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Abstract

Twelve taxa of Inoceramidae are described from the 
Late Campanian through Early Maastrichtian of the 
Gschliefgraben (Ultrahelvetic, Upper Austria): Cata- 
ceramus balticus balticus (Böhm), Cataceramus 
balticus ellipticus (Giers), Cataceramus balticus aff. 
haldemensis (G iers), Cataceramus balticus (Böhm) 
subsp. indet., Endocostea impressa (d’Orbigny), In- 
oceramus regularis d’Orbigny, Inoceramus cf. bori- 
lensis JolkiCev, Inoceramus aff. bererensis Sornay, 
Inoceramus sagensis Owen, Cordiceramus ? aff. 
heberti (Fallot), Cremnoceramus aff. inconstans 
Woods and Cremnoceramus sarumensis (Woods sensu 
Sornay 1982). The material is from a permanently ac­
tive mudflow area. The sequence was compiled by 
Kennedy & Summesberger (1984) after Prey (1983). 
The diverse fauna indicates a Late Campanian through 
(?) Early Maastrichtian age.

Zusammenfassung

Zwölf Taxa Inoceramidae werden aus dem Ober- 
campan bis (?) tiefsten Untermaastricht des Gschlief- 
grabens (Ultrahelvetikum; Oberösterreich ) beschrie­
ben: Cataceramus balticus balticus (Böhm), Catacera­
mus balticus ellipticus (Giers), Cataceramus balticus 
aff. haldemensis (Giers), Cataceramus balticus (Böhm)
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subsp. indet., Endocostea impressa (d’O rbigny), 
Inoceramus regularis d’Orbigny, Inoceramus cf. bori- 
lensis JolkiCev, Inoceramus aff. bererensis Sornay, 
Inoceramus sagensis Owen, Cordiceramus ? aff. 
heberti (Fallot), Cremnoceramus aff. inconstans 
Woods und Cremnoceramus sarumensis (Woods sensu 
Sornay 1982). Das Material stammt aus einem dauernd 
aktiven Murenstrom. Die kompilierte lithostratigraphi­
sche Abfolge (Kennedy & Summesberger, 1984) beruht 
daher vor allem auf der Interpretation des Fossilinhaltes 
(Prey 1983).

Figure 1: Sketchmap of the Gschliefgraben area.

Introduction

The only inoceramid taxon mentioned in the previous 
literature (Prey 1983) from the Gschliefgraben is In­
oceramus salisburgensis. We cannot confirm this iden­
tification. /. salisburgensis Fugger & Kastner is not 
present in Prey’s field collection, which is stored in 
the collections of the Museum of Natural History in 
Vienna. A second collection of Inoceramidae was do­
nated (1976) to the NHMW by Prof. Norbert Vavra 
(PIUW). The bulk of the fauna was collected by the 
authors. The description given below is a contribution
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to an integrated documentation of the fossil content of 
the Late Campanian of the Gschliefgraben. Most of 
the contributions are presented in this volume.

Abbreviations
NHMW Naturhistorisches Museum Wien
GIBF Geologisches Institut Bergakademie Freiberg

(Technische Universität)/Sachsen 
ISNB Institut Royal des Sciences Naturelles de Belgique 
MNHNP Muséum National d'Histoire Naturelle, Paris 
SK Skoumal private collection, Vienna
GSLT Geological Survey of Libya, Tripoli
USNM United States National Museum Washington 
PIUW Paläontologisches Institut Universität Wien

Systematic Palaeontology

Class Bivalvia
Supraorder Pteriomorphia Beurlen 1944 

Order Pteroidea Newell 1965 
Family Inoceramidae Giebel 1852

Genus Cataceramus Heinz 1932

T y p e  s p e c i e s  Inoceramus goldfussianus 
d’Orbigny (= Inoceramus balticus Böhm, 1907) by 
original designation of Cox, 1969: N 315.

tion. The H/L- and Vo/L-ratios are similiar to those of 
the holotype and specimen IG 6312 (MNHNP). 
Geographic distribution: Widespread; E-, W- and S- 
Europe, Asia, N- and S-America (Brasil).

H / L ( % )

Vo / L ( % )

1 = NHMW/1979/ 2076/ 37
2 = NHMW/1979/ 2076/ 46
3 =GIBF /1994 / 4a
4 = type of Inoceramus balticus J.BÖHM (SCHROEDER

& BÖHM 1909.pl.12, figs. 1,1a)
5 = collection SORNAY (no. IG. 6312 )

Cataceramus balticus balticus (Böhm)
( PI. 4, Figs. 1, 2; Text-fig. 2)

S y n o n y m y :
1907 Inoceramus balticus J. Böhm: 113.
1909 Inoceramus balticus J. Böhm; J. Böhm: 47; pi. 11, 

fig. 1.
1964 Inoceramus balticus balticus J. Böhm; Giers: 238- 

239; pl.l, figs. 2^1.
1967 Inoceramus (Endocostea) balticus J. Böhm; Seitz: 

67-72; pi. 6, figs. 1,2; pi. 8, figs. 1,2; pi. 10, fig. 1; 
pi. 12, figs. 1, 2.

1993 Endocostea baltica baltica (J. Böhm, 1907); 
Dhondt: 221, pi. 4, fig. 3.

1997 Cataceramus balticus (Böhm, 1907); Walaszczyk: 
18; pi. 12, figs. 1-5 (with additional synonymy).

M a t e r i a l :  Internal moulds of two right valves 
(NHMW 1979/2076/46, NHMW 1979/2076/37) and 
one left valve (GIBF 1994/4a).
P r e s e r v a t i o n  Incomplete. Portions of the 
wings, the anterior auricles and the ventral margins are 
missing. NHMW 1979/2076/46 is completely flattened 
by compaction.
D e s c r i p t i o n :  Valve medium-sized, elongated 
subquadrate. Thick beak projecting to the hinge line. 
The umbonal pole is slightly turned to the anterior 
margin. Anterior margin at the beak concave. Genicu- 
lations with a change in the distances between the un­
dulations (ribs) were observed at H = 10.5 mm (NHMW 
1979/2076/37) and H =75.5 mm (NHMW 1979/2076/ 
46). Total angles: 93-105° (Giers 1964, 238: 98°). The 
undulations are toprounded to sharp due to compac­

Figure 2: Diagram showing H/L and Vo/L ratios of Catacera­
mus balticus balticus (J. Böhm).

Distance from UP 1 2
10-30 mm - -

30-50 mm 4.73 mm 6.0 mm
50-70 mm - 1.1 mm

Table 1. Average undulation intervals (DU) in different dis­
tances from the umbilical pole (UP); 1 = NHMW 1979/2076/ 
37, 2 = NHMW 1979/2076/46, 3 = IG 6312 (MNHNP).

Stratigraphic distribution: After Giers (1964, table 1) 
Cataceramus balticus balticus is a long ranging sub­
species appearing in the uppermost Santonian and rang­
ing through the Early Campanian, disappearing in the 
Late Campanian Polyplocum Zone. According to Tro- 
ger (1989; Text-fig. 5) it occurs in Inoceramid-zones 
29-32.

Cataceramus balticus ellipticus (Giers) 
(Text-figs. 3, 4)

1964 Inoceramus balticus ellipticus Giers: 244-245; pi. 2 , 
figs. 3, 4

1993 Endocostea baltica elliptica (Giers, 1964); Dhondt: 
223, pi. 6, fig. 1; text-fig. 6

1997 Inoceramus ellipticus Giers, 1964; Walaszczyk: 39; 
pi. 23, figs. 1-7; pi. 24, figs. 1-5; pi. 25, figs. 1, 4.

M a t e r i a l :  Two internal moulds of right valves 
without shell (NHMW 1979/2076/34, NHMW 1979/ 
z/160/5); additional fragments from the Gschliefgra­
ben.
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P r e s e r v a t i o n :  Incomplete. Portions of the wings 
(posterior auricle) and the ventral margins are absent. 
Flattened by compaction, with radial cracks. 
D e s c r i p t i o n  Valve small to medium-sized, 
shape elongated oval. Small beak slightly turned to the 
anterior margin and separated from the wing. Anterior 
auricles are missing. Total angles: 102°, 105°. Angle of

NHMW 1979/2076/34 NHMW 1997/z/160/5
Distance 
from UP

H/L Vo/L S/L H/L Vo/L

10-30 mm 54.6 39.6 48.0 68.0 50.0

Table 2. Average H/L-, Vo/L - and S/L - ratios of Cataceramus 
balticus ellipticus (G iers) from the Gschliefgraben.

Figure 3:
Cataceramus balticus 
ellipticus (G iers); 
NHMW 1979/2076/ 
34; Gschliefgraben 
near Gmunden; x 1.

H / L ( % ) 
80 -

7 0 -

6 0 -

50-

NHMW /1979/ z /160 / 5

NHMW /1979/2076/34

1 I I |--------1-------- 1----H(mm>
10 20 30 40 50 60

H ( mm )

S / L ( % )
60 —|

5 0 -

40- NHMW /1979/2076/34

30 -  I

I | | | | T ” H( mm)
10 20 30 40 50 60

H/L , Vo/L and S/L at Cataceramus balticus ellipticus (GIERS)

Figure 4: Diagram showing H/L-, Vo/L- and S/L- ratios at 
Cataceramus balticus ellipticus (Giers).

inclination (growth axis): 25-30°. Geniculations were 
observed at H=21 mm (NHMW 1979/2076/34) and 
H=20.2 mm (NHMW 1997/z/160/5). At the genicula­
tions there is a sudden change in the intervals of the 
undulations (ribs). Distance between the undulations 
on the umbonal region (10-30 mm from UP): 2-4 mm. 
D i s c u s s i o n  W alaszczyk (1997:40) quoted 
Dhondt’s Endocostea baltica elliptica (Giers) with 
some doubt concerning the ornament.
Geographic distribution: W- Europe, Miinsterland 
(Giers 1964), France (Hancock et al. 1993). 
Stratigraphic distribution: According to Giers (1964: 
244) Cataceramus balticus ellipticus (Giers) occurs in

the Vorhelmer Schichten, representing the upper part 
of the early Late Campanian. After W alaszczyk (1997) 
it appears in the zone of Cataceramus balticus becku- 
mensis (Giers), which is earliest Late Campanian in 
age.

Cataceramus balticus aff. haldemensis (Giers) 
(PI. 3, Fig. 4; Text-fig. 5)

Co mp a r e :
1932 Cataceramus haldemensis Heinz (nomen nudum): 15

* 1964 Inoceramus balticus haldemensis Giers: 243-244;
pi. 2, fig. 2

1967 Inoceramus (Endocostea) balticus haldemensis Giers ; 
Seitz: 75; pi. 2, fig. 2.

* 1982 Inoceramus balticus haldemensis G iers; Trôger &
Rôhlich: 101-111; 9 figs., 1 pi.

* 1992 Inoceramus balticus haldemensis Giers; Trôger &
Rôhlich: 1363-1365; text-figs. 4-7; pi. 1, figs. 1-8. 

1997 Inoceramus haldemensis Giers; W alaszczyk: p. 40; 
pi. 30, figs. 1, ?3, 5.

M a t e r i a l :  Five internal moulds: 2 right valves 
(GIBF 1995/1, NHMW 1997/160/4), 2 left valves 
(GIBF 1995/2, GIBF 1995/6), 1 bivalved (SK/B/GG/ 
1997/4).
D e s c r i p t i o n  Medium-sized, equivalve, inequi­
lateral. Shape axe-like (SK/B/GG/1997/4, GIBF 1995 
/l). The other specimens are higher (H/L-ratio > 100, 
see text- fig 5). Beak in terminal position. Umbonal re­
gion slightly prosogyrate and thrusted over the hinge 
line. Anterior auricle is missing. Anterior margin con­
vex. Undulations (concentric ribs) toprounded. The 
undulations are turned to the beak on the wing. Undu­
lations sometimes bifurcated. Geniculations were ob­
served in different growth stages.Total angles between 
110-150°.
R e m a r k s  The H/L- and Vo/L- ratios (text-fig. 3) 
are comparable with those of a specimen from the Late 
Campanian of Libya (GSLT/1385-III-C-5/5).

Distance 
from UP

1 2 3 4

10-30 mm 3.48 mm 3.12 mm - 3.0 mm
30-50 mm 5.00 mm 10.00 mm - 3.53 mm
50-70 mm 11.00 mm - - -

Table 3. Average undulation intervals (DU) in different 
distances from the umbonal pole (UP). 1 GIBF 1995/4, 2 SK/ 
B/GG/1997/4, 3 GIBF 1995/1,4 GIBF 1995/6

Geographical distribution: W- and E-Europe, N-Af- 
rica.
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H / L ( % )

7 0 -

--------1-------- 1 i i i r10 20 30 40 50 60

1 =N H M W /1997/4
2 = GIBF /1995/1
3 = GIBF /1995/ 2
4 = GIBF /1 995/ 6
5 = SK/ B / GG /1997 / 4

Variability oi H / L at Cataceramus ballicus haldemensis (GIERS) 
from the Upper Campanian of Libya.

1385-III-C-5/5 =Cataceramus ballicus cf. haldemensis (GIERS) 
from the Upper Campanian of Libya (GIBF).

Variability of H / L and Vo / L at Cataceramus balticus aff. 
haldemensis (GIERS) from the Gschliefgraben

Figure 5: Diagram showing H/L and VO/L -ratios at Catace­
ramus balticus aff. haldemensis (G iers).

Stratigraphic distribution: After Giers (1994: 243 ) /. 
balticus haldemensis appears in the „Obere Vorhelmer 
Schichten“, representing the Vari Zone of the Late 
Campanian, and extends into the Polyplocum Zone. 
After Walaszczyk (1997) it occurs in the Late Cam­
panian C. haldemensis Zone, which is more or less 
identical with the Polyplocum Zone of the traditional 
Campanian zonation.

Cataceram us balticus (Böhm) subsp. indet.
(PI. 3, Fig. 2; PI. 4, fig. 3; Text-fig. 6)

M a t e r i a l :  Internal moulds of four right valves 
(NHMW 1979/2076/24, SK/B/GG/ 1997/1, GIBF 
1995/7, NHMW 1979/2077/5), two left valves (SK/B/ 
GG/1997/2, NHMW 1979/2077/5) and one bivalved 
specimen (NHMW 1997/2076/28) from the Gschlief­
graben.
Preservation: The bivalved specimen is completely flat­
tened by compaction. The other specimens are slightly 
deformed, showing radial cracks.
D e s c r i p t i o n :  Shell medium-sized, equivalve, in­
equilateral. Shape elongated oval. Beak distinctly sep­
arated from the wing, erected. Umbonal pole slightly 
prosogyrate. Anterior margin convex. Total angle: 120- 
125 °. Undulations (concentric ribs) staircase shaped 
to toprounded. Growth lines and undulations are bent 
to the umbonal pole on the wing. Anterior auricle is

1 = NHMW / 1979/2077/5
2 = NHMW / 1979/2076/24
3 = NHMW/ 1979/2076/28
4 = GIBF/ 1995/7
5 = S K /B /G G / 1997/1
6 = S K /B /G G / 1997/2

Variability of H / L at Cataceramus balticus (BÖHM) from the 
Lower Campanian of the Subhercynian Cretaceous Basin 

___________ ___________ (TROGER. 1967)

Variability of H / L and Vo / L at Cataceramus balticus (BÖHM) 
subsp. indet. from the Gschliefgraben

Figure 6: Diagram showing H/L- and Vo/L- ratios of Cata­
ceramus balticus (J. Böhm) al from the Gschliefgraben.

Distance 
from UP

1 2 3

10-30 mm - 2.53 mm 6.00 mm
30-50 mm 9.25 mm - -

50-70 mm 11.40 mm - -

Table 4. Average undulation intervals (DU) of C. balticus subsp. 
indet. at different distances from the umbonal pole (UP) from
Gschliefgraben specimens: 1 = NHMW 1979/2076/24, 2 =
NHMW 1979/2076/28, 3 = GIBF 1995/7.

Distance 
from UP

1 2 3

10-30 mm 4.87 mm 2.76 mm -

30-50 mm 5.00 mm 5.70 mm 5.10 mm
50-70 mm - - -

Table 5. Average undulation intervals (DU) of C. balticus 
subsp. indet. at different distances from the umbonal pole (UP) 
from Wentneralm I locality in Gams (Summesberger et al. 1999): 
1= NHMW 1997/z /158/1, 2 = NHMW 1997/z/158/3, 
3 = NHMW 1997/z/158/8.

missing. Geniculations were observed in: GIBF 1995/ 
7, SK/B/GG/1997/2 and NHMW 1979/2076/24. 
NHMW 1979/2076/28 agrees with the specimens from 
Gams concerning the undulation intervals. The inter­
vals are greater in the other Gschliefgraben specimens. 
R e m a r k s  Concerning the shape and the H/L- ra­
tios there are distinct differences between C. balticus 
subsp. indet. and C. balticus balticus (J. Bohm) includ­
ing C. balticus haldemensis (Giers) (Text-figs. 2, 5).
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The shape, development of the umbonal region and 
the total angle of C. balticus marcki (G iers) are com­
parable. In contrast to Cataceramus balticus (J. B ohm) 
subsp. indet. in Cataceramus balticus marcki (G iers) 
the H/L-ratio strongly increases (170-180 %). 
Stratigraphic distribution: Cataceramus balticus ssp. 
is a long-ranging species:
C a ta c e r a m u s  b a l t i c u s  m a rc k i  (G iers) occurs from lat­
est Santonian to the earliest Late Campanian Polyplo- 
cum Zone.

Genus Endocostea W hitfield 1880

T y p e  s p e c i e s  Inoceramus (Endocostea) typ- 
icus W hitfield.

H / L ( % )
100 - i

Endocostea impressa (d ’O rbigny)
(PI. 2, Figs. 1, 3, 5, 6; Text-figs. 7 a, b; 8)

1845 Inoceramus impressus d ’Orbigny: 515; pi. 409.
* 1957 Inoceramus impressus d ’Orbigny; Sornay: figs. 4, 5.

According to Sornay (1957) the lectotype of Endoco­
stea impressa (d’Orbigny) is no. 7592 Ain d’Orbigny’s 
collection (S ornay, 1957, fig. 4).

M a t e r i a l  Three specimens from the Gschliefgra- 
ben are available to us: One bivalved (NHMW 1979/ 
2076/25/1,2), one right (SK/B/GG/1997/3) and one left 
valve (NHMW 1979/ 2076/30). Two internal moulds 
of right valves (NHMW 1997z 158/0009, 0011) from

umbonal region; 
NHMW 1979/2076/25/2; x 1.

7b: Endocostea impressa (d’Orbigny) with radial cracks caused 
by compaction; SK/B/GG/1997/3, both from Gschliefgraben; 
x 1.

--------1-------- [------- 1--------1 | 1 H ( mm )
10 20 30 40 50 60

1= Lectotypus
2= Coll. D 'ORBIGNY-1966 
3= S K /B /G G /1 9 9 7 /3  
4= NHMW /1979/2076/25  
5= NHMW/ 1979/2076/30

Variability of H / L , Vo / L and S / L at Endocostea impressa 
( D'ORBIGNY ) from the Gschliefgraben (no. 3-5).

Figure 8: Diagram showing H/L- and VO/L- ratios at Endo­
costea impressa (d’O rbigny) from the Gschliefgraben and of 
Endocostea aff. impressa (d ’Orbigny) from Wentneralm, Gams/ 
Steiermark.

the Wentneralm I at Gams (S ummesberger, W agreich, 
Troger & Jagt 1999) are ancestral to the present spe­
cies.
Preservation: All internal moulds are incomplete. Parts 
of the wings and the ventral margins are missing.

Distance 
from UP

1 2 3 4

10-30 mm 3.73 mm 3.16 mm 3.26 mm 3.60 mm
30-50 mm 4.55 mm - 5.87 mm -

50-70 mm 3.61 mm - 5.20 mm -

Table 6. Average undulation intervals (DU) of E. impressa 
from Gschliefgraben at different distances from UP. 1 = NHMW 
1979/2076/25, 2 = NHMW 1979/2076/30, 3 = SK/B/GG/1997/ 
3 ,4  = 7592A (MNHNP, collection d ’Orbigny).

D e s c r i p t i o n :  Medium-sized,inequilateral.Shape 
elongated subquadrate. Beak vaulted, distinctly sepa­
rated from the wing, prosogyrate. Hinge line straight. 
Anterior margin slightly concave at the umbonal re­
gion. Undulations (concentric ribs) following the shape 
outline, toprounded. The undulations are bent to the 
umbonal pole (angle 115-120°).
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The course of the H/L-, Vo/L- and S/L-ratios (Text- 
fig. 8) of specimens from the Gschliefgraben and Gams 
are similar, but they do not agree completely. No. 1966 
from the collection of d ’O rbigny (lectotype) has an 
intermediate position. Total angle: 92-1100 (lectotype: 
102 °).

R e m a r k s :  The specimens from the Gschliefgra­
ben and Wentneralm I (Gams) differ slightly in H/L- 
and Vo/L-ratios (see Text-fig. 8). The specimens from 
the Gschliefgraben agree with no. 1966 in d’Orbigny’s 
collection of Early Maastrichtian age.
Geographic distribution: W- and E- Europe, N-Africa. 
Stratigraphic distribution: Early Late Campanian 
(G iers 1964) to earliest Maastrichtian (S ornay 1957). 
According to W alaszczyk (1997) Late Campanian 
through Early Maastrichtian, (?) Late Maastrichtian.

Genus Inoceramus J. S owerby 1814

T y p e  s p e c i e s  Inoceramus cuvieri Sowerby by 
subsequent designation of Cox (1969: N 315).

Inoceramus regularis d ’Orbigny 
(PI. 2, Fig. 2; Text-fig. 9)

1845 In oceram u s re g u la ris  d ’O rbigny: 517, pi. 410
* 1962 In oceram u s reg u la ris  d ’O rbigny; Sornay: pi. 7, fig.

3
* 1964 In oceram u s reg u la ris  d’Orbigny; Giers: 247-248;

pi. 3, fig. 3
* 1976 In o cera m u s reg u la ris  d’Orbigny; Sornay: 7 -8 ; pi. 2,

fig. 3; pi. 3, figs. 3—4; text-fig. 4.

Following H einz (in sched.) Sornay (1976: 7-8) des­
ignated no. 7594 in d’Orbigny’s collection as lectotype 
(Sornay 1962: pl.l, fig. 3).
M a t e r i a l :  A single internal mould of a right valve 
(NHMW 1979/2076/39) from the Gschliefgraben. 
Preservation: Incomplete. Parts of the wing and the 
anterior margin are missing.
D e s c r i p t i o n :  Medium-sized,inequilateral,shape 
nearly cycloid. Flat with convex anterior margin. 
Prosogyrate. The umbonal pole projects somewhat 
above the straight hinge line. Undulations (concentric 
ribs) toprounded. Average distance between the undu­
lations at 10-30 mm distance from the umbonal pole: 
3.5 mm. Total angle: 120°. Text-fig. 9 shows H/L-, S/ 
L- and Vo/L-ratios.
R e m a r k s :  The present specimen corresponds on 
all features with the lectotype of Inoceramus regularis 
d ’Orbigny.
Geographic distribution: Europe, Madagascar (N oda 
& Kanie 1978 a,b), N-America (Kauffman et al. 1993), 
N-Africa (Troger & Rohlich 1992).
Stratigraphic distribution: Late Senonian after Sornay 
(1962); Late Campanian after N oda & Kanie (1978 a, 
b), early Late Campanian after Giers (1964).

H / L ( % )

NHMW/1979/2076/3940 -
30-

10 20
H ( mm)

50 60

H ( mm)

Inoceramus regularis D'ORBIGNY from the Gschliefgraben.

F ig u re  9 : Diagram showing H/L-, Vo/L- and S/L-ratios at 
In oceram u s reg u la ris  d’O rbigny from the Gschliefgraben.

Distances from UP
NHMW 1979/2077/3

10-30 mm -

30-50 mm 3.5 mm
50-70 mm 5.0 mm
over 70 mm 11.5 mm

Tab le 7. Average undulation intervals of In oceram u s  cf. b o ri-  
len sis  JolkiCev (NHMW 1979/2077/3) from the Gschlief­
graben.

Distance from UP H/L Vo/L
10-30 mm 44.9 mm 32.7 mm
30-50 mm 66.3 mm 46.75 mm

Tab le 8. Average H/L- and Vo/L- ratios of In o cera m u s  cf. 
b o rilen sis  JolkiCev (NHMW 1979/2077/3) from the Gschlief­
graben.

Inoceramus cf. borilensis JolkiCev 
(Text-figs. 10, 11)

C o m p a r e :
1962 Inoceram us borilen sis  JolkiCev: 1952-1954; pi. 7, figs, 

la , lb
1993 ,J n o cera m u s“ borilen sis JolkiCev; Dhondt: 215; pi. 1, 

f ig .l;  pi. 3, fig. 2a, b; text-fig. 3a, b 
1993 „ In o cera m u s“ cf. b o rilen sis  JolkiCev; D hondt: 216; 

pi. 4, fig. 1; text-fig. 2a, b, c.

M a t e r i a l :  Two internal moulds are at our disposal: 
NHMW 1979/2077/3, a left valve from the Gschlief­
graben and NHMW 1998/96/1 from Tonionboden 
(Steiermark).
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Figure 10: In oceram u s  cf. b o rilen sis  JolkiCev with genicula- 
tion. NHMW1979/2077/3; Gschliefgraben; x 1.

Inoceramus cf. borilensis JOLKlCEV from the Gschliefgraben 
(NHMW/1979/2077 /3)

Figure 11: Diagram showing H/L and Vo/L- ratios at In o ­
ceram u s  cf. b o r ile n s is  JolkiCev.

Preservation: Highly incomplete. Only the beaks are 
preserved in both cases. Shell missing. 
D e s c r i p t i o n :  The umbonal part is strongly erect 
and separated from the wing, slightly deformed by 
compaction. Strongly prosogyrate. In NHMW 1979/ 
2076/3 there is a geniculation, which is associated with 
an increase in the undulation distances.Total angle: 
105°.
R e m a r k s  An exact identification of the specimens 
from Austria is not possible. In both cases the shell is 
missing; this feature is very important for the exami­
nation of Inoceramus borilensis JolkiCev according to 
JolkiCev (1962). The specimens of Austria are compa­
rable with Inoceramus borilensis JolkiCev from 
Houthalen determined by Sornay (1982) and depos­

ited in the collection S ornay under no. 10222 in Brus­
sels (ISNB).
Occurrence: W- Europe (Belgium, France), E- Europe 
(Bulgaria), Gschliefgraben.
Stratigraphic distribution Maastrichtian (holotype -  
Bulgaria). Late Campanian Nostoceras hyatti Zone 
(Tercis/SW France). Early Maastrichtian P achy discus 
epiplectus Zone („Inoceramus " cf. borilensis; Tercis/ 
SW France).

Inoceramus aff. bererensis Sornay 
(PI. 3, Fig. 1; Text-figs. 12-13 )

1975 In oceram u s b ereren sis  Sornay: 11-13; pi. 2, fig. 3; 
pi. 5, fig. 2; plate 6, fig. 1; Text-figs. 5-6 .

M a t e r i a l  Two internal moulds of one left 
(NHMW 1979/2076/44) and one right (SK/B/GG/ 
1997/5) valve.
Preservation: Incomplete.Ventral margins and large 
parts of the wings are missing. SK/B/GG/1997/5 is 
highly deformed by compaction. The umbonal part is 
thrust over the anterior margin.
D e s c r i p t i o n  Medium-sized to tall, shape elon­
gated oval. Umbonal part is distinctly separated from 
the wing. Umbonal pole projecting above the hinge 
line. Hinge line straight to slightly convex. Genicula­
tion at Ha = 98 mm (NHMW 1979/2076/44). At the 
hinge line the undulations are bent to the umbonal pole. 
Total angle: 100°; wing angle: 43°. Undulations flat 
rounded (Anwachsstreifen sensu H einz 1928). The 
growth axis is increasing from 40° to 60°- prosocline. 
Thickness of the shell 0.8-1.5 mm.

Figure 12: Inoceram us aff. bererensis Sornay, SK/B/GG/1997/ 
5 umbonal part thrust over the hinge line (compaction); x 1.

R e m a r k s  Shape more elongated than in Inocera­
mus bererensis S ornay. The Na/Ha-ratio in Inocera­
mus bererensis Sornay is between 80-90 in contrast 
to /. aff. bererensis S ornay (text-fig. 13). Inoceramus 
aff. bererensis Sornay (N oda & Kanie 1978 a; pl.l,
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Vo / Ha (%) 
60 n
50-
40 -I

slHMW/1979/2076/44

\ I \ \ \ \ I \ I i  I I10 20 30 40 50 60 70 60 90 100 110 120
Ha ( mm )

Na / Ha and Vo / Ha at Inoceramus sp. aff. bererensis SORNAY 
from the Gschliefgraben.

F ig u re  13: Diagram showing Na/Ha-, Vo/Ha -ratios and WA 
growth axis at In o cera m u s  aff. b ereren sis  Sornay.

Distance from UP 1 2
10-30 mm - -

30-50 mm 9.25 mm 6.50 mm
50-70 mm 13.00 mm -

Tab le 9. Average undulation intervals (DU) of In oceram us  
aff. b ereren sis  S ornay in different distances from the umbonal 
pole (UP). 1 = NHMW 1979/2076 / 44; 2 = SK/B /GG/1997/5.

fig. 3) is comparable but has an anterior auricle. In 
Inoceramus aff. bererensis Sornay (Tröger & Röhlich 
1992) the course of the undulations is more cycloid. 
Geographic distribution: Madagascar (Sornay 1975), 
N-Africa (Tröger & Röhlich 1992).
Stratigraphic distribution: Middle Campanian (Sornay 
1975).

S / L ( % ) 
80 -,
70 -  
6 0 -  
5 0 -

I I I I I I H(mm)
10 20 30 40 50 60

1 = NHMW / 1979 / 2076 / 33 (Gschliefgraben)
2 = NHMW / 1979 / 2076 / 26 (Gschliefgraben)
3 = US N.M. 485 (USA)

Variability of H / L , Vo / L and S / L at Inoceramus sagensis OWEN.

F ig u re  14: Diagram showing H/L-, Vo/L- and S/L- ratios at 
In oceram u s sa g e n s is  Owen.

Distance from UP 1 2
10-30 mm 2.52 mm 3.33 mm
30-50 mm 4.20 mm 5.28 mm
50-70 mm - 5.63 mm

Tab le  10. Average undulation intervals (DU) at different 
distances from the umbonal pole (UP) in NHMW 1979/2076/ 
33 (1) and In oceram u s sa g e n s is  var. n e b ra sce n s is  Owen (2 
USNM 485).

Inoceramus sagensis Owen 1852 
(PI. 2, Fig. 4; Text-fig. 14)

1852 In o cera m u s sa g e n s is  Owen: 582 ; pi. 7, fig. 3 
* 1876 In o cera m u s sa g e n s is  Owen var. n eb ra scen s is  Owen- 

Meek: 52; pi. 13, figs. 2a, b.
1959 In o cera m u s sa g e n s is  Owen; D obrov & Pavlova : 155; 

pi. 22, fig. 3; pi. 23, fig. 5.

M a t e r i a l  Three internal moulds (one left = 
NHMW 1979/2076/26; two right ones = NHMW 1979/ 
2076/33, NHMW 1979/2077/2/1 ) from the Gschlief­
graben.
Preservation: Incomplete. Parts of the wing and of the 
ventral margin are missing. Slightly deformed by 
compaction.
D e s c r i p t i o n :  Medium to tall in size, shape elon­
gated subquadratic .The vaulted beak is distinctly sepa­
rated from the wing. Umbonal pole prosogyrate. Total 
angle 120°. Anterior margin distinctly concave. Thick-

ness of shell: 1.5 mm. The interior moulds bear radial 
striae.
R e m a r k s  The changes of the H /L-, Vo/L- and S/ 
L - ratios are shown in text-fig. 14. They are compara­
ble with the corresponding ratios of USNM no. 485 
from the Fort Pierre Group. One part of an umbonal 
region was determined as Inoceramus aff. sagensis 
Owen (NHMW 1979/2077/2, 1).
Geographic distribution: Caucasus, Crimea, N- Ame­
rica (D obrov & Pavlova [in:] M oskvin  1959); 
Gschliefgraben.
Stratigraphic distribution: Late Campanian to Early 
Maastrichtian (D obrov & Pavlova [in:] M oskvin 1959).

Genus Cordiceramus H einz 1932

T y p e  s p e c i e s :  Inoceramus cordiformis J. Sow- 
erby, 1823.
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Cordiceramus ? aff. heberti (Fallot)
(PI. 1, Fig. 2 ; Text-figs. 15, 16)

* 1885 In o cera m u s h e b e rti Fallot: 249; pi. 7, fig. 1 
1968 In oceram u s ( C ord iceram u s) h eberti Fallot - Sornay: 

41; pi. 4, fig. 5.

The lectotype was designated by Sornay (1968:41). 
M a t e r i a l  Internal moulds of two valves (NHMW 
1997/z/160/2 , SK/B/GG/1997/6).
Preservation: Incomplete. Flattened by compaction, 
with radial cracks. The umbonal region of SK/B/GG/6 
is missing.
D e s c r i p t i o n :  Medium to large in size. Shape 
cycloid, flat. Umbo less prominent, not distinctly sepa­
rated from the wing. Total angle: 120°. Undulations 
toprounded, sometimes sharp (compaction). Course of 
the undulations pentagonal subquadratic (e.g. SK/B/ 
GG/1997/6). At the hinge line the undulations are bent 
to the umbonal pole (angle: 110-120°).
Anterior margin slightly concave. Growth axis: 45-58°, 
slightly prosocline. H/L- ratio (text-fig. 15) similiarto 
the lectotype. SK/B/GG/1997/6 bears an Endocostea 
scar (Text-fig. 15).

Distance from UP 1 2
10-30 mm - -

30-50 mm 6.33 mm 5.25 mm
50-70 mm 7.03 mm 8.16 mm
70-90 mm 8.85 mm 9.00 mm

Table 11. Average undulation intervals of NHMW z/160/2 (1) 
in relation to the lectotype of C ord iceram u s h eb erti Fallot 
(2).

R e m a r k s  In Cordiceramus heberti (Fallot) the 
course of the undulations is pentagonal. The undula­
tion distances are greater in the gerontic stages.The 
Gschliefgraben specimens may be compared with the 
Late Campanian Inoceramus aff. heberti Fallot from 
Libya (Troger & Rohlich, 1992).
Geographic distribution: W-Europe / Hautes Alpes), 
Spain (Gallemi et al., 1993), N-Africa (Troger & Roh­
lich, 1992).
Stratigraphic distribution: Late Campanian (S ornay 
1968, T rOger & ROhlich 1992).

Genus Cremnoceramus Cox 1969 (non Heinz 1932)

T y p e  s p e c i e s :  Inoceramus inconstansW oods 
1912
D i s c u s s i o n  The genus Sphaeroceramus was 
established by H einz (1932) without formal descrip­
tion and illustration. According to Heinz the type speci­
men of text-fig. 48 in W oods (1910-1912) should be 
chosen as the genotype, described as Inoceramus in­
constans W oods (unknown locality, Upper Chalk, un­
known horizon). This specimen was renamed Sphaer-

d o c o s t e a  scar- SK/B/GG/ 
1997/6; Gschliefgraben; x 1.

9 0 -
8 0 -
7 0 -

"1 I | |------------1------------1------H(mm>
40 50 60 70 80 90

Vo / L ( % )

1 I I | I | H<mm)
40 50 60 70 80 90

H/L ,Vo/L and S/L at Cordiceramus sp. aff. heberti (FALLOT) 
from the Gschliefgraben in comparision with H/L at the lectotype 
(SORNAY 1980)

Figure 16: Diagram showing H/L-, Vo/L- and S/L-ratios at 
C ord iceram u s  ? aff. h e b e rti (Fallot)

oceramuspilula Heinz, 1932. W alaszczyk (1997) used 
the name Sphaeroceramus. He gave a short descrip­
tion of the genus. The type species according to W ala­
szczyk is Inoceramus subsarumertsis Renngarten 1926 
= Sphaeroceramus pilula Heinz. Species of the genus 
Sphaeroceramus are Sph. sarumensis (W oods) and 
Sph. subsarumensis (Renngarten). According to Cox 
in M oore & Teichert (1969) Sphaeroceramus is a syno­
nym of Cremnoceramus Cox 1969. We follow Cox in 
this paper.
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Cremnoceramus sarumensis (W oods) 
sensu S ornay 1982

(PL 1, Fig. 1, PI. 4, Fig. 4)

L e c t o t y p e :  The original of W oods (1912, pi. 52, 
fig. 2a, b) designated by W alaszczyk (1997), BMNH 
collection B lackmore.

1911 In oceram u s in co sta n s sa ru m en sis  W oods: 293; pi. 52, 
figs. 2, 3

* 1982 In o cera m u s sa ru m en sis  W oods - Sornay : pi. 2, fig. 2 
1997 S p h a ero cera m u s sa ru m en sis  (W oods, 1912); W alas­

zczyk: 31; pi. 1, figs. 1-2, 5; pis. 21-22.

M a t e r i a l  Internal mould of a single left valve 
(NHMW 1997/z/160/1) and a bivalved but incom­
pletely preserved specimen (NHMW 1997/z/160/1). 
Preservation: Incomplete. Parts of the wings and of the 
ventral margins, highly deformed by compression, are 
missing.
D e s c r i p t i o n :  Large, inequilateral. The beaks are 
weakly involute, prosogyrate. Anterior margin concave. 
The undulations are rounded and staircase-shaped.

Distance from UP
H / L Vo/ L DU

10-30 mm 45.9 47.3 2.74 mm

Table 12. Average ratios H/L, Vo/L and average distances (DU) 
of the undulations in C rem n o cera m u s sa ru m en sis  (W oods) 
from the Gschliefgraben. NHMW 1997/z/160/1 at 10-30)mm 
distance from the umbonal pole (UP).

R e m a r k s :  Concerning the involute character of the 
umbonal pole the specimens are completely compara­
ble with Cremnoceramus sarumensis ( W o o d s ) from the 
Campanian of Belgium (charbonnage Zolder/char- 
bonnage Limbourg), described by Sornay (1982). 
Stratigraphic distribution: Early Campanian (W oods 
1911) -  Smectite de Herve (Campanian -  S ornay 
1982). After W alaszczyk (1997) S. sarumensis occurs 
in the Early Campanien and early Late Campanian of 
Germany and does not occur in the higher Late Cam­
panian Polyplocum Zone respectively Haldemensis 
Zone sensu W alaszczyk (1997) of the Vistula valley 
and Westphalia.

Cremnoceramus ? aff. inconstans (W oods)
(PI. 4, Fig. 5)

M a t e r i a l :  A single right valve (NHMW 1979/ 
2077/4) from the Gschliefgraben.
Preservation: Incomplete internal mould with adher­
ent shell and radial cracks, flattened by compaction. 
The ventral margin, large parts of the wing and the 
umbonal pole are missing. The umbonal region is high­
ly crushed.
D e s c i p t i o n :  Medium to tall in size, inequilateral. 
Prominent beak is projecting over the hinge line. Beak 
not distinctly separated from the wing. Anterior mar­
gin convex.

Undulations (concentric ribs) rounded. Growth lines 
cut the undulations at an acute angle (Heinz, 1932 : 23, 
footnote -  Anwachsschnittreifen ). Distance between 
the growth lines 0.5-1.5 mm. Thickness of the shell 
0.8-1 mm.

Distance from UP
DU

10-30 mm 6.5 mm
30-50 mm 12.0 mm
50-70 mm 15.1 mm
70-90 mm 19.5 mm

Table 13. Average undulation intervals (DU) in different 
distances from the umbonal pole (UP); NHMW 1979/2077/4 
from the Gschliefgraben.
Distance from UP

H/L Vo/L
10-30 mm 45.0 mm 45.5 mm
30-50 mm 57.9 mm 44.8 mm
50-70 mm 65.9 mm 57.6 mm

Table 14. Average ratios H/L and Vo/L at 10-70 mm distance 
from the umbonal pole (UP); NHMW 1979/2077/4 from the 
Gschliefgraben.

R e m a r k s :  The shape, the erect beak region and 
the distance between the undulations indicate that the 
specimen is a member of the Cremnoceramus incon­
stans group. The specimen differs from all described 
species by the „Anwachsschnittreifen“.

Conclusion

The diverse Inoceramid fauna indicates Late Campa­
nian through Early Maastrichtian (Tab. 15). This is in 
accordance with nannoplankton ages (CC22b -  CC23c; 
W agreich, 1999, this volume), ammonites (Kennedy 
& S ummesberger, 1999, this volume) and Echinoder- 
mata (Jagt, 1999, this volume). In terms of ammonite 
zones the age is from Phaleratum to Polyplocum Zone. 
The bulk of the Inoceramids seems to be from the Hal­
demensis Zone (= Polyplocum Z.). Early Maastricht­
ian age cannot be excluded by Inoceramids. A com­
plete list of fossils present in the Late Cretaceous 
Gschliefgraben locality is given by Kennedy & S um­
mesberger, 1999 (this volume).
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Plate 1

Fig. 1. Cremnoceramus sarumensis (Woods); NHMW 1997/z / 160/ 1;

Fig. 2. Cordiceramus ? aff. heberti (Fallot); NHMW 1997/z/160/2, completely flattened by compaction, with radial 
cracks

All from Gschliefgraben ; all x 1



Troger, K.-A., Summesberger, H. & S oukal, P., Inoceramidae from the Campanien 55

PLATE 1



56 Beitr. Palaont. 24, Wien 1999

PLATE 2

Fig. 1, 3, 5, 6: Endocostea impressa (d’Orbigny);

Figs. 1,3: NHMW 1979/2076/25/1, left valve; Figs. 5,6: NHMW 2076/25/2; umbonal region of the 
right valve.

Fig. 2: Inoceramus regularis d’Orbigny; NHMW 1979/2076/39.

Fig. 4: Inoceramus sagensis Owen; NHMW 1979/2076/26.

All from Gschliefgraben/Gmunden. Fis. 1-5: x 1; Fig. 6: x 2
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Plate 3

Fig. 1: Inoceramus aff. bererensis Sornay; NHMW 1979/2076/44; internal mould of a left valve with adherent
shell.

Fig. 2: Cataceramus balticus (Böhm) subsp. indet. with Endocostea scar (x); NHMW 1979/2076/24.

Fig. 3, 4: Cataceramus balticus aff. haldemensis (Giers); SK/B/GG/1997/4; straight to the growth axis; deformed by 
compaction.

All from Gschliefgraben. All x 1.
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Plate 4

Fig. 1: Cataceramus balticus balticus (J. Böhm); NHMW 2076/46 ; umbonal region flattened by compaction.

Fig. 2: Cataceramus balticus balticus (J. Böhm) with geniculation in the umbonal region NHMW 1979/2076/37.

Fig. 3 Cataceramus balticus (J. Böhm) subsp.indet.,bivalved specimen completely flattened by compaction -  
NHMW 1979/2076/28.

Fig. 4 Cremnoceramus sarumensis (Woods); umbonal region; NHMW 1997/z/160/l.

Fig. 5: Cremnoceramus ? aff. inconstans Woods; NHMW 1979/2077/ 4.

All from Gschliefgraben, all 1 x.
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