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ABSTRACT:

WALASZCZYK, 1. 2004. Inoceramids and inoceramid biostratigraphy of the Upper Campanian to basal Maastrichtian
of the Middle Vistula River section, central Poland. Acta Geologica Polonica, 54 (1), 95-168. Warszawa.

The revised geological log and the biostratigraphy of the Late Campanian and earliest Maastrichtian succession of
the Middle Vistula River section, central Poland, are presented. The biostratigraphy is based on inoceramid fauna,
basically newly collected. Eight inoceramid zones were distinguished, corresponding, in ammonite/belemnite terms,
to an interval from the upper Bostrychoceras polyplocum Zone up to the traditional Belemnella occidentalis Zone.
From bottom upwards these are zones of: Cataceramus subcompressus, “Inoceramus” tenuilineatus, Sphaeroceramus
pertenuiformis, “Inoceramus” altus, “Inoceramus” inkermanaensis, Trochoceramus costaecus, “Inoceramus” redbirden-
sis, and of Endocostea typica. The inoceramid assemblages allow a precise correlation with critical sections in Europe,
as well as trans-Atlantic correlation to the US Western Interior. The traditional base of the Maastrichtian falls at the
base of the Tiochoceramus costaecus Zone, whereas the “Tercis basal Maastrichtian boundary’ may fall as high as
lower Belemnella sumensis Zone. Based on the correlation to the US Western Interior, a subdivision of the Upper
Campanian into Middle and Upper substages is suggested. The boundary between the Middle and the Upper
Campanian substages may be defined by the base of the “Inoceramus” tenuilineatus Zone, which in ammonite terms,
corresponds to the base of the Didymoceras donezianum Zone (=top of the Bostrychoceras polyplocum Zone).
Thirty one inoceramid species level taxa are described, of which “Inoceramus” smirnovi nom.nov. is a replace-
ment name; 10 species are left in open nomenclature. Inoceramids of the Middle Vistula succession represent a uni-

form fauna characteristic of the whole Euramerican biogeographical region.

Key words: Campanian, Maastrichtian, Middle Vistula section, Central Poland, Inoceramid
taxonomy, Inoceramid stratigraphy, Campanian/Maastrichtian boundary,
Correlation.

INTRODUCTION

The Campanian — Maastrichtian interval of the
Middle Vistula section is an expanded, fossiliferous
succession, with an extremely high stratigraphical
potential. It is well known for its rich ammonite
record, which enabled the establishement of a zonal
scheme for the Upper Campanian (BLASZKIEWICZ

1980). It also provided a rich belemnite fauna
(KoNGIEL 1962). Of importance are also microfaunal
groups, e.g. foraminifers (PERYT 1980, 2000) and nan-
nofossils (GAZDzICKA 1978, BURNETT & al. 1992),
although detailed knowledge of these groups is still
limited to selected intervals of the succession.
Inoceramid faunas, although occurring in abundance
in numerous levels, besides the preliminary data by
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PozAryski (1938), has never been studied in any
detail. Also, with the exception of tegulated inoce-
ramids, they were excluded from the general survey of
the non-cephalopod molluscs from the section
(ABDEL-GAWAD 1986). In the Campanian and
Maastrichtian the group was regarded as charac-
terised by extremely low evoutionary tempo and low
taxonomic diversity. The recent study of inoceramid
fauna from the Campanian and Maastrichtian of the
US Western Interior (KAUFFMAN & al. 1994,
WaLaszczyk & al. 2001) and subsequently from the
Upper Campanian and lowermost Maastrichtian of
the Tercis section in France (WALASzZCZYK, ODIN &
DHonT 2002) showed, however, that this was an incor-
rect view. Inoceramids remained a morphologically
diverse and evolutionarily vigorous group untill the
very end of their history, i.e. untill the mid-
Mastrichtian (exluding tegulated inoceramids which
survived till the end of the stage), keeping their high
stratigraphical potential. Moreover, they also kept
their high dispersal potential, with the appearance of
numerous taxa with wide geographic range. In parts of
the Campanian — Early Maaastrichtian succession
inoceramid-based zonation appeared to be more
refined than other schemes, including the ammonite-
based one, and moreover, it allowed direct correlation
between far distant areas. These new results both in
the US and in Tercis, stimulated me to undertake the
study of the inoceramids from the Vistula section. The
majority of the inoceramid material used herein is
represented by new collections; in the case of older
collections only specimens with a precise location
were used. New collections were combined with a new
fundamental geological study of the Upper
Campanian and of Lower Maastrichtian of the middle
Vistula section, in the context of integrated strati-
graphical research conducted during 2001-2003. The
complete results of these studies will be published
elsewhere.

The advantage of the inoceramid record in the
Vistula section is an opportunity of its direct correlation
with the belemnite scheme (although the latter still
needs further works), enabling the correlation of the
biostratigraphic scheme across the Campanian —
Maastrichtian boundary as recently worked out for the
boundary stratotype section in Tercis with the north
European belemnite standard. Inoceramids also pro-
vide an independent tool for the correlation of the
ammonite zonations between Tercis and Vistula sec-
tions. Also they provide an opportunity to correlate the
succession with the US Western Interior Upper
Campanian and lowermost Maastrichtian ammonite
succession.

FORMER STUDIES

The first modern subdivision of the Campanian
and Maastrichtian of the Vistula section was complet-
ed by PozARrysKI (1938, see also PozARyski 1948). He
introduced an alphabetical scheme, units a to z, in
ascending order for the beds comprising (in present
terminology), the interval from the Coniacian through
the Maastrichtian. The definition of most of the units
was biostratigraphical, although he also included their
lithological characteristics in the diagnoses. The Upper
Campanian and Lower Maastrichtian correspond to
his units k to w (Text-fig. 5). POZARYSKI's (1938)
scheme is a very convenient reference subdivision
referred to by most of subsequent authors.

KoNGIEL (1962) in his monograph on the
Campanian and Maastrichtian belemnites used in gen-
eral POZARYSKI’s subdivision. He introduced, however,
a new subdivision of the Upper Campanian and of the
Upper Maastrichtian. The Upper Campanian he sub-
divided into horizons a, § and y, which were biostrati-
graphical zones, defined by ammonite assemblages; his
zone o corresponds to POZARYSKI’s units k ad I; his
zone [} corresponds to POZARYSKI’s units m, n, o, p, and
r; and his zone y corresponds to POZARYSKI’s units s
and t. KONGIEL (1962) shifted also the position of the
Campanian/Maastrichtian boundary to the base of unit
u instead of the base of unit s as suggested by POZARYs-
KI (1938).

Inevitably, the benchmark paper for the stratigraphy
of the studied succession is BrAszkiewicz’s (1980)
ammonite study. He divided the interval into a sequence
of ammonite and belemnite zones (Text-fig. 5), with
their definitions as follows (from bottom upwards):

The Neancyloceras phaleratum Zone, with its base
defined by the FO of Tiachyscaphites spiniger spiniger
(SCHLUTER), and its top by the FO of Bostrychoceras
polyplocum (ROEMER); the index taxon was noted in
the upper half of the zone. This zone corresponds to
the upper part of POZARYSKI’s unit j and to his unit k.

The Bostrychoceras polyplocum Zone, with its base
defined by the FO of the index taxon and its top
defined by the FO of Menuites portlocki posterior
(BrAszkiEwICz); the index taxon occurs throughout
the zone, with a possible extension to the basal part of
the succeeding zone of Didymoceras donezianum. In
PozARYSKI’s scheme it embraces units m, n, and o.

The Didymoceras donezianum Zone; its base is defined
by the FO of Menuites portlocki posterior and its top by
the FO of Acanthoscaphites prequadrispinosus
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Braszkiewicz [= Jelezkytes nodosus (OWEN)]. The
index taxon first appears higher in the zone and ranges
only through its lower part. It corresponds to
POZARYSKI’s units p and .

Nostoceras pozaryski (=N. hyatti) Zone; its base is
defined by the FO of Acanthoscaphites pre-
quadrispinosus BLASZKIEWICZ (=Jelezkytes nodosus).
The index taxon first appears distinctly higher and
ranges up to approximately the top of the zone.

Belemnella lanceolata lanceolata Zone. The zone, the
basal Maastrichtian belemnite zone in the traditional
boreal European subdivision, was defined as an inter-
val zone, with its base defined by the FO of the index
taxon and its top by the FO of the index taxon of the
successive zone of Belemnella occidentalis. Actually the
zone is also very close to the range zone of the index
taxon, which disappears close to its top.

The base of the Maastrichtian in BEASZKIEWICZ’S
(1980) scheme is located at the base of his Belemnella
lanceolata lanceolata Zone.

GEOLOGICAL SETTING AND CAMPANIAN
- MAASTRICHTIAN SUCCESSION

The Upper Campanian — lowermost Maastrichtian
succession of the middle Vistula section is accessible in
a series of natural and artificial exposures (see chapter
below) between the villages of Dorotka and Ktudzie, in
the western bank of the river, and between J6zefow
and Kamien, on its eastern side (Text-figs 1-3).
Structurally the Cretaceous rocks are arranged in a
homocline dipping gently to NE, with a dip not exceed-
ing 10°. In consequence a fairly simple cartographic
picture appears, with belts of successively younger stra-
ta toward the NE (Text-figs 1-2). The cartographic pic-
ture assembled during the present study corresponds
to a large extent to the Braszkiewicz’s (1980, fig. 1)
interpretation. The difference concerns mostly the
northernmost part of the area, around the town of
Solec.

The basic field work for the present investigation,
aimed at establishing a reliable composite section for
the interval studied, were based primarily on the expo-
sures located in the western bank of the Vistula river
valley; only the huge quarry in Piotrawin and the high
escarpment in Lopoczno were included from among
the exposures available on the eastern side of the river
(Text-figs 1-2). Because of the monotonous facies the
inter-correlation of particular exposures, used to work
out the presented composite section (Text-fig. 3) is

based largely on fossil content; only rarely is refinement
of the correlation by lithological means possible. The
estimation of the total thickness of the succession stud-
ied herein, is taken as a simple product of the geo-
graphical distance perpendicular to the strike and the
tangent of dip angle, based on the assumption of a
more or less uniform dip, what is confirmed by mea-
surements in all of the exposures studied, and the lack
of any significant faults.

The total thickness of the studied succession, start-
ing from the base of the Dorotka section, to the top of
the Dziurkéw section, is estimated for about 130 m.
The succession is composed of the alternation of
‘pure’, white opoka, usually highly fossiliferous, and of
marly opokas, brownish-grey, markedly less fossilifer-
ous. Six intervals distinguished are referred here to as
Dorotka, Piotrawin, and Dziurkéw opoka (the inter-
vals with pure opokas) and Opoka of Wola Pawlowicka
and of Solec (for the two intervals of marly opokas)
(Text-fig. 3).

The Dorotka Opoka, the lowest interval of pure
opoka, starts in the Dorotka section, and continues to
the top of the sections of Ciszyca Gorna, what, in
ammonite terms corresponds to an interval from a
level in the Bostrychoceras polyplocum Zone to the
middle part of the Didymoceras donezianum Zone.

The single locality, representing the B. polyplocum
Zone, is the Dorotka quarry, an abandoned quarry in
the east-facing bank of the Vistula, at the NE edge of
the village of Dorotka. The quarry exposes an 8 meters
thick succession of fossiliferous, thickly bedded opoka.
The inoceramids are mostly single valved specimens,
usually well preserved. They are dominated by
Cataceramus subcompressus (MEEK & HAYDEN, 1860
[=Cataceramus haldemensis (GIERS, 1964)]. Among
other species are Cataceramus? planus (MUNSTER,
1836), Platyceramus rhomboides (SEiTz, 1961), and
Platyceramus cf. pierrensis (WALASZCZYK & al., 2001)
(see Text-fig. 3).

The next section toward the north, that of Ciszyca
Kolonia, is the locality from where the first Menuites
portlocki posteror BraszkIEwicz, 1980 comes from,
indicating already the base of the Didymoceras
donezianum Zone (Braszkiewicz 1980). The epony-
mous taxon is also limited to the lower part of the zone.

The inoceramids from Ciszyca Kolonia are poorly
represented, but they demonstrate well the appearance
of a new assemblage, referred to here as the
“Inoceramus” tenuilineatus assemblage. Besides the
name giving species the assemblage is also represented
by Cataceramus goldfussianus (d’OBRIGNY, 1846),
Cataceramus cf. mortoni (MEEK & HAYDEN, 1876),
Platyceramus cf. pierrensis (Walaszczyk & al., 2001),
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Fig. 1. Geological sketch-map with the Middle-Upper Campanian and Lower Maastrichtian of the Middle Vistula section
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Fig. 2. Detailes of the northern part of the area

“Inoceramus” cf whitfieldi WALASzZCZYK & al., 2001
(Text-fig. 22C), and “Inoceramus” sp. (Text-fig. 22D).

The precise correlation between the Ciszyca
Kolonia and Ciszyca GoOrna sections is unknown.
However, the Ciszyca Gorna section represents a mid-
dle part of Braszkiewicz’s (1980) D. donezianum
Zone; most of the ammonite species characteristic of
this zone come from this locality.

About one km north of Ciszyca Kolonia there are
two quarries in Ciszyca Gorna. The village quarry, north
of the main road in the village, and a private quarry,
located in the small ravine at the northern end of the vil-
lage, expose an about 10 m thick succession of very fos-
siliferous opoka, with wavy bedding (Text-figs 1, 3). The
fauna, dominated by ammonites, mainly baculite and
nostoceratid fragments, bivalves and gastropods, form

numerous acme horizons, with signs of redeposition. In
ammonite terms this interval represents a middle part of
the Braszkiewicz’ (1980) Didymoceras donezianum
Zone. Inoceramids are less common here than in
Dorotka. However, the assemblage is taxonomically
more diverse and distinctive. Cordiceramus cf. heberti
(FaLLoOT, 1885), Cataceramus goldfussianus (D’ORBIGNY,
1847), “Inoceramus” tenuilineatus HALL & MEEK, 1856,
Platyceramus cf. pierrensis (WALASZCZYK, COBBAN &
HARRIES, 2001), “Inoceramus” borilensis JOLKICEV,
1962, and “Inoceramus” sp. A (Text-fig. 45) are recog-
nised in the material studied. The number of specimens
available is too low to allow any inferences about rela-
tive taxonomic abundance.

The succession represented by the sections of
Dorotka, Ciszyca Kolonia and Ciszyca Gdrna, occurs
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in the steep, western escarpment of the Vistula river
valley, and the relative thickness of particular section
and relationships between them are relatively safe to
estimate.

The higher part of the succession, in the area
between Ciszyca Gorna and Pawtowice, is represented
by the lower interval of marly opoka, referred to here
as the Pawlowice Opoka and, according to
Braszkiewicz, (1980) it represents an upper part of his
D. donezianum ammonite Zone. No characteristic
ammonite  assemblage was mentioned by
Braszkiewicz (1980) from this interval. At present
this interval is readily accessible in two small quarries,
in Wola Pawtowska and Zemborzyn (Text-figs 1, 3), but
in spite of intensive search only fragmentarily pre-
served pachydiscids and didymoceratids were found.
Much better represented are the inoceramids, which
dominate the paleontological record here. Belemnites
are very rare. About 6 metres thick uniform succession
is exposed in the Wola Pawlowska section.
Inoceramids, collected in this quarry are dominated by
the very characteristic Sphaeroceramus pertenuiformis
WaLAszczyYK, COBBAN & HARRIES, 2001, huge, mostly
incompletely preserved “Inoceramus” nebrascensis
OWEN, 1852, and fragments of huge platyceramids.
Other forms are: “L” borilensis, C. goldfussianus and
“Inoceramus” sp. A (see Text-fig. 45). These opokas
correspond to unit s and to lowermost part of unit t of
PozARyskI (1939).

The succeeding interval, comprising a series of
exposures from Pawlowice-cemetery up to Raj (Text-
fig. 1), represents the next unit of ‘pure’ opoka, the
Piotrawin Opoka (Text-fig. 3). In ammonites terms it is
the BrAszkiEWICZ’s (1980) N. pozaryski (=Nostoceras
hyatti — see Kennedy & al. 1992) Zone. In POZARYSKI’s
scheme (1939) this part of the succession represents
the middle and upper parts of his unit t. Based on
lithological characteristics and, first of all, on inoce-
ramids, this interval corresponds to the succession as
exposed in the huge Piotrawin quarry, east of the river
(Text-figs 1, 3). The subdivision of the sequence
exposed in the Piotrawin quarry, shown in Text-fig. 3,
refers to the exploitation levels, and does not refer to
the stratigraphical and/or lithological changes in the
succession. By chance, however, the boundary between
the first and second exploitation level corresponds well
to the faunal turnover in inoceramids; it is the bound-
ary between the “Inoceramus” altus and “Inoceramus”
inkermanensis Zones. When correlating with the west-
ern side of the river, the lower level correlates with the
succession as exposed in Pawlowice, whereas the sec-
ond and third levels are equivalents of the succession
as observed in the section in Sadkowice (both

Sadkowice quarry and Sadkowice North) and Raj
(Text-fig. 3). This new correlation demonstrates first
that, in contrast to BEASZKIEWICZ (1980), the Piotrawin
section encompasses almost the whole of his N
pozaryski Zone, and that the thickness of this zone is at
most 35 m, and not 60 m as estimated by BLASZKIEWICZ
(1980).

Braszkiewicz (1980) defined the base of his N.
pozaryski (=N. hyatti) Zone by the first appearance of
his new species Acanthoscaphites prequadrispinosus
[younger synonym of Jeletzkytes nodosus (OWEN) see
KENNEDY & al. 1992], with the index taxon suggested
to appear considerably higher than the base of the
zone. In the Piotrawin section, the lowest specimen of
N. hyatti (STEPHENSON) was found about 3 m above the
base of the section (M. MACHALSKI personal commu-
nication). The consequence of this statement and of
the new correlation presented above, is that N. hyatti
appears presumably simultaneously with J. nodosus,
and thus approximately at the base of the zone.

In belemnite terms the Piotrawin opoka falls in the
upper part of the Belemnitella langei Zone
(Braszkiewicz 1980, BURNETT & al. 1992). The sam-
ple from the upper third of the section contains
Belemnitella posterior KONGIEL, 1962 and Belemnitella
najdini KONGIEL (CHRISTENSEN, unpublished report
1998), the latter noted in the topmost Campanian of
Donbass in Russian Platform (NAIDIN 1974) and in
Norfolk (CHRISTENSEN 1995, see also CHRISTENSEN
1997). According to KONGIEL (1962) his new species
ranges up to the lower Maastrichtian, however, his
‘Maastrichtian’ specimen from Solec (higher part of
the lanceolata Zone) was referred by ScHULZ (1982) to
his new species Belemnitella pulchra.

PERYT (1995; see also PERYT 2000) based on benth-
ic foraminifera referred the upper part of the succes-
sion from Piotrawin already to the lanceolata Zone.
She referred to the benthic foram biozonation of the
North German Kronsmoor standard section
(ScHONFELD 1990). Unless it is not a discontinuous
record it may suggest a diachronous appearance of
particular species of benthic foraminifera, which is not
improbable in view of the difference in facies between
both areas.

Already at the base of the Piotrawin opoka a con-
siderable change is noticed in inoceramid fauna. It is
well seen in Pawlowice, about 2 km north, in the road-
cut near cemetery, as well as in the Vistula valley
escarpment about 1 km farther to the north, as well as
in the lower third of the Piotrawin quarry, where inoce-
ramids are represented by large-sized “Inoceramus”
sagensis OWEN, 1852 (Text-fig. 42), and nicely pre-
served “Inoceramus” altus MEEK, 1871 (Text-figs 29).
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The middle and upper third of the succession in the
Piotrawin quarry, as well as the succession exposed in
the two quarries in Sadkowice and in Raj, all west of
the Vistula river, expose the higher part of
Braszkiewicz’s (1980) N. pozaryski Zone (=N. hyatti
Zone). This part of the Campanian contains the richest
inoceramid assemblage of the whole succession stud-
ied herein. Inoceramids are rich in number and diverse
taxonomically. The most common forms are (Text-fig.
4): “Inoceramus” inkermanensis DOBROV & PAVLOVA,
1959, Cataceramus goldfussianus (D’ORBIGNY, 1847),
“Inoceramus” smirnovi nom.nov., “Inoceramus” balchii
MEEK & HAYDEN, 1860, as well as the very characteris-
tic “Inoceramus” alaeformis ZEKELI, 1852 of authors,
“Cataceramus” aff. gandjaeformis WALASZCZYK,
CoBBAN & HARRIES, 2001, “Inoceramus” maclearni
DoucLas, 1942. Diverse and rich in specimens are also
other faunas, including ammonites, belemnites
(Braszkiewicz 1980), non-inoceramid bivalves and
gastropods (ABDEL-GAWAD 1986).

East of the Vistula river no younger strata than
those exposed in the Piotrawin quarry are directly
accessible. Numerous localities, mentioned in POZARYS-
KI (1938, 1948) or Braszkiewicz (1980) e.g. old quarry
in Piotrawin or the quarries in Kamien, which yielded a
number of important fossils are no longer available;
these are filled in and/or completely overgrown. Based
on the cartographic analysis of the area, as well as on
the petrographic characteristics of the material from
the latter area, it seems, however, that the sections in
Kamien represented a part of the succession almost
immediately suceeding the highst beds exposed in the
quarry of Piotrawin (see Text-fig. 3).

In contrast, the continuous succession is accessible
for direct study in the western part of the area. 1.5 km
NW of the Raj section there is a small quarry called
herein Raj North, where one may notice a distinct
change in lithological character of the opoka and its
faunal content. The succession in this locality follows
the sequence from the Raj quarry with a minor obser-
vational gap, most probably not exceeding 4-5 m. The
succession of Raj North forms the basal part of the
higher level with ‘marly opoka’ referred to herein as
the Solec Opoka. When compared to the underlying
succession from the Raj quarry the fauna occurring
here is sparse and represented mostly by baculites and
belemnites. Other ammonites and inoceramid bivalves,
so common below, are very rare. In this part of the suc-
cession first appears Belemnella lanceolata
[=Belemnitella gracilis gracilis ARKHANGELSKY in
KoNGIEL (1962, pl. 11, figs 1-3) synonymised with B.
lanceolata by (ScHULZ 1979, p. 96)]. Inoceramids are
represented by Trochoceramus costaecus (KHALAFOVA,

1966), “Inoceramus” redbirdensis WALASZCZYK,
CoBBAN & HARRIES, 2001, “L” balchii, and large
platyceramids. The first species is represented by very
rare specimens, found loose. Nicely preserved speci-
men comes from old collection of Professor W.
Pozaryski from Kamien (Text-fig. 28).

The first Pachydiscus neubergicus should also appear
somewhere at about this level. Although no specimen
was found in the Raj North section, numerous speci-
mens of Pachydiscus neubergicus from equivalent strata
formerly exposed in Kamief, east of the river, were
reported by Braszkiewicz (1980) and referred by him
to his subspecies raricostatus (Braszxkiewicz 1980, pl.
35, figs 6-7; pl. 36, figs 3-4, 8). This material should
come either from a level with first B. lanceolata or at
most some metres higher (see Text-fig. 2).

The succession of Raj North is well exposed also in
the Solec section, 1 km to NE of the Raj North section,
on the right side of the entrance road to the town of
Solec. It is a partly covered steep face behind the first
houses in the town, with an about 12 m thick section
readily accessible. The precise correlation between the
two sections is uncertain, but it seems that the Raj
North section corresponds to the middle and upper
parts of the Solec section (Text-figs 1, 3).

In the belemnite scheme this interval belongs
already to the Belemnella lanceolata Zone, sensu
Braszkiewicz (1980) which corresponds to the B.
lanceolata, B. pseudobtusa and B. obtusa Zones in the
scheme of ScHuLZ (1979).

The Solec Opoka builds the whole area of the
town of Solec, and is exposed here and there in the
high Vistula escarpment south, east, and north of the
town, and finally it disappears below the younger stra-
ta, north of the ferry point in Ktudzie (Text-fig. 1). The
top of the unit is taken here at a distinct marly hori-
zon, 20-30 cm thick, referred to here as the ‘boundary
marl” (Text-fig. 3), because of its location within the
Campanian/Maastichtian boundary interval. The
‘boundary marl’ first appears in the topmost part of
the escarpment in the Podole section, where it is seen
about 15 m above the Vistula river level. It then next
appears 8 and 6 m above the Vistula river level in
small exposures just south and north respectively of
the ferry stop in Kiudzie (Text-figs 1-2). It enables a
very precise correlation of all the localities in the
Vistula valley escarpment between the town of Solec
and Ktudzie (see Text-fig. 3).

The interval below and above the ‘boundary marl’
yielded numerous belemnites and large-sized baculites.
Inoceramids are rare and badly preserved; they are rep-
resented by large-sized platyceramids and single speci-
mens of “I.” aff. redbirdensis. According to
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Braszkiewicz (1980) Belemnella from this level repre-
sents already Belemnella occidentalis, a younger syn-
onym of Belemnella sumensis.

Inoceramids are rare in the Solec Opoka, as well
seen in the quarries in Raj North, Solec, and in the
lower parts of Vistula escarpment between Solec and
Ktudzie (Text-figs 1-2). The decrease is also clear in
other groups, as e.g. ammonites, which, besides quite
common baculites, are rare.

Inoceramids were collected mostly in the Raj
North and Solec sections; single specimens come from
sections of Podole and of Kiudzie South. Most of the
specimens are hardly determinable fragments of large
platyceramids. Of importance, however, are single
specimens of Trochoceramus costaecus, found in the
lower part of the Raj North section, and of
“Inoceramus” aff. redbirdensis, found in the Solec and
in Ktudzie South sections.

Although I put the upper boundary of the Solec
Opoka at the ‘boundary marl’ the actual change in the
lithology takes place gradually at some distance around
that level. The change of the inoceramid fauna takes
place still higher, about 8 metres above the ‘boundary
marl’. The large-sized platyceramids noted lastly just
below the ‘boundary marl’ give place to small-sized
endocostean Enodocostea typica WHITFIELD, 1877, and
cataceramid species, C. subcircularis (MEEK, 1876). This
succession continuous higher in the Dziurkéw quarry,
located west of Solec, south of the Solec — Lipsko road,
and in the PrzedmieScie section, about 800 m east of the
latter (Text-figs 1-2), which shows the younger members
of the Endocostea typica fauna. The typical development
of the Dziurkdéw Opoka is also best seen in these quar-
ries. Preliminary data on the belemnites from this locali-
ty (Zbyszek REMIN, personal communication) suggests
that the succession of Dziurkdw and of Przedmiescie sec-
tions belongs to the Belemnella sumensis Zone. This new
correlation indicates that no part of the Maastrichtian
younger than that exposed in the Dziurkéw quarry crops
out in the high escarpment between Solec and Ktudzie.

LOCALITY LIST

All source localities are shortly characterised below
in alphabetical order. Their stratigraphical location is
shown in Text-figure 2 and their geographical position
in Text-figs 1-2.

Ciszyca Gorna: Two quarries, the Village quarry on the
northern side of the main road leading to Tariéw,
about 250 m west of the main cross-road in the village;
and the Northern Quarry in a small gully in the north-

ern end of the village, about 300 m north of the main
cross-road. The two quarries expose respectively 10
and 8 m thick succession of light yellow opokas, very
fossiliferous, with browny spots around the fossils. The
most common fossils are ammonites, sponges, bivalves,
gastropods; belemnites and inoceramid bivalves are
relatively rare.

Ciszyca Kolonia: Small exposures in the bank of the
Vistula River at the LeSne Chatupy — Tartéw road.
Small portions of the succession composed of white
opoka are exposed.

Dorotka: Small abandoned quarry in the bank of the
Vistula River, 50 m north of the main road in the vil-
lage. The exposed succession, with partly destroyed
original structure, is composed of thick-bedded, light-
grey opoka with relatively common fossils.
Inoceramids and ammonites are relatively common;
and sponges occur throughout the succession.

Dziurkéw: Working quarry of moderate size south of
the Lipsko — Solec road, at the eastern end of the vil-
lage of Dziurkéw. The 12.5 m thick succession of lower
Lower Maastrichtian opokas is readily accessible in the
south-eastern wall of the quarry. BeAszkiEwIcz (1980)
reported from here: Pseudokossmaticeras galicianum
(FAaVvRE, 1869) and Pachydiscus neubergicus (HAUER,
1871). Huge baculites are very common. Additional
faunal element are the belemnites and rich bivalve
assemblage (see ABDEL-GAWAD 1986). Inoceramids
are represented by Endocostea typica WHITFIELD 1880
and Cataceramus subcircularis (MEEK 1876).

Kamien: Although no section is currently available
there this name is shortly commented herein beacuse
of a number of critical mmonite and inoceramid spec-
imens were yielded by this locality. Kamien it is a vil-
lage, about 3 km north of Piotrawin. In the early
1960s a number of small quarries were active just east
and north-east of the village. The locality is known for
a number of specimens of Pachydiscus neubergicus
raricostatus (see BrASzKIEWICZ 1980) and it also
yielded a specimen of Trochoceramus costaecus
(KHALAFOVA) (see WALASZCZYK & al. 1996, pl. 3, fig.
3; and reillustrated herein — Text-fig. 28). The locality
was regarded as being distincly higher stratigraphical-
ly than the succession in Piotrawin, and BrAsz-
KIEWICZ (1980) located it close to the Belemnella
lanceolata/B. occidentalis boundary. Mapping shows,
however, that the succession is maximally 3-4 m
above, and is low within the 7. costaecus Zone
(=lower Belemnella lanceolata Zone).
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Kludzie North: Exposure in the bank of the Vistula,
about 30 m north of the Ktudzie Ferry stop. About 9
metres of silicous chalk “opokas” with the ‘boundary
marl’” about 6 m above the Vistula river level is visible.
Numerous belemnites were found just below the
‘boundary marl’. Inoceramids are rare in the lower part
of the section.

Kludzie South: Exposure in the bank of the Vistula,
about 100 m south of the Ktudzie Ferry stop. It expos-
es 18 m thick succession of the topmost Campanian
and lowermost Maastrichtian strata, with the ‘bound-
ary marl’ seen in the middle part of the succession.
About 8 m above the ‘boundary marl’ appear
Endocostea typica and Cataceramus subcircularis,
marking the base of the E. typica Zone.

Lopoczno: An exposure in the eastern bank of the
Vistula river, behind the houses in the village of L.opo-
czno. It exposes an 8 m thick succession of the upper part
of the Pawlowice Opoka.

Pawlowice North: An exposure in the western bank of
the Vistula, behind a house at the northern end of the
village, 1 km north of the main Pawlowice cross-road.
It exposes a 6 m thick succession of white, massive
opoka; fossils are relatively rare, but numerous inoce-
ramids were found in the middle part of the succes-
sion.

Pawlowice-Cemetery: Steep clean wall at the northern
end of the village cemetery with 5 m thick succession of
white opokas; fossils relatively rare.

Piotrawin: Huge abandoned quarry on the eastern
bank of the Vistula, about 500 m south of the village
of Piotrawin. It exposes an about 30 m thick succes-
sion of light yellow brittle opokas, fossiliferous, with
very common bivalves, gastropods, ammonites, belem-
nites, and sponges. Browny spots arounds the fossils
are very characteristic feature. Three exploitation lev-
els allow to divide the succession into three part; the
lower third differs from the middle and upper thirds in
its inoceramid fauna; it is characterised by
“Inoceramus” altus assemblage in contrary to “I.”
inkermanensis assemblage characteristic to the two
higher parts.

Podole: Exposure in the Vistula bank, behind the
house at the northern end of Solec; about 200 m south
of the main valley in the village of Podole. It exposes a
16 m thick succession of marly opokas and opokas with
the ‘boundary marl’ seen in the topmost part of the

exposure. In the lowermost part of the succession were
found Acanthoscaphites sp. and Belemnella lanceolata
lanceolata (SCHLOTHEIM). Higher up in the succession,
up to the ‘boundary marl’ belemnites (mostly
Belemnella) and inoceramids are moderately common;
the latter usually in fragments.

Przedmie$cie: Large, disused quarry in the eastern end
of the village of Przedmiescie, south of the Lipsko —
Solec road. It exposes ca. 10 m thick succession of
lower Maastrichtian Dziurkow Opoka, roughly equiva-
lent to the Dziurkéw succession.

Raj North: Small working quarry, SW of Solec, in the
southern bank of the Krepianka River. It exposes a 9 m
thick succession of grey relatively hard marly opokas.
In the upper third the opoka is quite fossiliferous, with
common bivalves, ammonites and brachiopods.
Belemnites are quite common; ammonites and inoce-
ramids (excluding the baculites), which occur in num-
bers throughout the succession are much rarer. It is the
exposure with stratigraphically lowest record of
Belemnella lanceolata (SCHLOTHEIM).

Raj: Abandoned small quarry wall in the northern
bank of small gully, about 100 m south of the southern
end of the village of Raj. The accessible succession is
represented by 7 m high face of thick bedded pure
opokas, light-yellow, fossiliferous, with characteristic
browny spots around sponges and other fossils [the
Piotrawin type opoka].

Sadkowice North: Small abandoned quarry in the west-
ern bank of the Vistula, right at the northern end of the
village of Sadkowice. It exposes a 7 m thick succession
of fossiliferous, light yellow Piotrawin type opokas,
with brown spots around fossils.

Sadkowice Quarry: Abandoned quarry about 100 m
west of the main cross-road in the village. The quarry
exposes more than 10 m of very fossiliferous Piotrawin-
type opoka, with belemnites particularly abundant.

Solec: Exposure in the western part of the town of
Solec, 250 m east of the cross-road west of the town.
The exposure is represented by a 14 m thick succession
visible in the north-western bank of the escarpment of
the Solec Hill. The lower and upper third of the suc-
cession represented by relatively hard, moderately fos-
siliferous marly opokas, is well exposed. The topmost
part characterised by the common occurrence of fine
(mostly bivalve) detritus. Inoceramids and ammonites
are relatively rare; belemnites are more common.
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Wola Pawlowska: Small working quarry in the northern
bank of the Kamienna river valley, about 850 m south
of the village bridge. A 7 m thick succession of massive
greyish-brown marly opokas is accesible. Besides some
horizons with inoceramid fragments, in the middle part
of the succession, the opoka is poorly fossiliferous.
Some complete inoceramids were found; ammonites
and belemnites are rare.

Zemborzyn: Small working quarry in the southern
bank of the Kamienna River valley, west of the road,
leading south-east from the village bridge. The 4 m
thick succession is represented by the same opoka as in
Wola Pawlowska; no fossils were found.

INOCERAMID BIOZONATION

The inoceramid record of the Vistula section
enables application of the unified zonation recognised

IRENEUSZ WALASZCZYK

recently in the US Western Interior and in Tercis
(WaLAszczyk & al. 2001, WALASzZCzYK, ODIN &
DuonDT 2002). Small modifications in the middle part
of the succession do not cause any serious difficulties
in correlation with the other regions mentioned (Text-
figs 3, 5).

In inoceramid terms the studied succession compris-
es an interval from the middle part of the Cataceramus
subcompressus Zone up to the lower part of the
Endocostea typica Zone. No form characteristic for the
Trochoceramus radiosus Zone was found during recent
fieldwork, neither is known from existing collections.

Cataceramus subcompressus interval Zone. As demon-
strated by the US Western Interior succession and the
lower Upper Campanian record in Westphalia
(WALAszczYK 1997, WALASzZCZYK & al. 2001) the base
of the zone is best defined by the last occurrence of radi-
ally sulcate inoceramids of the “I.” azerbaydjanensis-
vorhelmensis group and its top by the first occurrence of

Stage & | Vistula section i i ,
subgtage Tercis section US Western Interior
ammonites | inoceramids Ammonite zonation
.§ o | " belemnites inoceramids ammonites Cobban 1994
A | B | §2 | (Blaszkiewicz, | this paper
n g 1980)
1% Trochoceramus
<0 lj_: radiosus Baculites grandis
< % ©) Pachydiscus
=a=5 Belemnella Endocostea Endocostea :
-z o ” ; ’ ’ neubergicus Baculites bacul
- = occidentalis typica typica aculites baculus
o
@4 ‘Inoceramus’ ‘Inoceramus’
} Belemnella redbirdensis redbirdensis
= Baculites eliasi
lanceolata Trochoceramus | Troch
lanceolata rochoceramus
costaecus costaecus Nostoceras
Z N ‘Inoceramus’ | ‘Inoceramus’ hyatti Baculites jenseni
ostoceras : . : .
< pozaryski inkermanensis | oblongus Baculites reesidei
Z5. (=N.1yatt) | “inoceramus' | nocoramus R clneeles
% < altus altus Didymoceras cheyennense
3= . ) .
S <ZE SphaeroceramusSphaeroceramus Did Exiteloceras jenneyi
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O 8_ ‘Inoceramus’ Didymoceras nebrascense
=3 tenuilineatus Baculites scotti
L ) Baculites gregoryensis
%J Bostrychoceras| Cataceramus Bostrychoceras Baculites perplexus
S polyplocum | subcompressus polyplocum Baculites sp. (smooth)
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Fig. 5. Correlation of the inoceramid zonation applied with the ammonite zonation of Blaszkiewicz (1980) and with the ammonite zonation

for the US Western Interior (after GILL & COBBAN 1973, COBBAN 1994, and KENNEDY & al. 1999).
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the distinctive group of “Inoceramus” tenuiline-
atus. The base and lower part of the zone are not
exposed in the area studied. The Dorotka quarry is the
single locality, which belongs to this zone. The upper
part of the zone and the boundary to the succeeding “L.”
tenuilineatus Zone were not studied in detail. However,
they are not far above the top of the Dorotka succession.

This zone was first recognised in North America,
where, in ammonite terms, it corresponds to the inter-
val from the bottom of the Baculites asperiformis Zone
up to the lower part of the Baculites gregoryensis Zone
(see WALASZCZYK & al. 2001, fig. 3). In Europe its base
corresponds more or less to the base of the polyplocum
Zone, or even to a level within the top part of the
upper vulgaris Zone (WALASZCZYK 1997).

“Inoceramus” tenuilineatus interval Zone. The base of
the zone is defined by the FO of the index taxon, its top
by the FO of Sphaeroceramus pertenuiformis. The
assemblage characterising the zone differs consider-
ably from that of the underlying zone, with the appear-
ance of an almost completely new assemblage. This
change in inoceramid assemblages is one of the most
important point in the evolution of the Campanian
inoceramids.

The base of the zone apparently corresponds to the
base of the Braszkiewicz’s (1980) Didymoceras
donezianum Zone. In the US Western Interior
ammonite scheme (e.g. COBBAN 1994 and references
therein) the zone corresponds to the upper part of the
Baculites gregoryensis, to the Baculites scotti and
Didymoceras nebrascense zones. It spans thus the
Middle/Upper Campanian boundary in the American
tripartite subdivision of the stage.

In the studied area the zone covers the succession
from the base of the Ciszyca Kolonia section up to the
top of the succession exposed in Ciszyca Gorna (Text-
fig. 1).

Sphaeroceramus pertenuiformis interval Zone. The zone
is very poorly known in the area. The middle part is
exposed, both the lower and upper boundaries are not
accessible. The base of the zone is defined by the FO
of the index taxon, and its upper boundary by the FO
of “Inoceramus” altus MEEK, 1871. The collected mate-
rial comes almost exclusively from the Wola Pawtowska
section; single specimens are from the upper part of
the high escarpment in Lopoczno, east of the Vistula
river. S. pertenuiformis is accompanied there by
“Inoceramus” nebrascensis, “Inoceramus” sp. A, and
Platyceramus cf. pierrensis. In the middle part of the
succession occurs a horizon with fragments of huge
platyceramids.

The S. pertenuiformis Zone corresponds to the
upper part of the Didymoceras donezianum ammonite
Zone. No more precise correlation is possible at the
moment.

“Inoceramus” altus interval Zone. The base of the zone
is defined by the FO of the index taxon, and its upper
boundary is defined here at the FO of “Inoceramus”
inkermanensis. The zone is best represented in the
Piotrawin quarry, from its base to the basal part of the
middle exploitation level. West of the Vistula river the
zone is exposed in the Pawlowice-Cemetry and
Pawtowice North section (Text-fig. 2). Inoceramids are
quite common, represented by “Inoceramus” altus and
“Inoceramus” sagensis. The zone corresponds to the
lower part of the Nostoceras hyatti Zone.

“Inoceramus” inkermanensis interval Zone. The zone
ranges between the FO of the index taxon and the FO
of Trochoceramus costaecus. The zone is very well
exposed and easily accessible is the Piotrawin quarry;
it comprises the middle and upper exploitation levels.
Moreover, it is directly accessible in the sections of
Sadkowice-Quarry, Sadkowice-North and Raj. The
boundary to the successive 1. costaecus Zone is not
exposed. The zone yields a very rich inoceramid
assemblage, dominated by “I.” inkermanensis; also
present are: Cataceramus goldfussianus, “I.” smirnovi
nom.nov., “I.” oblongus, “I.” balchii, “I.” sp. B.,
Cataceramus palliseri, Cataceramus magniumbonatus,
and “L.” maclearni. “I.”. inkermanensis Zone corre-
sponds to the middle and upper parts of the
Nostoceras hyatti Zone.

Trochoceramus costaecus and “I.” redbirdensis Zones. It is
the interval between the FO of the Trochoceramus costae-
cus and the FO of Endocostea typica. The two index taxa
are known to appear in a succession (e.g. in Tercis, see
WALASzCzYK, ODIN & DHONDT 2002). Unfortunately the
material to hand does not allow for the proper reading of
the record here. T costaecus is known from 2 incomplete
specimens from the lower part of the Raj North section.
A single specimen from the W. PozAryski collection
came from the former exposure near Kamien (see Text-
figs 1, 3), which according to ammonite record
(Braszkiewicz 1980) could represent an equivalent
interval. “I.” redbirdensis is known from only a single spec-
imen; some other specimens, known from the topmost
part of the Solec section, and from a level 0.7 m below the
‘boundary marl’ in Ktudzie South, are referred herein to
as “L” aff. redbirdensis (Text-fig. 2). Other inoceramids
known from that interval are Cataceramus goldfussianus
and “Inoceramus” balchii. Numerous fragments of large
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sized specimens indicate, however, that the group could
be markedly more diversified.

The Tiochoceramus costaecus and “I.” redbirdensis
Zones correspond to the Belemnella lancoelata Zone
and presumably to the basal part of B. occidentalis
Zone of BLASzZKIEWICZ (1980).

Endocostea typica interval Zone. The base of the zone
is defined by the FO of the index taxon, and its top by
the FO of Trochoceramus radiosus. The lower bounda-
ry of the zone is best exposed in the Ktudzie South sec-
tion. The boundary is located about 8 m above the
‘boundary marl’ (about 15 m above the river level)
(Text-fig. 3), and marked by a sudden appearance of
small-sized E. typica associated with small-sized
Cataceramus subcircularis. It also crops out in the
upper part of the Vistula escarpment, farther to the
north, north of the ferry stop in Ktudzie. However, the
best exposure of the zone is in the Dziurkdw quarry,
east of Solec. It is a working quarry, about 12.5 m high.
Basing on the known pattern of inoceramid change
within this zone, it may be suggested that only the
lower part of the zone crops out in Dziurkéw;
Cataceramus glendivensis, characteristic of its upper
part was not found in the quarry. The zone is also
exposed in the abandoned quarry in Przedmiescie, the
next point to the east of Dziurkéw (Text-fig. 1), with
approximately the same interval.

In belemnite terms the E. typica Zone falls most
probably into the Belemnella sumensis Zone, as sug-
gested by preliminary belemnite determinations from
Dziurkéw (Z. REMIN, personal communication) and
ScHuLz (1979) comments of KONGIEL’s (1962) belem-
nites.

CORRELATIONS

The inoceramid zonation in the Vistula section is
almost the same as the one worked out for the
Campanian - Maastrichtian of the US Western
Interior (WALASZCZYK & al. 2001) and as applied in
the Tercis section (WALASZCZYK, ODIN & DHONDT
2002). Consequently, inoceramids allow for a direct
correlation between all these areas (Text-fig. 5; see also
WaLaszczyK, CoBBaN & ObpIN 2002, ODIN &
WaLaszczyk 2003).

The Campanian/Maastrichtian boundary

The Campanian/Maastrichtian boundary defined
traditionally by the FO of the belemnite species

Belemnella lanceolata falls roughly at or slightly below
the base of the Raj North section. The “Tercis bound-
ary’, defined as an arithmetic mean of 12 bioevents
(ODIN & LAMAURELLE 2001) cannot be precisely locat-
ed. However, based on inoceramids it should be locat-
ed in the interval between the LO of “IL” redbirdensis
and the FO of Endocostea typica. The stratigraphically
highest “L.” aff. redbirdensis was found 70 cm below,
and the first E. typica about 8 m above the ‘boundary
marl’. Basing on the prediction from the correlation
between Tercis and Vistula section, the boundary
would lie about 2 meters below the FO of E. typica, and
about 6 metres above the ‘boundary marl’. If the
belemnite dating of this interval is correct the bound-
ary would lie in the basal part of the Belemnella sumen-
sis Zone, thus much higher than the boreal ‘lanceolata’-
boundary standard, and higher than suggested else-
where. The correlation suggested herein is closest to
the original view by HANCOCK & al. (1993) who corre-
lated the level with FO of Pachydiscus neubergicus in
Tercis with the middle Belemnella obtusa Zone, and
constradicts the subsequent suggestions by
CHRISTENSEN & al. (2000) and CHRISTENSEN (2001),
that the level of the FO of P neubergicus in Tercis cor-
relates with the basal Maastrichtian Belemnella lanceo-
lata Zone and that the ‘Pachydiscus neubergicus and
Belemnella lanceolata standards for the base of the
Maastrichtian are very close and not separated more
than 0.2 my. A very important point arising from the
inoceramid correlation between the Tercis and the
Vistula section is the fact that, if the appearance of
particular inoceramid assemblages is isochronous the
first Pachydiscus neubergicus appears actually well
below the level with its FO in Tercis. First representa-
tives of this species, referred by Braszkiewicz (1980)
to the subspecies raricostatus, were noted by this
author from the basal part of his lanceolata Zone, and
claimed to appear simultaneously with the first
Belemnella lanceolata (see also BLASZKIEWICZ 1969).
As the base of the B. lanceolata Zone corresponds
roughly to the base of the T. costaecus Zone, the equiv-
alent level to the ‘Boreal boundary’ in the Tercis sec-
tion could be as low as 96.7 m, i.e. at the level of the FO
of T costaecus there. It means that the FO of
Pachydiscus neubergicus is not a reliable tool in the cor-
relation to the ‘Tercis boundary’ of the basal
Maastrichtian and that the FO of P neubergicus does
not obligatorily post-date the ‘Tercis boundary’.
Consequently the actual position of this boundary in
recent correlation between the Tercis section and the
North German Kronsmoor section (NIEBUHR 2003)
may be higher than an interval indicated by the FOs of
P, neubergicus and Diplomoceras cylindraceum.
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Campanian subdivision

As it was agreed during the Brussels Symposium in
1995 the Campanian Stage should be subdivided into
three substages, possibly of equal duration (HANCOCK
& GALE 1996). However, no formal proposal, was made
neither during the Symposium or subsequently.
Recently NIEBUHR (2003) used a three-fold subdivision,
dividing the European Upper Campanian into middle
and upper substages. She defined the Middle/Upper
Campanian boundary at the base of the Belemnitella
minor/Bostrychoceras polyplocum Zone. Based on
inoceramid/ammonite correlation the base of this zone
is roughly equivalent to the base of the Cataceramus
subcompressus Zone (=Cataceramus haldemensis Zone
of WaLaszczyk 1997, fig. 4) (see also Fig. 6 and
WALASZCZYK & al. 2001). The basal part of the C. sub-
compressus Zone correlates with the Baculites asperi-
formis ammonite Zone, dated for 79.5 m.y. (COBBAN,
unpublished scheme, 2003). Consequently, the Middle
Campanian defined on this basis would be very short,
approximately 1.5 m.y. Undoubtedly a stratigraphically

lateral view

juvenile
stage

adult stage
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higher level should be taken as the base of the Upper
Campanian to divide the stage more evenly. Based on
inoceramid correlation to the US Western Interior the
lower boundary of the Upper Campanian as defined
therein would fall within the Didymoceras donezianum
Zone. In inoceramid terms the most suitable level
would be the appearance of the “I.” tenuilineatus fauna,
which correlates roughly with the base of the
Didymoceras donezianum ammonite Zone, i.e. at the
top of the B. polyplocum Zone. According to recent dat-
ing (OBRADOVICH 1994 and COBBAN, unpublished
scheme) this level, which correlates with the top part of
the Baculites gregoryensis (=Baculites reduncus Zone)
would be about 76.5 m.y. Consequently this level would
divide the European Upper Campanian into a 4 m.y.
long Middle Campanian and an approximately 5 m.y.
long Late Campanian.

Worth of note is that according to recent ammonite
correlation between Europe and the US Western
Interior (Chart 5 in HARDENBOL & al. 1998) the base of
the European donezianum Zone corresponds to the jen-
neyi Zone. However, at the same chart W.A. COBBAN

juvenile

adult stage

B anterior view

positive geniculation

negative
geniculation

Fig. 6. Terminology and measurements of the external morphologic features of inoceramid shells as applied in this paper
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indicates the occurrence of D. donezianum in the grego-
ryensis and scotti zones, what agree well with the inoce-
ramid correlation presented herein.

CONVENTIONS

Most of the specimens are housed in the Museum
of the Faculty of Geology of the University of Warsaw,
abbreviated MWG. Other specimens are part of the
collection of the Museum of the Earth, Warsaw, abbre-
viated MZ.

All dimensions are given in millimetres. The
descriptive terms and measurements used are shown in
Text-fig. 6; L — length; H — height; h — axial length;
1 — dimension perpendicular to axial length; s — hinge
line; oo — anterior hinge angle; 8 — angle between the
growth line and the hinge line; B — breadth.

SYSTEMATIC ACCOUNT
Genus: Cordiceramus, HEINZ, 1932

TYPE SPECIES: Inoceramus cordiformis SOWERBY
(1823, p. 61, pl. 440) from the Santonian of Gravesand,
England.

Cordiceramus cf. heberti (FALLOT, 1885)
(Text-fig. 7)

1885. Inoceramus heberti FALLOT, p. 249, pl. 7, fig. 1.
1968. Inoceramus heberti FALLOT; SORNAY, p. 41, pl. H,
fig. 3.
Mon 1978. Inoceramus (Cordiceramus) sp. cf. heberti FALLOT;
Nopa & KaNIE, p. 23, pl. 1, fig. 4; pl. 7, fig. 4.
non 1991. Inoceramus sp. aff. heberti FALLOT; TROGER &
ROHLICH, p. 1371, pl. 3, fig. 6. Text-fig. 11.
1997. Inoceramus heberti FALLOT, WALASZCZYK, pl. 31,
fig. 1.
non 1999. Cordiceramus? aff. heberti (FALLOT); TROGER &
al., p. 49, pl. 1, fig. 2; text-figs 15-16.

TYPE: The holotype is the original of FALLOT (1885, pl.
7, fig. 1) from La Madeleine, 1500 m NE of the village
of Veynes in Hautes Alpes, SE France, from grey hard
limestones with Ostrea vesicularis, Pinna sp., Terebratula
sp., Rhynchonella sp., and ?Hoplitoplacenticeras sp.
(SORNAY 1968, p. 41); the ammonite suggests a Middle
Campanian age. The specimen is housed in the E.
FaLLoT collection of the Institute de Paléontologie,
Muséum National d’Histoire Naturelle de Paris.

Fig. 7. Cordiceramus cf. heberti (FALLOT, 1885); MWG ZI1/35/074, Ciszyca

Gorna, upper “Inoceramus” tenuilineatus Zone x 1.15

MATERIAL: Single specimen, MWG Z1/35/074 from
Ciszyca Gorna.

DESCRIPTION AND REMARKS: MWG Z1/35/074
is an internal mould of an incomplete RV; umbonal
and anterior parts are missing. The subquadrate outlie,
the regularly spaced rugae, distinctly oblique to grows
lines, particularly in the naterior half of the valve make
it very close to the FALLOT’s species.

OCCURRENCE: The single specimen from Ciszyca
Gorna comes from the middle part of the Didymoceras
donezianum Zone. It is known from France, from the
lower Upper Campanian and from the US Western
Interior, from the late Middle Campanian Baculites
gregoryensis Zone.

Genus Cataceramus, HEINZ, 1932

TYPE SPECIES: Inoceramus balticus Boum (1909, pl.
11, fig. 2) from Diilmen, lower Campanian of northern
Germany.

REMARKS AND OCCURRENCE: The discussion
on the genus see DHONDT (1993) and WALASZCZYK &
al. (2001). The genus appeared most probably already
in the Middle Santonian and ranges to the Lower
Maastrichtian. It dominates the Early and Middle
Campanian inoceramid assmblages.
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Cataceramus barabini (MORTON, 1834)
(Text-figs 16D, I)

1834. Inoceramus Barabini MORTON, p. 62, pl. 13, fig.
11; pl. 17, fig. 3.
? 1860. Inoceramus cuneatus MEEK & HAYDEN, p. 181.
1876. Inoceramus Cripsii? var. Barabini MORTON; MEEK,
p- 49, pl. 12, fig. 3 [?pl. 13, fig. 1], text-figs 1-4.

?pars 1880. Inoceramus barabini MORTON; WHITFIELD, p. 398,

pl. 9, fig. 8 [?non pl. 7, fig. 7].
1898. Inoceramus barabini MORTON; LOGAN, p. 504, pl.
109, fig. 2.
pars 1913. Inoceramus Barabini; BOSE, pl. 4, fig. 1 [non pl. 3,
figs 1, 7; pl. 3, fig. 1 = Endocostea typica].
1942. Inoceramus barabini var. inflatiformis DOUGLAS,
p- 63, pl. 2, fig. 3.

?non 1959. Inoceramus barabini MORTON; DOBROV &
PAVLOVA, p. 140, pl. 22, fig. 2 [=? Cataceramus aff.
barabini).

pars 1970. Inoceramus barabini MORTON; KAUFFMAN, p. 217,
pl. 1, fig. 8 [non pl. 1, fig. 3].

?pars 1974. Inoceramus barabini MORTON; KOCIUBYNSKII, p.
83, ?pl. 23, fig. 2 [non pl. 20, fig. 1 =
?Cataceramus subundatus). Cataceramus? barabi-
ni (MORTON); WALASZCZYK & al., p. 156, pl. 33,
figs 1, 3; pl. 35, fig. 1; pl. 36, figs 2, 4, 6-7; pl. 39,
figs 4-5; ?pl. 40, fig. S5.Cataceramus? barabini
(MORTON); WALASZCZYK, ODIN & DHONDT, p.
280, pl. 14, figs 4, 11, 14.

TYPE: The lectotype, by subsequent designation of
MEEK (1876, p. 55) is ANSP 15469, the original of
MoRTON (1834, pl. 17, fig. 3) from the Upper
Cretaceous of Greene County, Alabama, USA.

MATERIAL: Three specimens, MWG ZI/35/116
through MWG ZI/35/118; all from the upper part of
the Dziurkdw quarry, upper Endocostea typica Zone.

DESCRIPTION: All three specimens are internal
moulds of single valves; all are deformed to various
degrees. MWG ZI/35/116 is compressed laterally,
whereas Z1/35/117 and Z1/35/118 are comporessed in
the ventral-dorsal plane. The specimens are of mode-
tate size for the species. The valves are subrectangular
in outline posteriorly elongated and strongly oblique.
The beak is small, pointed, terminal, projecting very
slightly above the hinge line. The hinge line is long and
straight. The anterior margin is short and straight,
passing into the very long, broadly convex antero-ven-
tral margin. The posterior margin is convex. The valve
inflation is influenced by the secondary deformation to
such an extent, that the original one can only be

geussed. The posterior auricle is weakly separated
from the disc.

The valve ornamention changes during ontogeny
from quite regular rugation in the juvenile, to irregular
rugae or to an almost smooth valve in the adult. Traces
of the growth lines are not observed.

REMARKS: The balticus-like outline and the gradual
ontogenetic change in the ornament, not associated
with the geniculation, are feauters characterising C.
barabini. The very shallow radial sulcus, characterising
MEEK’s original (1876, pl. 13, fig. 1a; and WALASZCZYK
& al. 2001, pl, 36, fig. 2) is not observed, but this may
partly be due to deformation.

OCCURRENCE: The species is known from the
Lower Maastrichtian of the US Western Interior and
in Europe. In the sections precisely dated, as e.g. in the
Tercis section, SW France, and in Vistula section, it
appears higher within the Endocostea typica Zone of
the basal Maastrichtian.

Cataceramus gandjaeformis
WaLAszczyYK, COBBAN & HARRIES, 2001
(Text-figs 8, 9A-B, 12D, 31A, ?44C, F)

1974. Inoceramus wegneri BOEHM; KOCIUBYNSK1J, p. 84,
pl. 20, fig. 2.
? 1993. Platyceramus cf. artigesi SORNAY; DHONDT, p. 231,
pl. 5, fig. 5.
?pars 2001. Cataceramus? gandjaeformis sp. nov.; WALA-
szczYK, COBBAN & HARRIES, p. 168, pl. 25, fig. 3;
7pl. 26, fig. 1; pl. 41, fig. 5.

TYPE: The holotype, by original designation, is the
orignal of WALASZCZYK & al. (2001, pl. 25, fig. 3) from
the Baculites reesidei ammonite Zone of the US
Western Interior of the United States Geological
Survey Mesozoic locality D2849.

MATERIAL: MWG Z1/35/084, MWG Z1/35/085, MZ
ML 1500/1, and PIG 11.V.2 from Ciszyca.

Dimensions:

Specimen  h 1 H L s VR o 9§ hmax
Z1/35/084 55 53 50 545 325 - 135 58 77

ML1500/1 67 76 64 66 43 - 138 54 106

PIG 11.V2 157 165 134 154 1005 *65 133 45 205

DESCRIPTION: The valves are of moderate size, sub-
quadrate to trapezoid in outline, weakly oblique, very
weakly inflated. The maximum inflation is in the dorsal
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Fig. 8. Cataceramus gandjaeformis WALASZCZYK, COBBAN & HARRIES, 2001; PIG I1.V.2; Zapusta near Solec; x 0.7

part along the growth axis. The flat posterior auricle is
weakly separated from the disc. The umbo is subtermi-
nal, small, projecting slightly above the hinge line. It is
curved antero-dorsally. The hinge line is straight, rela-
tivley long, The anterior margin is convexly rounded,
passing into broadly rounded ventral margin. The very
characetristic posterior margin is almost straight,
curved distincly anteriorward just close to the hinge
line.

The huge PIG 11.V.2 is subquadrate in outline and
clearly shows the presence of the posterior, auricular
sulcus, which starts already about 40 mm from the beak
and becomes gradually more distinct. The anterior cur-
vature of the rugae approaching the hinge line also
become more distinct with age.

The valves are ornamented with regularly spaced
commarginal rugae, which are almost symmetrical in
the cross section. They are the strongest in the axial

part of the disc, weakening slightly toward the anterior
and posterior ends of the valve.

REMARKS: The species resembles Cataceramus gold-
fussianus, from which it differs in the outline of the
posterior auricle, the presence of the auricular sulcus
and the ornament; whereas in C. goldussianus
(D’ORBIGNY) the interspaces grow gradually ventral-
ward, in C. gandjaeformis the interspaces of the adult
rugae are more or less constant.

Two specimens, and particularly the one large frag-
ment, are characterised by rugae that are strongly
oblique to the growths lines (Text-figs 10D-E). They
closely resemble some French specimens from Tercis,
illustrated recently by WALASZCzYK, ODIN & DHONDT
(2002, pl. 8, figs 3, 6), and referred to as C. aff. gand-
jaeformis. More material is needed to clear up the
relationships of this taxon and of C. gandjaeformis.
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Fig. 9. A-B — Cataceramus gandjaeformis WALASZCZYK, COBBAN & HARRIES, 2001; A - MWG Z1/35/085, B—- MWG Z1/35/084; Piotrawin, “Inoceramus”
inkermanensis Zone; x 1. C — “Inoceramus” alaeformis ZEKELI, 1852 of authors; MZ ML1368, Kamien, x 1. D-E — Cataceramus goldfussianus

(D’ORBIGNY, 1847); D - MWG ZI/35/081, x 1; E - MWG ZI/35/078, x 0.9; both from the Piotrawin quarry
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Fig. 10. A-C — Cataceramus goldfussianus (D’ORBIGNY, 1847); A - MWG Z1/35/075, Piotrawin, “Inoceramus” inkermanensis Zone, x 1; B— MWG ZI/35/091,
Wola Pawtowska, Sphaeroceramus pertenuiformis Zone, x 0.94; C — PIG 146, Piotrawin, “Inoceramus” inkermanensis Zone, x 0.95. D-E — Cataceramus aff.

gandjaeformis WALASZCZYK, COBBAN & HARRIES, 2001; D - MWG ZI/35/088 and E - MWG Z1/35/089, both from the Piotrawin quarry and x 1.
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OCCURRENCE: In the Vistula section the species is
limited to the “Inoceramus” inkermanensis Zone
(=upper part of the Nostoceras hyatti ammonite Zone).
It is known from the Upper Campanian (no further
details) of the Ukraine, and from the Baculites reesidei
and Baculites jenseni ammonite Zones of the US
Western Interior.

Cataceramus goldfussianus (D’ORBIGNY, 1847)
(Text-figs 9D-E, 10A-C, ?11A, 11B, 12A-C, E-F)

1847. Inoceramus Goldfussianus D’ORBIGNY, p. 517, pl.
411, figs 1-2.
1939. Inoceramus aff. regularis D’ORBIGNY; ALIEV, p. 224,
pl. 3, fig. 2.
1956. Inoceramus gandjaensis ALIEV, p. 463, pl. 1, fig. 1;
pl. 2, fig. 1.
1957a. Inoceramus goldfussi D’ ORBIGNY; SORNAY, no. 57.
non 1969. Inoceramus (Cataceramus) goldfussianus D’ORBI-
GNY; Cox, p. N315, fig C46.4. [=Cataceramus marc-
ki (GIERS, 1964)].
1976. Inoceramus goldfussi D’ORBIGNY, SORNAY, p. 9,
text-fig. 9; pl. 4, figs 4-5, pl. 5.
1993. “Cataceramus” goldfussianus D’ ORBIGNY; DHONDT,
p. 218, pl. 2, figs 1-3.
1997. Inoceramus gandjensis ALIEV; NIEBUHR, p. 220, pl.
o, fig. 4
2001. Cataceramus gandjaensis (ALIEV); WALASZCZYK &
al., pl. 13, figs 2-3; pl. 19, fig. 1.

2002. Cataceramus goldfussianus (D’ORBIGNY);
WaLASzCzYK, ODIN & DHONDT, p. 282, pl. 1, fig. 1;
pl. 2, fig. 3; pl. 3, fig. 10; pl. 4, fig. 6; pl. 5, figs 2-3;
pl. 7, fig. 3; pl. 8, fig. 5.

TYPE: The lectotype, by subsequent designation of
SORNAY (1957) is MNHP 7593, the original to
D’ORBIGNY (1847, pl. 411, figs 1-2; photographic illus-
tration in SORANY 1957, fig. 3 and 1976, text-fig. 5)
from the ?Upper Campanian of Royan (Charante-
Maritime), SW France.

MATERIAL: MWG Z1/35/075-Z1/35/083 and MWG
Z1/35/091; additionally, MZ ML1402 and ML1500/2;
PIG 146 from Piotrawin (coll. Z. MODLINSKI); possibly
also MWG Z1/35/004.

Dimensions:

Specimen  h 1 H L S VR o 0 hmax
Z1/35/083 882 85.6 769 90.0 43.7 404 130 57 109.6
Z1/35/075 624 655 59.0 658 356 31.2* 135 65 68.0
713577 60 617 52 63 38 23 130 50 87
Z1/35/78  68.0 725 587 770 437 23 138 52 820

17/35/091 684 660 589 704 430 - 130* 48 770
ML1402 650 66 59 62 36 - 128 56 80
PIG 146 1037 98 975 105.6 59.6 46* 140 52 105

DESCRIPTION: All specimens are represented exclu-
sively by internal moulds of single valves. The species is
of moderate size for the genus. The valves are moder-
ately to markedly oblique, with 8 ranging between 48
and 65°, and are weakly inflated. The valve outline is
subquadrate to suboval. The anterior marign is short to
very short, passing into the long rounded antero-ven-
tral margin, and then into the rounded ventral margin.
The posterior margin is convex or almost straight.
Besides the most juvenile part the posterior auricle
weakly separated from the disc.

The ornament is composed of regular to subregular
commarginal rugae, with interspaces increasing gradu-
ally ventralward. The number of rugae in 20-60 mm
interval of the growth axis varies between 5 and 8.
Traces of growth lines rarely visible; where seen they
are parallel to the rugae.

REMARKS: The species varies particularly in the out-
line, in the obliquity and the rugation. The outline
varies between subquadrate through subrounded and
subovate to subrectangular. This feature is closely tied
to changes in the obliquity. The variation in ornament
concerns mainly the density of the rugae, which is con-
trollod by the width of the interspaces. Coarsely rugate
forms, similar to those illustrated by SORNAY (1976, pl.
4, fig. 1) or Kocrusynsku (1968, pl. 27, fig. 2) occur
rarely. Here belongs the large specimen PIG 146 and,
possibly also MWG Z1/35/004, both from the Piotrawin
quarry, although the latter may represent weakly
inflated Cataceramus magniumbonatus (DOUGLAS,
1942).

One specimen (MWG ZI1/35/78) shows irregular
rugae in the adult stage.

As mentioned in WALASZCZYK, ODIN & DHONDT
(2002) Cataceramus gandjaensis is a junior synonym of
Cataceramu goldfussianus (D’ORBIGNY).

OCCURRENCE: In the Vistula section the species
appears in the “Inoceramus” tenuilineatus Zone (=lower
part of the Didymoceras donezianum ammonite Zone)
and ranges to the top of the “Inoceramus” inkermanensis
Zone (=top of the Nostoceras hyatti ammonite Zone)
and possibly even higher, to the Trochoceramus costaecus
Zone. It apparently spans the same interval it spans in
the Tercis section and in the US Western Interior. The
species is widely recorded in SE Europe (the Crimea,
Caucusus and Kopet-Dagh) (as Inoceramus gandjaensis),
dated roughly as the Campanian (e.g. ALIEV 1956, 1978).
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Fig. 11. A - Cataceramus goldfussianus (D’ORBIGNY, 1847) or Cataceramus magniumbonatus (DOUGLAS, 1942); MWG ZI1/35/004, Piotrawin,
“Inoceramus” inkermanensis Zone, x 1. B — Cataceramus goldfussianus (D’ORBIGNY, 1847), MWG ZI/35/083, Sadkowice Quarry, “Inoceramus”

inkermanensis Zone, x 1.1
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Cataceramus magniumbonatus (DOUGLAS, 1942)
(Text-figs ?11A, 13)

1942. Inoceramus  barabini  var. magniumbonatus
DouaLas, p. 63, pl. 1, fig. 1.
mon 1962. Inoceramus barabini aff. var. magniumbonatus
DOUGLAS; JOLKICEV, p. 142, pl. 5, fig. 1.
? 1981. Inoceramus borilensis JOLKICEV; TZANKOV, p. 91,
pl. 40, fig. 1.
2001. “Inoceramus” magniumbonatus DOUGLAS; WALA-
$zCzYK, COBBAN & HARRIES, p. 225, pl. 19; pl. 31,
fig. 2; pl. 32, figs 1, 4-5.
2002. “Inoceramus” magniumbonatus DOUGLAS; WALA-
$zCzYK, ODIN & DHONDT, p. 297, text-fig. 8.

TYPE: The holotype, by original designation, is GSC
8930, illustrated by DoucLas (1942, pl. 1, fig. 1) from
the uppermost Campanian of the Boxelder Creek, c.
190 m above the base of the Bearpaw Formation,
Saskatchewan, Canada.

MATERIAL: MWG ZI/35/005 and possibly also
MWG ZI1/35/004.

DESCRIPTION: MWG ZI/35/005 is an internal
mould of the RV; adult fragment of the LV attached to
it belongs possibly to the same specimen. It is a large
specimen (an estimated length L must have been at
least 200 mm), with teminal and massive umbo, pro-
jecting strongly above the hinge line, and subrectangu-
lar, length-elongated outline. The valve is moderately
inflated, with the maximum inflation in the central part
of the disc. The posterior auricle is well separated from
the disc at least in the juvenile and early adult stage.
The anterior margin is relatively short, with a steep,
moderatey high anterior face. It passes into the broad-
ly rounded antero-ventral margin; the posterior margin
is not preserved. The hinge line is also poorly pre-
served, but it must have been long and straight. The
umbo is curved antero-dorsally.

The valve is coarsely ornamented with sharp-edged
sub- to irregular rugae, with broad interpsaces, which
very quickly are between 20 and 20 mm wide. The
rugae are the strongest in the antero-ventral part. They
become gradually weaker when passing onto the axial
and the dorsal part of the valve.

REMARKS: From Cataceramus goldfussianus it differs in
its greater inflation, in more massive beak, which more-
over projects highly above the hinge line, and finally in its
more vigorous ornament. However, the transitional form
occur, as e.g. MWG Z1/35/004, that are characterised by
a more distinctive ornament and seemingly more massive
umbo, than in typical representatives of C. goldfussianus.

OCCURRENCE: The specimen studied comes from
the “Inoceramus” inkermanensis Zone (=upper part of
the Nostoceras hyatti ammonite Zone) of the Piotrawin
quarry. The species is also known from the equivalent
interval of the Tercis section and from the Inoceramus
oblongus Zone (Baculites reesidei ammonite Zone) of
the US Western Interior. It was also reported from the
‘Upper Campanian’ of Bulgaria.

Cataceramus cf. mortoni (MEEK & HAYDEN, 1876)
(Text-fig. 22B)

non 1856. Inoceramus proximus TOUMEY, p. 171 [nomen
nudum].
1876. Inoceramus proximus TOUMEY?; MEEK, p. 53, pl.
12, fig. 7a, b.
? 1983. Inoceramus (Endocostea) sp. aff. I. (E.) proximus
TouMEY; NoDa, p. 106, fig. 4; pl. 1, figs 1-8.
non 1984. Inoceramus proximus TOUMEY; BALANOS &
BUITRON, p. 411, pl. 1, fig. 5.
1991. Inoceramus (Platyceramus) sp. aff. heberti FALLOT,;
TROGER & ROHLICH, p. 1371, pl. 3, fig. 6.
2001. Cataceramus mortoni (MEEK & HAYEN); WALA-
szczyk & al., pl. 7, figs 2-3; pl. 11, figs 6-8, 10, 12.
2002. Cataceramus mortoni (MEEK); WALASZCZYK, ODIN
& DHONDT, p. 282, pl. 1, fig. 4.

TYPE: The holotype is MEEK’s (1876, pl. 12, fig. 7)
original, reillustrated by WALASZCZYK & al. (2001, pl.
11, fig. 12) from the Baculites gregoryensis and Baculites
scotti ammonite zones of the Middle/Upper
Campanian (in the North American Campanian subdi-
vision) of the Great Bend of the Missouri river, below
Pierre, South Dakota, USA, Gregory Member of the
Pierre Shale.

MATERIAL: Single specimen, MZ ML1269, from
Ciszyca Kolonia.

Dimensions:
Specimen  h 1 H L S a 0 VR hmax
MLI1269 52 39 414 453 28 112 47 165 547

DESCRIPTION: MZ ML1269 is an internal mould of
a single RV. The valve is moderately oblique, sub-
quadrate, moderately inflated, with the maximum
inflation dorcocentral. The growth axis is straight. Th
eumbo is terminal, small projecting slightly above the
hinge line. The latter is straight and moderately long.
The anterior margin is rather short; its outline has
been changed most probably due to deformation. The
posterior auricle well separated from the disc.
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Fig. 12. A-C, E-F - Cataceramus goldfussianus (D’ORBIGNY, 1847); A — MWG ZI1/35/082, Piotrawin, x 0.9; B - MWG Z1/35/079, Piotrawin, x 0.9;
C - MZ ML1500/2 Piotrawin, x 0.95; E - MZ ML 1402, Ciszyca, x 0.95; F — MZ ML 1438, Ciszyca Gorna, x 0.95. D — Cataceramus gandjaeformis
WaLAszczYK COBBAN & HARRIES, 2001; MZ ML 1500/1, Piotrawin, x 0.9
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The valve is ornamented with regularly, closely
spaced, sharp-edged commarginal rugae. They weaken
slighly when passing onto the posterior auricle.

REMARKS: The general outline and the type of orna-
ment make this specimen close to the type of the
species (MEEK 1876, pl. 12, fig. 7 and illustration in
WaLaszczyK & al. 2001, pl . 11, fig. 12).

OCCURRENCE: A single specimen comes from the
lower part of the Didymoceras donezianum
ammonite Zone of the Ciszyca Gorna section. It is
known from the upper Baculites gregoryensis through
Didymoceras nebrascense ammonite Zones in the US
Western Interior. Similar material has been
described from Japan and referred questionably to
MEEK’s species.

Cataceramus palliseri (DOUGLAS, 1942)
(Text-fig. 14)

1847. Inoceramus regularis D’ORBIGNY, p. 516, pl. 410,
figs 1-2.
pars 1880. Inoceramus  vanuxemi MEEK & HAYDEN;
WHITFIELD, p. 396, pl. 7, figs 8-?9 [non pl. 7, fig. 10
= ?noceramus vanuxemi MEEK & HAYDEN].
Inoceramus palliseri DOUGLAS, p. 62, pl. 1, fig. 2.
pars 1958. Inoceramus balticus BOuM; KOCIUBYNSK, p. 18, pl.
8, fig. 33.
1962. Inoceramus regularis D’ORBIGNY; SORNAY, p. 120,
fig. 1C; pl. 7(sic), fig. 3.
1964. Inoceramus cf. regularis D’ORBIGNY; GIERS, p. 247,
pl. 3, fgis 3-4.
pars 1968. Inoceramus impressus D’ORBIGNY; KOCIUBYNSKIJ,
p. 144, pl. 28, fig. 1.

Fig. 13. Cataceramus magniumbonatus (DOUGLAS, 1942); MWG Z1/35/005, Piotrawin, x 0.9
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Fig. 14. Cataceramus palliseri (DOUGLAS, 1942); MWG ZI/35/039,

Piotrawin, x 1

1974. Inoceramus impressus ORBIGNY; KOCIUBYNSK1J, p.
84, pl. 21, fig. 1.

1976. Inoceramus regularis D’ ORBIGNY; SORNAY, p. 7, pl.
2, fig. 3; pl. 3 figs 3-4.

pars 1976. Inoceramus artigesi SORNAY, p. 3, pl. 1, fig. 2 [non

pl. 1, fig. 1]

1993. Selenoceramus sornayi DHONDT, p. 236, pl. 6, fig. 3;
pl. 7, fig. 5.

1997. Cataceramus sornayi (DHONDT); WALASZCZYK, p.
26, pl. 32, figs 1-3.

1997. Inoceramus artigesi SORNAY; WALASZCZYK, pl. 32,
figs 4-5.

2001. Cataceramus? palliseri (DOUGLAS); WALASZCZYK &
al., p. 162, pl. 27, fig. 2; pl. 33, fig. 2; pl. 27, fig. 1.

2002. Cataceramus? palliseri (DOUGLAS); WALASZCZYK,
ODIN & DHONDT, p. 283, pl. 8, figs 1-2; pl. 10, fig. 4.

TYPE: The holotype, by original designation, is GSC
8928, the original of DouGLAs (1942, pl. 1, fig. 2) from
Boxelder Creek, Canada, about 180 m below the top of
the Bearpaw Formation.

MATERIAL: 4 registered specimens MWG Z1/35/038
through Z1/35/040 and Z1/35/101, all from the
“Inoceramus” inkermanensis Zone of the Piotrawin
quarry; numerous unregistered fragments.

DESCRIPTION: All specimens studied are represent-
ed by internal moulds of single valves. The species pos-
sesses two distinct growth stages; the juvenile one, is
weakly inflated, posteriorly elongated and suboval to

subrectangular in outline; the adult stage grows more
ventralward and contacts the juvenile stage along a dis-
tinct positive geniculation. The juvenile stage is regu-
larly ornamented, with fine, closely spaced rugae. The
adult stage is sub- to irregularly ornmaneted, with
widely spaced, low rugae.

REMARKS: Cataceramus palliseri (DOUGLAS), the
correct name for C. sornayi (DHONDT)(=Inoceramus
regularis D’ORBIGNY) [see comments in WALASZCZYK
& al. (2001), and WALASZCZYK, ODIN & DHONDT
(2002)] is a very poorly known species. Its relationships
to other morphologically very close species, i.e. to the
mainly Early Campanian Cataceramus balticus (BOHM)
and to the mainly Early Maastrichtian Cataceramus
barabini (MORTON) are still unknown.

OCCURRENCE: In the studied material it is known
exlusively from the “Inoceramus” inkermanensis Zone
(=upper Nostoceras hyatti ammonite Zone) of the
Piotrawin quarry. It is also known from Tercis, where it
appears in the Sphaeroceramus pertenuiformis Zone
and ranges to the top of the “Inoceramus” oblongus
Zone. Known from the upper Upper Campanian of the
US Western Interior.

Cataceramus? planus (MUNSTER, 1836)
(Text-tig. 15A, B)

pars 1834-40. Inoceramus planus MUNSTER; GOLDFUSS, p.
117, pl. 113, fig. 1b [non pl. 113, fig. 1a]
non 1958. Inoceramus planus MUNSTER; KOCIUBYNSK, p.
22, pl. 7, fig. 30 [=Cataceramus subcircularis]
1964. Inoceramus planus MUNSTER; GIERS, p. 246, pl.
3, fig. 2.
non 1968. Inoceramus planus MUNSTER; KOCIUBYNSK, p.
147, pl. 29, fig. 7 [=Cataceramus subcircularis].
?pars 1968. Inoceramus regularis D’ ORBIGNY; KOCIUBYNSK1J,
p. 143, pl. 29, figs ?1, 2. Inoceramus regularis
D’ORBIGNY; KocCtuBynskw, p. 85, pl. 21, fig. 2;
pl. 23, fig. 1.
?1978. Inoceramus cf. planus MUNSTER; SORNAY &
BILOTTE, p. 5, pl. 3, fig. 1.
? 1979. Inoceramus planus MUNSTER; IVANNIKOV, p. 71,
pl. 22, fig. 1.
non 1993. Inoceramus aff. planus MUNSTER; DHONDT, p.
217, pl. 3, fig. 1.
1997. Inoceramus planus MUNSTER; WALASZCZYK, p.
41, pl. 30, figs 2, 4.

TYPE: The lectotype, by subsequent designation of
GIERS (1964, p. 246) is the original of GOLDFUSS (1834-
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40, pl. 113, fig. 1b), from the Bostrychoceras polypocum
ammonite Zone of Haldem, Germany.

MATERIAL: Three specimens, MWG ZI/35/062
through MWG ZI1/35/064; all from the Dorotka sec-
tion.

Dimensions:
Specimen  h Il H L s VR o § hmax
Z1/35/062 64 66 57 70 - 25 130 53 113

Z1/35/063 64 68 57 73 - 23 130 54 103
DESCRIPTION: The species is of moderate size,
inequilateral, ?equivalve and weakly inflated. The mod-
erately oblique valve, with §=50-55° is subrounded to
oval in outline. The beak is small, and projects only
slightly above the straight, moderately long hinge line.
The anterior margin is weakly convex, relatively short,
passing into long, broadly convex antero-ventral mar-
gin. The posterior maring is straight to weakly convex.
The posterior auricle is weakly separated from the disc
in the juvenile stage, but thereafter not separated at all.
The valves are ornamented with, regularly to sub-
reguarly spaced comarginal rugae. In cross section the
rugae are much narrower than the interspaces. Growth

line traces are poorly visibe; they invariably parallel the
rugae.

REMARKS: From Cataceramus subcompressus the
species differs in its smaller obliquity (higher 8 values).
All other parameters, such as the longer anterior
magin, the relatively shorter hinge line and different
outline are the result of this. Early Maastrichtian
reports of the species should be be referred to
Cataceramus subcircularis (MEEK, 1876).

OCCURRENCE: The species is known from the lower
to upper Upper Campanian (the stobaei/basiplana Zone
up to the Bostrychoceras polyplocum Zone) of Europe.

Cataceramus subcircularis (MEEK, 1876)
(Text-fig. 16A-C, E-H)

?1834. Inoceramus Barabini MORTON, p. 62 (pars), pl. 13,
fig. 11.

1876. Inoceramus proximus? var. subcircularis MEEK, p.
55, pl. 12, fig. 2.

1959. Inoceramus buguntaensis DOBROV & PAVLOVA, p.
140, pl. 22, fig. 1.

Fig. 15. Cataceramus? planus (MUNSTER, 1836); A - MWG Z1/35/062, B—- MWG ZI/35/063; both from Dorotka and x 0.8
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Fig. 16. A-C, E-H — Cataceramus subcircularis (MEEK, 1876); A - MWG ZI1/35/134, B- MWG Z1/35/137, C - MWG Z1/35/133, E - MWG ZI/35/143,

F - MWG Z1/35/132, G - MWG Z1/35/143, H - MWG Z1/35/145; besides H, which is from Ktudzie all other specimens are from Dziurkéw; all x 1.

D, I - Cataceramus barabini (MORTON, 1834); D - MWG Z1/35/117,1 - MWG Z1/35/116; both from Dziurkéw x 1. J, K — Endocostea typica WHITFIELD,
1877; 1 - MWG Z1/35/115, K - MWG Z1/35/113; Dziurkéw; both x 0.95
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1969. Inoceramus balticus rotatilis KHALAFOVA, p. 231, pl.
28, figs 2-4.
pars 1991. Inoceramus regularis D’ORBIGNY; COBBAN &
KENNEDY, pl. 1, figs 16-17 [non pl. 1, figs 18, 22 =
Trochoceramus sp.].
pars 1993. Trochoceramus  nahorianensis (KOCIUBYNSKIJ)
DHoONDT, p. 238, pl. 7, fig. 4.
1996. “Incoeramus” sp. cf. planus (of authors) MUNSTER;
WaLaszczyk & al., pl. 5, fig. 4.
1995. Endocostea (Selenoceramus) semaili MORRIS, p.
260, pl. 1, figs 5-6.
1997. Inoceramus buguntaensis DORBOV & PAVLOVA;
ATABEKIAN, p. 68, pl. 27, fig. 1.
pars 2001. Cataceramus subcircularis (MEEK); WALASZCZYK &
al., p. 160, [non pl. 31, fig. 3 = Cataceramus pallis-
eri ]; pl. 36, fig. 8; pl. 37, figs 1-2; pl. 39, figs 3, 6; pl.
41, figs 1-72; pl. 42, fig. 1; pl. 43, fig. 6; pl. 44, fig. 5.
2001. Trochoceramus (?) sp. aff. dobrovi (PAVLOVA);
TROGER & al., p. 155, pl. 2, figs 3-4; pl. 3, figs 3-4.
2002. Cataceramus subcircularis (MEEK); WALASZCZYK,
ODpIN & DHONDT, p. 285, pl. 13, figs 6, 10; pl. 14,
figs 1-3, 6, 8-9).

TYPE: The holotype by original designation is USNM
479, the specimen illustrated by MEEx (1876, p. 12, fig.
2) reillustrated by WALAszczyYK & al. (2001, pl. 36, fig.
8) from Yellowstone River, about 150 miles above its
mouth, from most probably Lower Maastrichtian
(upper part of the Pierre Shale near Glendive, Montata,
USA).

MATERIAL: MWG ZI/35/132 through MWG
71/35/146, and numerous unregistered specimens from
Dziurkéw and Ktudzie; all from the Endocostea typica
Zone.

Dimensions:

Specimen  h I H L s VR a 9§ hmax
Z1/35/132 33 42 33 43 - - 130 65 45
Z1/35/134 40 36 38 37 27 - 118 70 50
7135137 41 39 36 - - - - 65 4l
Z1/35/143 51 52 42 53 35 - 115 50 68

DESCRIPTION: The material studied is composed
almost entirely of small-sized specimens, represented
by internal moulds of single valves. All are deformed to
some extent. The valves are of subrounded outline,
larger specimens are sometimes more subrectangular,
elongated postero-ventrally. The beak is small, subter-
minal, projecting slighly above the hinge line. The
anterior, ventral and posterior margins are convex.
The dorso-anterior part, just below the umbo, may be
slightly concave. The hinge line is straight, moderately

long to long. The posterior auricle is either very weak-
ly separated from the disc or, apart from the most juve-
nile stage, not separated at all.

The valves are ornamented with regular, closely
spaced commarginal rugae. They are characterised by
quite even strength throughout, except for the dorso-
posterior part. Traces of growth lines were not observed.

REMARKS AND OCCURRENCE: The species has a
very simple architecture: subrounded outline with reg-
ular, commarginal rugae. It is probably indistinguish-
able from juvenile specimens of Cataceramus balticus,
C. palliseri, or C. planus. When well developed C. sub-
circularis possesses rounder-topped rugae, however,
this feature is quite variable.

The Early Maastrichtian record of the species is
characterised by a distinct phyletic size increase from
very small forms at the base of the Endocostea typica
Zone to moderately large in the overlying
Trochoceramus radiosus Zone (see WALASZCZYK & al.
2001 and WaLAszczyk, ODIN & DuonDT 2002).
Consequently, it seems probable, that this species
appears first in the E. typica Zone (=base of the
Baculites baculus ammonite Zone). The report of this
species from the topmost Campanian strata (e.g.
WALASZCZYK & al. 2001) should therefore be excluded
from the synonymy of the species.

Cataceramus subcompressus (MEEK & HAYDEN, 1860)
(Text-figs 17-19)

1835. Inoceramus Cripsii MANT.; GOLDFUSS, p. 116, pl. 12,
fig. 4c.
1860. Inoceramus subcompressus MEEK & HAYDEN, p. 181.
1876. Inoceramus Cripsii? var. subcompressus MEEK &
HAYDEN; MEEK, p. 48, pl. 38, fig. 2bis.
1909. Haenleinia cymba BonMm, p. 56, pl. 12, fig. 2; pl. 13,
fig. 2.
1964. Inoceramus balticus haldemensis GIERS, p. 243, pl. 2,
fig. 2.
1997. Inoceramus haldemensis GIERS; NIEBUHR, p. 220, pl.
6, figs 1, 3.
pars 1967. Inoceramus (Endocostea) cymba BOHM; SEITZ, p. 66,
pl. 7, fig. 3.
pars 1982. Inoceramus balticus haldemensis GIERS; TROGER &
ROHLICH, p. 104, pl. 1, figs 1-2, 4, 6.
1997. Inoceramus haldemensis GIERS; WALASZCZYK, p. 40,
pl. 30, figs 1, 3, 5.
pars 1991. Inoceramus (Endocostea) balticus haldemensis GIERS;
TROGER & ROHLICH, p. 1361, pl. 1, figs 1-2, 4.
pars 1991. Inoceramus (Endocostea) balticus cf. haldemensis
GIERS; TROGER & ROHLICH, p. 1361, pl. 1, fig. 8.
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Fig. 17. Cataceramus subcompressus (MEEK & HAYDEN 1860); A - MWG Z1/35/061, x 0.70; B— MWG Z1/35/055, x 0.75; both from Dorotka
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Fig. 18. Cataceramus subcompressus (MEEK & HAYDEN 1860); A - MWG Z1/35/068, x 1; B— MWG Z1/35/054, x 0.9; C - MWG Z1/35/049, x 1; all from
Dorotka
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Fig. 19. Cataceramus subcompressus (MEEK & HAYDEN 1860); A - MWG Z1/35/059, x 0.95; B - MWG Z1/35/060, x 0.80; C - MWG ZI1/35/051, x 1;

all from Dorotka
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2001. Cataceramus subcompressus (MEEK & HAYDEN);
WAaALASzCzYK, COBBAN & HARRIES, p. 144, pl. 6,
figs 1-4, 6-7; pl. 7, figs 5, 9; pl. 11, figs 5, 9; pl. 36,
fig. 3.

TYPE: The holotype, by original designation, is
USNM 4301, illustrated by MEex (1876, pl. 38, fig.
2bis) and reillustrated by WALASZCZYK & al. (2001, pl.
36, fig. 3), from either the upper Lower Campanian
Scaphites hippocrepis ammonite Zone or the lower
Middle Campanian Baculties asperiformis ammonite
Zone at the mouth of the Judith River, central
Montana, US Western Interior.

MATERIAL: 13 well preserved specimens and a num-
ber of fragments; all specimens are from the Dorotka
section; ZI/35/048 through Z1/35/058 and Z1/35/067.

Dimensions:
Specimen hmax hjuv Luv  Hjuv Ljuv djuv 8108 sjuv VRjuv
Z1/35/049 166 85 755 673 934 30 38 56 315

Z1/35/050 150 78 69.0 61 905 30 40 - 25
71350051 97 93 19 744 99 34 - 53 -
Z1/35/055 192 1225 108 96 137 36 - 8 42
ZI/35/052 205 83 81 67 9 30 35 63 -
Z1/35/054 87.6 63.7 468 46 53 33 - -

DESCRIPTION: The species is large to very large,
strongly inequilateral, ?equivalve. The valves show two
distinct growth stages (juvenile and adult), differring in
ornament and obliquity. The two growth stages contact
along a more or less distinctly developed positive genic-
ulation. The juvenile stage is of moderate to large size,
moderately inflated, with the maximum h meausered in
Z1/35/055 (Text-fig. 17B) equal 122.5 mm. The umbo is
terminal to subterminal, small, projecting very slightly
above the hinge line. The hinge line is long and straight.
The anterior margin is straight or slightly convex, very
short, with VR/h ratio varying between 0.32 and 0.34.
Ventralward it passes into the very long, broadly convex
antero-ventral margin. The ventral marign is rounded.
The valves are strongly oblique; the maximum juvenile
d is invariably around 30° and then increases sligtly to
about 40°. As demonstrated by more complete speci-
mens (e.g. ZI/35/052) the adult stage dominated.

The juvenile ornament is balticus-like, composed of
regularly and relatively closely spaced, commarginal
rugae, with the interspaces increasing slowely ventral-
ward. Rarely some rugae split into two or are discon-
tinuous. The number of rugae in 20 and 50 mm interval
of the axial length is 7 to 8. The growth lines are paral-
lel to the rugae. They are usually very weakly seen on
internal moulds. The adult stage is irregularly orna-

mented with low, widely spaced rugae, with the inter-
spaces up to 30 mm wide.

REMARKS: The materal studied herein confirmes the
suggestion of WALASzCzYK & al. (2001, p. 146) that
Cataceramus haldemensis (GIERS, 1964), to which it
would normally be referred in Europe, should be syn-
onymised with the American species C. subcompressus
(MEek & HAYDEN). The apparent differences result
mostly from differences in preservation. The American
material is three-dimenionally preserved, and represent-
ed mostly by small-sized specimens. The European mate-
rial is composed normally of moderate to large-sized
internal moulds, usually strongly laterally compressed.

Inoceramus algeriensis HEINZ, 1932 (VOUTE 1951,
pl. 5, fig. 2)(newly illustrated in WALASZCZYK 1997, pl.
31, figs 3, 5) differs in finer juvenile ornament and
more rounded outline of commarginal juvenile rugae.

Very similar to C. subcompressus is a latest
Campanian — Early Maastrichtian species Cataceramus
palliseri  (DouGLAS, 1942)(=Inoceramus regularis
D’ORBIGNY)(=Selenoceramus sornayi DHONDT 1993).
Although C. palliseri is more finely rugate and more tri-
angular instead subquadrate in shape, both species are
very similar.

OCCURRENCE: C. subcompressus is a common
taxon in the Bostrychoceras polyplocum ammonite
Zone in Europe and in an interval starting from the
Baculites asperiformis ammonite Zone and ranging up
to the lower Baculites gregoryensis ammonite Zone of
the US Western Interior.

Genus Endocostea WHITFIELD, 1877

TYPE SPECIES: Endocostea typica WHITFIELD 1877,
p- 32, from the Baculites baculus ammonite Zone of the
Lower Maastrichtian, of the Old Woman Form of the
Cheyenne River, Blak Hills area in easternmost
Wyoming, USA.

REMARKS AND OCCURRENCE: For discussion of
the genus see MORRIS (1995) and WALASZCZYK & al.
(2001). The genus first appeared most probably in the
latest Campanian, with the species Endocostea aff. typ-
ica, from the Baculites reesidei ammonite Zone
(WaLAaszczyK & al. 2001) and also reported from
Europe, from the middle part of the Nostoceras hyatti
Zone of the Tercis section (WALASZCZYK, ODIN &
DnonDT 2002). It occurs regularly starting from the
base of the E. typica Zone (=base of the Baculites bac-
ulus ammonite Zone).
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Endocostea typica WHITFIELD, 1877
(Text-fig. 16 J, K, L)

1877. Endocostea typica WHITFIELD, p. 32.
pars 1880. Endocostea typica WHITFIELD; WHITFIELD, p. 403,
pl. 9, figs 1-3, 7 [non pl. 9, figs 4-6 = Cataceramus
barabini (MORTON)].
1913. Inoceramus Barabini MORTON; BOSE, p. 35, pl. 3,
fig. 1.
non 1931. Endocostea typica WHITFIELD; RIEDEL, p. 664, pl.
75, figs 2-4; pl. 76, fig. 1.
non 1964. ?Endocostea impressa (D’ORBIGNY); GIERS, p. 248.
non 1999. Endocostea typica (D’ORBIGNY); TROGER & al., p.
45, pl. 2, figs 1, 3, 5-6; text-figs 7-8.
non 1999. Endocostea aff.  impressa (D’ORBINGY);
SUMMESBERGER & al., p. 165, pl. 8, figs 1-2.
2002. Endocostea typica WHITFIELD; WALASZCZYK, ODIN
& DHONDT, p. 287, pl. 13, figs 1-5, 7-8, 11.

TYPE: The lectotype, by subsequent designation of
Serrz (1967, p. 55) is USNM 12261, the original of
WHITFIELD (1880, pl. 9, fig. 3), from the lower
Maastrichtian Baculites baculus ammonite Zone of the
Old Women Fork of the Cheyenne River in the Black
Hills, Wyoming, USA.

MATERIAL: Five specimens, MWG ZI/35/112
through MWG Z1/35/115 from the Dziurkow section,
and MZ ML1360/1, from Kludzie.

DESCRIPTION: The species is poorly represented in
the material studied. Besides numerous fragments five
more complete specimens are in the collection. The
species is small-sized, inequilateral, ?equivalve. The
valves are subquadrate in outline, moderately to strong-
ly inflated and markedly oblique. The umbo is small,
subterminal, projecting slightly to markedly above the
hinge line. The anterior margin is very short and con-
vex. It passes into vey long, broadly convex antero-ven-
tral margin. The posterior margin is short and convex.
The hinge line is long and straight. The posterior auri-
cle either indistinct, not separated from the disc or it is
strongly separated along a distinct step. A distinct
‘Hohlkehle’ is developed in MWG Z1/35/113.

The valves are ornamented with regularly spaced
commarginal rugae, with interspaces increasing gradu-
ally ventralward.

REMARKS: Endocostea aff. typica (see WALASZCZYK
& al. 2001, pl. 26, fig. 3; and WALASZCZYK, ODIN &
DnonDT 2002, text-fig. 7) is very similar in general out-
line and architecture. It differs, however, in surface
ornament; the ornament in this form is less regular and

composed of sharply edged very closely spaced
rugae/?growth lines. E. aff. fypica occurs stratigraphi-
cally distintly lower, in the upper part of the Nostoceras
hyatti Zone (=“Inoceramus” inkermanensis Zone);
then it disappears from the record.

The late Early Maastrichtian Endocostea impressa
(D’ORBIGNY) differs in surface ornament and possess-
es strongly projecting umbo. Moreover, its posterior
auricle is separated from the disc along well-developed
auricular sulcus.

Endocostea jolkicevi WALASZCZYK, ODIN & DHONDT,
2002, differs from the American species in possessing a
distinct radial sulcus and in smaller obliquity.

OCCURRENCE: The species is limited to the basal
Lower Maastrichtian, with its FO marking the base of
the eponymous zone. It is known from Europe, North
America, and from South America.

Genus Sphaeroceramus, HEINZ, 1932

TYPE SPECIES: [Inoceramus  subsarumensis
RENNGARTEN, 1926 (=Inoceramus pila HEINZ, 1932),
based on a specimen of Inoceramus inconstans WOODS
(1912, text-fig. 48) from the ?Lower Campanian of
England (locality unknown).

REMARKS AND OCCURRENCE: The discussion on
the genus see WALASZCZYK (1997) and WALASZCZYK &
al. (2001). It is known from the late Early and early
Late Campanian of Europe and of USA.

Sphaeroceramus pertenuiformis
WaLAszczyYK, COBBAN & HARRIES, 2001
(Text-figs 20A-C, E, G, 21)

pars 1976. Inoceramus borilensis dauensis SORNAY, p. 5, pl. 1, fig.
3; pl. 2, fig. 2 [non pl. 2, fig. 1].
2001. Sphaeroceramus  pertenuiformis ~ WALASZCZYK,
CoBBAN & HARRIES, p. 176, pl. 13, figs 1, 5-6; pl. 14,
figs 2, 4; pls 17-18; pl. 19, figs 2-3; pl. 20, fig. 3; pl. 21,
figs 1, 3-4.
2002. Sphaeroceramus  pertenuiformis ~ WALASZCZYK,
CoBBAN & HARRIES; WALASZCZYK, ODIN &
DHONDT, p. 287, pl. 2, figs 1-2, 4-5; pl. 3, figs 1-3, 5-6.

TYPE: The holotype, by original designation, is USNM
507552, the original of WALASZCZYK & al. (2001, pl. 14,
fig. 2) from the Didymoceras stevensoni — Exiteloceras
jenneyi ammonite zones of the Pierre Shale near Red
Bird, Niobrara County, Wyoming, USA.
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Fig. 20. A-C, E, G — Sphaeroceramus pertenuiformis WALASZCZYK, COBBAN & HARRIES, 2001; A, E - MWG ZI1/35/098, B - MWG ZI/35/099,
C - GIUSG-2170US-40, G - MWG Z1/35/096; A-B, E, G are from Wola Pawtowska and C is from Ciszyca; all are natural size. D — “Inoceramus”
tenuilineatus HALL & MEEK, 1856; MZ ML1416, Ciszyca Kolonia, x 1; F — “Inoceramus” borilensis JOLKICEV, 1962, MWG Z1/35/092 x 1
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MATERIAL: Eight specimens; MWG ZI/35/094
through MWG Z1/35/-7Z1/35/099, all from the Wola
Pawlowska section; MZ ML1404 from Kolonia
Ciszyca.

DESCRIPTION: In the studied material the species is
represented exclusively by single valves; one specimen
preserved with a shelly counterpart. All are deformed
to a variable extent.

The species is of moderate size, inequilateral,
?equivalve. It is composed of two distinct growth stages:
the small juvenile one, followed by an adult stage with
the neck part in between. Usually two distinct genicula-
tions are developed; the positive one at the ventral edge
of the juvenile stage and the negative one at the dosral
edge of the adult stage. The juvenile stage is subround-
ed to subrectangulat in outline, prosocline to ortho-
cline. Its surface is very weakly ornamented to almost
smooth. The adult stage, growing perpendicularly to
the juvenile one, is markedly larger. It possesses a long
and straight anterior margin, passing into long and con-
vex ventral and posterior margins. Its surface is covered
with irregular, low, widely spaced rugae.

REMARKS: The species resembles closely “Inocera-
mus” borilensis JOLKICEV and “Inoceramus” sp. A, which
may possibly represent a new species (see its description
at the end of the taxonomic part). From both of these
species S. pertenuiformis differs in the juvenile stage only.

The balticus-like juvenile stage of “I.” borilensis, the
generic affiliation of which is unclear, may possibly repre-
sent a Cataceramus species, whereas that of “Inocera-
mus” sp. A resembles more C. goldfussianus.

OCCURRENCE: The species occurs in the
Didymoceras stevensoni and Exiteloceras jenneyi zones
(early Late Campanian in the American subdivision) of
the US Western Interior. In Europe, besides the Vistula
section it was reported from the Tercis section, from the
upper part of the Bostrychoceras polyplocum Zone.

Genus Platyceramus, HEINZ, 1932
(Text-figs 23-27)

TYPE SPECIES: Inoceramus mantelli (DE MERCEY)
BARROIS, 1879, p. 454, pl. 4, fig. 1.

OCCURENCE: The genus appeared in the Middle
(Nate Early) Coniacian and ranged till the Early
Maastrichtian; apparently world-wide.

Platyceramus rhomboides (SEITzZ, 1961)
(Text-figs 25-26)

1961. Inoceramus (Platyceramus) rhomboides rhomboids,
SEITZ, p. 82, pl. 3, fig. 2; pl. 4, figs 1-2, 7.

Fig. 21. Sphaeroceramus pertenuiformis WALASZCZYK, COBBAN & HARRIES, 2001; reconstruction
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Fig. 22. A — Sphaeroceramus aff. pertenuiformis WALASZCZYK, COBBAN & HARRIES, 2001; MZ ML1404, Ciszyca Kolonia, x 1; B — Cataceramus cf. mor-

toni (MEEK & HAYDEN , 1860); MZ ML1269, Ciszyca Kolonia, x 1; C — Inoceramus sp. cf. “Inoceramus” whitfieldi WALASZCZYK, COBBAN & HARRIES,
2001, MZ ML1412, Ciszyca Kolonia, x 1. D — “Inoceramus” sp., MZ ML1434, Ciszyca Kolonia, x 1

MATERIAL: 8 specimens, MWG ZI/35/041 through
MWG Z1/35/47, and MWG Z1/35/075, all from the
Dorotka section; Cataceramus subcompressus Zone (=
Bostrychoceras polyplocum ammonite Zone).

Dimensions:

Specimen  h 1 H L s VR a 9§ hmax
Z135/041 95 80 76 9 56 - 116 50 154
Z135/045 92 82 77 88 8 - 120 50 146

DESCRIPTION AND REMARKS: All specimens
are represented by internal moulds of single valves;

only few shell fragments are attached. The specimens
are usually deformed to a varying extent. Some are
simply compressed laterally (ZI/35/043, Z1/35/045,
and Zi/35/075), whereas the others are compressed in
other planes, what resulted in the change of their out-
line.

The species is of medium to large size, inequilater-
al, equivalve. The umbo is small, terminal and projects
only slightly above the hinge line. The valves are com-
posed of two stages that differ in their surface orna-
ment. Both stages grow in the same plane; a weak
geniculation is visible only in deformed specimens and
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is probably enhanced due to it. The anterior margin is
short, straight to slightly convex and passesses into the
long, broadly convex, and partly straight, antero-ven-
tral margin, and thence into the regularly rounded ven-
tral margin. The posterior margin is almost straight.
The hinge line is straight and moderately long. Apart
from the umbonal region, the posterior auricle is not
separated from the disc.

The valve ornament varies between the juvenile
and the adult stages. The juvenile stage is covered with
regular to subregular commarginal rugae with super-
imposed growth lines, the traces of which are well pre-
served, and with interspaces increasing gradually ven-

tralward. The adult stage bears irregular, low, widely
spaced rugae; sometimes is almost smooth.

The general outline, the type of ornament and the
general architecture of the specimens studied are very
close to the type material of the species (SErrz 1961, pl.
3, fig. 2; pl. 4, figs 1-2, 7) from northern Germany. The
apparently stronger rugae in the German material may
be due to the deformation of the studied specimens.

OCCURRENCE: The species ranges from the topmost
Lower Santonian to Lower Campanian in northern
Germany. The studied specimens form the Vistula sec-
tion seem to be the stratigraphically youngest specimens.

Fig. 23. Platyceramus sp.; MZ ML1226, Ciszyca Kolonia, x 1
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Fig. 24. Platyceramus sp.; PIG 234 11 45, Ciszyca, x 1

Platyceramus cf. pierrensis
(WaLAszczyK, COBBAN & HARRIES, 2001)
(Text-fig. 27)

1896. Inoceramus sagensis OWEN; GILBERT, p. 56, fig. 2.

2001. “Inoceramus” pierrensis sp. nov.; WALASZCZYK, COBBAN
& HARRIES, p. 206, pl. 12, pl. 14, figs 1, 3, 5; pl. 15, fig.
4; pl. 16, fig. 1.

TYPE: The holotype, by original designation, is USNM
507740 (WALASszczYK & al. 2001, pl. 14, fig. 1) from the
Baculites scotti ammonite Zone of the Red Bird section,
Wyoming US Western Interior (USGS locality
D1923)(see GILL & CoBBAN 1966). USNM 507560,
USNM 507562, USNM 507563, USNM 507566, USNM
507568, USNM 507569, USNM 507576 and USNM
507578 (WALASZCZYK & al. 2001) are paratypes.
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Fig. 25. Platyceramus rhomboides (SErTz, 1961); MWG Z1/35/043, Dorotka, x 1

MATERIAL: MZ ML 1261/1 from Ciszyca Kolonia,
and probably also MWG Z1/35/065 from Dorotka.

Dimensions:
Specimen  h I H L s VR a 9§ hmax
Z1/35/041 61 56 55 57 32 - 115 60 77

DESCRIPTION AND REMARKS: MZ ML1261/1is a
fragmentarily preserved RV: its ventral and posterio-
ventral parts are missing. It is a weakly developed, mod-
erately oblique valve, with a straight, moderately long
anterior margin, rounded ventral margin, and a straight
and long hinge line. The inflation is greatest in the
umbonal part. The umbo is small, terminal, projecting
very slightly above the hinge line. The posterior auricle
is not separated from the disc.

The valve is ornamented with commarginal rugae
and superimposed, parallel growth lines, the traces of
which are relatively well preserved. The juvenile orna-
ment is poorly visible, but the early adult rugae are
widely spaced, with flat-floored interspaces, and with

second-order rugae visible in some cases. The rugae are
apparently symmetrical in crossection.

To this species also belongs, most probably, MWG
Z1/35/065, represented by internal mould of a RV, with
missing postero-ventral part. The specimen is
deformed in the umbonal region.

OCCURRENCE: ML 1261/1 comes from the lower part
of the “Inoceramus” tenuilinetus Zone (=lower part of
the Didymoceras donezianum Zone) of Ciszyca Kolonia.
The other specimen, referred to here with a question
mark, is from Dorotka. The species is described from the
US Western Interior, where it occurs in the “L” tenuilin-
eatus and in the Sphaeroceramus pertenuiformis Zone, an
interval which coresponds to the late Middle Campanian
Didymoceras scotti ammonite Zone through the early
Late Campanian Exiteloceras jenneyi ammonite Zone.

Platyceramus sp.
(Text-figs 23-24)
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Fig. 26. Platyceramus rhomboides (SEITZ, 1961); A - MWG Z1/35/041, x 0.7; B— MWG Z1/35/045, x 0.9; both from Dorotka

135
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Fig. 27. Platyceramus cf. pierrensis (WALASZCZYK, COBBAN & HARRIES, 2001); MZ ML1261/1, Ciszyca Kolonia, x 1

MATERIAL: Two specimens, MZ ML 1226, from
Ciszyca Kolonia, and PIG 234.11.45 from Ciszyca (coll.
W. POZARYSKI).

Dimensions:

Specimen  h Il H L s VR o § hmax
ML1226 112 94 98 100 68 40 110 56 160
2341145 917 79 79.6 81.6 53.6254 120 55 163

DESCRIPTION: PIG 234.11.45 is a huge single LV (its
estimated maximum axial length hust have been well
above 250 mm), slightly deformed in the dorso-anterior
part, and most probably also a little bit compressed later-
ally as demonstrated by the shape of the umbonal region-
al. The umbo is small and curved distinctly dorso-anteri-
orly. The hinge line and anterior margin are straight,
moderately long. Up to 90 mm of the axial length the
valve is subregularly ornamented, with the interspaces of
the adult ruage between 6 and 8 mm. The rugae are best
developed in the axial part, weakening on the anterior
margin and on the posterior auricle. Ventralward the
ornament becomes weaker and less regular and is com-
posed of low, widely spaced rugae. Growth lines traces
visible in parts only; they are parallel to the rugae.

MZ ML1226 is also a large specimen (although less
completely preserved than the other specimen). It is an
internal mould of the LV, with the dorso-posterior and
postero-ventral parts missing. It clearly shows two
growth stages, with different ornament. The rugae are
poorly preserved.

REMARKS: Both specimens differ from representa-
tives of Platyceramus rhomboides in their more robust
ornament, and in the fact that the rugae in the regular-
ly rugate part weaken distinctly when passing onto ante-
rior and posterior parts. Platyceramus pierrensis pos-
sesses quite distinct rugae, which are narrow in cross
section, relatively steep, widely spaced and with flat-
floored interspaces. Platyceramus sp. probably repre-
sents a new species but more material is needed to see
the actual variability range of the species and to exclude
the possibility that these are simply specimens from a
margin of the range of variability of any other species.

OCCURRENCE: The studied specimens are from the
“Inoceramus” tenuilineatus Zone (=lower part of the
Didymoceras donezianum ammonite Zone) of Ciszyca
Kolonia and Ciszyca.

Genus Trochoceramus, HEINZ, 1932.
TYPE SPECIES: Trochoceramus helveticus HEINZ
(1932, p. 19)(see discussion in SEITZ 1970).
Trochoceramus costaecus (KHALAFOVA, 1966)
(Text-figs 28, 31C, E)

1959. Inoceramus alaeformis ZEKELL; DOBROV & PAVLOVA, p.
154, pl. 18, fig. 1.
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1966. Inoceramus costaecus KHALAFOVA, p. 52, pl. 1, fig. 1.
1969. Inoceramus  zitteli KOCIUBYNSKIJ non PETRASCHECK,
SORNAY in ANTUNES & SORNAY, p. 89, pl. 7, fig. 1.

1988. Inoceramus alaeformis ZEKELI; ALIEV & KHARITONOV
in ALI-ZADE & al., p. 262, pl. 16, figs 1-3.

1996. Trochoceramus costaecus (KHALAFOVA); WALASZCZYK
&al., p. 157, pl. 1, figs 1-5; pl. 3, fig. 3; pl. 6, fig. 2.

1996. Trochoceramus morgani (SORNAY); WALASZCZYK & al.,
p. 156, pl .2, figs 1-8, pl. 3, fig. 2.

2001. Trochoceramus sp.; WALASZCZYK & al., p. 184, pl. 42,
fig. 10; pl. 43, figs 7-9.

2001. Trochoceramus sp.; ODIN, pl. 3, fig. 23.

2002. Trochoceramus costaecus (KHALAFOVA); WALASZCZYK,
ODIN & DHONDT, p. 289, pl. 11, figs 1-7; pl. 12, figs 2-3, ?7.

TYPE: The holotype, by original designation, is the
specimen illustrated by KHALAFOVA (1966, pl. 1, fig. 1)
from the ?uppermost Campanian of the Gerga section,
Daghestan, NE Caucasus, Russia.

MATERIAL: Three specimens; MWG Z1/35/119 (see
WaLaszczyk & al. 1996, pl. 3, fig. 3) from Kamien, and
71/35/120 and Z1/35/121 from the Raj North section.

DESCRIPTION AND REMARKS: The large, com-
plete specimen from Kamien was described in
WALASZCZYK & al. (1996, p. 158, pl. 3, fig. 3). The two
other specimens are small, fragmentary internal
moulds of single valves. They well demonstrate the
characteristic outline and ornament of the species.

OCCURRENCE: The type species was cited from the
Early Maastrichtian of Daghestan, what corresponds
well to the traditional location of the Campanian/Ma-
astrichtian boundary, i.e. defined with the FO of the
belemnite species Belemnella lanceolata. 1t is late Late
Campanian in reference to the Tercis boundary. It
occurs in the eponymous zone of the Vistula section and
of the Tercis section. The forms illustrated by

Fig. 28. Trochoceramus costaecus (KHALAFOVA, 1966) [=WALASzZCzYK & al. 1996, pl. 3, fig. 3]; MWG Zi/35/119, Kamien, Trochoceramus costaecus

Zone, x 1
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WaLaszczyK & al. (2001) from the North American
Gulf Coast should most probably be referred to this
species.

Forms left in open nomenclature

There is a number of forms which, at the genereric
level, are referred here in open nomenclature and
referred to “Inoceramus” sensu lato. Firstly, they are
known so far almost entirely from internal moulds, with
even such basic characteristics as their ligamental plates
or outer surface ornament not known in detail.
Secondly, the knowledge of the Campanian and
Maastrichtian inoceramid record is insufficient to allow
for the interpretation or even suggestion of the phyloge-
netic links of numerous taxa, although thanks to recent
studies in the Western Interior, Tercis, and the present
one in the Vistula section, more and more data are
available.

The taxa are described here in alphabetic order.
The informal grouping, as used formerly in
WALASZCZYK & al. (2001) or in WALASZCZYK, ODIN &
DnonDT (2002) is not followed.

“Inoceramus” altus MEEK, 1871
(Text-figs 29)

1871. Inoceramus altus MEEK, p. 302.
1876. Inoceramus altus MEEK; MEEK, p. 43, pl. 14, fig. 1.
non 1880. Inoceramus altus MEEK; WHITFIELD, p. 391, pl. 9,
fig. 11 [=Mytiloides sp.].
1898. Inoceramus altus MEEK; LOGAN, p. 506, pl. 107, fig. 1.
1978, Inoceramus lapparenti SORNAY in SORNAY &
BILOTTE, p. 36, pl. 6, figs 1-2.
1978. Inoceramus launartensis SORNAY in SORNAY &
BILOTTE, p. 34, pl. 5, fig. 1.
pars 1993. Endocostea  balticus ~ beckumensis  (GIERS);
DHoNbDT, p. 221, pl. 3, fig. 3.
2001. “Inoceramus” altus MEEK; WALASZCZYK & al., p.
214, pl. 22, figs 1-8; pl. 23, figs 1, 3-5; pl. 24, fig. 1.
2002. “Inoceramus” altus MEEK; WALASZCZYK, ODIN &
DHONDT, p. 294, pl. 4, figs 4-5; pl. 5, fig. 1; pl. 6, figs
2, 6.

TYPE: The holotype, by original designation, is
USNM 12462, the specimen illustrated by MEEK (1876,
pl. 14, fig. 1)(reillustrated by WALASZCZYK & al. (2001,
pl. 24, fig. 1) from near Medicine Bow Station,
Wyoming, from the Baculites compressus ammonite
Zone of the middle Upper Campanian (in the tripar-
tite North American subdivision).

MATERIAL: 2 complete specimens, MWG Z1/35/102
and MWG Z1/35/103, and numerous small fragments;
all specimens are from the lowermost (lowest meter of
the succession) part of the Piotrawin section.

Dimensions:

Specimen h 1 H L s VR o § hmax
Z1/35/102 52 48 445 484 28 214 112 60 78
Z1/35/103 664 614 564 613 31 - 115%63 100

DESCRIPTION: Both specimens studied are internal
moulds of single RVs; the ventral and posterior parts
of the valves are missing. No fragments of the shell are
preserved. The valve is moderately oblique with 9
above 60°, subrectangular in outline. The beak is ter-
minal, projecting distinctly above the hinge line,
curved antero-dorsally. The valves are weakly inlfated,
with the maximum inflation dorso-central. The poste-
rior auricle is small, triangular in outline, well sepa-
rated from the disc in the juvenile stage, thereafter
only weakly. The anterior margin is moderately long,
straight, slightly concave below the umbo. It passes
into the long and convex antero-ventral margin. The
ventral margin is rounded, and passes into the almost
straight, rather short posterior margin.

The valves are ornamented with very regular rugae,
which are lamallete in appearance; they are closely
spaced, and are very asymmetrical in cross section, with
the leading edge very steep. The interspaces increase
gradually ventralward. The rugae weaken and become
much closely spaced on the posterior auricle. The
growth lines traces are not seen on the mould surfaces.

REMARKS: The weak obliquity, height-elongated sub-
rectangular outline, and the closely and regularly
spaced‘lamellate’ rugae are the main features of this
very characteristic species. It resembles “Inoceramus”
vanuxemi, which, however, possesses symmetrical rugae
and is less oblique.

OCCURRENCE: The studied material comes from the
“Inoceramus” altus Zone of the Piotrawin section
(lower part of the Nostoceras hyatti ammonite Zone). It
is known from the Baculites compressus ammonite Zone
of the US Western Interior, and from the lower part of
the Nostoceras hyatti Zone of the Tercis section. Also
known from the late Late Campanian of the Pyrenees.

“Inoceramus” balchii MEEK & HAYDEN, 1860
(Text-figs 30A-B, 31B, D)

1860. Inoceramus Balchii MEEK & HAYDEN, p. 180.
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Fig. 29. “Inoceramus” altus Meek, 1871; A - MWG Z1/35/102, x 1; B—- MWG Z1/35/103 x 0.8; both from basal part of the succession in the

Piotrawin quarry

1876. Inoceramus Balchii MEEK & HAYDEN; MEEK, p. 56,
pl. 15, fig. 1.
1880. Inoceramus sagensis OWEN; WHITFIELD, p. 393, pl.
7, fig. 12; pl. §, fig. 2.
non 1903. Inoceramus balchii MEEK & HAYDEN; JOHNSON, p.
117, pl. 2, fig. 16. [=?Inoceramus vanuxemi MEEK &
HAYDEN 1860]
non 1963. Inoceramus balchi MEEK & HAYDEN; TSAGARELL, p.
99, pl. 2, fig. 1.
2001. “Inoceramus”  balchii MEEK & HAYDEN;
WarLaszczyk, COBBAN & HARRIES, p. 212, pl. 35,
fig. 5; pl. 37, fig. 7; pl. 44, fig. 1.

TYPE: The holotype, by monotypy, is USNM 484, the
original to MEEK (1876, pl. 15, fig. 1) (illustrated photo-
graphically in WALASZCZYK & al. 2001, pl. 35, fig. 5), from
the Yellowstone River, 150 miles above its mouth, from
the Early Maastrichtian Baculites grandis ammonite Zone.

MATERIAL: Three specimens, MWG ZI/35/025 and
MWG Z1/35/026 from the Piotrawin section, and MWG
Z1/35/027, from the Raj North section.

Dimensions:

Specimen h Il H L s VR a 9§ hma
Z1/35/025 1016 100 84 102 69 45 107 36 120
Z1/35/026 102 89 85 95 47 34 110 38 130
Z1/35/027 106 92 91 102 58 46* 120 40 121

DESCRIPTION: All three specimens are represented
by internal moulds of single valves; no shell fragments
are preserved. The valve is weakly inflated, with maxi-
mum inflation in the anterior-dorsal part, its outline is
subrectangular. The beak is relatively small, terminal,
projecting a little bit above the hinge line. The hinge is
long and straight. The anterior margin is also straight,
moderately long, forming a half or less of the respec-
tive axial length. The anterior margin passes into the
broadly rounded anteror-ventral margin. The posterior
margin is rounded. The growth axis is slightly conex
anteriorly; much more in the juvenile stage, then it
becomes almost straight. Besides in the juvenile, near
umbonal part, the posterior auricle is weakly separated
from the disc.

The valves are ornamented with semiregular, wide-
ly spaced rugae, in the 15-85 mm interval of the axial
lenght, the interspaces vary between 8 and 15 mm. The
rugae are most distinct in the anterior part, and
become gradually less distinct toward the axial and
toward the hinge line. Also they weaken markedly in
the ventral part.

REMARKS: MW Z1/35/025 and Z1/35/027 agree very
well with the American type. Less typical is MWG
7Z1/35/026, which differs from the two other in its
smaller h/l ratio, what causes its more slender appear-
ance.
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Fig. 30. “Inoceramus” balchii MEEK & HAYDEN, 1860; A — MWG Z1/35/025, B—- MWG Z1/35/026; both from upper third of the Piotrawin

succession; both are x 0.9
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Fig. 31. A — Cataceramus gandjaeformis WALASZCZYK, COBBAN & HARRIES, 2001; MWG Z1/35/147, x 0.65; B, D — “Inoceramus” balchii MEEK &
HAYDEN, 1860, B — MZ ML1369, Ktudzie, x 0.65; D - MWG Z1/35/027, Raj North, x 0.85; C, E — Trochoceramus costaecus (KHALAFOVA, 1966),
C -MWG Z1/35/120, D - MWG Z1/35/121, both are natural size
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“1.” balchii resembles weakly inflated “I.” inkerma-
nensis, from which it differs in the subrectangular out-
line, smaller beak projection, and more regular ruga-
tion. MWG Z1/35/128 (see Text-fig. 36) referred ques-
tionably to the DoBROV & PavLova’s (1959) species
may possibly be “I.” balchii.

OCCURRENCE: The species occurs in the Early
Maastrichtian Baculites grandis and Baculites clinoloba-
tus ammonite Zones of the US Western Interior and is
known also from the Lower Maastrichtian of the Gulf
Coast. The report from the Vistula section is thus strati-
graphically the oldest. Other previous reports from
Europe are not confirmed.

“Inoceramus” borilensis JOLKICEV, 1962
(Text-figs 20F, 32)

1962. Inoceramus borilensis nov.sp.; JOLKICEV, p. 145, pl.
7, fig. 1.
non 1976. Inoceramus borilensis dauensis; SORNAY p. 5, pl. 1,
fig. 3; pl. 2, figs 1-2.
non 1978. Inoceramus aff. borilensis; SORNAY & BILOTTE, p.
33, fig. 4.
1982. Inoceramus borilensis JOLKICEV; SORNAY, p. 7, pl. 2,
fig. 1; pl. 3, fig. 3.
pars 1982. Inoceramus cf. borilensis JOLKICEV; SORNAY, p. 9,
pl. 3, fig. 2 [non pl. 3, fig. 1].
non 1993. “Inoceramus” borilensis JOLKICEV; DHONDT, p. 215,
pl. 1, fig. 1; pl. 3, fig. 2.
non 1993. “Inoceramus” cf. borilensis JOLKICEV; DHONDT, p.
216, pl. 4, fig. 1.
1997. Inoceramus aff. borilensis JOLKICEV; WALASZCZYK,
p- 37, pl. 28, figs 1-5.
non 1999. Inoceramus cf. borilensis JOLKICEV; TROGER & al.,
p. 46, text-fig. 10.
non 2001. Inoceramus borilensis JOLKICEV; ODIN, pl. 1, figs 8-
9 [=Inoceramus redbirdensis)
2002. “Inoceramus” borilensis JOLKICEV; WALASZCZYK,
ODIN & DHODNT, p. 202, pl. 3, fig. 7.

TYPE: The holotype, by original designation, is the
original of JOLKICEV (1962, pl. 7, fig. 1) from the
Campanian of Medven, Bulgaria.

MATERIAL: PIG N432 from Watowice (coll. W.
Pozaryskl); MWG Z1/35/092, MWG Z1/35/093, and
MWG Z1/35/100, from Wola Pawlowska.

Dimensions:

Specimen hjuv h 1 H L s VR a d hmax
N432 50 115 - 74 125 - 19 135%35% 152
Z1/35/092 73* 70 43 45 67 43 12 90 30 81

DESCRIPTION: All specimens studied are represent-
ed by internal moulds of single valves. PIG N432 and
MWGZI/35/093 are more complete, with a part of the
adult stage preserved; MWG Z1/35/092 is represented
by the juvenile stage only.

The species is of moderate to large size, with two
distinct growth stages bordering along a single positive
geniculation or with two geniculations, the positive fol-
lowed by the negative one. The juvenile stage is small,
weakly to moderately inflated, strongly oblique, with
the beak small, terminal to subterminal. It possesses a
long and straight hinge line, a very short anterior mar-
gin, and very long, broadly convex anterro-ventral mar-
gin. The juvenile stage is ornamented with regularly
and closely spaced ruage of the balticus-type.

The growth of the adult stage almost perpendicu-
larly to the juvenile one; usually there is a low neck
stage between these two stages. The adult valve is usu-
ally weakly ornamented, with irregular, low, widely
spaced rugae. Growth lines traces are rarely observed
on the specimes studied.

The most completely preserved is PIG N432, which
is distinctly geniculated. Its juvenile stage is 50 mm in
axial length, and its measured adult stage is 152 mm
(its estimated maixmum size must have been at least
230 mm). The juvenile stage shows an anteriorly
curved growth axis, with 8 decreasing from about 35 to
about 28°. The juvenile stage with a distinct, balticus-
like ornament; the neck and the adult stages have
weak rugae. Growth lines traces are visible in parts;
they are parallel to the rugae.

REMARKS: The juveniles of “I.” borilensis are indistin-
guishable from forms like Cataceramus palliseri
(DoucLas), more oblique Cataceramus subcompressus
(MEEK & HAYDEN), or Cataceramus aff. barabini
(MORTON). A very characteristic feature of the species is
that it passes very quickly in the ontogeny to the adult
stage. In general architecture it clearly resembles
Sphaeroceramus pertenuiformis, from which it differs in
its juvenile stage; the juvenile stage in the latter species is
subrounded to suboval with weakly developed ornament.

For discussion on the relationships between “I.”
borilensis and “L.” borilensis dauensis and “I.” aff.
borilensis in WALASZCZYK (1997) see WALASZCZYK,
ODIN & DHONDT (2002).

OCCURRENCE: The studied material comes from
the Sphaeroceramus pertenuiformis Zone (=upper part
of the Didymocera donezianum ammonite Zone) of the
Wola Pawlowska section; PIG N432 may possibly
by older (lower part of the Didymoceras donezia-
num/?Bostrychoceras polyplocum ammonite Zones).
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The species is known from the equivalent stratigraphi-
cal interval in the Tercis section (WALASZCZYK, ODIN &
DuonDT 2002) and from the Houthalen mine shaft
section, in SE Belgium (SORNAY 1982, WALASZCZYK &
DHONDT, in prep.).

“Inoceramus” conlini
WaLAszCczYK, COBBAN & HARRIES, 2001
(Text-fig. 33)

pars 1967. Inoceramus (Endocostea) cymba BOHM; SEITZ, p.
66, pl. 3, fig. 2 [non pl. 2, fig. 2 = Endocostea typica,
and non pl. 7, fig. 3 — Cataceramus subcompressus).

2001. “Inoceramus” conlini sp. nov.; WALASZCZYK,
CoBBAN & HARRIES, p. 188, pl. 3, figs 1-2.
2002. “Inoceramus”  conlini WALASZCzZYK & al.;

WaLAszczYK, ODIN & DHONDT, p. 293, pl. 1, fig. 3.

TYPE: The holotype, by original designation, is
USNM 507476, the original of WALASzczYK & al.

Fig. 32. “Inoceramus” borilensis JOLKICEV, 1962; PIG N432, Walowice, A — lateral view of the adult stage, B — lateral view of the juvenile stage;

“Inoceramus” tenuilineatus Zone, x 1
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(2001, pl. 3, fig. 2) from the Early Campanian
Haresiceras placentiforme ammonite Zone, from near
the top of the Telegraph Creek Formation, in the NW
part of Fergus County, Montana (USGS Mesozoic
locality 21568), US Western Interior.

MATERIAL: Single specimen, MWG Z1/35/073 from
Dorotka.

DESCRIPTION: MWG ZI/35/073 is an internal
mould of a single, incomplete RV; the antero-ventral
and ventral parts are missing. No shell fragments are
preserved. The valve is of moderate size with hmax =
118 mm; its L = 116.5.

The valve shows two distinct gowth stages separat-
ed by two successive geniculations, the positive and the
negative one. The juvenile stage is small, oblique, with
0 = 30° and with L =52 mm. The beak is small and
does not project above the hinge line. It is markedly
deformed in the studied specimen. The ventral part is
folded against the dorsal part and shifted dorsally, giv-
ing the impression of a distinctly inflated form. In fact
the inflation had to be only moderate at most. This
stage is regularly ornamented with fine, closely spaced
rugae, with the interspaces increasing gradually ven-
tralward.

Ventrally of the juvenile stage follows the low neck
stage, which then passes into the adult stage. The neg-
ative geniculation is poorly developed, and in the most
anterior part is almost invisible. The adult stage is
elongated posteriorly, with the outline Cataceramus-
like. The valve surface bears irregular, indistinct rugae.

REMARKS: Unless the presence of the raised juvenile
stage is an ecophenotypic feature, the general archi-
tecture, Cataceramus-like outline of the adult stage,
and the presence of the two growth stages with differ-
ent ornament, allow the studied specimen to be
referred to “Inoceramus” conlini. Although the
ecophentotypic interpretation cannot be excluded the
occurrence of this morphotype in distinct stratigraphi-
cal intervals suggest an their evolutionary appearance.
To the same morphotype belongs the late Late
Campanian “Inoceramus” maclearni DOUGLAS and
possibly “Inoceramus” furnivali DOUGLAS (the latter is
very poorly known and may actually be a synonym of
“1.” maclearni) (see WALASZCZYK & al. 2001).

OCCURRENCE: The studied specimen comes from
the Bostrychoceras polyplocum ammonite Zone of the
Dorotka section. The species is known from the late
Early Campanian of the US Western Interior and

Fig. 33. “Inoceramus” conlini WALASZCZYK, COBBAN & HARRIES, 2001; MWG Z1/35/073, Dorotka, Cataceramus subcompressus Zone, x 1
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Germany. A single specimen was described from the
earliest Late Campanian of the Tercis section.

“Inoceramus” inkermanensis
DoBROV & PavLova, 1959
(Text-figs 34, 35B, D-E, 736, 37B, F, 44B, E)

1959. Inoceramus inkermanensis sp. nov.; DOBROV & PAVLOVA,
p. 157, pl. 19, fig. 3.

TYPE: Holotype, by original designation, is K/73w,
from the ‘Lower Maastrichtian’ [a level which may
actually represent a Late Campanian interval] near
Bachtchisaray, the Crimea. The specimen is housed in
the Paleontological Collections of the Moscow State
University.

MATERIAL: Thirteen specimens MWG ZI/35/006
through MWG ZI1/35/018; all from the middle and
upper third of the Piotrawin quarry.

Dimensions:

Specimen  h 1 H L s VR a 0§ hmax
Z1/35/006 81 70 69 80 - - 115 50 137
Z1/35/008 62 48 46 S8 38 - - 40 62

ZI/35/009 73 70 68 75 - - 120 55 73

DESCRIPTION: The species is of moderate size for
the genus, equivalve, inequilateral. The umbo is mod-
erately large, extending markedly above the hinge line.
The latter is straight and moderately long. The valve is
obliquely ovate in outline, distinctly higher than long.
The posterior auricle is relatively small; in the dorsal
part well separated from the disc, whereas in the adult
it passes gradually into the disc. The anterior margin is
distinctly concave below the beak, and then straight to
slightly convex. It passes into the broadly rounded ven-
tral margin, The complete posterior margin is not pre-
served in any of the specimens studied but seems to be
evenly convex.

The valves covered with moderately regular to
irregular commarginal rugae; they are most regular in
the medium part of the shell in the umbonal and in
most ventral parts the ornament becomes irregular and
sometimes disappears completely.

The species possesses a very characteristic ligament
plate, which is almost entirely devoid of the division
into ressilifers and ridges but instead form a narrow
tube (see Text-fig. 35D).

DISCUSSION: The general valve outline, inflation of
the juvenile part, and the type of ornament makes the

sample from Piotrawin conspecific with the Russian
species. All specimens studied herein are deformed to
a variable extent, mostly due to simple lateral com-
pression. As a result the valves are much less inflated
than the original specimens were, and moreover, their
most inflated juvenile part are deformed.

Very similar to “I.” inkermanensis is “Inoceramus”
convexiformis WALASZCZYK, COBBAN & HARRIES, 2001,
known from a single specimen, from the Baculites
reesidei Zone of the US Western Interior. In contrary
to “I.” inkermanensis, the American form possesses a
distinctly and regularly ornamented juvenile part.
Further material from there is needed to decide
whether both species should be regarded as conspeci-
fic, two separate species, or as two geographic sub-
species of a single species.

The ligamental plate of “1.” inkermanensis belongs
to the plate type recognised by ZoNova (1980), based
on the Campanian species Inoceramus djusaliensis
described from Kyzyl-Kum in Central Asia by
SOBOLEVA (1970). ZoNovaA (1980) referred this type to
a new, tube-type ligamental plate. “L” inkermanensis
resembles “L“ djusaliensis in its general outline but dif-
fers in its more inflated umbonal region, and its pro-
jection distinctly above the hinge line. WALASZCZYK &
al. (2001) regarded SOBOLEVA’s (1970) species as a
junior synonym of “Inoceramus” sagensis OWEN.

OCCURRENCE: In the Vistula section “I.” inkerma-
nensis is limited to the upper part of the Nostoceras
hyatti ammonite Zone, and in inoceramid terms it
seems to occur exclusively within the “1.” inkermanensis
Zone. DOBROV & PavLova (1959) reported their new
species from the Upper Campanian and Lower
Maastrichtian of the Crimea and Caucasus, however,
their definition of these chronostratigraphic units was
different. PERGAMENT & SMIRNOV (1972) reported true
“L” inkermanensis from the Inoceramus alaeformis
Zone, what means from the topmost Campanian of the
Daghestan, NE Caucasus.

“Inoceramus” maclearni DOUGLAS, 1942
(Text-fig. 35A, C)

1942. Inoceramus mclearni DOUGLAS, p. 60, pl. 2, fig. 1.

1942. Inoceramus mcshaniensis DOUGLAS, p. 61, pl. 2, fig. 2.

2001. “Inoceramus” maclearni DOUGLAS; WALASZCZYK,
CoOBBAN & HARRIES, p. 226, pl. 38, figs 1, 3, 5.

TYPE: The holotype, by original designation, is GSC
8925 illustrated by DouGLAs (1942, pl. 2, fig. 1 and reil-
lustrated by WaLAszczyk & al. 2001, pl. 38, fig. 5)
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from the uppermost Campanian exposed along
McShane Creek, Saskatchewan, Canada, about 140 m
below the top of the Bearpaw Formation.

MATERIAL: MWG ZI1/35/001, MWG ZI1/35/002 and
MWG ZI/35/003; all from the upper third of the
Piotrawin quarry.

DESCRIPTION: All three specimens are represented
by internal moulds of single valves. MWG Z1/35/001 is a
fragment of the RV, with the juvenile and adult part
almost completely preserved; only small dorsal and ante-
rior parts of the gerontic stage attached. This specimen
well displays the basic characteristic of the species: the
three ontogenetic stages with various growth direction,

Fig. 34. “Inoceramus” inkermanensis DOBROV & PAVLOVA, 1959; reillustration in natural size of the original photo from DoOBROV & PAvLOvVA, 1959,
pl. 19, fig. 3
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Fig. 35. A, C - “Inoceramus” maclearni DOUGLAS, 1942, MWG Z1/35/002, A — view of the umbonal region with the ligamental plate, x 1.8, C — lateral
view, x 0.85; B, D-F — “Inoceramus” inkermanensis DOBROV & PAVLOVA, 1959; B - MWG Zi/35/008, x 1; D - MWG Z1/35/009, umbonal region with
the view of the ligamental plate [the lateral view of this specimen see Text-fig. 37B], x 0.7; E - MWG Z1/35/149, x 0.9; F - MWG ZI/35/006, x 0.85; all

specimens are from the “Inoceramus” inkermanensis Zone of the Piotrawin quarry



148 IRENEUSZ WALASZCZYK

and with clear geniculations between them. The juvenile
stage is small-sized, with L = 24 mm, moderately
oblique, with the beak terminal, curved anteriorly, not
projectin above the hinge line. Its ornament is not pre-
served, but it was seemingly smooth, or very weakly orna-
mented. The adult stage (neck part) is seemingly almost
perpendicular to the juvenile stage. Its h=15.5 mm. Its
growth is moderately oblique. The gerontic stage is
strongly elongated postero-ventrally (balticus-like out-
line). Although the specimen appears to have had
annother (negative) geniculation, the sharp boundary
between the adult and gerontic stages may be due to sec-
ondary deformation, as is suggested by other specimens.
The adult stage weakly ornamented, the gerontic stage
bears irregular, moderately strong rugae. A small part of
the ligamental plate preserved shows is of the tube type.

MWG Z1/35/002 is a deformed internal mould of
the LV, with poorly preserved juvenile, adult and ante-

rior part of the gerontic stages. It shows relativley
strong ornament in the gerontic stage, which, however,
may to a large extent be a result of deformation. The
maximum h measured is 82 mm.

MWG Z1/35/003 is a RV, with a strongly deformed
juvenile stage. The completely smooth adult and
gerontic stage may result from the lateral compression.

REMARKS: “Inoceramus” maclearni belongs to the
same architectural type as “Inoceramus” conlini, from
the Lower and basal Upper Campanian, or
“Inoceramus” furnivali DoOUGLAS, 1942, from the
Baculites reesidei ammonite Zone (late Late Campanian)
of the US Western Interior. Very close is also Inoceramus
incurvus MEEK & HAYDEN, 1856, from the upper
Endocostea typica Zone of the US Western Interior. To
the same type also belongs “Inoceramus” cymbaeformis
PERGAMENT (1974) from the ?upper Upper Campanian

Fig. 36. “Inoceramus” inkermanensis DOBROV & PAVLOVA, 1959 or “Inoceramus” balchii MEEK & HAYDEN, 1860; MWG Z1/35/128, x 1
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Fig. 37. A, C-E, G — “Inoceramus” sp. B; A - MWG Z1/35/021, C- MWG Z1/35/020, D - MWG Z1/35/024, E - MWG Z1/35/019, G - MWG Z1/35/122;
besides C and E which are x 0.9 the others are x 0.95; all from Piotrawin B, F — “Inoceramus” inkermanensis DOBROV & PAVLOvVA, 1959; B - MWG
Z1/35/009 [its umbonal region see fig. 35D]; F — MWG ZI/35/011; both are from Piotrawin and are x 0.95
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Fig. 38. “Inoceramus” nebrascensis OWEN, 1852; A - MWG Z1/35/129, Ciszyca Gorna, x 1; B—- MWG Z1/35/130, Wola Pawlowska, x 0.95
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of Kamchatka, North Pacific Province. To what extent
this morphological resemblance is the effect of their
close evolutionary history, and to what extent it is due to
homeomorphy remains unclear.

OCCURRENCE: All three specimens studied herein
are from the Piotrawin quarry, from the upper part of
the “1.” inkermanensis Zone, which corresponds to the
upper part of the Nostoceras hyatti ammonite Zone.
The American type material comes from the upper
part of the Baculites reesidei ammonte Zone, which
corresponds to the upper part of the “Inoceramus”
oblongus Zone. One specimen comes from the
Baculites baculus Zone.

“Inoceramus” nebrascensis OWEN, 1852
(Text-fig. 38, 39)

1852. Inoceramus Nebrascensis (N.S.); OWEN, p. 582, pl.
8A, fig. 1.
non 1876. Inoceramus Sagensis var. Nebrascensis OWEN;
MEEK, p. 52, pl. 13, fig. 2.
non 1963. Inoceramus nebrascensis OWEN; TSAGARELL, p. 98,
pl. 4, fig. 4 [=?Inoceramus sagensis OWEN, 1852].
Ipart 1978. Inoceramus pteroides pyrenaicus SORNAY in
SORNAY & BILOTTE, p. 32, pl. 4, fig. 1 [?non pl. 2,
fig. 1]
non 1982. Inoceramus aff. pteroides pyrenaicus SORNAY;
SorNAY, p 10, pl. 3, fig. 4.
2001. “Inoceramus” nebrascensis OWEN; WALASZCZYK,
CoBBAN & HARRIES, p. 208, pl. 15, fig. 1; pl. 16,
fig. 2; pl. 20, fig. 1; pl. 38, fig. 4.

TYPE: The holotype, by monotypy, is USNM 20247,
OWEN’s original (1852, pl. 8A, fig. 1; re-illustrated in
WaLaszczyk & al. 2001, pl. 38, fig. 4) from the
Campanian of Sage Creek, Pennington County, South
Dakota, USA.

MATERIAL: Four specimens represented by single
valve internal moulds; all from the Didymoceras
donezianum ammonite Zone; MWG ZI1/35/127,
71/35/128 and Z1/35/130 from the Wola Pawlowska
section and MWG Z1/35/129 from Ciszyca Go6rna.

DESCRIPTION: The larger specimen MWG
71/35/130 (Text-fig. 38B) is an incomplete LV, with
poorly preserved ornament. The preserved part is 142
mm in h and the actual specimen had to be at least 200
mm. The hinge line and umbo are not preserved. The
juvenile part, markedly oblique and elongated posteri-
orly, was regularly ornamented with closely spaced

rugae. The adult stage becomes gradually less oblique.
Its ornament is composed of subregular, widely spaced
rugae, which are best developed in the anterior part of
the valve. The anterior margin is broadly convex; the
ventral and posterior margins are not preserved.

The other specimen, MWG ZI/35/127, is an incom-
plete RV, with the postero-ventral part missing. Its
maximum H value measured is about 140 mm. The
juvenile and adult parts are preserved.

Two other specimens, MWG Z1/35/125 and MWG
Z1/35/128 (Text-figs 38A and 39B) correspond well to
the characteristics of the species.

The species becomes gradually less oblique with
ontogeny; with 8 value increasing from 30° in the juve-
nile to 40° in the adult.

REMARKS: The largest specimen closely resembles
the holotype, whereas the smaller one resembles more
the weakly geniculated specimens from Colorado (see
WaLaszczyk & al. 2001, pl. 16, fig. 2; and pl. 20, fig. 1).
All show well the main characteristics of the species:
strong juvenile obliquity decreasing in the adult; rela-
tively weak ornament, regular in the juvenile and sub-
regular to irregular in the adult, and the presence of
weak to moderate geniculation. “Inoceramus” sagensis,
regarded as conspecific by MEEK (1876), differs from
“I.” nebrascensis in its more vigorous and regular orna-
ment, distinctly lower and constant obliquity, and the
lack of geniculation.

OCCURRENCE: Known from the lower Upper
Campanian (Exiteloceras jenneyi ammonite Zone up to
the ?Baculites compressus ammonite Zone) of the US
Western Interior; also known from the Upper
Campanian of northern Spain. From the Vistula sec-
tion it is known exclusively from the upper part of the
Didymoceras donezianum ammonite Zone of the Wola
Pawlowska section.

“Inoceramus” oblongus MEEK, 1871
(Text-figs 40B-D)

1871. Inoceramus oblongus MEEK, p. 297.

1879. Inoceramus oblongus MEEK; WHITE, p. 285, pl. 2, fig. 1.

2001. “Inoceramus” oblongus MEEK; WALASZCZYK, COBBAN &
HARRIES, p. 224, pl. 26, figs 2, 5; pl. 27, figs 1, 3; pl. 28,
fig. 5.

2002. “Inoceramus” oblongus MEEK; WALASZCZYK, ODIN &
DHONDT, p. 297, pl. 9, figs 1-2; pl. 10, fig. 5.

TYPE: The holotype, by original designation is USNM
774, illustrated by WHITE (1879, pl. 2, fig. 1; reillustrat-
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Fig. 39. “Inoceramus” nebrascensis OWEN, 1852; A - MWG Z1/35/127, B - MWG Z1/35/128; both from Wola Pawlowska, x 1

ed by WALASZCZYK & al. (2001, pl. 31, fig. 5), from the
uppermost Campanian, south of Fort Collins,
Colorado, USA.

MATERIAL: Four specimens ZI1/35/035-Z1/35/037,
and Z1/35/122, all from the Piotrawin quarry, from the
mddle and upper third of the succession.

Dimensions:

Specimen  h 1 H L s VR a 0§ hmax
Z1/35/035 71 52 43 63 45 - - 35 8§
Z1/35/036 67 54 S50 67 46 - - 30 95

DESCRIPTION: All four specimens are represented
by internal moulds of single valves; all are slightly
deformed, incomplete. The species is of moderate size.
The valves are subtrinagular, elongated posteriorly,
resembling the balticus-outline. The umbo is terminal

to subterminal, projecting above the hinge line. The
anterior margin is very short, straight to convex, passing
into the very long antero-ventral margin. The ventral
margin is rounded, and passes into the slightly convex
posterior margin. The hinge line is long and straight.

The juvenile ornament is composed of regularly
and closely spaced rugae. The adult ornament irregu-
lar, or the surface is almost smooth, bearing weak
traces of the growth lines.

REMARKS: The subtriangular, postero-ventrally
elongated outline and the type of ornament are the
basic features of MEEK’s species.

OCCURRENCE: All studied specimens come from
the “Inoceramus” inkermanensis Zone, represented by
the middle and upper third of the Piotrawin quarry.
The species is known from the equivalent interval of
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the Tercis section, and is known from the “Inoceramus”
oblongus Zone (=Baculites reesides ammonite Zone) of
the US Western Interior.

“Inoceramus” redbirdensis
WaLAszczyK, COBBAN & HARRIES, 2001
(Text-figs 41A, D-E)

2001. “Inoceramus”  redbirdensis sp.nov., WALASZCZYK,
CoBBAN & HARRIES, p. 194, pl. 31, figs 1, 4; pl. 32, figs
2-3; pl. 34, fig. 1.

2001. Endocostea baltica elliptica GIERS; ODIN, pl. 1, fig. 4.

2001. Inoceramus borilensis JOLKICEV; ODIN, pl. 1, figs 8-9.

2002. “Inoceramus” redbirdensis WALASZCZYK, COBBAN &

HARRIES; WALASZCZYK, ODIN & DHONDT, p. 294, pl. 13,
figs 12-16.

TYPE: The holotype, by original designation, is
USNM 507655, the original of WALASzCzYK & al.
(2001, pl. 32, fig. 2) from the Baculites eliasi ammonite
Zone of the Red Bird section, Wyoming, USA.

MATERIAL: 6 specimens: MWG ZI/35/104 and
MWG ZI1/35/105 from the Raj North section; MWG
Z1/35/106 and MWG 1Z/35/107 from the Solec section,
and MWG Z1/35/108 from the Ktudzie South section.
One specimen MWG ZI1/31/79 from the Baculites eliasi
ammonite Zone of the Rod Cheak Ranch, Wyoming,
USA, as a comparative specimen.

Fig. 40. A. “Inoceramus” sp.; MWG Z1/35/023, Piotrawin, x 1; B-D — “Inoceramus” oblongus MEEK, 1871; B - MWG ZI/35/122, x 0.80; C - MWG
Z1/35/036, x 1; D - MWG Z1/35/035; all from the Piotrawin quarry
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Fig. 41. A, D, E — “Inoceramus” redbirdensis WALASZCZYK, COBBAN & HARRIES, 2001; A - MWG Z1/31/79, the specimen from the Rod Cheak Ranch,

Wyoming, USA, Baculites eliasi ammonite Zone, of the latest Late Campanian, x 0.8; D - MWG Z1/35/105, Raj North, x 1; E-MWG ZI/35/104, Raj North,
x 0.9; B — “Inoceramus” aff. redbirdensis WALASZCZYK, COBBAN & HARRIES, 2001, MWG ZI/35/107, Solec, x 1; C — “Inoceramus” sp. cf. “Inoceramus” balchii

MEEK & HAYDEN, 1860, MWG Z1/35/131, Solec, x 0.7; F — Cremnoceramus goldfussianus (D’ORBIGNY, 1847), MWG Z1/35/148, Raj North, x 0.8
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Dimensions:

Specimen  h 1 H L s VR a 0§ hmax
Z1/35/079 S8 52 44 67 36 - - 40 90
Z1/35/104 58 57 48 54 41 - - 38 75

DESCRIPTION: All specimens are represented by
internal moulds of single valves. The species is of mod-
erate size, with maximum h measured 78 mm. MWG
Z1/35/104 and Z1/35/105 (Text-fig. 41D, E) are very
similar. They are composed of two growth stages, char-
acterised by a small juvenile stage and a much larger
adult stage. The juvenile stage is strongly oblique, with
0=30°, then in the early adult stage the oliquity
decreases with §=40°. The adult stage posesses very
shallow but distinct axial sulcus. The beak is small, pro-
jecting slightly above the hinge line. The hinge line
itself is straight relatively long. The anterior margin is
slightly convex, relatively short, passing into the long,
broadly convex antero-ventral marign. The ventral
margin posesses small sulcus. The posterior margin is
short and straight. The posterior auricle is very narrow,
well separated from the disc. The ornament of both
specimens is composed of closely spaced commarginal
rugae in the juvenile stage, and then changing sudden-
ly to widey to very widely spaced regular rugae, with
sharp edges, and flat, wide interspaces. The incomplete
MWG ZI/35/106 and MWG Z1/35/108 belong to the
same type.

MWG Z1/35/107 is an incomplete RV (Text-fig.
41B), with the antero-dorsal part missing. It differs
from the other specimens in being less oblique and with
the adult rugae round-topped and less widely spaced.

REMARKS: With the exception of Z1/35/107, the mate-
rial studied herein corresponds well to the American
material. Some differences result from lateral compres-
sion, as demonstrated herein by comparison with
Z1/31/079, the specimen from the Baculites eliasi Zone
from Rod Cheak Ranch, Wyoming (Text-fig. 41A). The
lateral compression causes a more rounded outline of
early adult rugae. Both the American specimen and the
studied specimens show the very shallow axial sulcus.

Although the specimens collected are usually of
moderate size, some unregistered adult fragments sug-
gest that the species could attain considerable size.

MWG Z1/35/107 (Text-fig. 41B) resembles speci-
mens from Tercis (WALASZCZYK, ODIN & DHONDT,
2001, pl. 12, figs 4, 8) and is similarly referred herein to
as “Inoceramus” aff. redbirdensis.

OCCURRENCE: The species is known from the
“Inoceramus” redbirdensis Zone of SW France and in
US Western Interior. In the former area it corresponds

to the upper part of the Nostoceras hyatti ammonite
Zone, whereas in the latter to the middle Baculites
eliasi ammonite Zone.

“Inoceramus” sagensis OWEN, 1852
(Text-figs 42)

1852. Inoceramus Sagensis (N.S.) OWEN, p. 582, pl. 7,

fig. 3.
1876. Inoceramus Sagensis var. Nebrascensis OWEN;

MEEK, p. 52, pl. 13, fig. 2.

non 1880. Inoceramus sagensis OWEN; WHITFIELD, p. 393, pl.
7, fig. 12.

non 1885. Inoceramus sagensis OWEN; WHITFIELD, p. 76, pl.
14, fig. 15; pl. 15, fig. 2.

non 1896. Inoceramus sagensis OWEN; GILBERT, pl. 66, fig. 3
[=Platyceramus pierrensis WALASZCZYK, COBBAN
& HARRIES, 2001].

1898. Inoceramus sagensis var. nebrascensis OWEN;

LocaN, p. 5006, pl. 109, fig. 2.
non 1913. Inoceramus cf. Sagensis OWEN; BOSE, pl. 3, fig. 6.
pars 1959. Inoceramus sagensis OWEN; DOBROV & PAVLOVA,
p. 155, pl. 22, fig. 3.

2001. “Inoceramus”  sagensis OWEN; WALASZCZYK,
CoBBAN & HARRIES, p. 218, pl. 24, figs 2-4; pl. 36,
figs 9-10 [and literature cited therein].

2002. “Inoceramus” sagensis OWEN; WALASZCZYK, ODIN &
DHONDT, p. 295, pl. 4, fig 3; pl. 5, figs 4, 6; pl. 6, fig. 4.

TYPE: The holotype, by monotypy, is USNM 20246,
the original of OWEN’s (1852, p. 582, pl. 7, fig. 3) speci-
men, from the Late Campanian Baculites compressus
ammonite Zone of Fox Hills, Sage Creek, South
Dakota, USA.

MATERIAL: Four specimens, MWG ZI1/35/123
through Z1/35/126, and numerous uncatalouged frag-
ments. Z1/35/123 and Z1/35/124 are from the Piotrawin
section; ZI/35/125 and Z1/35/126 are from Pawlowice
North section.

DESCRIPTION AND REMARKS: The specimens
studied are all internal moulds of single valves; deformed
to a variable extent and incomplete. They show well,
however, the main features of the species: moderate to
large size, subrectangular outline, moderate obliquity,
and regular commarginal rugae in the juvenile and early
adult stages. Apart from ZI/35126, with the partially pre-
served adult stage, all the other specimens are represent-
ed by the juvenile, regularly ornamented stage. Judging
from the size of the preserved part the species must have
attained a considerable size.
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Fig. 42. “Inoceramus” sagensis OWEN, 1852; A - MWG Z1/35/124, Piotrawin, basal part, x 0.9; B— MWG Z1/35/126, Pawlowice North, x 0.9
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OCCURRENCE: The species is known from the
“Inoceramus” altus Zone of the Pawlowice North section
and the Piotrawin quarry [lower third of the succession].
It is also known from the equivalent levels in the Tercis
section (SW France) and from the US Western Interior.
Known from the Late Campanian of Daghestan

“Inoceramus” smirnovi nom. nov.
(Text-figs 43A-D)

?part 1981. Inoceramus planus MUNSTER; TZANKOV, p. 86, pl.
33, fig. 2 [non pl. 32, figs 1-2; pl. 33, fig. 1]
part 1993. “Inoceramus” borilensis JOLKICEV; DHONDT, p.
215, pl. 1, fig. 1 [non pl. 3, fig. 2, text-fig. 3].
2002. “Inoceramus” cobbani sp. nov.; WALASZCZYK,
ODIN & DHONDT, p. 301, text-fig. 10.

TYPE: The holotype is IW-186 from level 93.2 of the
Tercis section (illustrated in WALAsSzCczyYK, ODIN &
DHonDr, text-fig. 10); Upper Campanian, “Inoceramus”
oblongus Zone.

MATERIAL: 6 specimens, MWG ZI/35/035 through
MWG Z1/35/037, and MWG Z1/35/122, represented by
internal moulds of single and double-valve specimens.
Small fragments of shell attached to some of the spec-
imens.

DESCRIPTION: The species is of moderate to large
size for the genus, inequilateral, most probably equiv-
alve or semi-equivalve, although no undeformed dou-
ble-valved specimen was found. The valve is moderate-
ly inflated, with the maximum inflation dorsocentral,
although all the specimens studied are to some extent
secondarily flattened. The valve outline is sub-
quadrate, weakly oblique. The umbonal part is mas-
sive, with the beak projecting markedly above the
hinge line. The posterior auricle is weakly separated
from the disc, besides the dorsal part, where the
umbonal part is distinctly inflated. The hinge line is
straight, moderately long. The anterior margin is
slightly concave below the umbo, then straight or
broadly convex, passing into the rounded ventral mar-
gin; the posterior margin is not observed.

The ornament is composed of distinct, raised
rugae, subregular in the juvenile and early adult stages.
Then the rugae become low, indistinct and widely
spaced. In the adult stage distinct raised growth lines
are seen both on rugae and in the interspaces.

REMARKS: “Inoceramus” smirnovi is a replacement
name for the species “Inoceramus” cobbani described

recently by WALASzZCzYK, ODIN & DHONDT (2002). As
I was informed by Dr. W.A. CoBBAN, US Geological
Survey, the name I cobbani is preoccupied by
Inoceramus cobbani KELLUM 1964, which is a new
name for KELLUM’s (1962) Inoceramus radiatus.

The species is quite common is the studied materi-
al, although all are fragmentarily preserved and
deformed. Even strongly compressed specimens show
well the robust rugae with distinctly raised growth lines
in the adult stage.

OCCURRENCE: The species is known from the top of
the Nostoceras hyatti ammonite Zone (level 93) of the
Tercis section (corresponding to the top part of the
Inoceramus oblongus Zone). All the specimens studied
herein are from Piotrawin, from the “Inoceramus” inker-
manensis Zone (which is an equivalent of the I. oblongus
Zone), and from the Nostoceras hyatti ammonite Zone.
The Bulgarian specimen (Tzankov 1981, pl. 33, fig. 2),
referred here with a query was dated originally as com-
ing from the basal Maastrichtian but it may well be from
the same interval.

“Inoceramus” tenuilineatus HALL & MEEK, 1856
(Text-fig. 20D)

1856. Inoceramus tenuilineatus HALL & MEEK, p. 387, pl.
2, fig. 3.

1876. Inoceramus tenuilineatus HALL & MEEK; MEEK, p.
57, pl. 12, fig. 6.

non 1880. Inoceramus  tenuilineatus HaLL &  MEEK;

WHITFIELD, p. 400, pl. 9, figs 12-13.

2001. “Inoceramus” tenuilineatus HALL & MEEK;
WAaLASzZCzYK, COBBAN & HARRIES, p. 198, pl. 8, fig.
4; pl. 9, figs 1-5; ?pl. 13, fig. 4.

TYPE: The lectotype, designated by WALASZCZYK &
al. (2001, p. 198) is AMNH 0362/1, the original of
HALL & MEEK (1856, pl. 2, fig. 3)(re-illustrated by
WaLaszczyk & al. 2001, pl. 8, fig. 4) from the topmost
Middle Campanian (in the tripartite North American
subdivision of this stage) Baculites gregoryensis —
Baculites scotti ammonite zones of the Great Bend of
the Missouri River, South Dakota.

MATERIAL: A single specimen, MZ ML1416.

DESCRIPTION: MZ ML1416 is a fragmentarily pre-
served internal mould of the LV with the juvenile and
part of the adult part preserved. The valve outline is
subrhombic, moderately oblique with adult d=52°.
The maximum h=43.5 and L=42.4 mm. The valve is
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Fig. 43. “Inoceramus” smirnovi nom.nov.; A - MWG Z1/35/034, x 0.82; B - MWG Z1/35/029, x 1; C - MWG Z1/35/033, x 0.90; D - MWG ZI/35/030

, x 1; all specimens from the Piotrawin quarry; “Inoceramus” inkermanensis Zone.
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moderately convex, with the umbonal region markedly
projecting above the hinge line. The anterior margin is
short, forming 46% of the respective axial length at
h=43 mm. It passes ventrally into the broadly convex
antero-ventral margin. The posterior margin is not
preserved. The hinge line is straight and relatively
long, forming in the adult stage about 70 % of the
respective axial length. The valve surface is ornament-
ed with relatively weak, quite regular ribs, and low to
very low irregularly spaced rugae.

REMARKS: The studied specimen most closely
resembles the forms from Rio Blanco County,
Colorado (US Western Interior) (WALASZCZYK & al.
2001, pl. 10, figs 1, 3). It shows the same general out-
line and ornament pattern. All the other specimens,
including the lectotype, are more inflated. However,
this apparently greater degree of inflation is at least to
some extent due to secondary compression.

OCCURRENCE: The studied specimen comes from
the middle part of the Didymoceras donezianum
ammonite Zone (=upper part of the “Inoceramus”
tenulineatus Zone) of Ciszyca GOrna. The American
specimens are from the upper part of the Baculites gre-
goryensis — Baculites scotti ammonite zones of the US
Western Interior.

“Inoceramus” alaeformis ZEKELI, 1852, of authors
(Text-figs 9C, 44A, D, ?C, 7F)

non 1852. Inoceramus Cripsi MANTELL var. alaeformis
ZEKELIL p. 102, pl.1, fig. 1.
non 1866. Inoceramus Cripsi MANT. var. alaeformis ZEKELI;
ZITTEL, p. 97, pl. 14, fig. 5.
non 1959. Inoceramus alaeformis ZEKELI; DOBROV &
PAVLOVA, p. 154, pl. 18, fig. 1 [=Trochoceramus
costaecus (KHALAFOVA, 1966].
1978. Inoceramus (Platyceramus) aff. alaeformis ZEKELI;
SORNAY in SORNAY & BILOTTE, p. 30, pl. 1, figs 1,
3. [in plate captions both specimens are referred
to as Inoceramus (Platyceramus) alaeformis).
non 1988. Inoceramus  alaeformis ZEKELI; ALIEV &
KHARITONOV in ALI-ZADE & al., p. 262, pl. 16, figs
1-3 [=Trochoceramus costaecus (KHALAFOVA,
1966)].
?1993. Platyceramus alaeformis (ZEKELI); DHONDT, p.
228, pl. 5, figs 2, 4.
non 2001. Platyceramus alaeformis (ZEKELI); ODIN, pl. 2, fig.
14. [=Cataceramus barabini (MORTON)].
non 2001. Platyceramus alaeformis (ZEKELI, 1852); TROGER
&al., p. 152, pl. 3, fig. 6, text-fig. 8.

?pars 2002. “Inoceramus” alaeformis ZEKELI, 1852, of
authors; WALASZCZYK, ODIN & DHONDT, p. 291,
pl. 8, fig. 4; pl. 9, figs 3-4; ?pl. 10, fig. 1.

MATERIAL: MWG Z1/35/089, MWG Z1/35/090 and
MZ ML1368, all from the “L” inkermanensis Zone of
the Piotrawin quarry; MZ ML1498/3 from the Piotrawin
quarry and MZ ML1357/1 from Kamien, are referred
here to as Cataceramus gandjaeformis WALASZCZYK,
CoBBAN & HARRIES, 2001 — “Inoceramus” alaeformis
ZEKELI of authors transitional form.

DESCRIPTION: The specimens are of medium size,
weakly inflated, orthocline and with subquadrate out-
line. The beak is small and projects very slightly above
the hinge line. The anterior, posterior, and ventral mar-
gins arre convex; in MWG ZI/35/089 and MWG
Z1/35/090 the posterior and anterior margins are almost
symmetrical against the growth axis. The posterior auri-
cle is not separated. The hinge line is relatively short.

The valve is covered with regularly and clsosely
spaced rugae, with interspaces increeasing very slowly
ventralward.

REMARKS: The studied specimens correspond well to
the concept of “Inoceramus” alaeformis as accepted in
recent literature, and which, as mentioned by
WaLAszczyYK, ODIN & DHONDT (2002), is probably dis-
tinct from the original concept of this species of ZEKELI
(1852, pl. 1, fig. 1) and ZiTTEL (1866, pl. 14, fig. 5).
Although the type of ZEKELI’s variety can no longer be
found (TROGER & al. 2001) it was rather a balticus-like
form, with strongly extended anterior part, and was
rather close to the specimen recently illustrated by
TROGER & al. (2001, pl. 3, fig. 6). Consequently, the
forms referred hitherto, most probably incorrectly, to
this species, are referred to here as “I.” alaeformis
ZEKELI, 1852, of authors.

“I.” alaeformis ZEKELI, 1852, of authors seems to
be related in some way to other similar morphological-
ly similar species, such as Cataceramus gandjaeformis
(see e.g. Text-fig. 44C, F for forms referred herein to as
C. gandjaeformis — “Inoceramus” alaeformis of authors
transitional form) or C. aff. gandjaeformis. As these
relationships are not quite clear at the moment no new
species is proposed herein.

This species seems to be a direct ancestor of Late
Campanian radially ribbed forms, referred to
Trochoceramus costaecus (KHALAFOVA, 1966).

OCCURRENCE: The species is known from the “1.”
inkermanensis Zone of the Piotrawin section and from
Kamiefi, most probaby from the basal T. costaecus



160 IRENEUSZ WALASZCZYK

Fig. 44. A, D — “Inoceramus” alaeformis ZEKELI, 1852, of authors; A — MWG Z1/35/090, Piotrawin, x 0.9; D - MWG ZI/35/089, Piotrawin, x 0.9;
B, E — “Inoceramus” inkermanensis DOBROV & PAVLOVA, 1959, B - MWG Z1/35/014, x 0.95, E — MWG ZI//35/013, x 0.85; both from Piotrawin;

C, F — transitional form between Cataceramus gandjaeformis WALASZCZYK, COBBAN & HARRIES, 2001 and “Inoceramus” alaeformis ZEKELL, 1852 of

authors; C — MZ ML1498/3, Piotrawin, x 0.7; F — MZ ML1357/1, Kamien, x 0.95
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Zone. It is known from the quivalent horizon in the
Tercis section.

“Inoceramus” sp. A
(Text-tigs 45)

MATERIAL: PIG unnumbered; from Kadtubek (coll.
PozARYsKI); moreover MWG ZI/35/109 and MWG
7Z1/35/110, both from the  Sphaeroceramus
pertenuiformis Zone (=upper part of the Didymoceras
donezianum Zone) of the Wola Pawlowska section.

Dimensions:

Specimen  h 1 H L s VR « 0  hmax
Z1/35/109 46 49 43 51 28 - 120 60 46
PIG 705 65 62 - - - 120 48 705

DESCRIPTION: All three specimens are internal
moulds of single valve. The species possesses two dis-
tinct growth stages, contacting along well developed
positive geniculation. The juvenile stage is subrounded
in outline, moderately oblique, weakly inflated. The
umbo, preserved only in the PIG unnumbred speci-
men, is subterminal, small, projecting very slightly
above the hinge line. The anterior margin is relatively
short, convex, and passes into the rounded anteror-
ventral and ventral margins. The posterior margin is
short and straight. The hinge line is moderatelylong,
straight. The posterior auricle is visible only in the
umbonal region, thereafter not separated from the disc
at all. The adult stage contacts the adult at a high
angle; in the anterior margin the juvenile part may
even overhang the early adult anterior face (Fig. 47A-
B). In the dorso-posterior part the boundary is marked
by a distinct step.

The juvenile and adult stages differ in surface orna-
ment. The juvenile stage is ornamented with regularly
spaced commarginal rugae, with interspaces increasing
very slowly ventralward; in h distance between 20 and
50 mm, the number of rugae is 8. The adult ornament
is less regular: rugae similar to the juvenile ones are
still recognisable but another set of rugae, less regular
and less distinctly developed, and with much wider
interspaces, is superimposed. The adult stage may at
least be much higher than the juvenile one; in
Z1/35/110 it is at least 2.5 times higher than the juve-
nile. In the two other specimens the adult stage is
incompletely preserved.

The geniculation is most distinct in the PIG
unnumbered specimen. To some extent this may be due
to preservation. It is preserved in more sandy opoka.
Its juvenile stage is weakly inflated, 70.5 mm long along

the growth axis; its H =60. It is moderately oblique,
with § = 48. Its anterior margin is strongly convex.

REMARKS: The juvenile stage of this species when
preserved alone would probably be referred to juvenile
Cataceramus goldfussianus. However, the presence of
the adult stage, growing at a high angle, and contacting
the juvenile stage along a well developed geniculation,
make it a very distinctive form. The question, whether
or not this feature makes it a separate species, or rep-
resents simply a phenotypic expression of some envi-
ronmental condition on a species, must remain open. It
is yet another example of the number of geniculated
species that are particularly common in the Early
Coniacian, but also present in other intervals of the
Late Cretaceous, the taxonomic interpretation of
which is very difficult (see discussion e.g. in TROGER
1981).

OCCURRENCE: All the specimens studied are from
the Sphaeroceramus pertenuiformis Zone (upper part
of the Didymoceras donezianum ammonte Zone) of the
Wola Pawlowska section and of the Kadlubek section,
west of the Vistula River.

“Inoceramus” sp. B
(Text-figs 37A, C-E, G; 40A)

MATERIAL: Six specimens, MWG Z1/35/019 through
MWG Z1/35/24.

DESCRIPTION: Besides MWG ZI/35/021 (Text-fig.
37A) which is preserved as a double-valve specimen
the rest of the specimens are internal moulds of single
valves. No shell fragments are preserved. The charac-
teristic features of this form are shown the best by
MWG Z1/35/023 and Z1/35/024; the rest of the speci-
mens is either deformed to a considerable extent, such
as Z1/35/020 or their surface ornament is not very well
preserved. The characteristcs presented below is thus
based almost entirely on these two specimens.

All the specimens are small-sized, weakly inflated
and strongly oblique. The obliquity changes markedly
in ontogeny; after the juvenile stage, growing ventrally,
follows the adult stage, elongated postero-ventrally. Its
anterior margin is short and passes into the very long,
broadly convex anterro-ventral margin. The hinge line
is long and straight.

The ornament is quite regular in the juvenile stage,
and then it becomes markedly less regular. The most
characteristic feature is the occurrence of oblique
rugae; following the anterior part where the rugae are
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Fig. 45. “Inoceramus” sp. A; A-B — PIG 12 11, Kadtubek (WSW of Solec)[coll. W. POzARYSKI], x 1; A — anterior view, B —lateral view of the juvenile stage;

C-E - MWG Z1/35/109, Wola Pawlowska, x 1; C — lateral view of the juvenile stage; D-E — recosntruction of the juvenile stage and of the anterior view
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parallel to the growth lines, they cross them obliquely
in the antero-ventral part; again the rugae are parallel
in the axial and posterior parts.

REMARKS: Although the very characteristic orna-
ment makes an impression of sufficiently distinct form
to be separated as a new species, the preservation of all
of the specimens leaves doubts to its actual charac-
teritics. Consequently, the form is left here in open
nomenclature.

OCCURRENCE: All the specimens are from the “I.”
inkermanensis Zone of the Piotrawin quarry.
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