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At the Brussels Symposium on Cretaceous Stage Boundaries in 1995, the Maastrichtian Working 
Group decided to recommend the first occurrence of the ammonite Pachydiscus neubergicus in the 
Tercis quarry near Dax in the Landes, southwest France as the boundary stratotype for the base of 
the Maastrichtian stage. On the basis of the echinoid genus Echinocorys the Campanian-Maastrich-
tian boundary beds of Tercis are correlated with the succession in north Norfolk, England, which 
in turn is correlated with the succession at Kronsmoor, northwest Germany on the basis of belemnites 
and brachiopods. If the possible correlation between Tercis and northwest Germany is true, the P. 
neubergicus and Belemnella lanceolata standards for the base of the Maastrichtian stage are not sepa-
rated by more than 0.2 m.y.
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At the Brussels Symposium on Cretaceous Stage
Boundaries in 1995, the Maastrichtian Working Group
recommended the level of the lowest Pachydiscus neu-
bergicus (Hauer) in the abandoned Tercis quarry near
Dax in the Landes, southwest France as the Global
Stratotype Section and Point for the base of the Maas-
trichtian stage (Odin 1996). Hancock et al. (1993) pro-
vided a lithological log of the section at Tercis and
subdivided the limestones into two formations, the
lower Hontarède Formation and the upper Tercis For-
mation. The latter was subdivided into three mem-
bers, the lower Tercis Marly Member, the middle Tercis
Pale Flint Member, and the upper Tercis Dark Flint
Member. Hancock & Kennedy (1993) described the
ammonites from Tercis, Dhondt (1993) the inoceramid
fauna, Hancock et al. (1993) reviewed nannofossil and
echinoid occurrences, Simmons et al. (1996) described
the planktic foraminiferal succession, and Ward & Orr
(1997) recorded the ranges of Upper Campanian and
Lower Maastrichtian ammonites and planktic fora-
minifera.

The potential of the Tercis section as a boundary
stratotype was discussed by Kennedy et al. (1995),
who noted that it is of key importance, because it pro-
vides a section where Tethyan nannofossil and plank-

tic foraminiferal occurrences can be directly or indi-
rectly related to boreal marker fossils. Hancock et al.
(1993), on the basis of the echinoid genus Echinocorys,
correlated the Tercis section with Norfolk, which in
turn can be linked to the refined Lower Maastrich-
tian Belemnella zonation of northwest Germany
(Schulz 1979). This comprises six zones, in ascending
order: the lower Lower Maastrichtian B. lanceolata, B.
pseudobtusa and B. obtusa Zones and the upper Lower
Maastrichtian B. sumensis, B. cimbrica and B. fastigata
Zones (Fig. 1). The lower Lower Maastrichtian B.
lanceolata-obtusa Zones approximately correlate with
the conventional B. lanceolata Zone, and the upper
Lower Maastrichtian B. sumensis-fastigata Zones with
the conventional B. occidentalis Zone (Christensen
1996, Fig. 3) (Fig. 1). Kennedy et al. (1995, Fig. 3)
showed that the inferred FADs of P. neubergicus and
Hoploscaphites constrictus (Sowerby) at Tercis are at a
level which can be correlated with a level within the
lower part of the Belemnella obtusa Zone. Therefore,
Burnett (1998, Fig. 6.6) placed the Campanian-Maas-
trichtian boundary in the lower part of the B. obtusa
Zone, implying that the B. lanceolata and B. pseudob-
tusa Zones, in addition to the lowermost part of the
B. obtusa Zone are of latest Campanian age.
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Kennedy et al. (1995) showed, however, that the
FAD of P. neubergicus in northern Europe is appar-
ently diachronous (Fig. 1). In northwest Germany P.
neubergicus has been recorded only from the B. obtusa
Zone of the Zeltberg pit at Lüneburg (Schmid 1955,
Schulz et al. 1984, Schulz 1979), but it is worthy of
note that Schmid (1955) recorded only a single speci-
men of this species. The type occurrence of P. neuber-
gicus in Steiermark, Austria can be dated as middle
B. sumensis Zone, or younger, but possibly not
younger than the upper part of the sumensis Zone
(Kennedy & Summesberger 1986). At Nagoryany in
the Ukraine it occurs in the B. lanceolata or B. pseudob-
tusa Zones (Kennedy & Summesberger 1987, Christen-
sen 1987). In the Central Vistula Valley section in Po-
land P. neubergicus raricostata B»aszkiewicz (= P. n. neu-
bergicus; see Kennedy & Summesberger 1986) occurs
in the Lower Maastrichtian B. lanceolata Zone, and the
nominotypical subspecies occurs in the overlying
upper Lower Maastrichtian B. occidentalis Zone (B»asz-
kiewicz 1980). The first occurrence of P. neubergicus in
Denmark is in the uppermost Lower Maastrichtian
in beds correlative with the B. fastigata Zone (Birke-
lund 1993), but she had only three stratigraphically
located specimens.

A possible new dating for the
boundary at Tercis
There are two anomalies in the correlation by Hancock
et al. (1993) and Burnett (1998).

1. The base of the Maastrichtian at the boundary-
stratotype (Tercis) would be distinctly higher than the
long used belemnite standard in northern Europe
from Ireland to Russia. This might be inevitable but
would lead to confusion in the future. 2. Ammonites
are relatively common at Tercis. The team led by Pro-
fessor G. Odin had collected 452 specimens by Sep-
tember 1999 (Odin 2000), even though the quarry is
now disused. It would be curious if the lowest
Pachydiscus neubergicus at Tercis was actually higher
than its lowest occurrences in Ukraine and Poland.

We have therefore re-examined the correlation of
the critical part of the section at Tercis with the
successions in north Norfolk in England and Krons-
moor in north Germany (Fig. 2).

In spite of the variety of fossils at Tercis, the only
correlator-taxon with even the hope of precision in
terms of the thin belemnite zones of Kronsmoor, as
discerned by Schulz (1979), is the echinoid genus Echi-
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Fig. 1.  Stratigraphical
diagram, showing the known
or inferred distribution of
Pachydiscus neubergicus on the
northwest European
belemnite scale. The column
to the right shows the
location of the base of the
Maastrichtian on the ammo-
nite scale.
Maa – Maastrichtian;
Cpm – Campanian.
Vertical axis not to scale.
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nocorys. Unfortunately, at Kronsmoor undamaged and
identifiable Echinocorys are very rare. They are not
common in north Norfolk (except for occasional con-
centrations, such as at the Pyramidata Hardground
at the top of the Campanian), but there are sufficient
specimens known to provide some correlation. Essen-
tially, one has to try to correlate the Echinocorys of
Tercis with the imperfect succession in Norfolk and
then correlate between Norfolk and Kronsmoor on
belemnites (Christensen 1995) and brachiopods
(Surlyk 1982, Johansen & Surlyk 1990). Even this ap-
proach is hampered by the rarity on the Norfolk coast
of exposures of the basal part of the conventional
Maastrichtian, the Zone of Belemnella lanceolata s.s. Of
the 25–30 m of Maastrichtian in Norfolk, as much as

10 m at the bottom have seldom been exposed and
rarely yield any macrofossils.

From Units M to O in the Tercis Pale Flint Member
there are the following species of Echinocorys recorded
by Peake in Hancock et al. (1993).

Echinocorys ovata (Leske) from the upper part of
Unit M. In Norfolk this species is only known loose
on the shore but they are believed to come from an
offshore exposure near Cromer Lighthouse which is
very high Campanian on the belemnite scale. This
species has often been misinterpreted but it has been
correctly interpreted by Gongadze (1979), who pro-
vided a detailed description and excellent figures. He
records E. ovata from both unequivocal Campanian
and Maastrichtian.
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Fig. 2. The part of the section
which spans the Campanian-
Maastrichtian boundary at
La Grande Carrière, Tercis-
les-bains, 7 km southwest of
Dax Landes, France. The
correlation with the
belemnite zones of northern
Europe is based on Echinoco-
rys as explained in the text,
and is partly speculative. The
level of the lowest
Pachydiscus neubergicus is
from Odin (2000); the lowest
P. neubergicus collected by
Kennedy & Hancock (1993)
came from Unit N2. The level
of the highest Globotruncanita
elevata, marking a possible
planktic foraminiferal
standard for the base of the
Maastrichtian, is taken from
Simmons et al. (1996). The
scale of 100,000 years is based
on the length of the combined
Belemnella lanceolata-pseudob-
tusa-obtusa Zones lasting
650,000 years (Christensen
1996). Since the limits of these
zones at Tercis are uncertain,
this time-scale is only to give
an idea of the order of the
lengths of time involved.
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Echinocorys stellaris Lambert is also longer ranging
than some other Echinocorys, being found in both Units
M and N1 at Tercis. In Norfolk it is known from the
Porosphaera Beds (= upper half of the Sidestrand
Chalk Member of Johansen & Surlyk 1990), which
belong to the Zones of Belemnella pseudobtusa and B.
obtusa. Because of the scarcity of exposures below the
Porosphaera Beds, Echinocorys has seldom been found
in the bottom 10 m of the local Maastrichtian. There
is a reasonable possibility that E. stellaris ranges down
into the Zone of Belemnella lanceolata s.s. Thus Units
N1 and the top of Unit M could belong to the true
lanceolata Zone. This possibility is strengthened by the
fact that the more typical Porosphaera Beds Echinoco-
rys, E. belgica Lambert sensu Smiser, has not been
found in Unit N1 at Tercis.

Echinocorys aff. heberti Seunes from Unit N2 is found
in Norfolk in the upper part of the Porosphaera Beds
and the lower part of the Sponge Beds (= the upper
part of the Sidestrand Chalk Member and the lower
part of the Trimingham Sponge Beds Member of
Johansen & Surlyk 1990). This definitely correlates
with the Zone of Belemnella obtusa.

Echinocorys arnaudi Seunes is common in the bot-
tom third of Unit O. In Norfolk this species is con-
fined to the White Chalk with ‘Ostrea lunata’ (= up-
per part of the Little Marl Point Chalk Member of
Johansen & Surlyk 1990), which belongs to the Zone
of Belemnella sumensis. This correlation is confirmed
by the highest occurrence of the nannofossil Broinsonia
parca low in Unit O. The upper limit of this species at
Kronsmoor lies near the top of the obtusa Zone
(Burnett in Hancock et al. 1993).

These suggested correlations are shown in Figure
2.

The lowest known Pachydiscus neubergicus at Tercis
is apparently from Odin’s level 115.7 (Odin 2000). This
lies approximately one metre below the pycnodont
bed which itself is 0.85 m above the base of N2, i.e. the
lowest P. neubergicus is from the top few cm of Unit
N1. We suggest that this lies within the Zone of
Belemnella lanceolata s.s., albeit probably high in the
zone.

The Belemnella zones are relatively brief (Christen-
sen 1996). If our possible correlation is true, the neu-
bergicus and lanceolata standards for the base of the
Maastrichtian stage are not separated by more than
about 0.2 m.y. Considering that the average length of
an ammonite zone in the Campanian of the U.S.A. is
more than 0.5 m.y., 0.2 m.y. would be a small discrep-
ancy.
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Dansk sammendrag
På et møde i Bruxelles i 1995 vedrørende etagegrænser
i Kridt besluttede Maastrichtien Arbejdsgruppen, at
basis af Maastrichtien etagen skal defineres ved den
første forekomst af ammonitten Pachydiscus neubergi-
cus i Tercis kalkbruddet i det sydvestlige Frankrig.
Campanien-Maastrichtien grænselagene i Tercis er her
forsøgsvist korreleret med skrivekridtet i Norfolk,
England på basis af søpindsvin tilhørende slægten
Echinocorys. Skrivekridtet i Norfolk er derefter korre-
leret med skrivekridtet ved Kronsmoor ved hjælp af
belemniter og brachiopoder.

Ud fra disse korrelationer synes den første fore-
komst af P. neubergicus ved Tercis at være i toppen af
Belemnella lanceolata Zonen. Hvis denne korrelation
er rigtig, så er den første forekomst af P. neubergicus
ikke mere end 0.2 millioner år senere end den første
forekomst af B. lanceolata.
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