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Abstract

Following discussions at the Second International Symposium on
Cretaceous Stage Boundaries, held in Brussels, 8-16 September
1995, the Cenomanian Working Group, identified as marker for the
base of the Cenomanian the first occurrence of the planktonic forami-
niferan Rotalipora globotruncanoides. As GSSP (Global Boundary
Stratotype Section and Point) for the base of the Cenomanian Stage,
it proposed in the Mont Risou section (Rosans, Hautes-Alpes, France)
the point of the first occurrence of the planktonic foraminiferan Rota¬
lipora globotruncanoides, 36 m from the top of the Marnes Bleues Fm.
For the Mont Risou section biostratigraphic data on calcareous nanno-
fossils, planktonic foraminifera, ammonites, bivalves and carbon and
oxygen isotopes have been studied.

The base of the Middle Cenomanian substage is the first appearance
of the ammonite Cunningtoniceras inerme with the entry of Inocer-
amus schoendorfi and Rotalipora reicheli as secondary markers, with
the Southerham Grey Quarry section at Lewes in Sussex (England) as
stratotype for the Lower-Middle Cenomanian boundary.

For the base of the Upper Cenomanian no agreement was
reached.

Key-words: Cenomanian, Upper Cretaceous, biostratigraphy, ammo¬
nites, inoceramids, foraminiferids, nannofossils, isotope stratigraphy,
GSSP.

Résumé

A la suite des discussions au cours du "Second International Sympo¬
sium on Cretaceous Stage Boundaries" tenu à Bruxelles (8-16 Sep¬
tembre 1995), le Groupe de Travail du Cénomanien a choisi comme
marqueur pour la base du Cénomanien l'apparition du foraminifère
planctonique Rotalipora globotruncanoides. Comme "GSSP" (Global
Boundary Stratotype Section and Point) pour la base du Cénomanien,
le Groupe de Travail propose dans la coupe du Mont Risou (Rosans,
Hautes-Alpes, France) la première apparition de ce foraminifère à 36 m
sous le sommet de la Formation des Marnes Bleues. Pour la section
de Mont Risou existent des données biostratigraphiques concernant
les nannofossiles calcaires, les foraminifères planctoniques, les ammo¬
nites et les bivalves; les isotopes du carbone et de l'oxygène ont été
étudiés.

La base du Cénomanien moyen a été placée à l'apparition de
l'ammonite Cunningtoniceras inerme et, comme marqueurs secon¬
daires, on a désigné Inoceramus schoendorfi et Rotalipora reiche¬
li; comme stratotype pour la limite Cénomanien inférieur-moyen,
on propose la carrière Southerham Grey, à Lewes (Sussex, Angle¬
terre).

Pour la base du Cénomanien supérieur aucune décision n'a encore
été prise.

Mots-clefs: Cénomanien, Crétacé supérieur, biostratigraphie, ammo¬
nites, inocéramidés, foraminifères, nannofossiles, stratigraphie isoto¬
pique, "GSSP".

OTHëT no CeHOMaHCKOMy apycy.

Pe3K>Me.
B pe3ytibTaTe oôcy>KAeHnft, npoiueflLUHX b TeieHue «Braporo
MexflyHapoflHoro CnMno3nyMa no BonpocaM TpaHULt
MenoBoro Slpyca» b Eptoccene (8-16 ceHTHÔpH 1995 rofla),
Paôotari Tpynna CettoMaHCKoro npyca Bbi6pana b KasecTBe
HHfleKC-BHfla flun ocHOBaHMH CettoMaHCKoro npyca nosBneHHe
nriaHKTOHUHecKoro ct>opaMMHi/i<t>epa Rotalipora
globotruncanoides. B KaseCTBe «GSSP»(Global Boundary
Stratotype Section and Point) ans ocHOBaHMS
CettoMaHCKoro spyca Paóonas Tpynna npeanaraeT nepBoe
nosBiieHue aaHHoro tbopaMMHHtfiepa Ha rnyôiiHe 36 MeipoB ot
BepujHHbi OTJioxceHMS Marnes Bleues, B pa3pe3e Mont
Risou (Rosans, Hautes Alpes, cppaHUMfl). flitst pa3pe3a
Mont Risou cymecTByioT 6nocTpaTnrpact>nHecKne aaHHbie,
Kacaiomneca MenoBbix HaHocboccmiMM, nnaHKTOHHHecKMX
(JjOpaMHHMCbep, aMMOHMTOB M AByCTBOpHaTbIX MOHJUOCKOB;
M30Tonbi yrnepoaa h KMcnopoaa raoce 6biJii/i H3yseHbi.
OcHOBaHwe noatnpyca cpeaHero CeHOMaHa onpeae/mercfl
npi/l nOHB/ieHHM aMMOHMra Cunningtoniceras inerme; B
KasecTBe btophhhwx mhaskc-bhaob BbiöpaHbi inoceramus
schoendorfi h Rotalipora reicheli. B KanecTBe
CTpaTOTHna abh rpaHHUbi HHXHero h cpeaHero CeHOMaHa
ytëHbie npeanaraiOT Kapbep southerham Grey, B Lewes
(Sussex, Ahmmh).
Hto xacaeTCH ocHOBaHMB BepxHero CeHOMaHa, to Ha aaHHbiti
MOMeHT He 6bino npHHHTO HMKaxoro peuteHHît.

KnioueBbie cnoBa: CeHOMaHCKHCi spyc, BepxHMti Men,
ÔMOCTpaTHrpacbHSt, aMMOHMTbl, MHOLtepaMbl, 4>OpaMHHHCt)epbl,
HaHocfioccMnMH, M3oronnHecKan CTpaTnrpact>Hfl, «gssp».

HISTORICAL SUMMARY

The Cenomanian stage was proposed by d'Orbigny
(1847) for the strata seen at Le Mans (lat.: Cenoma-
num-Paléontologie Française, Terrains Crétacés, 4: 270)
in the Paris Basin.

Hancock (1960) recognised three ammonite zones in
the Cenomanian sequences of the Sarthe région, includ-
ing the stratotype of d'Orbigny:

Upper Cenomanian - Calycoceras naviculare Zone

Middle Cenomanian - Acanthoceras rhotomagense Zone

Lower Cenomanian - Mantelliceras mantelli Zone
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Juignet (1974, 1980), Kennedy (1984) gave a more
detailed subdivision with at least two standard zones in
each substage.

Albian-Cenomanian boundary

Boundary criteria for the Albian-Cenomanian boundary
which were under discussion in the first International

Symposium on Cretaceous Stage Boundaries (Birkelund
et al. 1984, Hancock, 1984) in Copenhagen.

Ammonite-based zonation

• Base of the Hypoturrilites schneegansi Zone estab-
lished by Dubourdieu (1956) on the basis of Cenomanian
sections in Tunisia and Algeria.

• Base of the Graysonites adkinsi Zone, first defined in
Texas (Mancini, 1979), but widely distributed in Tethyan
and Pacific régions.
• Base of the Neostlingoceras carcitanense Zone in the
Cenomanian of Europe.
[In many areas of the Northern Lower Temperate Realm
(Boréal) there is a more or less important sedimentologi-
cal hiatus between the Albian and Cenomanian].
• Base of the Mariella (Wintonia) brazoensis Zone un-

derlying the Graysonites adkinsi Zone in Texas (Young,
1957). This zone was not recognised outside of Texas till
now and was not recommended.

Microfossil-based zonation

• LO of the planktonic foraminiferan Planomalina bux-
torfi happens slightly earlier than the FO of the ammonite

Fig. 1 — Locality map showing the position of the Mont Risou outcrops (from Gale et al., 1996).
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Hypoturrilites schneegansi. The occurrence of PI. buxtorfi
just below the Cenomanian is coincident with a flood
occurrence of Globigerinelloides bentonensis (Morrow)
used as Albian-Cenomanian boundary over the North Sea
Basin (Hart et al., 1981).
• In Tethyan shelf carbonate successions the foraminif-
eral genus Orbitolina is useful: FOs of O. (Orbitolina)
concava concava and O. (O.) conica are used at this
level.
• The FO of the coccolith Eiffelithus turriseijfellii below
the base of Hypoturrilites schneegansi can be traced in
Tethyan and Boreal Realms.

Suggested stratotype

Gale et al. (1995, 1996) presented a proposai for a
potential Albian-Cenomanian boundary stratotype at
Mont Risou near Rosans (Hautes-Alpes, France) with
boundary criteria. The base of the Cenomanian stage
corresponds to the base of the widely recognised Man-
telliceras mantelli Zone at Mont Risou. If Mantellice-
ras mantelli is absent, Neostlingoceras is a proxy ammo¬
nite.

Using a planktonic foraminiferal succession in the Mont
Risou section Gale et al. explain:

"There are two possible planktonic foraminiferan
proxy markers for the Albian-Cenomanian boundary,
defined by the ammonite fauna at -30 m:
The first occurrence of Rotalipora globotruncanoides
at -36 m, and its common occurrence at -27 m. The latter
is a more reliable datum. It should be noted, that these
planktonic foraminifera datums are only 6 m below and
3 m above the ammonite datum in what is a highly
expanded section, while the first occurrence of Rotali¬
pora globotruncanoides in the Kalaat Senan région of
Central Tunisia (Robaszynski et al. 1993, 1994) is also
just below the base of the Cenomanian as defined by
ammonites".

Bivalve succession
Not mentioned in Copenhagen, but useful for zonation
at Mont Risou is the bivalve succession. Aucellina is
common in the Upper Albian and extends into the
basai Cenomanian strata in England, France, Germany,
Poland and Russia (Aucellina!ultimus event). Two
inoceramid species are overlapping in one bed at
Mont Risou. In the basai layers Inoceramus anglicus
(Woods, 1912, pl. 45, figs. 8-10, text-fig. 29), ex-
tending from the Upper Albian to the Lower Ceno¬
manian, were observed. In the hanging wall (upper
part of the Neostlingoceras carcitanense Zone) Inocera¬
mus crippsii crippsii Mantel 1 is common. The Lower
Cenomanian begins with Inoceramus crippsii crippsii
Mantell in the case of a sedimentological hiatus. This
is typical for many sections in Germany, Poland and
Russia.

Substage boundaries

Lower / Middle Cenomanian boundary

Ammonite succession

Kennedy (1995) defines this boundary with the first
appearance of the genera Acanthoceras and Cunningto-
niceras above beds with Mantelliceras. The lowest am¬

monite fauna of Middle Cenomanian âge is characterised
by Cunningtoniceras (Sarthe: Kennedy & Juignet, 1993;
Boulonnais: Robaszynski et al., 1994; S. England: Paul
et al., 1994; Tunisia: Robaszynski et al. 1993, 1994;
Turkmenia: Atabekian, 1985; Texas: Kennedy & Cob-
ban, 1990).

According to Kennedy (1995) the lowest Middle Cen¬
omanian faunas are characterised by different species of
the genus Cunningtoniceras (C. inerme, C. cunningtonï)
rather than Acanthoceras rhotomagense in the Northern
Lower Temperate Realm and Tethyan Realm.

Bivalve succession

The proposed boundary agrees with the first rare appear¬
ance of Inoceramus schoendorfi Heinz together with I.
crippsii hoppenstedtensis Tröger, rare I. crippsii crippsii
Mantell, I. virgatus virgatus Schlüter and I. virgatus
scalprum J. Böhm.

Middle/Upper Cenomanian boundary

Ammonite succession

Referring to the ammonites there is a disagreement in the
position of the Acanthoceras jukesbrownei-Zone. This
zone is placed in the Middle Cenomanian by many
authors but in the Upper Cenomanian by others. Kennedy
(1995) explains:

"There is thus a need for a décision on the principle
of where to place the Ac. jukesbrownei-Zone., in the
Middle versus Upper Cenomanian. My own view is that
the base of the jukesbrownei, marked by the first appear¬
ance of the index species, is not a good datum for the
base of the Upper Cenomanian substage. Ac. jukes¬
brownei has a very limited géographie distribution with
records from southem England. the Boulonnais south
to Sarthe, Provence, Ariège in Lrance, Germany, Poland
and Turkmenia only. A better datum, likely to be more
widely recognised, is the top of the jukesbrownei Zone,
marked by the replacement of Acanthoceras by Calyco-
ceras (Calycoceras) and Cal. (Proeucalycoceras), a
boundary in keeping with Hancock's original faunal
concepts, reiterated subsequently (Hancock 1960,
1991 ; Hancock et al., 1993). The name of the zone above
the jukesbrownei-Zone is, however, a matter of conten¬
tion.

Cal. (Calycoceras) naviculare (Mantell) originally
used as index species, is absent from the lower part of
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the zone, and extends into the succeeding Meîoiococeras
geslinianum-Zone and corrélatives. Indeed it is the com-
monest in this zone in the United States Western Interior,
and the holotype cornes from this level in Sussex, Eng-
land.

Eucalycoceras pentagonum (Jukes-Browne) was pro-
posed as a substitute index by Juignet & Kennedy
(1976), but it too first appears well above the extinction
point of Acanthoceras jukesbrownei and extends into the
succeeding geslinianum/gracile-Zone in Sarthe and
Alpes-Maritimes in France, South Dakota and Colorado
in the USA.

A third substitute index species, Calycoceras (Proeu-
calycoceras) guerangeri (Spath) was proposed by
Wright et al. (1984). The first occurrence of this species
is significantly lower than that of both Calycoceras (Ca¬
lycoceras) naviculare (Mantell) and Eucalycoceras pen¬
tagonum (Jukes-Browne) while its géographie distribu¬
tion from southern England to Sarthe, Alpes-Maritimes
and Alpes-de-Haute-Provence in France, Portugal)?),
Tunisia and New Mexico (USA) spans Boréal and Te-
thyan Realms".

Bivalve succession

The top of the jukesbrownei Zone nearly agréés with the
first appearance of Inoceramus pictus pictus Sowerby,
widely distributed in the Boréal and Pacific realms. The
jukesbrownei Zone is characterized by I. atlanticus
Heinz.

PROPOSALS PRESENTED AT THE BRUSSELS
SYMPOSIUM (11-14 September 1995)

After intensive and extensive discussions concerning
biostratigraphic, lithostratigraphie, taxonomie problems
and problems of préservation the working group pre-
sented the following proposais:

• The basai boundary criterion for the Cenomanian
stage should be the first appearance of the planktonic
foraminiferan Rotalipora globotruncanoides Sigal,
1948.

Votes were unanimously in favour (17 yes, no absten¬
tions).

• Possible basai boundary stratotypes for the Ceno¬
manian Stage:
Mont Risou near Rosans in southeastern France (pro¬
posed by A. S. Gale, W. J. Kennedy, J. A. Burnett, M.
Caron & J. D. Marshall)

Section in the Kalaat Senan région, N. of Kef el Azreg,
Tunisia (proposed by F. Robaszynski, F. Amédro, C.
Dupuis, J. Hardenbol)

[Section described by Robaszynski et al. (1993, 1994)

from near Kef el Azreg, Tunisia, as a candidate for
the official Albian-Cenomanian boundary stratotype.
This section was discussed at length at the Brussels
meeting, and a preliminary décision taken to designate
it as a subsidiary reference section. As at Mont Risou,
Rotalipora globotruncanoides first occurs a short dis¬
tance below the first record of the ammonite Mantelli-
ceras, and there is an interval of 18.5 m between the
last Cantabrigites and the first Mantelliceras, but
Mortoniceras (Durnovarites) extends to within 1 m of
the first Mantelliceras. (Robaszynski et al., 1994,
fig. 12) rather than the 98 m interval present at Mont
Risou].

After intensive discussions a vote was taken for the
acceptance of the Mont Risou section as a stratotype
(GSSP) for the Cenomanian basai boundary.

Votes: 17 yes, 6 no, 4 abstentions.

In the light of this vote in favour of the Mont Risou
section, it was decided that the proposed section in
Tunisia was proposed as reference section in the Te-
thyan Realm.

The evidence from nannofloral occurrences, phosphatisa-
tion of ammonites and other fossils and channelling of the
basai contact suggested, that there was condensation or
even a non sequence in the basai Lower Cenomanian part
of the Tunisian section.

• The basai boundary criterion for the Middie Cen¬
omanian substage should be situated at the first ap¬
pearance of the ammonite Cunningtoniceras inerme
with the entry of Inoceramus schoendorfi and Rotali¬
pora reicheli as secondary markers.

Votes: 17 yes, 3 abstentions.

Three potential basai boundary stratotypes for the
Middie Cenomanian substage were discussed:
• Southerham Grey Quarry, Lewes, Sussex, England.

• The coastal section between Folkestone and Dover,
Kent, England.

• The coastal section at Cap Blanc Nez, Boulonnais,
Northern France.

According to the postal vote (extended deadline till
15.01.96) the Cenomanian W.G. proposed the South¬
erham Grey Quarry section at Lewes in Sussex (Eng¬
land) as stratotype for the Lower-Middle Cenomanian
boundary.

Votes: in favour of the Southerham Grey Quarry: 12; in
favour of the Folkestone-Dover coastal section: 1, in
favour of the Cap Blanc Nez, Boulonnais coastal section:
none; abstentions: 2
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• Basai Upper Cenomanian boundary

In the case of the lower boundary criterion for the Upper
Cenomanian substage no agreement was reached. The
following possible boundary criteria were discussed:

a. The entry of Acanthoceras jukesbrownei

b. The upper limit of Acanthoceras jukesbrownei

c. The entry of Calycoceras (Proeucalycoceras) gueran-
geri

d. The entry of Calycoceras naviculare

e. The entry of Eucalycoceras pentagonum

f. The entry of the Inoceramus pictus - group

It was considered that criteria d and e were currently
unsatisfactory in view of insufficiënt data on these taxa.
The discussion then concentrated on the criteria a, b, c,
and f.

It was recommended, that a working party chaired by
F. Robaszynski should investigate these criteria in more
detail in sections in southern France, which may well
prove the best potential substage boundary stratotype.
F. Robaszynski accepted this proposai.

DESCRIPTION OF THE CANDIDATE GLOBAU
REFERENCE SECTION FOR THE BASAL CENO¬
MANIAN AT MONT RISOU, SE FRANCE

The Albian-Cenomanian boundary succession at Mont
Risou, 5 km E of Rosans, Hautes-Alpes, France (Figure
1, p. 58) is described in detail in Gale et al. (1996). In this
succession, the Albian-Cenomanian boundary falls in an

expanded, continuous sequence, deposited in the rapidly
subsiding Vocontian Basin.

Macrofaunas are of mixed Boréal and Tethyan affin-
ities, and the sequence yields ammonites, inoceramid
bivalves, nannofossils and planktonic foraminifera, and
preserves an original stable isotope record. The outcrops
cover many thousands of square métrés, the sequence is
rapidly eroding with good access.

The base of the Cenomanian was defined in Brussels
by the first occurrence of the planktonic foraminiferan
Rotalipora globotruncanoides sigal, 1948 with the Mont
Risou section as the global référencé section, where the
datum level lies 36 m below the top of the Marnes Bleues
Formation as defined by a zero datum limestone at the
base of the succeeding limestone.

The Vocontian Basin underwent rapid subsidence from
the Middle Jurassic (Callovian) to the Late Cretaceous,
and thick successions of deep-water pelagic limestones
and hemipelagic maris accumulated. In this région, the
Aptian, Albian and earliest Cenomanian stages are repre-

sented by up to 750 m of the Marnes Bleues Formation,
comprising rhythmically bedded dark marls, with distinc-
tive horizons of laminated organic-rich black shales, rare
marly limestones, clastic turbidites and slumps. Con-
densed horizons are infrequent, and represented by glau-
conitic beds.

In the upper part of the Marnes Bleues (Figure 2), a
distinct and widely traceable horizon (Br: Breistroffer
Level of Bréhéret, 1988a) is about 10 m in thickness and
includes beds of laminated, dark grey maris. From these
Bréhéret (1988b) recorded a "Vraconian" (Late Al¬
bian) fauna. Above, the uppermost 100 m of the Marnes
Bleues comprise grey maris containing infrequent ba-
rytes-cemented concrétions, small pyritised fossils and
concrétions, and prominent-weathering thin (10-30 cm)
units containing more carbonate. Pyritised ammonites are
locally common and are well-known for the presence of
a rich Tethyan ammonite assemblage (Jacob 1907;
Thomel 1987, 1992) regarded as both Upper Albian
and Lower Cenomanian by previous authors.

1-2 m beneath the top of the formation is a thin
(< 0.3 m), dark mari containing small concrétions of iron
pyrites, abundant small pectinids (Syncyclonema) and
ammonites, especially Idiohamites, Algerites and Scipo-
noceras.

The base of the overlying un-named formation of
marly limestones and maris of Cenomanian âge is
marked everywhere in the basin by a bundle of 4-5 thin
(0.1-0.2 m) limestones which locally form a low scarp
near the top of the badlands eut in the Marnes Bleues. The
base of the lowest limestone provides a distinctive zero
datum against which faunas in the underlying maris can
be located. A succession of weaker limestone bundles are

overlain by some 20 m of maris which display few bed¬
ding features. Above, thick bundles containing up to 15
thin marly limestones alternate with dark marls. The
bivalve Inoceramus crippsii crippsii Mantell, is abundant
from +52 to +62 m.

The best Albian/Cenomanian transition is visible on the
west side of Mont Risou, north of Le Chataud, where a

continuously accessible succession of nearly 250 m, from
the Breistroffer Level in the Marnes Bleues to a horizon
85 m above the base of the overlying Cenomanian marly
limestones and marls (Figure 2).

The planktonic foraminiferal succession
Caron in Gale et al. (1996) examined planktonic for¬
aminifera from the Marnes Bleues Formation spanning
levels -136 to -15 m (Figure 3).

The following bioevents were recognised:

(1). Abundant Planomalina buxtorfi to -120 m and its
absence above -116 m.

(2). Costellagerina libyca from -112 m to -136 m (base
of the sampled interval).
(3). Diverse Rotalipora association, with R. ticinensis
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and R. appenninica from -40 m to the base of the sampled
interval.

(4). Simultaneous appearance of R. gandolfii and R.
tehamaensis at the -40 m level.

(5). First appearance of R. globotruncanoides at -36 m,
which defines the base of the Cenomanian stage, follow-
ing the preliminary conclusions of the Brussels meeting.
(6). Common R. globotruncanoides at -27 m.

The planktonic foraminiferal zonation of Robaszynski &
Caron (in press) can be applied to the sequence, with the
Rotalipora appenninica Zone extending from the base of
the sampled interval to the first appearance of R. globo¬
truncanoides at -36 m. The base of the succeeding R.
globotruncanoides Zone is marked by the appearance of
the index species. The R. appenninica Zone can be di-
vided into three assemblage subzones in the Mont Risou
section, the R. appenninica and Planomalina buxtorfi
Subzone extends from the base of the sampled interval
to -116 m, the R. appenninica and R. ticinensis Subzone
from -116 to -40 m and the third Subzone corresponds to
the interval from -40 to -36 m, where R. appenninica is
present and R. ticinensis absent.

The ammonite succession
Kennedy in Gale et al. (1996) presented the following
scheme of assemblage Zones and Subzones:

SUBSTAGE ZONE SUBZONE

LOWER CENOMANIAN (Mantelliceras saxbii
Mantelliceras mantelli (Sharpeiceras schlueteri

(Neostlingoceras carcitanense

Mortoniceras (Durnovarites) and Cantabrigites are ab¬
sent but Stoliczkaia (S.) clavigera present and represents
Scholz's (1973) briacensis Subzone (a specimen of the
index species was found at -32 m).

The base of the overlying Mantelliceras mantelli Zone
is marked by the appearance of the index species 2 m
higher at -30 m. Neostlingoceras oberlini (Dubourdieu,
1953), a typical species of the N. carcitanense Subzone
occurs at the same level and defines the base of the
carcitanense Subzone, exactly coincident with the base
of the mantelli Zone.

In ammonite terms the base of the Cenomanian at Mont
Risou is the first occurrence of Mantelliceras mantelli, or

Neostlingoceras oberlini at the -30 m level, that is to say
30 m below the first limestone bed in the sequence. the
base of which defines the top of the Marnes Bleues, and
6 m above the boundary datum, the first occurrence of
Rotalipora globotruncanoides at -36 m, in the uppermost
part of the briacensis Subzone.

The bivalve succession

Although of low diversity, the inoceramid and Aucellina
faunas from Mont Risou are important because they
demonstrate the range of species in an expanded Al-
bian-Cenomanian boundary sequence where they can be
placed in relation to ammonite Subzones.

Aucellina are common but poorly preserved in the
perinflatum Subzone at Mont Risou. The genus is absent
above the Breistroffer Level (-135 to -126 m). [In Eng-
land and Germany Aucellina species extends into the
Early Cenomanian and can be a good markers for the
base of the stage (Morter & Wood, 1983)].

{Arrhaphoceras (Praeschloenbachia)
(briacensis

UPPER ALBIAN (
(part) (

(Mortoniceras (Durnovarites)
Stolictfaia dispar (perinflatum

(
(Mortoniceras (Mortoniceras)
(rostratum

The lowest faunas from that part of the Mont Risou
sequence (Figures 2) extend through more than 50 m of
section. The range of Mortoniceras (Durnovarites) perin¬
flatum defines the upper limit of its subzone at -126 m.
Above, an interval of 96 m (-126 to -30 m) in which

Fig. 2 — Integrated litho- and biostratigraphy across the Al-
bian-Cenomanian boundary at Mont Risou. Se-
lected macrofossil ranges, planktonic foraminiferan
and nannofossil events, and the bl3C curve are
shown. A - D are spécifie peaks in the ö13C curve
mentioned in the text. Br = Breistroffer level (from
Gale et al., 1996).

A distinctive, undescribed Inoceramus is common

throughout the Albian part of the succession at Mont
Risou (see Gale in Gale et al.. 1996, figs. 21 f, j; 31,
g? h).

Two Inoceramus species occur in the Cenomanian at
Mont Risou, overlapping in a single bed only. Inocera¬
mus anglicus Woods occurs infrequently in the carcita¬
nense Subzone from -30 to +4 m. [Elsewhere the main
occurrence of this species is in the Late Albian, although
it also occurs in the carcitanense Subzone in Southern

England, Germany and elsewhere in Europe],
Inoceramus crippsii crippsii Mantell is common in the
upper part of the carcitanense Subzone at Mont Risou. I.
crippsii crippsii is uncommon in the lower part of its
range at Mont Risou (+4 m) but becomes abundant and
attains large sizes in the 5 bundies of thin limestones
between +52 and +62 m.

The nannofossil succession
Burnett in Gale et al. (1996) recognised 153 nannofos¬
sil taxa from the samples at Mont Risou.

In nannofossil terms, the Albian-Cenomanian bound¬
ary falls within Sissingh's (1977) NF Biozone CC9, as
defined from the FO of Eiffellithus turriseiffelii to the FO
of Microrhabdulus decoratus. This zone was originally
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described from the Col de Palluel (Hautes-Alpes, SE
France), based on the work of Thierstein (1973), and
has subsequently been subdivided by Perch-Nielsen
(1979, summarised in 1985), using the LO of Hayesites
albiensis and the FO of Corollithion kennedyilLOs of
Watznaueria britannica and Braarudosphaera africana.
Thus, the boundary more precisely falls within NF Bio-
subzone CC9B, since the LO of Hayesites albiensis and
the FO of Corollithion kennedyi were both recognised in
the Mont Risou section (although only one specimen of
each was found) (Figure 2).

The low nannofossil biostratigraphical resolution is not
insurmountable. The Late Albian and Early Cenomanian
encompassed a period of rapid and diverse évolution
within the nannofossil family Arkhangelskiellaceae, spe-
cifically within the genera Broinsonia, Crucicribrum and
Gartnerago.

The FO of Corollithion kennedyi was used by Perch-
Nielsen, at the same level as the LOs of Braarudo¬
sphaera africana and Watznaueria britannica, as the
first post-boundary marker. This easily-recognisable
taxon was first described in 1981 and, therefore, has only
rarely been cited in the literature, which mainly predates
this.

Préservation of the nannoflora assemblages at the Mont
Risou section is moderate throughout the sequence.

Examination of the complete and expanded Albian-
Cenomanian sequence at Mont Risou has allowed a
tentative sequence of events (including many from the
Arkhangelskiellaceae) to be deternrined in relation to
the established ones. These events are summarised in

Figure 2.
Although the use of FOs which occur close to the

base of the sequence studied may be suspect, since pré¬
servation or low abundances may have precluded their
identification in the lower two samples, one was identi-
fied immediately above the LO of Hayesites albiensis
(-132 m): the FO of Arkhangelskiellal sp. (-128 m). This
is followed by the FOs of Crucicribrum anglicum and
Gartnerago chiasta at -124 m. (N.B. Perch-Nielsen
(1985) has the LO of the former taxon coinciding with
the LO of Hayesites albiensis). All of these taxa are
arkhangelskiellids. None are common (i.e. they occur in
abundances of <1 specimen per field of view) but their
stratigraphical ranges are reasonably consistent.

No apparently reliable events occur over the following
40 m. Calculites anfractus has its FO at -40 m, 4 m below
the Albian-Cenomanian boundary, followed by the LO of
Staurolithites glabra 24 m above the boundary at -12 m.
Higher up the section, Gartnerago theta and Radiolithus

Fig. 3 — Planktonic foraminiferan occurrences across the
Albian-Cenomanian boundary in the Mont Risou
section (from Gale et al., 1996).

planus have their FOs at -8 m and 0 m respectively. Four
métrés below the FO of Corollithion kennedyi (+20 m),
are the apparently coïncident FOs of Gartnerago praeo-
bliquum and Prediscosphaera cretacea sensu stricto, at
+ 16 m. The LOs of Braarudosphaera africana, Crucicri¬
brum anglicum and Watznaueria britannica occur strati-
graphically higher.

If the FO of Calculites anfractus and the LO of Staur¬
olithites glabra prove to be correlatable elsewhere, then
these two taxa could define a nannofossil subzone around
the boundary.

Carbon and oxygen isotope stratigraphy
Discussed in detail by Gale & Kidd in Gale et al.
(1996).
- Oxygen isotope record
The S180 curve for the Risou section (Figure 4) shows
small scale variance in the order of 0.3 for much of
the lower, Albian, part of the succession, values mostly
falling between -3.8 and -4.1. In the Cenomanian part of
the section above (-30 m up to + 20 m) values rise to a
maximum value of -3.5. The possibility that these values
are altered by the addition of isotopically light cement
during burial diagenesis has to be considered, because the
Marnes Bleues in the Vocontian Basin have been buried

up to several kilométrés.
- Carbon isotopes
813C in carbonate sédiments is relatively stable and more
likely to survive the effects of burial diagenesis than are
oxygen isotopes.

Additional evidence for a primary SI3C signal in the
Mont Risou section cornes from the lack of corrélation
between lithologies and carbon isotope values.

The carbon curve (Figure 4) registers a broad overall
peak (maximum values of 2.3 at -104 m) through much
of the Mont Risou section, broken into four discrete
peaks (lettered A, B, C, D in Figures 2 and 4) by sharp,
short-lived falls of S13C of up to 0.8. These peaks and
troughs do not correspond to lithological changes, are
defined by numerous points, and thus probably re-
present secular change. Peak B registers the highest
values which progressively fall through C and D. How-
ever, to demonstrate convincingly the primary nature of
the Mont Risou 8I3C signature, it is necessary to find
similar coeval curves in other localities (cf. Scholle &
Arthur, 1980).

Carbon curves based on bulk carbonate analyses across
Albian-Cenomanian boundary sections have been pub-
lished previously by Jenkyns et al. (1994, fig 10) for
Gubbio, Marche, Italy, and by Mitchell & Paul (1994,
fig. 1) for the section at Speeton in Yorkshire, England,
both based on whole-rock analyses.

The sequence of biostratigraphic and lithological mar¬
ker events in the Mont Risou sequence
Figure 2 summarizes the distribution of selected key
lithological, isotopic, faunal and floral events across the
Albian-Cenomanian boundary in the Marnes Bleues suc¬
cession at Mont Risou: from oldest to youngest:
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Fig. 4 — The ô13C and ôlsO curves across the Albian-Cenomanian boundary in the Mont Risou section. A - D are spécifie peaks
mentioned in the text. Br = Breistroffer level (from Gale et al., 1996).
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(1). Base of the Breistroffer Level at -135 m.

(2). LO of the planktonic foraminiferan Rotalipora sub-
ticinensis at -132 m.

(3). LO of the nannofossil Hayesites albiensis, also at -

132 m.

(4). LO of the ammonites Durnovarites and Cantabri-
gites, also at -132 m.
(5). FO of the nannofossil Arkhangelskiellal sp. at -128
m.

(6). Top of the Breistroffer Level at -124 m.
(7). FO of the nannofossils Gartnerago chiasta and Cru-
cicribrum anglicum at -124 m.

(8). LO of the planktonic foraminiferan Planomalina
buxtorfi at -116 m.
(9). LO of the planktonic foraminiferan Costellagerina
libyea at -112 m.
(10). LO of the nannofossil Arkhangelskiellal sp. at
-80 m.

(11). FO of the planktonic foraminiferan Rotalipora te-
hamaensis at -48 m.

(12). LO of the planktonic foraminiferan Rotalipora ti-
cinensis at -40 m.

(13). FO of the planktonic foraminiferan Rotalipora gan-
dolfii, also at -40 m.
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(14). FO of the nannofossil Calculites anfractus, also at -

40 m.

(15). FO of the planktonic foraminiferan Rotalipora glo-
botruncanoides at -36 m, which defines the base of the
Cenomanian stage.
(16). LO of the predominantly Albian ammonites Le-
chites gaudini, Stoliczkaia clavigera, Mariella miliaris
and Hemiptychoceras subgaultinum at -32 m.
(17). FO of the classic Cenomanian ammonite markers
Neostlingoceras oberlini, Mantelliceras mantelli, Hypho-
plites curvatus and Sciponoceras roto at -30 m.
(18). Common occurrence of the planktonic foraminifer¬
an Rotalipora globotruncanoides at -27 m.
(19). LO of the nannofossil Staurolithites glabra at
-12 m.

(20). FO of the nannofossil Gartnerago theta at -8 m.
(21). The zero datum, the first limestone in the sequence.
(22). FO of the nannofossil Radiolithus planus at the
zero datum.

(23). FO of the nannofossils Gartnerago praeobliquum
and Prediscosphaera cretacea sensu stricto at +16 m.
(24). FO of the nannofossil Corollithion kennedyi at
+20 m.

The major faunal change in the ammonite fauna occurs
between -30 and -32 m, with the disappearance of typical
Albian taxa at -32 m and the appearance of typical
Cenomanian taxa at -30 m, a short distance above the

base of the Cenomanian as defined by the first appearance
of Rotalipora globotruncanoides at -36 m.

At Mont Risou, a typical N. carcitanense Subzone fauna
is found from -30 to +20 m, with elements ranging higher.
Between +52 and +62 m five bundies of thin limestones

yield abundant large I. crippsii crippsii and numerous
inflated Mantelliceras.

The Albian-Cenomanian boundary in the eastern Anglo-
Paris Basin can be shown by faunal corrélation with Mont
Risou to be marked by hiatus and condensation of a
greater magnitude than hitherto suspected. This com¬
prises two discrete parts: a gap represented by the term¬
inal Albian surface, equivalent to 100-150 m of marls at
Mont Risou, with part of the perinflatum Subzone and all
of the briacensis Subzone missing, and the highly con-
densed Glauconitic Marl, which is represented by some
60-100 m of carcitanense Subzone marls and limestone at

Mont Risou.

Acknowledgments

For permission to extensively use data and figures from the Gale et al.
paper in Cretaceous Research (1996, 5) David J. Batten is sincerely
thanked.

References

Atabekian, A. A., 1985. [Turrilitids of the late Albian and
Cenomanian of the southern part of the USSR]. Trudy Medved.
Stratigrafii SSSR, 14, 112 pp. [in Russian]
Birkelund, T., Hancock, J. M., Rawson, P.F., Remane, J.,
Robaszynski, F.,Schmid, F., Surlyk, F., 1984. Cretaceous
Stage Boundaries-Proposals. Bulletin Geological Society Den¬
mark, 33: 3-20.

Bréhéret, J.-G. 1988a. Episodes de sédimentation riche en
matière organique dans les marnes bleues d'âge aptien et albien
de la partie pélagique du bassin vocontien. Bulletin de la
Société Géologique de France, (8) 4: 349-386.
Bréhéret, J.-G. 1988b. Organic-rich beds in the Aptian-Albian
Marnes Bleues Formation of the Vocontian Basin. Pp. 203-227
In: Beaudoin, B. & Ginsburg, R. (Eds.). Cretaceous resources,
events and rhythms. (Nato Advanced Workshop, Global Sedi-
mentary Geology Programme. A commission of the Interna¬
tional Union of Geological Sciences).
Dubourdieu, G. 1953. Ammonites nouvelles des Monts du
Mellègue. Bulletin du Service de la Carte Géologique de l'Al¬
gérie. (1), Paléontologie, 16: 76 pp.

Dubourdieu, G., 1956. Étude géologique de la région de
l'Ouenza (confins algéro-tunisiens). Bulletin du Service de la
Carte géologique d'Algérie NS 10: 659 pp.

Gale. A. S., Kennedy, W. J., Burnett, J. A., Caron, M.,
Marshall, J. D., 1995. Mont Risou near Rosans (Hautes-
Alpes, SE France); a potential Albian-Cenomanian boundary
stratotype.- 19 pp. ,6 figs.

Gale, A. S., Kennedy, W. J., Burnett, J. A., Caron, M., Kidd,
B.E.., 1996. The Late Albian to Early Cenomanian succession
at Mont Risou near Rosans (Hautes-Alpes, S E France); an
integrated study (ammonites, inoceramids, planktonic forami-
nifera, nannofossils, oxygen and carbon isotopes). Cretaceous
Research, 17 (5): 515- 606.
Hancock, J. M., 1960. Les ammonites de la Sarthe. Comptes
rendus Congrès Sociétés Savantes - Dijon 1959.- Colloque sur
le Crétacé supérieur français: 249-252 (misdated 1959).
Hancock, J. M., 1984. Some possible boundary-stratotypes for
the base of the Cenomanian and Turonian Stages. Bulletin
Geological Society Denmark, 33: 123-128.
Hancock, J. M., 1991. Ammonite scales for the Cretaceous
System. Cretaceous Research, 12: 259-291.
Hancock, J. M., Kennedy, W. J. & Cobban, W. A., 1993. A
corrélation of the Upper Albian to basai Coniacian sequences of
Northwest Europe, Texas and the United States Western Inter-
ior. Geological Association of Canada. Special Paper, 39: 453-
476

Hart, M. B„ Bailey, H. W., Fletcher, B., Price, R. &
Swiecicki, A., 1981. Cretaceous. In: Jenkins, D. G. & Murray,
J. W., Eds., Stratigraphical Atlas of Fossil Foraminifera. British
Micropalaeontological Society, pp. 149-227; Ellis Horwood Ltd.
Jacob, C., 1907. Études paléontologiques et stratigraphiques
sur la partie moyenne des terrains crétacés dans les Alpes
françaises et les régions voisines. Annales de l'Université de
Grenoble, 19: 221-534 (published also in 1908 in Travaux du



68 Karl-Armin TRÖGER (compiler) and W. James KENNEDY

Laboratoire de Géologie de l'Université de Grenoble, 8: 280-
590 and later in 1908 in Bulletin de la Société de Statistique des
Sciences Naturelles et des Arts Industriels du Département de
l'Isère (Grenoble), (4), 10: 201-514).
Jenkyns, H. C, Gale, A. S. & Corfield, R. M., 1994. Carbon-
and oxygen- isotope stratigraphy of the English chalk and
Italian scaglia and its palaeoclimatic significance. Geological
Magazine, 131: 1-34.
Juignet, P., 1974. La transgression crétacée sur la bordure
orientale du Massif armoricain. Aptien. Albien, Cénomanien
de Normandie et du Maine. Le stratotype du Cénomanien.
Thèse Univ. Caen, 810 pp.

Juignet, P., 1980. Cénomanien. Pp. 130-138. In: Cavelier, C.
& Roger, J., Les étages français et leurs stratotypes. Mémoires
du Bureau de Recherches géologiques et minières, 139: 295 pp.

Juignet, P. & Kennedy, W. J., 1976. Faunes d'ammonites et

biostratigraphie comparée du Cénomanien du nord-ouest de la
France (Normandie) et du sud de l'Angleterre. Bulletin trimes¬
triel de la Société géologique de Normandie et Amis du Muséum
du Havre, 63: 193 pp.

Kennedy, W. J., 1984. Ammonite faunas and the 'standard
zones' of the Cenomanian to Maastrichtian stages in their type
areas, with some proposais for the définition of stage bound-
aries by ammonites. Bulletin of the geological Society of Den¬
mark, 33: 147-161.

Kennedy, W. J., 1995. Ammonite définitions of Cenomanian
substages. 9 pp. , 5 figs. (unpublished report)
Kennedy, W. J. & Cobban, W. A., 1990. Cenomanian Ammo¬
nite faunas from the Woodbine Formation and lower part of the
Eagle Ford Group, Texas. Palaeontology, 33: 75-154.
Kennedy, W. J. & Juignet, P., 1993. A revision of the ammo¬
nite faunas of the Type Cenomanian, 4. Acanthoceratinae
(Acompsoceras, Acanthoceras, Protacanthoceras, Cunningto-
niceras and Thomelites). Cretaceous Research, 14: 145 - 190.
Kennedy, W. J. & Juignet, P., 1994. A revision of the ammo¬
nite faunas of the type Cenomanian. 6. Acanthoceratinae [Ca-
lycoceras (Proeucalycoceras), Eucalycoceras, Pseudocalyco-
ceras, Neocardioceras], Euomphaloceratinae, Mammitinae
and Vascoceratidae. Cretaceous Research, 15: 469-501.

Mancini, E. A., 1979. Late Albian and early Cenomanian
ammonite biostratigraphy in North-Central Texas. Journal of
Paleontology, 53: 1013-1022.
Mitchell, S. F. & Paul, C. R. C., 1994. Carbon isotopes and
sequence stratigraphy. Pp. 20-23 In: Johnson, S. D., (Ed.).
High resolution sequence stratigraphy: Innovations and appli¬
cations. Abstracts. 411 pp. (Department of Earth Sciences,
Liverpool University, Liverpool).
Morter, A. A. & Wood. C. J., 1983. The biostratigraphy of
Upper Albian - Lower Cenomanian Aucellina in Europe. Zit-
teliana, 10: 515-529.

Orbigny, d' A., 1847. Paléontologie française. Terrains Cré¬
tacés IV. Brachiopodes. 390 pp. Masson, Paris.
Paul, C. R. C., Mitchell, S. F., Marshall, J. D., Leary, P. N.,
Gale, A. S., Duane, A. M. & et Fitchfield, P. W., 1994.
Palaeoceanographic events in the Middle Cenomanian of
Northwest Europe. Cretaceous Research, 15: 707 - 738.
Perch-Nielsen, K., 1979. Calcareous nannofossils from the
Cretaceous between the North Sea and the Mediterranean. In:

Wiedmann, J. (Ed.) Aspekte der Kreide Europas IUGS Series
A6, 223-272, E. Schweizerbart'sche Verlagsbuchhandlung,
Stuttgart.

Perch-Nielsen, K., 1985. Mesozoic calcareous nannofossils.
Pp. 329-346 In: Bolli, H. M. et al. (Eds). Plankton Stratigra¬
phy, Cambridge University Press, Cambridge.
Robaszynski, F., 1984: The Albian, Cenomanian and Turonian
Stages in their type-regions. Bulletin Geological Society of
Denmark, 33: 191-198.
Robaszynski, F. & Caron, M., in press. Planktonic foramini-
fera zones. In: Thierry, J. et al., (Eds). Cretaceous chrono- and
sequence stratigraphy of European Basins. Society of Econom¬
ie Paleontologists and Mineralogists Special Publication.
Robaszynski, F., Caron, M., Amedro, F., Dupuis, C., Har-
denbol, J., gonzales-donoso, J. M., llnares. D., gartner,
S., 1993. Le Cénomanien de la région de Kalaat Senan (Tunisie
Centrale). Bulletin Centres Recherche Exploration-Production
Elf-Aquitaine, 17: 395-433.
Robaszynski, F., Caron, M., Amedro, F., Dupuis, C., Har-
DENBOL, J., GONZALES DONOSO, J. M., LlNARES, D., GARTNER,
S., 1994. Le Cénomanien de la région de Kalaat Senan (Tunisie
Centrale). Revue de Paléobiologie, 12: 351-505.
Scholle, P. A. & Arthur, M. A. 1980. Carbon isotope fluctua¬
tions in Cretaceous pelagic limestones: potential stratigraphie
and petroleum exploration tool. American Association of Pet¬
roleum Geologists Bulletin, 64: 67-87.
Scholz, G., 1973. Sur l'âge de la faune d'Ammonites au
Château près de St-Martin-en-Vercors (Drôme) et quelques
considérations sur l'évolution des Turrilitidés et des Hoplitidés
vracono-cénomaniens. Géologie Alpine, 49: 119-129.
Sigal, J., 1948. Notes sur les genres de foraminifères Rotali-
pora Brotzen, 1942 et Thalmmanninella, famille des Globo-
rotaliidae. Revue Institut français du Pétrole, 3, n°4: 100.
Sissingh, W., 1977. Biostratigraphy of Cretaceous calcareous
nannoplankton. Geologie en Mijnbouw, 56: 37-65.
Thierstein, H. R., 1973. Lower Cretaceous calcareous nanno¬

plankton biostratigraphy. Abhandlungen der Geologischen
Bundesanstalt, 29: 52 pp.

Thomel, G., 1987. La famille des Tetragonitidae (Ammonoi-
dea) dans le Cénomanien du sud-est de la France. Annales de
Paléontologie (Vertébrés-Invertébrés), 73: 241-272.
Thomel, G., 1992. Ammonites du Cénomanien et du Turonien
du Sud-Est de la France. 1, 422 pp., 42 pis; 2, 383 pp., 130 pis.
(Editions Serre, Nice).
Woods, H., 1912. A monograph of the Cretaceous Lamelli-
branchia of England. Palaeontographical Society Monographs.
Volume 2: 261-284.

Wright, C. W., Kennedy, W. J. & Hancock, J. M.. 1984.
Introduction: 1-37. In: Wright, C.W. & Kennedy, W. J.. The
Ammonoidea of the Lower Chalk. Palaeontographical Society
Monographs.
Young, K., 1957. Upper Albian (Cretaceous) Ammonoidea
from Texas. Journal of Paleontology, 31: 1-33.

Address for correspondence:
Karl-Armin Tröger,

Bergakademie Freiberg
(Technische Universitàt)

Geologisches Institut
B.-v.-Cotta-Strasse 2,
D-09596 Freiberg/Sa.

Germany


