligamental pits,
are poorly known or not known at all. Following Seitz
(1965) only one genus, Inoceramus, is recognized
within Inoceramidae. Moreover, only subgenera used
in the Treatise on Invertebrate Palaeontology, Part N,
Vol. 1 (of 3), Mollusca 6, Bivalvia, or subgenera estab
lished by R. Heinz and later redescribed are used in the
present paper.
Genus Inoceramus J. Sowerby, 1814
Type species. - Inoceramus cuvierii Sowerby, 1814.
Nomina nuda: Oxyceramus Heinz, type species I.
schoendorfi Heinz; Callistoceramus Heinz, type species
I. annulatus Goldfuss pars; Striatoceramus Heinz, type
species I. striatoconcentricus Giimbel; Gonioceramus

Fig. 23. Morphological characters o f the inoceramia snell; see
Seitz (1961) and Troger (1967). Hg = heigth of shell; Lg =
length of shell; Sg = hinge line; H = heigth of one rib; L =
length o f one rib; S = part o f the hinge line, from the umbo to
the rib; Vo = part of the anterior margin, from the umbo to the
beginning of an undulation; Ha = length o f long axis o f one
rib, in specimens with an oval to elliptical shape; Na = length
of short axis o f one rib; U = distance between two ribs; GW =
angle between hine line and anterior margin; Flw = angle
between the beak and the hinge line; Wu. = umbonal angle; WA
= angle o f the growth axis; and a = angle between one rib
and the hinge line.
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Heinz, type species I. lusatiae Andert; and Astatoceramus Heinz, type species I. hannovrensis Heinz.
Inoceramus crippsi group
Remarks. - In Europe the most important representa
tives of this group are the Lower and Middle Ceno
manian I. crippsi crippsi Mantell and I. crippsi hoppenstedtensis Troger. Transitional forms between the two
subspecies have been recognized. Most of the speci
mens from Bornholm belonging to the I. crippsi group
are badly preserved, and it is not possible to assign
them safely to subspecies.
Inoceramus crippsi Mantell, 1822 subsp. indet.
PI. 1, Figs 1, 2, 4; PI. 3, Fig. 1
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Synonymy. - See Troger (1967) and Keller (1882).
Material. - MGUH 20548, GM 1915.104.3, and GM
1923.404 from the Arnager Greensand at Madsegrav;
MGUH 20545-20547 and GM 1984.1774-1775, from
the Arnager Greensand east of Arnager; and MGUH
20549 from the indurated bed in the basal part of the
Arnager Greensand in the Stampe A area (see Fig. 6.).
Discussion. - Parts of the anterior and posterior mar
gins are damaged, and the umbonal regions are poorly
preserved. On the basis of the nearly circular shape of
the internal moulds (only GM 1915.104.3 and MGUH
20547 are elongated), the shape of the ribs, and the
cross-section of the ribs which are rounded, the speci
mens are referred to I. crippsi subsp. indet. Specimen
MGUH 20548 has an endocostean scar (PI. 3, Fig. 1).
Distribution. - Mainly Lower and Middle Cenoma
nian.
Inoceramus crippsi hoppenstedtensis Troger, 1967
PI. 1, Figs 5-6; Fig. 24
Synonymy. - See Troger (1967) and Keller (1982).
Material. - MGUH 20551 and GM 1984.1787 from the
Arnager Greensand at Madsegrav; MGUH 20550 from
the Arnager Greensand east of Arnager. GM
1984.1787 may be redeposited.
Discussion. - The three specimens are identical in all
critical characters, such as the shape, the ontogenetic
change of the Na/Ha ratio, and the shape of the con
centric ribs, to I. crippsi hoppenstedtensis from the
Subhercynian Cretaceous Basin in Germany as de
scribed by Troger (1967) (cf. Fig. 24).
Distribution. - This subspecies is common in the upper
Lower Cenomanian Mantellicerqp saxbii and M. dixoni
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Fig. 24. Comparison o f the ontogenetic change of Na!Ha and
WA o f specimens o f Inoceramus crippsi hoppenstedtensis
Troger from the Subhercynian Cretaceous Basin (vertical
hatching; Troger 1967) and the Arnager Greensand on the
southwest coast o f Bornholm. Le = left valve; Ri = right
valve. I is MGUH 20551, 2 is MGUH 20550.

Zones and the Lower Middle Cenomanian Turrilites
costatus Zone. It is rare in the Middle Middle Ceno
manian T. acutus Zone.
Inoceramus schoendorfi Heinz, 1928
PI. 1, Figs 7-11; Figs 25-26
Synonymy. - See Sornay (1980) and Keller (1982).
Remarks. - Heinz (1928a) established the species, but
it was first described and figured adequately by Sornay
(1980). I. orbicularis Munster of Ravn (1916, PI. 5, Fig.
1, MMH 1537) is here assigned to I. schoendorfi.
Material. - MMH 1537 from the Arnager Greensand at
Madsegrav; MGUH 20554-20556, GM 1917.151.1,
GM 1917.151.3-4, GM 1917.151.6-8, GM 1917.151.
10-11, and GM 1917.151.13 from the indurated bed in
the basal part of the Arnager Greensand in the Stampe
A area (see Fig. 6); GM 1915.104.4-5, 1984.1770, and
GM 1984.1781 from the Arnager Greensand at Mad
segrav; and MGUH 20552-20553 and GM 1984.1783
from the Arnager Greensand east of Arnager.
Discussion. - The shape of internal moulds of I.
schoendorfi is similar to internal moulds of I. crippsi
hoppenstedtensis. In I. schoendorfi, however, the small
umbo is placed above the hinge line. The wings are
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Fig. 25. Comparison of the ontogenetic change of Na/Ha,
SIHa, WA, the angle a, and the average distance between the
ribs (0U ) at Ha = 10-30 mm of the holotype of Inoceramus
schoendorfi Heinz (no. 1) and specimens from the basal part
of the Arnager Greensand at Stampe A (nos 2-8). 2 is MGUH
20556, 3-4 are GM 19I7.l5l.3-f, 5 is MGUH 20554, and 6-8
are GM 1917.151.6-8.

Fig. 26. Comparison of the ontogenetic change of Na/Ha,
SIHa, WA, and the average distance between the ribs (0U ) at
Ha = 10-30 mm o f specimens o f Inoceramus schoendorfi
Heinz from the Arnager Greensand at Madsegrav (nos. 1-3)
and Stampe A (nos 4-7). 1 is MMH 1537, 2 is GM 1984.1770,
3 is MGUH 20552, 4 is GM 1917.151.21, 5 is GM
1917.151.22, 6 is GM 1917.151.13, and 7 is MGUH 20555.

small but clearly differentiated from the umbonal area.
The short anterior margins are straight. In contrast to 1.
crippsi hoppenstedtensis, 1. schoendorfi has concentric
ribs, the cross-section of which is sharp, like in I. costellatus Woods. The ontogenetic change of the Na/Ha
ratio, S/Ha ratio, and WA in the specimens from Born
holm is similar to that known from the holotype (see
Figs 25-26). The average distance measured between
the ribs at 10-30 mm from the umbo in the Bornholm
specimens is also similar to the holotype.

Material. - MGUH 20557 from the Arnager Limestone
at Arnager.

Distribution. - The species occurs in the Middle Ceno
manian Turrilites costatus and T. acutus Zones. I.
schoendorfi is the most common inoceramid bivalve
species on Bornholm.
Inoceramus striatoconcentricus Giimbel, 1868 subsp.
indet.
PI. 3, Fig. 2; Fig. 27

Discussion. - MGUH 20557 is slightly deformed by
compaction. The shape of the specimen is elongated as
in specimens from western Europe. The ontogenetic
change of the Na/Ha ratio and Wa and the nearly
subquadrate shape of the ribs are closely comparable to
I. s. striatoconcentricus from Central Europe (cf. Fig.
27). Since the wing in MGUH 20557 is not preserved, it
is referred to I. striatoconcentricus subsp. indet.
Distribution. - This species occurs in the Upper Turonian-basal Coniacian. It is most common in the Upper
Turonian.
Inoceramus sp. ex gr. striatoconcentricus Giimbel, 1868
Material. - GM 1919.176, GM 1922.276, and GM
1922.126 from the Arnager Limestone at Arnager.

Synonymy. See Troger (1967) and Keller (1982).
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Synonymy. - Detailed synonymies of I. w. walters
dorfensis were given by Troger (1967).
Material. - MGUH 20558-20559 and GM 1984.18201821 from the Arnager Limestone at Arnager.

WA (° )

Fig. 27. Comparison of the ontogenetic change of Nat Ha and
WA of specimens of Inoceramus striatoconcentricus Giimbel
from Central Europe (vertical hatching) and the Arnager
Limestone at Arnager. 1 is MGUH 20557.

Discussion. - The four specimens are poorly preserved
and deformed by compaction. Due to the state of pre
servation the following characters cannot be measured:
Na, Ha, S, and WA. The specimens are referred to I.
sp. ex gr. waltersdorfensis on the basis of the shape of
the internal moulds, the circular to subquadrate shape
of the growth lines, and the distance between the
growth lines, which varies from 0.5-0.7 mm.
Distribution. - I. w. waltersdorfensis occurs in the Up
per Turonian (very rare) and basal Coniacian (com
mon).
Inoceramus cf. annulatus Goldfuss, 1836
PI. 4, Fig. 1

Discussion. - The three specimens are incomplete in
ternal moulds. Due to their state of preservation they
are referred to I. sp. ex gr. striatoconcentricus.
Inoceramus waltersdorfensis group
Remarks. - This species group comprises several sub
species, including I. w. waltersdorfensis Andert and I.
waltersdorfensis hannovrenis Heinz, both of which are
circular to subcircular. The sculpture consists of growth
lines in /. w. waltersdorfensis and ribs in I. walters
dorfensis hannovrensis.
Inoceramus waltersdorfensis cf. hannovrensis Heinz,
1932
PI. 3, Fig. 5
Synonymy. - See Troger (1967) and Keller (1982).
Material. - MGUH 20560 from the Arnager Limestone
at Arnager.
Discussion. - The specimen is an incomplete deformed
internal mould of a left valve. It is not possible to
measure Na, Ha, S, WA, and GW because the umbonal region is not complete. The specimen is referred to
I. waltersdorfensis cf. hannovrensis on the basis of the
circular shape of the internal mould, in addition to the
subquadrate shape of the ribs and growth lines.
Distribution. - I. waltersdorfensis hannovrensis occurs
together with I. rotundatus in the basal part of the
Lower Coniacian. It is rare in the uppermost Turonian.
Inoceramus sp. ex gr. waltersdorfensis Andert, 1911
PI. 1, Figs 14-15
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Remarks. - The species was erected by Goldfuss
(1836), who figured two specimens as I. annulatus no
bis. The tall specimen, figured as Fig. 7b on Table 110
by Goldfuss, was referred to I. latus var. stuemckei n.
var. by Heinz (1928b). According to Keller (1982) this
specimen is the holotype of I. lamarcki stuemckei
Heinz. The specimen figured as Fig. 7a on Table 110 by
Goldfuss is therefore the lectotype of I. annulatus.
Material. - MGUH 20561 from the Arnager Limestone
at Arnager.
Discussion. - The specimen is deformed by compac
tion, and it is incomplete as parts of the wing and
posterior margin are missing. On the basis of the elon
gated shape of the shell, the distance between the ribs,
and cross-section of the ribs (Anwachsreifen sensu
Heinz 1928c) the specimen is referred to I. cf. annula
tus.
Distribution. - The species occurs in the Upper Turonian-basal Coniacian.
Inoceramus cf. renngarteni Bodilevski & Schulgina,
1958
PI. 1, Fig. 16
Remarks. - The species was established by Bodilevski
& Schulgina (1958), who gave synonymies and dis
cussed its affinity to I. cuvierii sensu Mantell (1822, PI.
28, Fig. 4) and I. lamarcki sensu Woods (1912, Fig. 69).
Material. - MGUH 20562 and GM 1984.1610 from the
Arnager Limestone at Arnager.

Discussion. - According to Bodilcvski & Schulgina
(1958) I. renngarteni belongs to the I. lam arcki group
and has ribs the cross-section of which is like a stair
case. The distance between the ribs varies from 10-20
mm in the umbonal region, and the umbo does not rise
above the hinge line. The two poorly preserved internal
moulds of left valves from Bornholm are crushed by
compaction, and parts of the umbonal region and the
anterior and posterior margins are missing. The ribs are
shaped like a stair-case, and the distance between the
ribs varies from 5.5-11.5 mm. The ribs are covered by
growth lines and the distance between the growth lines
varies from 1-2.3 mm. Since the umbonal region is not
complete in the two specimens a definite specific deter
mination is not possible, and they are tentatively re
ferred to /. cf. renngarteni.
Distribution. - According to Bodilcvski & Schulgina
(1958) this species occurs in the Coniacian and possibly
the Lower Santonian.
Inoceramus lusatiae Andert, 1911

PI. 3, Fig. 6

Fig. 28. Inoceramus sp. aff. cuvierii Sowerby fro m the A r
nager Lim estone at Arnager, 1-2 m above the base. M G U H
20564. Scale bar is 10 mm.

Synonymy. - See Troger (1967) and Keller (1982).
Material. - MGUH 20563, GM 1976.644, GM
1976.652, GM 1976.657, GM 1984.1822, and GM
1984.2015 from the Arnager Limestone at Arnager,
with precisely located specimens 2-3 m from the base
(GM 1984.2015) and from the top of the formation,
exposed east of Horsemyre Odde (GM 1976.644, GM
1976.652, and GM 1976.657).
Discussion. - This species is a medium tall representa
tive of the I. lam arcki group. The specimens from
Bornholm are more or less incomplete and crushed by
sediment compaction. Many of the important charac
ters are only present in MGUH 20563. This specimen
has a well-developed wing with curved ribs, a sharp
umbo clearly differentiated from the wing, and the
cross-section of the ribs are rounded. It is assigned to /.
lusatiae. The other specimens are incomplete and are
therefore referred to I. cf. lusatiae.

formed by compaction. The umbo, parts of the wing,
and the ventral and anterior margin are missing. This
large fragment has ribs shaped like a stair-case, and the
distance between the ribs varies in the following way:
16.3 mm, 10.8 mm, 9.5 mm, 13.2 mm, 19.0 mm, and
23.5 mm. The distance between the growth lines varies
from 1.0-4.5 mm. At the wing the growth lines bend
outwards. The fragment from Bornholm is closely com
parable to I. cuvierii sensu Woods (1911, Fig. 78).
Woods (1911) referred various tall inoceramid bivalve
species to /. lam arcki var. cuvierii. Heinz (1932) as
signed the specimen, figured as Fig. 78 by Woods, to
Inoceramus (Orthoceram us) securiformis n. sp. without
description. This name is therefore a nomen nudum.
Distribution. - The specimen of Woods (1911, Fig. 78)
came from the Upper Turonian, Zone of Sternotaxis
planus.

Distribution. - /. lusatiae occurs in the Upper Turonian
(very rare) and Lower Coniacian. Specimens closely
comparable to /. lusatiae have been recorded from the
uppermost part of Middle Turonian (Keller, 1982).

Inoceramus cf. rotundatus Fiege, 1930

Inoceramus sp. aff. cuvierii Sowerby, 1911

Material. - MGUH 20565 from the Arnager Limestone
at Arnager.

Fig. 28
Material. - MGUH 20564 from the Arnager Limestone
at Arnager, 1-2 m above the base.
Discussion. - The specimen is incomplete and de-

PI. 3, Fig. 3
Synonymy. See Troger (1967) and Keller (1982).

Discussion. - The specimen is a small, poorly pre
served, internal mould, which has a subcircular shape.
The major part of the anterior and posterior margins
are missing, and the umbo is badly preserved. The
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shape of the ribs reflects the subquadrate shell outline.
The cross-section of the ribs are rounded. The quadrate
to subquadrate shape of the shell is typical of I. rotundatus.
Distribution. - I. rotundatus is the index inoceramid
bivalve of the basal Coniacian, inoceramid assemblage
zone 20 (see Troger, 1989, Fig. 2).
Inoceramus cf. wandereri Andert, 1911
PI. 1, Fig. 12
Synonymy. - See Andert (1911, 1934).
Material. - MGUH 20566 from the Arnager Limestone
at Arnager, 2-3 m above the base.
Discussion. - The specimen is a poorly preserved in
ternal mould. It has a nearly lanceolate shape and a
small wing, which is clearly differentiated from the
umbonal region. The rounded umbo is placed above
the hinge line and is slightly coiled. The cross-section of
the ribs is rounded. The ribs start at 34 mm from the
umbo, and they are well-developed 75 mm from the
umbo. In these characters the specimen from Born
holm is similar to the holotype. Due to the poor preser
vation, Na, Ha, Vo, and the ontogenetic change of WA
cannot be measured. A definite specific determination
is therefore not possible, and the specimen is referred
to /. cf. wandereri.
Distribution. - The species is the index inoceramid
bivalve of the basal Coniacian I. schloenbachi Zone.
Subgenus Mytiloides Brongniart, 1822
Type species. - Inoceramus (Mytiloides) labiatus
Schlotheim.
Inoceramus (Mytiloides) cf. incertus Jimbo, 1894
PI. 1, Fig. 13
Synonymy. - See Noda (1984).
Remarks. - According to Noda (1984) I. (M.) fiegei
Troger, 1967 is a junior synonym of I. (M.) incertus.
Keller (1982) gave synonymies of I. (M.) fiegei.
Material. - MGUH 20567 and GM 1984.1824 from the
Arnager Limestone at Arnager.
Discussion. - The two specimens are deformed by com
paction and they are poorly preserved. Parts of the
anterior and posterior margins and the small umbo are
missing. The shape of the preserved part of the umbo
nal region is nearly circular. The posterior part of the
valve is elongated. The internal moulds have growth
lines, and the distance between the growth lines varies
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from 1.0—1.5 mm. The Na/Ha ratio of the internal
moulds varies from 100-66%. This is in accordance
with the Na/Ha ratio of I. (M.) incertus from the Upper
Turonian Strehlen Limestone in the Dresden-Strehlen
area in Saxony. In MGUH 20567 (PI. 1, Fig. 13) a bend
of the growth direction was deformed by compaction.
The specimens from Bornholm are very similar to
specimen No. D260 from Dresden-Strehlen housed in
the collection of H.B. Geinitz in the Staatliches Mu
seum fur Mineralogie und Geologie, Dresden.
Distribution. - I. (M.) incertus occurs in Europe in the
Upper Turonian and the basal part of the Coniacian.
Subgenus Heroceramus Heinz, 1932
Type species. - Inoceramus (Heroceramus) hercules
Heinz.
Inoceramus (Heroceramus) cf. hercules Heinz, 1932
PI. 1, Fig. 17; PI. 3, Fig. 4
Synonymy. - See Troger (1984).
Remarks. - This large species was established, but
inadequately described, by Heinz (1932).
Material. - MGUH 20568, MGUH 20584, GM
1976.656, GM 1984.2012-2013, and GM 1984.2016
from the Arnager Limestone west of Arnager, with
precisely located specimens 2-3 m from the base
(MGUH 20584, GM 1984.2016 and GM 1984.2013)
and from the top of the formation east of Horsemyre
Odde (GM 1976.656).
Discusssion. - The material from Bornholm consists of
large, incomplete, internal moulds, and the umbo,
wing, and major parts of the anterior and posterior
margins are missing. The most complete specimen,
MGUH 20568 (PI. 3, Fig. 4), which is highly deformed
by compaction, has ribs which are rounded (Anwachsreifen sensu Heinz 1928c). The distance between the
ribs varies from 27.5—49.5 mm like in specimens of
I.(H.) hercules from Central Europe.
Distribution. - I. (H.) hercules occurs in the Upper
Turonian-basal Coniacian (basal part of the I. schloen
bachi Zone).
Subgenus Cremnoceramus Cox, 1969
Type species. - Inoceramus (Cremnoceramus) inconstans Woods.
Inoceramus (Cremnoceramus) schloenbachi Bohm,
1911
PI. 2, Fig. 1; Fig. 29
Synonymy. - See Troger (1967) and Keller (1982).

Inoceramus (Volviceramus) koeneni Muller, 1887
PI. 2, Figs 2-3; PI. 3, Fig. 7; Fig. 30
Synonymy. - Detailed synonymies were given by
Troger (1969), who also described the species in detail
on the basis of material from the type locality.
Material. - MGUH 20570-20572 from the glauconitic
marl of the Arnager Limestone Formation in the
Stampe A area. MGUH 20570 and MGUH 20572 are
labelled “greensand at Stampen”, and MGUH 20571
came from loc. 5 in the Stampe A area (see Fig. 6).
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Fig. 29. Comparison of the ontogenetic change of NaiHa and
the average distance between the ribs (0U ) at Ha = 30-50 mm
of deformed specimens of Inoceramus (Cremnoceramus)
schloenbachi Bohm from Central Europe (vertical hatching;
Troger 1974) and the Arnager Limestone at Muleby, locality 1
ofRavn (1946). 1 is MGUH 20569.

Material. - MGUH 20569 from the Arnager Limestone
Formation at the brook Muleby A, loc. 1 of Ravn
(1946). GM 1924.738 from the Arnager Limestone at
Arnager, determined as Inoceramus sp., may be belong
to the I. (C.) schloenbachi group.

Discussion. - The three incomplete internal moulds
(two left valves and one right valve) with parts of the
shell preserved are large. The two left valves are highly
deformed by compaction due to their convex and in
volute shape. The right valve is less deformed. The
umbonal region is clearly differentiated from the wing.
The ontogenetic change of the Na/Ha ratio, and the
average distance between the ribs 30-50 mm from the
umbo in MGUH 20571-20572 are similar to specimens
of I. (V.). koeneni from the type locality near Quedlinburg in Germany (see Fig. 30). The hinge line in GM
20571 (PI. 2, Fig. 3a) is also similar to specimens from
the type locality.
Distribution. - Inoceramus (Volviceramus) koeneni is
the key inoceramid bivalve of the lower Middle Conia
cian in inoceramid terms. It occurs rarely in the up-
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Discusssion. - The internal mould of the right valve of
MGUH 20569 is incomplete as parts of the wing, and
the anterior and posterior margins are missing. More
over, the umbonal region of the valve is extremely
damaged by compaction due to its strongly convex and
nearly involute shape. The ontogenetic change of the
Na/Ha ratio of the Bornholm specimen is similar to
specimens of I. (C.) schloenbachi from Central Europe
(Troger 1967; and Fig. 29 herein). The average distance
between the ribs of the Bornholm specimen is similar to
specimens from the eastern part of the Subhercynian
Cretaceous Basin.
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Subgenus Volviceramus Stoliczka, 1871
Type species. - Inoceramus (Volviceramus) involutus
Sowerby.
(Nomen nudum: Cymatoceramus, type species I.
koeneni).
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Distribution. - I. (C.) schloenbachi is the key inoceramid bivalve of the upper part of the Lower Coniacian
/. schloenbachi or I. deformis Zones.
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Fig. 30. Comparison o f the ontogenetic change o f Na/Ha and
the average distance (0U ) of the ribs at Ha = 30-50 mm of
specimens o f Inoceramus (Volviceramus) koeneni Muller
from Quedlinburg (GDR) and the Arnager Limestone Forma
tion at Stampe A. I: ontogenetic change o f left valves from
Quedlinburg; 2: ontogenetic change o f right valves from Que
dlinburg; 3 is MGUH 20571; 4 i MGUH 20572. GW = angle
between hinge line and anterior margin.
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permost Lower Coniacian and upper Middle and basal
Upper Coniacian.

ning ribs with distances between 5-8 mm crossing the
concentric undulations. A radial depression is present.

Inoceramus (Volviceramus) alievimussensis Ivannikov,
1979
PI. 4, Fig. 2

Distribution. - According to Schliiter (1877) the spe
cies occurs in the so-called Emscher marls of West
phalia. Wegner (1905. p. 169) recorded the species
from the “Untere Granulatenkreide”, Zone of I. car
dissoides, that is Lower Santonian. Stolley (1930), in
the stratigraphic diagram on p. 189, reported the spe
cies from the upper part of the “Mittlere Emscher”
together with /. involutus, that is Upper Coniacian.
According to Troger (1974) the species occurs together
with I. (Magadiceramus) subquadratus Schliiter in the
Upper Coniacian. It may thus be concluded that the
taxon under discussion occurs in the Upper ConiacianLower Santonian.

Synonymy. - See Ivannikov (1979).
Material. - MGUH 20573 and GM 1935.62 from the
glauconitic marl of the Arnager Limestone Formation
in the Stampe A area. The specimens are labelled
“greensand at Stampen”.
Discussion. - The material consists of one shell frag
ment of the umbo and some fragments of the tall ligamental area partly fixed on shell fragments. The speci
mens belong to a tall, convex, inoceramid bivalve spe
cies. The size and the shape of the ligamental pits of the
specimens from Bornholm are similar to the holotype
of I. (V.) alievimussensis.
Distribution. - According to Ivannikov (1979) I. (V.)
alievimussensis occurs together with /. (C.) crassus Petrascheck, /. (C.) deformis Meek, I. (C.) schloenbachi,
I. guerichi Heinz, and I. frechi Flegel in the Donets
Basin. /. (V.) alievimussensis is thus Lower and Middle
Coniacian.
Subgenus Sphenoceramus Bohm, 1915
Type species. - /. (S.) cardissoides Goldfuss, 1836.
(Nomen nudum: Dictyoceramus, type species I. subcardissoides Schliiter).

Inoceramus (Sphenoceramus) pachtilcardissoides group
Remarks. - This species group comprises various sub
species of I. (S.) pachti Arkhangelsky and I. (S.) cardis
soides Goldfuss, which were described in detail by Seitz
(1965). The specimens from Bornholm belonging to
this group were earlier referred to either I. (Cordiceramus) cordiformis Sowerby by Ravn (1921, PI. 2, Fig.
2), I. lobatus Munster by Ravn (1946, PI. 1, Fig. 5), or
I. (Sphenoceramus) patootensiformis Seitz and I. (S.)
angustus Beyenburg by Christensen (1985).
Inoceramus (Sphenoceramus) pachti Arkhangelsky,
1912
PI. 2, Figs 5-6; Fig. 31

Inoceramus (Sphenoceramus) subcardissoides Schliiter,
1877
PI. 2, Fig. 4
1877 Inoceramus subcardissoides Schliiter, p. 271, PI.
37
Material. - MMH 5440 from the sandy marl of the
Bavnodde Greensand Formation at Risenholm. The
specimen was figured by Ravn (1946, PI. 1, Fig. 10).
Discussion. - The specimen is an incomplete internal
mould, and the umbonal region, the wing, the radial
depression, and great parts of the anterior and post
erior margins are missing. Moreover, the specimen is
deformed by compaction. It has sharp radial ribs and
three concentric ribs. The species was described and
figured by Schliiter (1877, PI. 37). The shape of the
specimen is elongated trigonal (Sphenoceramus-like).
In contrast to the type specimen, the anterior margin of
the Bornholm specimen does not dip steeply. The
hinge line is short and the umbo is rounded and sharply
differentiated from the wing. The shell has radial run

Fig. 31. Diagram showing the range o f variation of the Vo!Ha
(= WA) ratio of Inoceramus (Sphenoceramus) pachti Ar
khangelsky (I) and I. (S.) cardissoides Goldfuss (II) following
Seitz (1965). The VolHa ratio of specimens from the Bavn
odde Greensand Formation are shown by arrows. I is GM
1984.1767, 2 is MGUH 20580, 3 is MGUH 20576, 4 is GM
1984.1831, 5 is GM 1984.1796, 6 is MGUH 20577, 7 is MMH
5435, 8 is MMH 1801, and 9 is GM 1984.1782.

Synonymy.- Sec Seitz (1965).
Material. - MGUH 20575 and GM 1984.1767 from the
Bavnodde Greensand west of Bavnodde, between beds
5-6; MGUH 20576 from the Bavnodde Greensand at
Forchhammers Klint; and GM 1913.59, GM 1984.1831,
and GM 1984.1814 from the Bavnodde Greensand at
Bavnodde. MGUH 20575 is referred to I. (S.) pachti cf.
pachti and the remaining material to I. (S.) pachti
subsp. indet. (see below).
Discussion. - The material consists of internal moulds.
The umbo is preserved in four specimens (MGUH
20576, GM 1913.59, GM 1984.1831, and GM
1984.1967). These specimens have a trigonal valve
shape with a short hinge line and a narrow, sharply
rounded umbo. Radial furrows (Radialdepression
sensu Seitz 1965) are developed, especially in the post
erior to ventral part of the shell. Specimen GM
1984.1831 is extremely deformed by compaction. The
concentric ribs, the cross-section of which are rounded,
follow the shape of the shell and the radial depression.
Ribs splitting the growth lines (Anwachsschnittreifen
sensu Heinz 1928c and Seitz 1965), which are typical for
/. (S.) patootensiformis, are not present in the
sphenoceramid species from Bornholm. The poorly
preserved internal mould of MGUH 20575 has very
weak radial ribs and is referred to I. (S.) pachti cf.
pachti. The other specimens have separated weak ribs
and are referred to I. (S.) pachti subsp. indet. following
the method used by Seitz (1965). The ontogenetic
change of the Vo/Ha ratio in the Bornholm specimens
of /. (5.) pachti cf. pachti and /. (S.) pachti subsp.
indet. at Ha (= Wa) = 15-30 mm and Wa = 35^40 mm
(Fig. 31) is similar to the variation of specimens from
Central Europe as shown by Seitz (1965). /. (S.) patoo
tensiformis of Christensen (1985) is here assigned to /.
(S.) pachti.
Distribution. - I. (S.) pachti and its subspecies are
common in the Lower and Middle Santonian and very
rare in the Upper Santonian.
Inoceramus (Sphenoceramus) cardissoides Goldfuss,
1836 subsp. indet.
PI. 2, Fig. 8; Fig. 31
Synonymy. - See Seitz (1965).
Material. - MMH 1801 from the Bavnodde Greensand
Formation at Horsemyre Odde; MMH 5435 and
MGUH 20577 from the Bavnodde Greensand Forma
tion at Risenholm; GM 1984.1782 from the Bavnodde
Greensand west of Bavnodde, 40 cm below bed 5; and
GM 1984.2006 from the Bavnodde Greensand at Bavn
odde.

Discussion. - The material consists of internal moulds.
The shape of I. (S.) cardissoides and its subspecies is
very similar to I. (S.) pachti and its subspecies. Accord
ing to Seitz (1965) the most critical character for deter
mining the species is the variation of the Vo/Ha ratio at
Ha (= Wa) = 25-60 mm and the size of the angle (3.
There are transitional forms between the two species
(see Seitz 1965, Fig. 4). The Vo/Ha ratio in the in
tervals Ha = 25-30 mm and Ha = 35^10 mm of the
Bornholm specimens (Fig. 31) is similar to the variation
shown by Seitz (1965). MGUH 20577 is closely compa
rable to the transition form between the two species as
described by Seitz (1965). Ribs are missing or weakly
developed in all specimens. The specimens from Born
holm, therefore, cannot be referred to subspecies. /.
(C.) cordiformis of Ravn (1921, PI. 2, Fig. 2; MMH
1801) and I. lobatus of Ravn (1946, PI. 1, Fig. 5; MMH
5435) are here assigned to /. (5.) cardissoides subsp.
indet.
Distribution. - I. (S.) cardissoides subsp. indet. is com
mon in the Lower and Middle Santonian and rare in the
Upper Santonian.
Inoceramus (Sphenoceramus) sp. ex gr. pachtilcardissoides
PI. 2, Fig. 7; PI. 4, Figs 6-7
Material. - MGUH 20580 from the marl of the Bavn
odde Greensand Formation at Jydegard; and MGUH
20578-20579, GM 1984.1796, and GM 1984.1834 from
the marl of the Bavnodde Greensand Formation at
Risenholm.
Discussion. - These specimens are poorly preserved or
forms transitional between pachti and cardissoides.
They are therefore referred to /. (S.) sp ex gr. pachti/
cardissoides. I. (S.) angustus Beyenburg of Christensen
(1985) (PI. 4, Fig. 7) is here assigned to I. (S.) sp. ex gr.
pachti/cardissoides.
Inoceramus (Sphenoceramus) cf. guerichi Heinz, 1928
Fig. 32
compare:
1928b Inoceramus giirichi Heinz, p. 75, PI. 2: 1
Material. - MGUH 20574 from the uppermost Arnager
Limestone exposed east of Horsemyre Odde.
Discussion. - The specimen is incomplete as the wing,
great parts of the umbo, and parts of the anterior,
posterior and ventral margins are missing. Moreover, it
is deformed by compaction. The shape is rounded,
elongated trigonal. The anterior margin is almost
straight. Parts of the umbo are placed above the ante-

33

Fig. 32. Inoceramus (Sphenoceramus) cf. guerichi Heinz
from the uppermost Arnager Limestone east of Horsemyre
Odde. MGUH 20574. The arrow points towards the two radial
ribs. Scale bar is 10 mm.

Fig. 33. Ontogeny o f Na/Ha, Vo/Ha, and WA of the holotype
of Inoceramus (Sphenoceramus?) bornholmensis n. sp. from
the Bavnodde Greensand Formation at Jydegard. MGUH
20581.

rior margin. A radial depression is present. The sculp
ture consists mainly of concentric ribs, and the distance
between the ribs is as follows: 7.5 mm, 15.2 mm, 31.8
mm, 16.5 mm, 18.2 mm. Hg (incomplete) is 93 mm, Lg
(incomplete) is 58.2 mm, and Ww is greater than 108°.
According to Heinz (1928b) this species belongs to the
I. (S.) pachti group, and it differs from I. pachti by a
special kind of growth lines (Anwachsmarken sensu
Heinz 1928c) and by having short radial ribs which do
not cross the concentric ribs. The shape of the Born
holm specimen is similar to the holotype, which came
from Liineburg. According to Heinz (1928b) the short
radial ribs start 50 mm from the beak in the holotype.
The Bornholm specimen has only two weakly devel
oped radial ribs. The distances between the growth
lines (1.2-5 mm) are smaller in the Bornholm specimen
than in the holotype.

Etymology. - The species is named after the island of
Bornholm in the Baltic Sea.

Distribution. - The stratigraphical range of I. (S.)
guerichi is poorly known, because it is very rare. The
holotype came from the Middle Coniacian, Zone of I.
involutus, of Liineburg (Heinz 1928b), and Ivannikov
(1979) reported the species from the same level of the
Donets Basin. On Bornholm it occurs together with I.
cf. lusatiae in the top part of the Arnager Limestone
Formation east of Horsemyre Odde, which is consid
ered to be Lower Coniacian.

Inoceramus (Sphenoceramus?) bornholmensis n. sp.
PI. 4, Figs 3^1; Fig. 33.
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Holotype. - The specimen figured on PI. 4, Fig. 3 is the
holotype. It came from the basal marly part of the
Bavnodde Greensand Formation at Jydegard. It is
housed in the Collections of the Geological Museum,
Copenhagen, filed as MGUH 20581.
Material. - MGUH 20582 and GM 1984.1833-1934
from the Bavnodde Greensand Formation at Risenholm; and MGUH 20581, GM 1984.1784 and GM
1990.76.1-2 from the Bavnodde Greensand Formation
at Jydegard. Moreover, one specimen from the vicinity
of Gardelegen, situated c. 50 km NNW of Magdeburg
in Germany, has also been studied. This specimen is
housed in the Collections of the Mining Academy of
Freiberg,
Description of the holotype. - The internal mould of
the right valve is slightly deformed by compaction. It is
medium-sized and elongated trigonal (Sphenoceramuslike). The narrow, sharply rounded umbo is slightly
bent towards the anterior margin. The wing and hinge
line are imcomplete. The wing is separated from the
umbonal region. The anterior margin in the umbonal
region dips steeply. A radial depression is only slightly
developed. Concentric ribs and radial ribs are missing.
The specimens are therefore tentatively referred to the
subgenus Sphenoceramus. The sculpture consists only
of growth lines following the shape of the internal

mould. The distance between the growth lines varies
from 0.5-1.4 mm. Since the internal mould is incom
plete the length and height cannot be measured. The
ontogenetic change of the Vo/Ha ratio, Na/Ha ratio,
and WA is shown in Fig. 33. The ontogenetic change of
the Vo/Ha ratio in /. (S. ?) bornholmensis and I. (S.).
cardissoides is similar.
Affinity. - The holotype is closely comparable to I. (S.)
lingua Goldfuss and I. (S.) cf. lingua as figured by Seitz
(1965, Plate 18, Figs 3-4). Species of the I. lingua group
from the Upper Santonian and Lower Campanian,
however, differ from /. (S.?) bornholmensis by having
greater distance between the growth lines.

Distribution. - I. (5.?) bornholmensis n. sp. occurs in
the Bavnodde Greensand Formation at Risenholm and
Jydegard on the island of Bornholm. Moreover, it oc
curs also in the marls close to Gardelegen in Germany,
where it is found together with Inoceramus (Magadiceramus) subquadratus Schluter from the uppermost Up
per Coniacian. At Risenholm the species occurs to
gether with /. (S.) subcardissoides, I. (S.) cardissoides,
/. (S.) sp. ex gr. pachtilcardissoides and incomplete,
poorly preserved inoceramids possibly belonging to the
/. (M.) subquadratus group (see Plate 4, Fig. 5). At
Jydegard it occurs together with I. (S.) sp. ex gr. pachtil
cardissoides. I. (S.?) bornholmensis n. sp. is thus from
the uppermost Coniacian and basal Santonian.
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Plate 1

Fig. 1. Inoceramus crippsi Mantell subsp. indet. from the
Arnager Greensand east of Arnager. MGUH 20545.
Fig. 2. Inoceramus crippsi Mantell subsp. indet. from the
Arnager Greensand east of Arnager. MGUH 20546.
Fig. 3. Inoceramus crippsi Mantell subsp. indet. from the
Arnager Greensand at Stampe A. MGUH 20549. a: rede
posited phosphatized internal mould, b: umbonal region.
Fig. 4. Inoceramus crippsi Mantell subsp. indet. from the
Arnager Greensand east of Arnager. MGUH 20547. This
specimen has an elongated shape and is transitional to I.
crippsi hoppenstedtensis Troger.
Fig. 5. Inoceramus crippsi hoppenstedtensis Troger from the
Arnager Greensand at Arnager. MGUH 20550.
Fig. 6. Inoceramus crippsi hoppenstedtensis Troger from the
Arnager Greensand at Madsegrav. MGUH 20551.
Fig. 7. Inoceramus schoendorfi Heinz from the Arnager
Greensand east of Arnager. MGUH 20552.
Fig. 8. Inoceramus schoendorfi Heinz from the Arnager
Greensand east of Arnager. MGUH 20553. a: internal
mould, b: diameter of the hinge line below the umbo; c:
cross-section of the rib.
Fig. 9. Inoceramus schoendorfi Heinz from the Arnager
Greensand at Stampe A. MGUH 20554. a: internal mould,
b: hinge line with ligamental pits.
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Fig. 10. Inoceramus schoendorfi Heinz from the Arnager
Greensand at Stampe A. MGUH 20555.
Fig. 11. Inoceramus schoendorfi Heinz from the Arnager
Greensand at Stampe A. MGUH 20556. a: internal mould,
b: shape of the ribs.
Fig. 12. Inoceramus cf. wandereri Andert from the Arnager
Limestone at Arnager, 2-3 m above the base. MGUH
20566.
Fig. 13. Inoceramus (Mytiloides) cf. incertus Jimbo from the
Arnager Limestone at Arnager. MGUH 20567.
Fig. 14. Inoceramus sp. ex gr. waltersdorfensis Andert from
the Arnager Limestone at Arnager. MGUH 20558. a: spec
imen deformed by sediment compaction, b: cross-section
of a growth line.
Fig. 15. Inoceramus sp. ex gr. waltersdorfensis Andert from
the Arnager Limestone at Arnager. MGUH 20559. The
specimen is highly deformed due to sediment compaction.
Fig. 16. Inoceramus cf. renngarteni Bodilevsky & Schulgina
from the Arnager Limestone at Arnager. MGUH 20562.
Fig. 17. Inoceramus (Heroceramus) cf. hercules Heinz from
the Arnager Limestone at Arnager, 2-3 m above the base.
MGUH 20584.
Scale bars are 10 mm.
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Plate 2

Fig. 1. Inoceramus (Cremnoceramus) schloenbachi Bohm
from the Arnager Limestone Formation at Muleby, loc. 1
of Ravn (1946). MGUH 20569. The specimen is deformed
by compaction.
Fig. 2. Inoceramus (Volviceramus) koeneni Muller from the
Arnager Limestone Formation at Stampe A. MGUH
20570. a: fragment of right valve, b: cross-section of growth
line. This specimen is labelled “greensand at Stampen” .
Fig. 3. Inoceramus ( Volviceramus) koeneni Muller from the
Arnager Limestone Formation at Stampe A, loc. 5 in Fig.
6. MGUH 20571. a: hinge line with ligamental pits, b:
internal mould of a left valve deformed by compaction.
Fig. 4. Inoceramus (Sphenoceramus) subcardissoides Schliiter
from the Bavnodde Greensand Formation at Risenholm.
MMH 5440. This specimen was figured by Ravn (1946, PI.
1, Fig. 10).
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Fig. 5. Inoceramus (Sphenoceramus) pachti cf. pachti Arkhangelsky from the Bavnodde Greensand west of Bavn
odde, between beds 5 and 6. MGUH 20575. This specimen
has weak radial ribs.
Fig. 6. Inoceramus (Sphenoceramus) pachti Arkhangelsky
subsp. indet. from the Bavnodde Greensand at Forchhammers Cliff. MGUH 20576. a: anterior margin, b: in
complete internal mould.
Fig. 7. Inoceramus (Sphenoceramus) sp. ex gr. pachti/cardissoides from the Bavnodde Greensand Formation at Ris
enholm. MGUH 20578.
Fig. 8. Inoceramus (Sphenoceramus) cardissoides Goldfuss
from the Bavnodde Greensand Formation at Risenholm.
MGUH 20577.
Scale bars are 10 mm.
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Plate 3

Fig. 1. Inoceramus crippsi Mantell subsp. indet. from the
Arnager Greensand at Madsegrav. MGUH 20548. Speci
men with an endocostean scar.
Fig. 2. Inoceramus striatoconcentricus Gumbel subsp. indet.
from the Arnager Limestone at Arnager. MGUH 20557.
Height of specimen is 41.1 mm.
Fig. 3. Inoceramus cf. rotundatus Fiege from the Arnager
Limestone at Arnager. MGUH 20565.
Fig. 4. Inoceramus (Heroceramus) cf. hercules Heinz from
the Arnager Limestone at Arnager. MGUH 20568.
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Fig. 5. Inoceramus waltersdorfensis cf. hannovrensis Heinz
from the Arnager Limestone at Arnager. MGUH 20560.
Fig. 6. Inoceramus lusatiae Andert from the Arnager Lime
stone at Arnager. MGUH 20563.
Fig. 7. Inoceramus ( Volviceramus) koeneni Muller from the
Arnager Limestone Formation at Stampe A. MGUH
20572. This specimen is labelled “greensand at Stampen.”
Scale bars are 10 mm.
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Plate 4

Fig. I. Inoceramus cf. annulatus Goldfuss from the Arnager Limestone at Arnager. MGUH 20561.
Fig. 2. Inoceramus ( Volviceramus) alievimussensis Ivannikov from the Arnager Limestone Formation at Stampe A. MGUH
20573. The specimen is labelled “greensand at Stampen” .
Fig. 3. Inoceramus (Sphenoceramusl) bornholmensis n. sp. from the Bavnodde Greensand Formation at Jydegard. MGUH
20581. Holotype. Height of specimen is 50 mm.
Fig. 4. Inoceramus (Sphenocerantusl) bornholmensis n. sp. from the Bavnodde Greensand Formation at Risenholm. MGUH
20582.
Fig. 5. Inoceramus sp. from the Bavnodde Greensand Formation at Risenholm. MGUH 20583. The shape of the ribs is similar
to Inoceramus (Magadiceramus).
Fig. 6. Inoceramus (Sphenoceramus) sp. ex gr. pachtilcardissoides from the Bavnodde Greensand Formation at Risenholm.
MGUH 20579. This specimen has indications of radial ribs.
Fig. 7. Inoceramus (Sphenoceramus) sp. ex gr. pachtilcardissoides from the Bavnodde Greensand Formation at Jydegard.
MGUH 20580.
Scale bars are 10 mm.
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