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The inoceramid succession across the Campanian –
Maastrichtian boundary
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Recent study revealed a high correlation potential of inoceramid bivalves across the Campanian –
Maastrichtian (Upper Cretaceous) boundary within the Euroamerican biogeographical region. In
inoceramid terms the Campanian/Maastricthian boundary, as currently defined, lies in the topmost
part of the “Inoceramus” redbirdensis Zone, close to the base of the Endocostea typica Zone. Both zones,
as well as the whole late Campanian and early Maastrichtian inoceramid succession is well recognis-
able across the European sections and across the Atlantic to the US Western Interior succession.
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Inoceramid bivalves were not considered as a possi-
ble marker group for defining the Campanian/Maas-
trichtian boundary either at the Copenhagen Sympo-
sium (Birkelund et al. 1984) or the Brussels Sympo-
sium (Odin 1996). The reason was the very poor recog-
nition of Campanian and Maastrichtian inoceramid
fauna, absence of agreed nomenclature, and the com-
mon belief that late Late Cretaceous inoceramids lost
rapid rate of evolution and consequently their biostrati-
graphical potential. Although the group was used in
local biostratigraphical schemes, as e.g. in Japan
(Toshimitsu et al. 1995), southern Russia (Aliev et al.
1986), or the US Western Interior (Kauffman et al. 1994),
no supra-regional correlation had been proposed, and
taxonomic concepts remained highly controversial. Si-
multaneously, however, the works by Kauffman et al.
(1994) in the US Western Interior and Walaszczyk
(1996, 1997) in Europe, suggested that Campanian and
Maastrichtian inoceramids retained their evolution-
ary dynamics and were potentially as useful biostrati-
graphically as they were in the Cenomanian through
Santonian. In addition, the FO of the genus Trochocer-
amus has been used by the Maastrichtian Working
Group, led by one of us (GO) among the 12 criteria
defining the stage boundary level at Tercis (Odin
2001c). The need for the restudy of the group became
obvious.

In 1998 two of us (IW and WAC), together with Pe-
ter J. Harries, Tampa, began systematic and stratigra-
phical revision of the Campanian and Maastrichtian
inoceramids of the US Western Interior. This region
provides the best record of the group for the interval
and, moreover, the Campanian – Maastrichtian suc-
cession there has been subdivided into a refined, am-
monite-based zonal sequence (Cobban 1994 and refer-
ences therein). The study revealed a clear and un-
equivocal inoceramid succession that forms the basis
for the construction of a refined inoceramid zonation
for the Campanian and Lower Maastrichtian. As dem-
onstrated by Walaszczyk et al. (2001) the turnover rate
and taxonomic diversity of inoceramid assemblages
was particularly high in the latest Campanian and
earliest Maastrichtian. The question, however, as to
what extent this was a local succession or a record of a
valid supra-regional succession of inoceramid faunas
remained open, because the correlation with Europe,
as well as with other areas appeared difficult. Exist-
ing and/or published collections were either without
systematic description, or the material was not repre-
sentative, or lacked stratigraphical control. The answer
was revealed when two of us (IW and GO), together
with Dr. A.V. Dhondt, Brussels, started to work on new
inoceramid collections from the Tercis section in SW
France, the now accepted Global Standard stratotype
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Section and Point (GSSP) for the Campanian – Maas-
trichtian Stage boundary. The section has been exten-
sively collected since the first modern description by
Hancock et al. (1993; see also Hancock & Kennedy,
1993, Dhondt, 1993, Odin & Odin 1994) and more re-
cently, thanks to the large collection of inoceramids,
as well as ammonites, echinoids and others among
nine macrofossil groups which were collected by one
of us (GO) from that outcrop (see Odin 2001a). The
collections span an interval corresponding to the Up-
per Campanian (in North American usage) and lower
Maastrichtian (see Walaszczyk et al. 2001) and re-
vealed an almost identical inoceramid succession to
that recently established for the US Western Interior.
Moreover, at Tercis, inoceramids allow a precise loca-
tion of the Campanian/Maastrichtian boundary as
currently defined, i.e. at level 115.2 at Tercis (i.e. corre-
spondence with a biological change marked by 12
biohorizons, including last and first occurrences of
four macrofossils and eight microfossils (Odin 2001c,
Odin & Lamaurelle 2001). Taking into account the wide
geographical range of the inoceramid species con-
cerned, and their apparently isochronous appearance
in the whole of their geographical range, inoceramids

are clearly a very good marker of the Campanian/
Maastrichtian boundary interval, within the Eurameri-
can biogeographical region (sensu Kauffman 1973).

The inoceramid succession across
the Campanian – Maastrichtian
boundary

US Western Interior

The US Western Interior succession is critical for the
recognition of inoceramid occurrences across the
Campanian/Maastrichtian boundary. Its exceptional
character stems from the continuous record of abun-
dant inoceramids throughout the succession, and from
the highly refined stratigraphical control provided by
ammonites (see Cobban 1994 and literature cited
therein). Kauffman et al. (1994) were the first to dem-
onstrate a high turnover rate of inoceramid assem-
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blages throughout this interval in the area; more re-
cently Walaszczyk et al. (2001) documented the suc-
cession, and provided a taxonomic interpretation of
the inoceramid fauna. These authors recognised six
inoceramid zones in the interval starting approxi-
mately in the Late Campanian Baculites compressus
Zone and ranging upward into the Early Maastrich-
tian Baculites grandis Zone. The inoceramid succession
and its correlation with the ammonite zonation is
shown in Figure 1.

With some exceptions, the precise correlation of the
respective boundaries between ammonite and
inoceramid zonations requires further study. Two ex-
ceptions are the base of the Endocostea typica Zone,
which is characterised by sudden, mass appearance
of the index taxon at the base of the Baculites baculus
Zone, and the base of the Trochoceramus radiosus Zone,
well documented in sections from Montana, and cor-
responding to the topmost part of the Baculites baculus
ammonite Zone. The general succession is, however,
well established.

The Tercis section

The rich fauna, comprising both Boreal and Tethyan
macro- and microfaunal elements, makes the Tercis
Quarry (SW France) a very important section for inter-
provincial correlation. That is the reason the section
was supported by a vast majority as the Stratotype
Section and Point for the base of the Maastrichtian
Stage at the Brussels Symposium in 1995 (see Odin
1996). Hancock et al. (1993) provided the first modern
description and Hancock & Kennedy (1993) described
the ammonite fauna from the succession. There is now
an integrated palaeontological and stratigraphical
survey edited by Odin (2001a).

Dhondt (1993) described the inoceramid fauna from
the Tercis section. However, with the exception of seven
specimens (of a total of 105) all the specimens at her
disposal were from an interval well below the bound-
ary. The subsequent studies, spanning also the bound-
ary interval were undertaken later and reported in
Odin (2001b), and the complete succession, compris-
ing markedly larger collection, with revision of the
material treated previously, was described only re-
cently (Walaszczyk, Odin & Dhondt, unpublished).
The succession encountered corresponds well to that
described recently by Walaszczyk et al. (2001) from
the US Western (Fig. 1).

The base of the Endocostea typica Zone corresponds
to the base of the Pachydiscus neubergicus Zone. This
boundary marks, moreover, a very clear change in the
inoceramid faunas.

The inoceramid sequence

As demonstrated by the US Western Interior succes-
sion and Tercis sections (and confirmed by some other
European sections, as discussed below), the latest
Campanian and earliest Maastrichtian inoceramid
bivalves of the Euramerican biogeographic region
(sensu Kauffman 1973) are characterised by a rapid
rate of evolution and high morphological variability.
They form the basis of a series of successive zones,
with very high resolution potential, comparable to the
resolution offered by baculitid ammonites in the West-
ern Interior (see e.g. Cobban 1994). Taxonomic studies
of the inoceramids are provided by Walaszczyk et al.
(2001) and Walaszczyk, Odin & Dhondt (unpub-
lished).

Starting from the Baculites compressus Zone of the
late Campanian to the Baculites grandis Zone of the
early Maastrichtian the following zones are recognised
(Fig. 2).

The Zone of “Inoceramus” altus. – The “I.” altus Zone is
characterised by a very peculiar fauna, consisting of
the index taxon, in addition to “I.” altusiformis, “I.”
vanuxemi, “I.” sagensis and “I.” nebrascensis. In Europe
the zone corresponds to the basal part of the highest
Campanian ammonite Zone of Nostoceras hyatti. In the
US Western Interior it probably embraces the Didymo-
ceras cheyennense, Baculites compressus Zone, and
Baculites cuneatus Zones. In Europe, because of a lack
of suitable sections, the zone is recognised so far ex-
clusively at Tercis.

The Zone of “Inoceramus” oblongus. – The “I.” oblongus
Zone is represented by the taxonomically richest
inoceramid assemblage in the interval studied. The
rich assemblage was described from US Western Inte-
rior (Walaszczyk et al. 2001) with about 10 species
recognised, and most of them was also recognised in
Tercis. Very rich material from the zone is known from
the Piotrawin Quarry in the Vistula Valley section in
Poland. The zone corresponds to the middle part of
the Nostoceras hyatti Zone as distinguished in Europe,
and to the Baculites reesidei and Baculites jenseni Zones
of the US Western Interior. Inoceramus alaeformis Zekeli,
1852, auctorum, is a very characteristic species of this
zone in Europe.

The Zone of Trochoceramus costaecus. – This zone was
definitely recognised only in Europe, where it is well
documented in the Tercis section (Odin 2001b, Wala-
szczyk, Odin & Dhondt, unpublished) and in the
Aimaki section, Daghestan (Walaszczyk et al. 1996).
Trochoceramids characteristic of the zone are also
known, however, in the US Gulf Coast and should oc-
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cur also in the US Western Interior somewhere in the
basal Baculites eliasi Zone or in the top part of the
Baculites jenseni Zone. Further detailed works on the
interval in the US Western Interior are planned.

The Zone of “Inoceramus” redbirdensis. – This is the
highest Campanian inoceramid zone. The zone was
first recognised in the US Western Interior (Walaszc-
zyk et al. 2001) and confirmed subsequently in Tercis
(Walaszczyk et al. unpublished). In the latter section it
lies distinctly below level 115.2, the formally accepted
lower boundary of the Maastrichtian stage (Odin &
Lamaurelle 2001). Its correspondence to the Baculites
eliasi Zone in the US Western Interior, places the zone
in the topmost Campanian. “Inoceramus” redbirdensis
and “I.” wyomingensis are the two most characteristic
species of the zone.

The Zone of Endocostea typica. – This zone marks the
main change in the inoceramid fauna through the top
Campanian - lowermost Maastrichtian. The base of
the E. typica Zone is characterised by a sudden, often
mass appearance of the index taxon in the Western
Interior. At Tercis the base of the zone lies approxi-
mately 2 metres above level 115.2, making E. typica a
very useful proxy for the Campanian/Maastrichtian
boundary. It also allows the precise correlation with
the Western Interior indicating that the base of the
Maastrichtian should be placed at, or slightly below
the base of the Baculites baculus Zone, as suggested ear-
lier (Jeletzky 1968, Hancock & Kauffman 1989, Hancock
1993). In the Western Interior the higher parts of the
zone, as here defined, is characterised by “Inoceramus”
incurvus Meek & Hayden, 1856. A very characteristic
species, Cataceramus glendivensis Walaszczyk, Cobban
& Harries, 2001 appears in the upper part of the Zone,
and it may be possible in the future to recognise a sepa-
rate C. glendivensis Zone.

The Zone of Trochoceramus radiosus. – This zone is char-
acterised by the occurrence of large trochoceramids,
represented mainly by Trochoceramus radiosus (Quaas,
1902) and much rarer T. tenuiplicatus (Tzankov, 1980)
and T. helveticus (Heinz, 1932). Other characteristic
species are “Inoceramus” stephensoni Walaszczyk,
Cobban & Harries, “I.” balchii Meek & Hayden, 1860,
C.? barabini (Morton, 1834) and C. subcircularis (Meek,
1876).

In the US Western Interior the zone corresponds
roughly to the Baculites grandis Zone. In the Tercis sec-
tion the zone is very poorly represented. It is docu-
mented by a single specimen collected by A.V. Dhondt
from the very top of the succession (see Walaszczyk et
al. unpublished). The zone corresponds to the upper
part of the Pachydiscus neubergicus Zone.

Correlation with some other
sections
The general validity of the recognised succession is
confirmed by other European sections spanning the
topmost Campanian and/or lowermost Maastrichtian,
with a good inoceramid record. The Piotrawin Quarry
section, a part of the Middle Vistula succession in cen-
tral Poland; the Nagoryanv section in the Ukraine, and
the Aimaki section, the key section for the Upper Cre-
taceous in Daghestan, are discussed below (Fig. 1).

The Piotrawin Quarry section

The Piotrawin Quarry, central Poland (see B»aszkie-
wicz 1980 for locality) exposes approximately 30 me-
tres of Upper Campanian siliceous chalks, well known
from its abundant macrofossils. According to Kennedy
& al. (1992) the succession represents the highest
Campanian Zone of Nostoceras hyatti (= Nostoceras
pozaryskii Zone of B»aszkiewicz, 1980). The nannofos-
sils, indicating the CC22C nannofossil Zone (Burnett
et al. 1992) also prove a very high Campanian age.

Inoceramids are very common and taxonomically
diverse in the Piotrawin Quarry. The most common
forms are: Cataceramus palliseri (Douglas, 1942),
“Inoceramus” magniumbonatus Douglas, 1942, Catacer-
amus? goldfussianus (d’Orbigny, 1847), “Inoceramus”
alaeformis Zekeli, 1852, auctorum “Inoceramus” balchi-
formis Walaszczyk, Cobban & Harries, 2001, and
“Inoceramus” oblongus Meek, 1871. It is an assemblage
characteristic of the “Inoceramus” oblongus Zone.

In Tercis the “I.” oblongus Zone represents approxi-
mately the middle part of the Zone of N. hyatti. Unfor-
tunately, higher parts of the succession in the Vistula
Valley are very poorly exposed. From Kamie½, a local-
ity just north of Piotrawin, and slightly younger strati-
graphically, comes, however, a specimen of Trochocer-
amus costaecus (Khalafova, 1966) (see Walaszczyk et al.
1996, pl. 3, fig. 3). The whole succession of that locality
was referred by B»aszkiewicz (1980) to the Lower Maas-
trichtian traditional Belemnella lanceolata lanceolata
Zone. At Tercis, T. costaecus occurs in the Trochoceramus
costaecus Zone, in the upper part of the Zone of N. hyatti.
That means that the base of the B. lanceolata lanceolata
Zone, the traditionally basal zone of the Maastrich-
tian in the northern Europe, may appear to be strati-
graphically much lower than suggested on other
grounds (see Christensen et al. 2000, Odin 2001c).

Lowermost Maastrichtian inoceramids, i.a. Endoco-
stea typica and Cataceramus subcircularis, are known from
Dziurków, a locality still higher in the succession.
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Aimaki section

The highest Campanian and lowermost Maastrichtian
inoceramids are well represented in the Aimaki sec-
tion (Daghestan, Caucasus), the key section for the
Upper Cretaceous of Daghestan (Aliev et al. 1986), and
described recently by Walaszczyk et al. (1996). The
succession studied starts just below a level with Tro-
choceramus, dominated by Trochoceramus costaecus. The
morphotypes encountered correspond well to the
trochoceramid fauna that occurrs in the topmost
Campanian of the Tercis section. Higher up in the sec-
tion occur forms referable to Endocostea typica, provi-
sionally determined as Endocostea ex gr. impressus by
Walaszczyk et al. (1996, pl. 3, fig,. 1; pl. 4. fig. 1). Still
higher is an interval with forms referred by Walaszc-
zyk et al. (1996) to “I.” ?planus Münster and “I.” cf.
dobrovi Pavlova, 1955, which are both better referred
to Cataceramus subcircularis (Meek, 1955). The Endoco-
stea ex gr. baltica of Walaszczyk et al. (1996, pl. 3, fig. 6)
represents the species Cataceramus oviformis Walaszc-
zyk, Cobban & Harries, 2001 described recently from
the lowermost Maastrichtian (Walaszczyk et al. 2001).

Nagoryany section

There have been no exposures at Nagoryany for many
years and all our knowledge is based on 19th century
collections scattered through various museums. The
present discussion is based on inoceramids from
Nagoryany as described and illustrated by Kociubyn-
skij (1958, 1968), and a single specimen illustrated by
Geinitz (1872–75). The reinterpretation of their speci-
mens is given below.

The presence of Cataceramus subcircularis (which
seems to be the dominant species), rare Endocostea typica
Whitfield, 1880, and rare Cataceramus? glendivensis,
suggest the upper part of the Endocostea typica Zone.
Although there is no data on the vertical range of par-
ticular species in this section, the succession in

Nagoryany could have ranged down to the very base
of the Maastrichtian. More clear is the upper stratigra-
phical limit. The large trochoceramids reported by
Kociubynskij (1968, pl. 28, fig. 4) and Geinitz (1872–
72, pl. 14, fig. 1), which may safely be referred to T.
helveticus (Heinz, 1932) and T. radiosus (Quaas, 1902)
respectively, indicate the presence of at least the low-
est part of the succeeding inoceramid zone of Trocho-
ceramus radiosus.

Conclusions
Inoceramids in the uppermost Campanian and lower-
most Maastrichtian allow a refined biozonation and
correlation within the Euramerican biogeographic re-
gion. In the interval spanning the North American
Zones of Baculites compressus to Baculites grandis, six
inoceramid zones are recognised, both in the US West-
ern Interior and in the Tercis section in SW France.
The validity of the succession is also confirmed by
some of the other European sections. The base of the
Maastrichtian Stage, as defined by level 115.2 in the
Tercis quarry, correlates in inoceramid terms with the
topmost part of the “Inoceramus” redbirdensis Zone,
which lies very closely to the base of the Endocostea
typica Zone, which makes this inoceramid index taxon
a very useful tool for the recognition of the Campa-
nian/Maastrichtian boundary. Of importance also is
the fact that very closely related, and possibly
conspecific forms, were reported from South America
[as Inoceramus (Endocostea) biroi by Stinnesbeck, 1986,
pl. 2, figs 4–7] and from US Pacific Coasts by Anderson
(1958, pl. 74, figs 4–6) under the name Inoceramus (En-
docostea) stanislausensis.
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