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Preface

The Cretaceous Subcommission held its First International Svmposium on Cretaceous Stage Boundaries at
Copenhagen in October 1983, under the Chairmanship of Tove Birkelund, with Finn Surlyk as Secretary. The
proceedings were published the following year as volume 33 of the Bulletin of the Geological Society of
Denmark. The preliminary proposals published in that volume have provided the starting point for all
subsequent discussion.

Since 1983 interest in the Cretaceous has developed enormously. aided by several international projects such
as the mid-Cretaceous events programme (IGCP 67) and more recently Tethyan Cretaceous Correlation
(IGCP 262) and the current Tethyan-Boreal Correlation (IGCP 362). It became apparent that our original
three working groups (pre Albian Stages. Albian-Turonian Stages and Coniacian-Maastrichtian Stages) were
too large in scope to deal effectively with all the new research. so in 1992 the subcommission’s structure was
reorganised to form a working group for each stage. All active Cretaceous specialists were encouraged to join
appropriate groups and over 80 have now done so. We even managed to find volunteers to chair them!

The working groups were strongly encouraged to follow certain guiding principles:

o the selected boundaries should be recognisable over as wide an area as possible and ideally in both Tethyan
and Boreal (Temperate) Realms.

e selection should rely on accurate correlation using all available tools. including biostratigraphy, magne-
tostratigraphy. sequence stratigraphy and isotope stratigraphy.

o the stratigraphic level of the recommended boundary should conform as closely as feasible with current
practice.

e the choice of the Global Stratotype Section and Point (GSSP) depends primarily on the chosen boundary
marker(s). Although historical precedence should be considered when choosing a stratotype section it
should not override the importance of choosing a widelv-correlatable boundary in the most appropriate
section, in whatever part of the world that mayv be.

A target of 3 years was set for the production of clear recommendations, to be presented to a second
international conference scheduled for 1995. We are immensely grateful to the groups and, in particular, to
the group chairmen, for having achieved so much in such a short time. Their conclusions and recommenda-
tions were presented to the Second International Svimposium on Cretaceous Stage Boundaries held in
Brussels, Belgium from 8 to 16 September 1995. Over 180 scientists attended the meeting and the working
groups’ workshops provoked a lively debate.

Inevitably, while this concentrated effort has resolved many problems others have been highlighted. Thus it
becomes apparent in the 12 summary papers presented here that although several working groups can now
start preparing formal proposals for GSSPs. to be presented to the Commission on Stratigraphy for formal
ratification, others have to pursue further research. We intend to complete all this during the next 4 years so
that by the time of the International Geological Congress of 2000 our tasks will be completed. In the
meantime, readers of this volume who have further information to offer should contact the appropriate
Working Group chairmen as soon as possible.

Peter Rawson
Chairman of the Subcommission on Cretaceous Stratigraphy

Annie V. Dhondt
Vice-Chairwoman of the Subcommission on Cretaceous Stratigraphy
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The Berriasian Stage and the Jurassic-Cretaceous boundary

by Viktor A. ZAKHAROV, Paul BOWN and Peter F. RAWSON

Abstract

It is recommended that the base of the Berriasian Stage be placed
either at the base of the Berriasella jacobi Zone or at the base of the
Tirnovella subalpina Subzone. The choice of stratotype section will
depend on the choice of zone. but will be in SE France or SE Spain.
Subdivision of the Berriasian Stage into 2 or 3 substages will again
depend on which level is chosen to define the base of the stage.

Key-words: Berriasian, Lower Cretaceous. biostratigraphy, ammo-
nites, calpionellids.

Résumeé

I1 est recommandé de placer la base de I'étage Berriasien soit i la base
de la zone & Berriasella jacobi, soit 4 la base de la sous-zone a
Tirnovella subalpina. Le choix du stratotype dépendra du choix de la
zone, mais il sera situé dans le SE de la France ou dans le SE de
I'Espagne. La subdivision de |'étage Berriasien en 2 ou en 3 sous-
étages dépendra également du niveau choisi pour définir la base de
I'étage,

Mots-clefs: Berriasien, Crétacé inférieur, biostratigraphie, ammonites,
calpionellides,

Beppuackuii apyc v IOpcko-Menoeas rpaHuua.

Pesiome.

OcHosaHuve Beppuackoro sipyca pekoMeHOyeTcs onpegensrtb
b0 NO OCHOBAHWIO 30HLl Berriasella jacobi, nwbo no
OCHOBaHWIO NOA30Hbl Tirnovella subalpina, Buibop
cTpatoTuna Byner sasuceTs 0T Bolbopa 30Hb!, HO B NoBoM
chnyvae crpatotun ByfeT pacnonoXeH Ha loro-BocToke
®padumn unn Menanmu, Paspenesne Beppuackoro sapyca Ha 2
unu 3 noabapyca ByaeT Takke 3aBUCETL OT YPOBHS,
BbIOpaHHOro ANA onpefeneHns ocHOBaHMA apyca.

Kniovesble cnoBa: beppuackuid Spyc, HWXHUIA Men,
GuocTpaturpadus, aMMOHWTLl, Calpionellida.

Introduction

Because the base of the Cretaceous is generally placed at
the base of the Berriasian stage, definition of the base of
the Berriasian has been linked inextricably with the de-
finition of the Jurassic-Cretaceous boundary. Thus the

Jurassic-Cretaceous boundary Working Group is respon-
sible for defining the base of the Berriasian stage and of
its subdivisions, as well as for determining the base of the
Cretaceous. It should be stressed that some authors (e.g.
WIEDMANN, 1980; Rawson, 1990; REmang, 1990) have
indicated that the latter boundary could usefully be placed
above the Berriasian, at the base of the Valanginian.

As no draft paper had been prepared for Working
Group members prior to the Brussels meeting, this short
contribution is based on notes from the Brussels meeting
compiled by Viktor A, ZAkHAROV (W.G. Chairman 1992-
1995) and edited by Paul BownN (Acting Secretary), with
additional material by Peter RAwSON.

The Jurassic-Cretaceous boundary

Definition of the Jurassic-Cretaceous boundary re-
mains an intractable problem despite some 30 years of
debate, over a dozen international conferences and a
Working Group dedicated to the issue since 1974
(Casey er al., 1975). The problem hinges on the need to
define a boundary that can be correlated over as wide an
area as possible and ideally from Tethyan to Boreal
realms.

The 1ssues were discussed by Jiirgen REMANE, Chairman
of the Working Group from 1982 to 1992, in a paper
given at an international field meeting on **The Jurassic-
Cretaceous Boundary in the Northern Caucasus™ in 1987
(REMANE, 1990). An English language version of this
paper was circulated to Working Group members with
Newsletter 9 in October 1988, while a modified (English)
version was published by Creraceous Research in 1991,
REMANE (1990, 1991) pointed out that the problems
appear due largely to:

(1) a lack of significant faunal turnovers at the base of
the Berriasian, however defined (though some ammonite

changes are discussed below):

(2) the effects of the "*Purbeckian regression’".
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The “‘Purbeckian regression’” marked a major global fall
in sea-level that led to an interval of high faunal and floral
endemism and extreme facies differentiation across the
Eurasian region. This in turn renders correlation extre-
mely difficult.

REMANE (1990, 1991) also recalled the recommenda-
tions made by the Working Group at the 27" IGC in
Moscow in 1984:

(1) The Jurassic/Cretaceous boundary should be defined
in the Tethyan Realm.

(2) The first candidate for the boundary is the Tithonian/
Berriasian boundary, which corresponds to the base of the
combined jacobi-grandis Zone [following the recommen-
dation of the 1973 Lyons Colloquium (FLANDRIN er al.
1975, p. 392)].

Table 1.

(3) If this boundary level cannot be correlated from the
Tethvan to the Boreal realm. a level close to it should be
selected [the base of the occitanica Zone might be a good
solution (HOEDEMAEKER, 1987)].

(4) Until a final decision is made on the Jurassic-Creta-
ceous boundary. the Berriasian should be placed in the
Cretaceous,

Although REMANE concentrated on biochronology, he
mentioned the possible role of magnetostratigraphy in
future efforts to define the boundary. At the same
(1987) conference, Rawson (1990) suggested the need
to consider the applicability of non-biological “‘events’’,
while at Brussels ERBA (1995) challenged palacontolo-
gists to consider the role of magnetostratigraphy. chemo-
stratigraphy. sequence stratigraphy and cyclostratigraphy

Relationship between the Mediterranean ammonite and calpionellid zones. and possible correlation of the Boreal ammonite zones

with the Mediterranean *‘standard’.
8 %]
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in defining Cretaceous stage boundaries. Despite this,
debate has continued to concentrate on the biostrati-
graphic aspects.

The base of the Berriasian Stage

At the Brussels meeting, the Working Group discussed a
number of proposals for boundary points and sections.
The conclusions are summarised below.

BouNDARY CRITERIA

It was agreed that the base of the Berriasian should
be defined on the appearance of a new fossil taxon.
and that the stratotype section should be in the Mediter-
ranean region. Two possible faunal events were pro-
posed:

® base of the jacobi ammonite Zone

® base of the subalpina ammonite Subzone (occitanica
Ammonite Zone)

base of the jacobhi Zone

This is essentially the level suggested at the 1973 Lyons
Colloquium, as adopted by the Lower Cretaceous Cepha-
lopod Working Group of IGCP Project 262 (HOEDEMAE-
KER & Buror, 1990; HOEDEMAEKER, COMPANY e al.,
1993). According to HOEDEMAEKER & Burot (1990),
the index species first appears at the base of the zone —
a level that corresponds to a major event in ammonite
evolution, i.e. at the family level. It is also closely ap-
proximated by an important calpionellid event, marking
the base of the B Calpionellid Zone (Table 1). However,
the jacobi Zone is virtually impossible to correlate with
boreal areas.

base of the subalpina Subzone

The subzone is dominated by the abundance of Tirnovella
subalpina, which first appears at the base of the subzone
(LE HEGARAT, 1973, table 12, p. 176). This level marks a

References

Casey, R., ALLEN, P., DORHOFER, G., GRAMANN. F., HUGHES,
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significant ammonite turnover, and has good correlation
potential. The level is coincident with, or approximates
to, the base of the Praetollia maynci/Runctonia runctoni
ammonite Zone and the Buchia okensis buchiid Zone in
the Boreal area.

STRATOTYPE SECTION

The choice of boundary stratotype section is dependent
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Recommendations

The working group concluded that further documentation
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Siberia.
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The Valanginian Stage

by Luc BULOT (compiler).

with contributions from Eric Blanc, Miguel Company, Silvia Gardin, Susanne Hennig, Philip J. Hoedemacker,
Han Leereveld. Francoise Magniez-Jannin, Jérg Mutterlose, Grigore Pop and Peter F. Rawson

Abstract

The Working Group provisionally recommends that the base of the
Valanginian is placed at the base of Calpionellid Zone E, which
corresponds almost exactly to the base of the ammonite zone of
“Thurmanniceras™ pertransiens. The base of the Upper Valanginian
as agreed at Copenhagen (1983) is widely used and lies at the base of
the ammonite zone of Savnoceras verrucosum. No [easible alternative
has been proposed but the Working Group still has to document
evidence from other fossil groups.

Sections in SE France and the Betic Cordillera (Spain) are under
consideration as boundary stratotype sections.

Key-words: Valanginian, Lower Cretaceous, stratotypes, biostratigra-
phy. ammonites, calpionellids, nannofossils.

Résumé

Le Groupe de Travail recommande provisoirement que la base du
Valanginien soit placée i la base de la Zone E a Calpionellides, qui
correspond presque exactement a la base de la Zone 4 ammonites
“Thurmanniceras' pertransiens. La base du Valanginien supérieur telle
qu’elle a éte convenue i Copenhague (1983). est largement utilisée et
se silue & la base de la zone & ammonites Saviteceras verrucosum.
Aucune alternative valable n'a été proposée, mais le Groupe de Travail
doit encore s'informer des données sur d’autres groupes fossiles.

Des coupes dans la SE de la France et dans la cordillere bétique
(Espagne) sont envisagées comme stratotypes de la limite.

Mots-clefs: Valanginien, Crétacé inférieur, stratotypes. biostratigra-
phie. ammonites, calpionellides, nannofossiles.

BanaHXWHCKMA apyc.

Pestome.

Paboyas rpynna BpeMeHHO pekoMeHyeT onpeaensite
ocHoBaHwe BanaHXuHa B OCHOBaHWM KanbNUOHENLCKOW
30Hbl E, NOYTU TOYHO COBNaAAloLEl ¢ OCHOBaHUEM
aMMOHWTOBOW 30Hbl Thurmanniceras pertransiens.
OcHoBaHue BepxHero BananxuHa, onpefenéHHoe ewle
B TeyeHue Konewrarckoro Cumnosuyma 1983 ropa,
LWNPOKO NCnonb3yeTcsa U pacnonaraeTca B OCHOBaHun
aMMOHUTOBOW 30HblI Saynoceras verrucosum. Ha
JaHHbI MOMEHT, HE CYLIeCTBYET npuemnemon
anbTepHaTUBLl ANA 3TOr0 OCHOBaHWS; TEM HE MeHee
PaGo4asa Mpynna pomkHa ewe obpaboTaTts faHHbie,
KacalolWnecs Apyrux rpyni UCcKonaembix.

Paspesbl Ha oro-soctoke Ppanummy U B BeTUYeckoil
Kopaunbepe WMcnadHuv paccmarpuBaloTes B KayecTee
NPOTOTANG FPaHULLbL.

Knioyeebie cnosa: BanamxuHckuil apyc, HIDKHUHA Men,
cTpaTtoTunel, BuocTpaTurpadnsd, aMMoHUTLl, Calpionellida,
HaHodocCcunnun.

Editors’ note: The Working Group chairman, Luc Bulot, had to with-
draw from the Brussels meeting at the last minute, but faxed a pre-
liminary report for discussion there. As Luc has not been able to
produce an updated version subsequently, the paper published here
has been modified from the preliminary report by one of the editors
(PFR). It incorporates the provisional recommendations made at Brus-
sels, but because of time constraints it has not been circulated to
members of the Valanginian Working Group. Hence the paper must
be regarded simply as a working document that illustrates the progress
made and indicates what further research the Working Group will be
undertaking.

In addition (o the contributors listed above. we are grateful to other
Waorking Group Members who have supplied information cited in the
text.

Introduction

The historical type area of the Valanginian Stage is the
Seyon Gorge, near Valangin in the Swiss Jura (see
BarBIER & THIEULOY, 1965; Rawson, 1983). Recogni-
tion of the inadequacy of this section for correlation
purposes led to the proposal for two “‘hypostratotype’
sections at Angles (Alpes-de-Haute-Provence) and
Barret-le-Bas (Hautes-Alpes) in the south-east of France
(BusNarRDO et al., 1979). The ranges of ammonites,
belemnites. ostracods, foraminifera, calpionellids and
nannofossils were documented for the two sections. The
base of the Valanginian was placed at the base of the
“Thurmanniceras’ otopeta Zone and the Lower/Upper
Valanginian boundary at the base of the Saynoceras
verrucosum Zone. Subsequently, the Copenhagen Sym-
posium provisionally recommended that the base of
the Valanginian be placed at the base of the otopeta
Zone (BIRKELUND et al., 1984, p. 6). It suggested that
candidate boundary stratotypes “‘should be investigated
in southeast Spain, southeast France, the Crimea and
Caucasus.”

The Lower/Upper Valanginian boundary was not consid-
ered at Copenhagen.
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The base of the Valanginian Stage
AMMONITE SCALES

Since BUSNARDO et al.’s (1979) work was published there
has been much discussion of the Berriasian-Valanginian
boundary among ammonite workers. The biostratigraphy
at this level is affected by four main problems that limit
its resolution and are at the base of the disputes men-
tioned below:

e Subdivisions of the various zonal schemes were de-
fined after different biostratigraphic concepts and there-
fore correlations between the different types of biozones
are sometimes difficult to achieve

e Collection failure restricts the biostratigraphic value of
some reference sections

e Lack of suitable monographs misleads biostratigra-
phers in the taxonomic interpretation of most key spe-
cies

e Important provincialism (Tethyan and Boreal) reduces
the significance of the regional zonal scheme

The debate has centred on evidence from the French
(Subalpine Range) and Spanish (Betic Cordillera)
successions (e.g. HOEDEMAEKER, 1982; RawsoN, 1983
Company, 1987; BurLot, BLANC, et al., 1993; BuLoT et
al., 1994; Buror, 1995; HOEDEMAEKER & LEEREVELD,
1995). These sequences have provided a biostratigraphic
framework for the whole Valanginian Stage that the
successive Cephalopod working groups of IGCP pro-
jects 262 and 362 have applied to the rest of the
Mediterranean Province (HoOEDEMAEKER & BuLor,
1990: HOEDEMAEKER, COMPANY et al., 1993). For the
sake of stability, the working groups retained the base
of the otopeta Zone as the Berriasian/Valanginian bound-
ary for the standard Mediterranean succession. How-
ever, this proposition was considered as a workable
consensus and not as a definitive solution. It is one of
four candidate boundaries that have been put forward so
far:

e the base of the pertransiens Subzone sensu LE HE-
GARAT (1971);

e the base of the ofopeta Zone sensu BUSNARDO &
TureuLoy (1979), a solution provisionally recommended
by the Cretaceous Subcommission at Copenhagen (BIr-
KELUND et al., 1984);

e the base of the alpillensis Subzone sensu HOEDEMAE-
KER (1982). a solution so far rejected by many Cretaceous
stratigraphers;

e the base of the pertransiens Zone sensu BuLoT
(1995).

Three important points should be mentioned:

I. Correlation between the alpillensis Zone sensu HOE-
DEMAERER. alpillensis Zone sensu BULOT and callisto
Zone sensu LE HEGARAT is still problematic.

2. Since reinvestigation of the Los Miravetes section
(Caravaca. Spain) by AGuapo, Company. Tavera and
SanpovaL (1995, poster in Brussels) it is now clear that
the differences between the ammonite distributions docu-
mented by HOEDEMAKER (1982) on the one side and
THIELLOY (1979), ComMPANY (1987), BULOT er al. (1993)
and Brrot (1995) are essentially linked to different
taxonomic interpretations. According to all the authors
except HOEDEMAKER, the alpillensis assemblage is almost
equivalent to the callisto assemblage.

3. In addition. ""Thurmanniceras’ pertransiens sensu
THiELLOY. Covrany and BuLot is interpreted in a much
more restricted sense than "'7."" pertransiens sensu HOE-
DEMAEKER. According to the French and Spanish workers,
the pertransiens-like forms associated with "'T."" otopeta
are Tirnovella n. sp. close to the alpillensis group. This
taxon ranges high in the oropera Subzone but disappears
below the first occurrence of the calpionellid Calpionel-
lites darderi. According to BULOT (1995), the ""Thurman-
niceras’’ pertransiens figured by LE HEGARAT & REMANE
(1968) trom Ginestou is a Tirnovella nov. sp.

In BULOT’s (1995) opinion, as the alpillensis Subzone
sensu HOEDEMAEKER roughly corresponds to the interval
between the FO (first occurrence) of Lorenziella hungar-
ica and the LO (last occurrence) of "'T."" otopeta (see
HOEDEMAEKER & LEEREVELD, 1995), the alpillensis Sub-
zone and the callisto Subzone correspond to the approxi-
mately same time interval.

CALPIONELLIDS

Since the early work by REMANE (1963), an almost
complete agreement has been reached for the Late Ber-
riasian and Early Valanginian calpionellid zonation. Four
different events are considered as biostratigraphic mar-
kers:

e base of D Zone and of D1 Subzone, marked by the
first occurrence of Calpionellopsis simplex (ALLEMANN
& REMANE, 1979; REMANE, 1985; Por, 1994; BLANC,
1995).

e base of D2 Subzone. characterised by the progressive
domination of C. eblongata over C. simplex (ALLEMANN
& REMANE, 1979; REMANE, 1985)

e base of D3 Subzone, defined by the first occurrence
of Lorenziella hungarica (ALLEMANN & REMANE. 1979;
REMANE, 1985; Pop, 1994: BLANC, 1995).

e base of E Zone. marked by the first occurrence of
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Calpionellites darderi (ALLEMANN & REMANE, 1979;
REMANE, 1985; Pop, 1994; BLanc, 1995).

More recently, Pop (1994) and BLANC (1995) have shown
that the first occurrence of Praecalpionellites murgeanui
is a significant event in Rumania, Cuba and SE France.
Nevertheless, it must be stressed that there is no major
turnover in the evolution of calpionellids around the
Berriasian-Valanginian transition beds:

e all species of the D2 Zone cross the D2/D3 boundary
and L. hungarica, whose first appearance defines the base
of D3. always remains rare. The same is true for Calpio-
nellites darderi (base of Zone E).

e the only spectacular event is the sudden disappearance
of Calpionellopsis oblonga in the upper D3 Zone in SE

France. However, elsewhere this species or at least very
similar forms continue upwards well into the E Zone.

The calibration between the calpionellid and ammonite
zones is synthesised in Figure 1, based on bed by bed
sampling in SE France (LE HEGARAT & REMANE, 1968;
ALLEMANN & REMANE, 1979; synthesis in BLANC,
1995). Furthermore, the typical uppermost D3 calpio-
nellid assemblage (murgeanui Subzone sensu Pop,
1994) can be correlated with the upper otopefa Sub-
zone (thieuloyi Biohorizon) (Buror, 1995; BLANC,
1995).

Even if the ammonite zonal scheme based on the
French Valanginian standard sections indicates the high
correlation value of the ofopera Subzone, ALLEMANN &
REMANE (1979) have shown that no important changes
are observed in calpionellid populations at that level.
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Therefore calpionellids can hardly be used to characterise
a Berriasian-Valanginian boundary drawn at the base of
the otopeta Subzone. So far, this boundary has been
estimated by placing it between the FOs of L. hungarica
and C. darderi. Over most of the Vocontian Basin, a level
where C. oblonga reaches up to 30% of the calpionellid
association has been recognised in the lower part of the
otopeta Subzone. Above, C. oblonga seems to disappear.
Unfortunately, this observation does not apply to the rest
of Tethys (the Balearics and Mexico, for example) be-
cause there C. oblonga or very similar forms coexist with
Calpionellites species.

Recently, BLANC er al. (1994). Burot (1995) and
BLANC (1995) have recorded C. aff. oblongata associated
with C. darderi. Therefore, ALLEMANN & REMANE'S
((1979) proposal to define the Berriasian-Valanginian
boundary by using the last appearance of C. oblonga does
not seem to be workable. It is easier to recognise BULOT.
BLANC, er al.’s (1993) suggested boundary (base of the
pertransiens Zone) using calpionellids because the FO
of "'T."" pertransiens and C. darderi are almost synchro-
nous (Branc, Pop and REMANE, personal communica-
tions).

CALCAREOUS NANNOFOSSILS

In this section, special emphasis is given to SE France,
because this region (together with SE Spain: AGUADO,
1994) is the only one where nannofossil events have been
calibrated directly with ammonite successions.

Calcareous nannofossil studies of the Vocontian Basin
originate in works by THIERSTEIN (1971, 1973, 1976) and
Manivit (1979). More recent investigations by BRA-
LOWER et al. (1989), GARDIN & MANIVIT (1993), BERGEN
(1994) and BuLoTt & GARDIN (in prep.) have allowed a
refined understanding of the calcareous nannofossil bio-
stratigraphy for the Berriasian-Valanginian time interval
owing to the exceptional preservation and recovery of the
nannofloras.

Four sections [Angles (Alpes-de-Haute Provence), Bar-
ret-le-Bas (Hautes-Alpes), Majastres (Alpes-de-Haute-
Provence) and Montbrun-les-Bains (Drome)] have been
sampled bed by bed by Buror & GARDIN (in prep.).
Preparation of slides was made using the standard tech-
nique of MONECHI & THIERSTEIN (1985). No centrifuging
was made to eliminate “‘spottiness’” because the inter-
mittent occurrence of taxa are here considered and inter-
preted as the expression of significant changing factors.
At least 500 fields of view per slide were analysed for
biostratigraphic purposes. Samples from Barret, Angles
and Montbrun yield abundant, diverse and well preserved
nannofloras, while at Majastres the assemblages are less
diverse and preservation is poorer.

Main nannofossil events

Tubodiscus verenae has been considered as a Lower Va-

langinian marker by RoTH (1978). BraLOWER (1987),
Erea & QUADRIO (1987), APPLEGATE & BERGEN (1988).
BRALOWER er al. (1989) and BERGEN (1994). According
to our data. its FO is at the base of the orepera Sub-
zone (bed 175 at Angles; bed 71b at Montbrun-les-
Bains). Similar results were published by Manivit
(1979). BERGEN (1994) recorded an earlier occurrence
of this taxon at Angles in the transitional beds between
the picteri and alpillensis subzones. In SE France. the
occurrence of 7. verenae is not continuous and shows a
“*false’” extinction at the top of the O. nicklesi biohorizon
(rrinodosum Zone). In fact, it then reappears sporadically
from the uppermost Valanginian (callidiscus Zone)
throughout the Hauterivian. It should be noted that at
ODP Site 638B. T. verenae shows a continuous distribu-
tion throughout the whole upper Valanginian (APPLEGATE
& BERGEN. 1988 and GARDIN, unpublished data). This
pattern invalidates the LO of T. verenae as a reliable
marker.

In addition. BERGEN (1994) and BuLoT & GARDIN (in
prep.). outlined some other events. The LO of Rhagodis-
cus nebulosus was near the top of the alpillensis Sub-
zone (oropeta biohorizon) at Majastres (bed PG 166).
According to BERGEN (1994), this event occurs a little
lower in the alpillensis Subzone. Overlap between R.
nebulosus, T. verenae and N. silvaradion at Angles will
be discussed below. Preliminary results at Angles (bed
200) and Montbrun-les-Bains (bed 208b) suggest that
Cyclagelosphera sp. 4 disappears in the uppermost part
of the otopeta Subzone. More detailed work is needed to
determine the value of this taxon as a biostratigraphic
marker.

A significant change in the nannofossil assemblage
occurs in the pertransiens Zone. In all sections. the first
biostratigraphic event recorded in this zone 1s the FO
of Calcicalathina oblongata. A precursor form, here
referred to as C. aff. oblongata (= Calcicalathina sp. A
in BERGEN, 1994) has been recorded in all the studied
sections. In agreement with BERGEN's observations, this
form seems transitional between the genus Rhagodis-
cus and the genus Calcicalathina. The bed-by-bed sam-
pling at Montbrun-les-Bains allows us to draw an evolu-
tionary lineage. C. aff. oblongata ranges through the
entire pertransiens Zone and its FO has been observed
within the alpiflensis Subzone at both Angles and Mont-
brun.

A new genus, Bulotinus, appears in the lower part of the
pertransiens Zone at Angles (bed 236), Majastres (bed
PRY 150) and Barret-le-Bas (bed 47). BERGEN (1994)
records the stratigraphic range of Pickelhaube umbellatus
(Bulotinus umbellarus in BULOT and GARDIN, in prep.) as
restricted to the lowermost pertransiens Zone to the base
of the inostranzewi Zone (bed 300).

One of the most significant records within the upper
part of the pertransiens Zone is the occurrence of Mi-
crantholithus speetonensis, a taxon supposedly restricted
to the Boreal Realm (TayrLor, 1978; PERCH-NIELSEN,
1979; Crux, 1989; MUTTERLOSE. 1991). M. speetonensis
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is very rare in the studied sections but seems to always
occur at the same stratigraphic level at Angles, Majastres
and Barret-le-Bas. The presence of this boreal species in a
North Western Tethyan basin is a useful datum for inter-
regional correlations and could be a further witness of the
pertinence of the Vocontian basin as an intermediate area
between the Boreal and Tethyan Realms (see discussion
below).

The FO of Rhagodiscus dekaeneli and Eiffellithus
windii are also recorded within the upper pertransiens
Zone at Angles (bed 255). Barret-le-Bas (bed 42) and
Majastres (bed PRY 153b). These findings are consistent
with those of BERGEN (1994).

Problems

A recent report by ERBA et al., (1995) has proposed an
integrated stratigraphic framework for the Lower Cretac-
eous using ammonites, nannofossils, calpionellids. mag-
netostratigraphy and carbon stable isotopes. Raw data
were mainly obtained from the Italian Maiolica succes-
sion and the Rio Argos section in SE Spain.

Comparison between the chart proposed by ERBA et al.
(1995) and data provided in this report suggests that
either the nannofossil workers have not reached full
agreement on the taxonomy of such key species as T.
verenae or C. oblongata or that preservation problems
and/or hiatuses have been overlooked in the study of the
nannofossils.

As an example. according to ERBA er al. (1995), the
range of T. verenae is restricted to the Upper Valanginian,
while all the data collected separately in SE France by
ManivIT, BERGEN and GARDIN shows that this species
first appears in the ofopeta Subzone and disappears high
in the Hauterivian.

OTHER FossiL GRoOUPS

Recent work on dinoflagellates. ostracods and foramini-
fera does not appear to have reached the same degree of
resolution as the fossil groups discussed so far. However,
points to consider include:

ostracods: BuLoT (1995) presented a table of the ostra-
cod markers of the French Berriasian and Valanginian,
showing that several taxa first appear in the ofopeta
Subzone or the pertransiens Zone.

dinoflagellates: after comparison between the ranges
proposed by MonTEIL (1992) and LEEREVELD in HOEDE-
MAEKER & LEEREVELD (1995), it is difficult to see how far
the dinoflagellates can help in defining the Berriasian-
Valanginian boundary.

foraminifera: MouLLADE (1979) and MAGNIEZ-JANNIN
(personal communication) show that in our present state
of knowledge the small benthic foraminifera are of little
help in characterising the boundary.

NON-BIOLOGICAL EVENTS

magnetostratigraphy: because of the problems dis-
cussed in the nannofossil section, it should be stressed
that the calibration of magnetostratigraphic reversals
against biostratigraphic scales needs much improve-
ment. Unfortunately, the sampling at Montbrun-les-Bains
has not allowed a direct calibration for the Berriasian-
Valanginian boundary beds. So far, for the Berriasian-
Valanginian boundary, the only section where a direct
correlation between ammonite zonation and magneto-
stratigraphy has succeeded is at Cehegin in SE Spain
(0GG et al., 1988).

sea level changes: these have been investigated at length
in recent years. but for the Valanginian there is still no
general agreement on their significance and correlation
potential at a very large scale (except perhaps for the
“"Mid Valanginian'" event). Additionally. sequence stra-
tigraphy analysis sensu Vail is a method not a finality of
itself.

TETHYAN-BOREAL CORRELATIONS

While Aptian and Albian ammonites show only limited
geographical differentiation, during Berriasian to Barre-
mian times the Boreal and Tethyan Realms were char-
acterised by two distinct faunas. This pattern of ammonite
distribution necessitates the construction of two different
ammonite scales (Rawson, 1981, 1995). Generally, dis-
cussion on patterns of migration of boreal faunas to NW
Tethys has been based on data from SE France even
though Boreal occurrences are recorded from the Helve-
tic domain, the Carpathian belt and the Swiss Jura.

The first detailed account of the biostratigraphic dis-
tribution of boreal ammonites in SE France was by
THiIEULOY (1973, 1977), while KeEmPER ef al. (1981),
THiEULOY et al. (1990) and BuLot, THIEULOY, et al
(1993) have provided further information. The occur-
rence of boreal species in SE France is sporadic and all
specimens recorded belong to the fauna described from
the West European Province of RAwson (1981). For the
interval considered herein, two successive periods can be
distinguished:

e Late Berriasian: no boreal species have ever been
recorded from SE France.

e Early Valanginian: boreal species occur scarcely in SE
France. The West European genus Platylenticeras pro-
vides a good link with the Boreal Realm even though this
taxon is rare outside North Germany (RAWSON, 1993).

It should be noted that the origin of Platylenticeras is still
under discussion. KEMPER et al. (1981) and RAWSON
(1993) favour a Tethyan ancestry but BuLot (1990) con-
siders Platylenticeras as a Northern European offshoot of
the boreal Craspeditinae. In SE France. Platylenticeras is
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rare at the base of the pertransiens Zone but evolved to
produce two successive populations that include endemic
species. Even where Platylenticeras reached its maxi-
mum abundance (base of the stephanophorus Zone), the
genus represents less than 1% of the assemblage in SE
France.

In addition, two dubious Paratollia and a single Polv-
ptychites were recorded from the Lower Valanginian by
THiEULOY (1977). The biostratigraphic position of this
record has been revised since. The ""Pararollia™ come
from the lower part of the pertransiens Zone while the
Polyptychites was found in the middle part of the stepha-
nophorus Zone (probably from the upper part of the
subcampylotoxus biohorizon).

In contrast to the difference in the ammonite faunas.
calcareous nannofloras had a much more cosmopolitan
distribution during Early Cretaceous times. For the north
European Boreal area, nannofossil events were calibrated
against the ammonite succession at the Speeton section
(Yorkshire, UK). There the Late Berriasian and Early
Valanginian D beds represent the albidum, Paratollia
and Polyptychites zones that correlate roughly with the
upper part of the boissieri Zone to the top of the stepha-
nophorus Zone. Comparison of the assemblages de-
scribed by PErRcH-NIELSEN (1979), TAYLOR (1982) and
Crux (1989) with data from SE France shows that most
of the species are common to the two provinces. The
following species, usually considered as *“‘boreal’’, are
recorded for the first time in SE France:

S. silvaradion - lowest occurrence at Angles is at bed
172 (uppermost part of the alpillensis Subzone)

S. horticus and C. salebrosum - known from the base of
the pertransiens Zone (Angles and Majastres)

M. speetonensis - a “‘spot’” species that occurs in the
upper part of the pertransiens Zone.

According to Crux (1989), C. salebrosum and S. horticus
appear in bed D7B (lower part of the albidum Zone),
while S. silvaradion appears a little higher, in bed D7A.
The lowest occurrence of M. speetonensis is in bed D4B
(Paratollia Zone). According to the known correlations,
this distribution implies that the FO of §. silvaradion and
M. speetonensis is at the same level at Speeton and SE
France, while C. salebrosum and S. horticus appear ear-
lier in NW Europe than in SE France.

If the LO of S. silvaradion is synchronous in the two
realms the base of the albidum Zone should be correlated
with the transitional beds between the alpillensis and
otopeta subzones. This is an improvement for inter-realm
correlations that were speculative at this level.

C. salebrosum is rare in SE France and very common
in offshore Norway and at Speeton (Crux, 1989). This
suggests that this species is a true boreal taxon that
appeared first in NW Europe and reached NW Tethys
by the beginning of the Valanginian just like the
first occurrence of Platylenticeras. This would confirm

that a migration event occurred at the base of the
pertransiens Zone. A similar pattern of distribution is
shown by S. horticus but this species is rare in both
provinces.

M. speeronensis suggests a very different problem. In
SE France. a taxon that shows affinities with M. speero-
nensis (M. sp. in GARDIN & ManiviT, 1993) is known
from the Late Berriasian (picteti Subzone) and ranges up
into the inostranzewi Zone. This form does not show as
regular a shape as M. hoschulzi nor does it bear the
distinct ““spines’” as M. speetonensis. 1t is considered as
a possible ancestor of M. speetonensis. In SE France. M.
speetonensis is very rare (1 specimen in 500 fields of
view!) and its distribution is limited to some beds in the
upper part of the pertransiens Zone. In the West Eur-
opean Province, its range is longer but the form is rare
there as well. Such a pattern suggests two possible hy-
potheses:

e M. speetonensis is of Tethyan ancestry but became
established as a permanent “‘population’” in the southern
part of the Boreal Realm due to better conditions.

e there is no phyletic link between M. aff speetonensis
and M. speetonensis, in which case the ““spotty™ occur-
rence of the latter in SE France is indicative of a brief
connection between the two realms.

PossiBLE BOUNDARY STRATOTYPES

Since Copenhagen, sections have been investigated in
detail at several localities in SE France and the Betic
Cordillera of SE Spain. Provisionally. Montbrun-les-
Bains (SE France) appears to be the most promising
section.

PROVISIONAL RECOMMENDATION

A majority of participants at Brussels voted to place the
boundary at the base of Calpionellid Zone E, which
corresponds almost exactly to the base of the ammonite
zone of Thurmanniceras pertransiens. A minority voted
for the latter. The calpionellid index was preferred be-
cause it can be recognised over a broader geographic
area, as far west as Mexico. This provisional decision
awaits ratification after the whole Working Group has
been consulted.

The Lower/Upper Valanginian boundary

This boundary is much less contentious. Over the last
25 years it has been widely accepted to lie at the base
of the Savnoceras verrucosim ammonite Zone Sensu
THiEULOY, 1979. Since then, ammonite sequences have
been logged in numerous sections in SE France (BuLoT,
THiEULOY, et al., 1993; BuLoT & THIEULOY, 1993; BuLor,
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1995) and the Betic Cordillera (Conpany, 1987). These
have shown that the major faunal turnover occurs a little
lower in the stratigraphic column (base of the inostran-
zewi Zone sensu BuLoT, 1995 = uppermost part of the
campylotoxus zone sensu THIEULOY. 1979). However, the
base of the verrucoswm Zone is distinctive and can be
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Abstract

The base of the Hauterivian is recommended to be drawn at the first
appearance of the ammonite genus Acanthodiscus. This'is known from
shallow-water facies in both Tethyan and Boreal areas of Europe. The
section at La Charce, Drome, SE France, is recommended as the
boundary stratotype. The same section is also appropriate as boundary
stratotype for the base of the Upper Hauterivian. which is here defined
by the last occurrence of the nannofossil Cruciellipsis cuvillieri.

Key-words:
Hauterivian, Lower Cretaceous, biostratigraphy, magnetostratigraphy,
isotope stratigraphy, stratotypes.

Résumé

Il est recommandé de placer la base de I"'Hauterivien a la premiére
apparition du genre d’ammonite Acanthodiscus. Ce genre est présent
dans les facies peu profonds des depots téthysiens et boréaux d”Europe.
La coupe & La Charce, Drome, S.E. France, est recommandée comme
stratotype de la limite. La méme coupe peut étre utilisée comme
stratotype pour la base de I'Hauterivien supérieur, qui coincide avec
la disparition du nannofossile Cruciellipsis cuvillieri.

Mots-clefs
Hauterivien, Crétacé inférieur. biostratigraphie, magnétostratigraphie,
stratigraphie isotopique, stratotypes.

lFoTepuBcKUiA ApyC.

Peztome.

PekomenpyeTcq onpenendaTs ocHoBaHwe [oTepuea no nepeBomy
NOABASHUIO aMMOHKUTA poAa Acanthodiscus. MNocnegHui
NpUCYTCTBYET B Hernybokux daumax TeTuckux 1 GopeanbHbix
oTnoxenunit Esponu. B kavyecTse cTpatotuna rpaHulibl
pekoMeHOyeTCH MCNONL30BaTh paspes B nocenke La Charce,
AenapTameHT Dréme Ha loro-BocToke ®paHumn. ToT xe paspes
MOXeT DbiTh UCMOJE30BAH Kak CTRaTOTUN 417 OCHOBAaHWUA BEPXHEro
loTepuBa, COBNaAaoLIero ¢ ucyeaHoeeHneM Hatodoccunms
Cruciellipsis cuvillieri.

Kntoyessie cnoBa: MOTEPUBCKMIA APYC, HUXKHUIA Men,

BuocTpaTurpaduna, marduTocTpaturpadus, soTonu4eckas
cTpaturpadusa, CTRAToTUMLL.

Introduction

In 1874 RENEVIER defined the Hauterivian stage, based on
the type area of Hauterive (Neuchatel, Switzerland). The

“‘marnes a Astieria’’, the “‘marnes bleues d’'Hauterive™
and the “‘Pierre Jaune de Neuchdtel’” were included in
the Hauterivian. More recent studies, however, follow
BAUMBERGER (1901), who transferred the ‘‘marnes a
Astieria’ to the Valanginian stage (for detailed discus-
sion see RAWSON, 1983).

As for other Cretaceous stages, a distinctive provin-
cialism is recognizable for the Hauterivian, resulting in
two different zonation schemes: a Boreal and a Tethyan
standard zonation. The Hauterivan stage is, however,
marked by a pronounced exchange of marine floras
and faunas between Tethyan and Boreal Realms, while
the Berriasian, Valanginian and Barremian stages are
characterised by more endemic taxa. Thus, within
Europe, some markers are present both in the Tethys
and in the Boreal realm, allowing an inter-regional cor-
relation.

The base of the Hauterivian

Traditionally the base of the Hauterivian is defined by the
first appearance of the ammonite Acanthodiscus radiatus
and allied species, and that was the boundary recom-
mended at Copenhagen (BIRKELUND et al., 1984, P 7).
The value of Acanthodiscus lies in its presence in %flallow
water facies bot!] in the Tethys and the Boreal Realm,
though it is rare in the deeper-water facies.

The Hauterivian Working Group has considered other
possible’ boundary criteria too, and these are discussed
below. '

DINCFLAGELLATES

Recently, LEEREVELD (1995) compiled the first and last
occurrences of dinoflagellates for the European Hauter-
ivian in both the Tethys and the Boreal realms. The FO
(first occurrence) of Muderongia staurota, an earliest
Hauterivian event, is a possible candidate for defining
the Valanginian/Hauterivan boundary. In the Mediterra-
nean area M. staurota occurs in the upper part of the
Acanthodiscus radiatus ammonite Zone, in NW Germany
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- at the top of the Endemoceras amblygonium ammonite
Zone. Thus the FO of M. staurota is an important event.
allowing direct inter-regional correlation.

CALCAREOUS NANNOFOSSILS

Various species of calcareous nannofossils have their first
and last occurrences (FO, LO) in the early Hauterivian:
FO of Nannoconus bucheri (Tethys only), LO of Eiffe-
lithus windii, FO and LO of Eprolithus antiquus (Boreal
Realm only).

The LO of Eiffelithus windii has been observed within
the early Hauterivian Acanthodiscus radiatus Zone in
France (BERGEN 1994; GARDIN, in prep.). E. windii is.
however, rare or absent in the Boreal Realm. Furthermore
it is a taxonomically problematic form.

The LO of Tubodiscus verenae has often been recorded as
a latest Valanginian event in the Mediterranean sections
(BRALOWER, 1987; BERGEN. 1994: CHANNELL ef al., 1995:
ERBA et al.. 1995).

I-lowever although it is usually very rare and discon-
tinuous in range, it appears to extend through the Hau-
terivian too (BULOT ef al., this volume). T. verenae has
not been observed in expanded sections in the Boreal
Realm, covering the Valanginian/Hauterivian boundary
interval.

FORAMINIFERA AND OSTRACODS

Benthic foraminifera and ostracods have been used quite
successfully in the Boreal Realm for a zonation and
regional correlation (e.g. BARTENSTEIN & BETTENSTAEDT,
1962; BARTENSTEIN, 1978: MEYN & VESPERMANN, 1994).
However, the fairly detailed zonal scheme, based on
benthic foraminifera cannot be used for inter-regional
correlation.

The FO of the ostracod Protocythere triplicata has
been observed by many authors in the Boreal Realm
(BARTENSTEIN & BETTENSTAEDT, 1962): this event occurs
in the Asrieria beds (Eleniceras paucinodwm ammonite
Zone of QUENSEL, 1988) in the latest Valanginian of NW
Germany (NiEDzZIOLKA, 1988). In France (Alpes-de-
Haute-Provence) the FO of P. rriplicata seems to equate
to the bage of the furcillata Subzone (DONZE. 1976).
Coneequuntly the FO of P. triplicata is time transgres-
sive, having its FO in NW Europe later than in France.
Planktonic foraminifera are of no help a:a although they
first appear in the late Valanginian in the Mediterranean
area [Globigerinelloides gottisi (CoccloNt & PREMOLI
SiLva, 1994)], they not occur before the earliest Aptian
in the Boreal Realm.

AMMONITES

The Hauterivian ammonites show a distinctive provin-
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cialism, allowing two different biostratigraphic zonation
schemes to be used for the Tethys and the Boreal Realm.
In the Tethys the base of the Hauterivian is traditionally
defined by the first appearance of the ammonite genus
Acanthodiscus, in the Boreal Realm-by the FO of the
ammonite Endemoceras amblvgonium. In the Boreal
Realm the first Acanthodiscus (A. bivirgatus) has been
observed in the upper part of the E. amblyvgonium Zone.
This might give the basal E. amblvgoniym, Zone of the
Boreal Realm a latest Valanginian age. g{fnéé. however,
the first Boreal Acanrhodiscus is a phylogenetically ad-
vanced form it is believed here that the base of the
Tethyan A. radiatus Zone and the base of the Boreal E.
amblygonium Zone correlate.

In NW Germany, QUENSEL (1988) placed the Astieria
beds (beds with Olcostephanus), which underlie the E.
amblygonium Zone, into the Eleniceras paucinodum
Zone and defined the Valanginian/ Hauterivian boundary
at the base of this unit. This suggestion has not been
followed iubscquently, since the FO of the overlying E
amblygonium is quite distinctive throughout NW Europe.
HOEDEMAEKER (1984) and HOEDEMAEKER & LEEREVELD
(1995) have proposed that the base of the Hauterivian be
drawn much lower, at the base of the Karakaschiceras
pronecostatum horizon, i.e. the second horizon within the
Saynoceras verrucosum Zone. This level is marked by a
faunal turnover of the ammonites and a change in the
dinoflagellate 1§qemb]aues It correlates approximately
with the level in which true Dichotomites and Juddiceras
appear in NW Germany. This would alter the Hauteri-
vian/Valanginian boundary radically and most of what
presently is part of the Upper Valanginian would be
included in the Hauterivian. Another problem is the cor-
relation with the Boreal succession. However, both Say-
noceras verrucosum and rare Karakaschiceras are known
from the lowermost Upper Valanginian of NW Germany,
where they co-occur.

MAGNETOSTRATIGRAPHY

No direct correlation between ammonites and polarity
chrons has been established so far. BESSE er al. (1986)
described a magnetostratigraphy for the Angles section
(Alpes-de-Provence, France). which cannot be correlated
to the standard magnetic polarity chrons. The traditional
Valanginian/Hauterivian boundary is probably correlata-
ble with the base of magnetic polarity chron CM I1n
(CHANNELL er al.. 1995; ErRBA et al., 1995). Indirect
correlation is indicated by correlations via calcareous

nannofossils and dinoflagellates. No magnetic zonation *

exists for the Boreal Realm. This is partly due to a
different lithology, not allowing palacomagnetic data to
be collected.

ISOTOPE STRATIGRAPHY

LNt er al. (1992) published a §'* C isotope curve for the

Valanginian to Aptian of northern Italy. This curve shows
a distinctive latest Valanginian isotope shift correlated to
magnetostratigraphy and a nannofossil zone, but not to
ammonite zones. This isotopic excursion has been cali-
brated with bio-magnetostratigraphy in several sections
(CHANNELL et al., 1993) and has been observed from
various ODP sites. The peak value correlates with mag-
netic chron M11 and may well be a good proxy, for the
Valanginian/Hauterivian boundary. The Il'll.ldeOI]@ facies
of the Borea__l_ realm does not allow any isotope analyses
due to its low calcium carbonate content.

RECOMMENDATIONS

Following the discussions in Brussels it is suggested

that the base of the Hauterivian is defined by the

first occurrence of the ammonite genus Acanthodiscus.

Using Acanthodiscus for the definition of the Valangi-

nian/Hauterivian boundary. the base of the Tethyan A.

radiatus ammonite Zone and the base of the Boreal

Edemoceras amblygonium ammonite Zone may correlate

(see above). The reasons for using Acanthodiscus are as
follows: S

e the'genus is present in the shallow-water facies in both
the Tethyan and Boreal Realms.

e the boundary is defined by a genus, not a species.

e there are no taxonomic problems with Acanthodis-
cus.

e this definition follows the traditional boundary.
Disadvantages in using Acanthodiscus are:

e its rarity in the deep-water facies of both the Tethyan
and Boreal Realms.

e in the deep-water facies of the Boreal Realm the
first Acanthodiscus spp. (including A. radiatus) appear
at the base of the Endemoceras noricum Zone (QUENSEL,
1988).

BOUNDARY STRATOTYPE

Originally the Hauterivian stage was defined at Hauterive
(Neuchitel, Switzerland) (RENEVIER, 1874). Because of
the condensed nature of some units, poor exposure and
the general rarity of ammonites the type area has long
been regarded as unsatisfactory. Thus from the time of
KiLiaN onward, French workers have preferred to use the
expanded seguences in SE France as a standard for re-
ference. Of these, that at La Charce (Droéme) is the best
documented exposure across the Valanginian/ Hauteri-
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vian boundary (THIEULOY, 1977; BULOT et al., 1993) and
was proposed as the boundary stratotype by THIEULOY
(1977, p. 125). Here, the first Acanthodiscus appear in
bed 254 of Buror et al. (1993).

Asno alternative section in Spain or the Caucasus/Crimea
areas has been put forward, the Hauterivian Working
Group follow THIEULOY's (1977) recommendation to
use the La Charce section as the boundary stratotype
for the Valanginian/Hauterivian boundary.

The base of the Upper Hauterivian

In the Mediterranean the Lower/Upper Hauterivian

boundary has traditionally been placed at the base of

the Subsaynella sayni ammonite Zone. Other possible
criteria have been considered by the Working Group.

DINOFLAGELLATES

The basal Upper Hauterivian in the Tethyan Realm is
characterised by three successive FOs of 'dinocyst taxa.
Two of these species (Aprobolocysta eilema, Canningia
pistica/grandis) are typical boreal elements. A. eilema has
its FO in SE France in the S. sayni ammonite Zone. A best
fit of the FOs of these three species suggests the position
of the traditional boundary somewhere in the Simbirskites
inversum ammonite Zone.

CALCAREOUS NANNOFOSSILS

The FOs and LOs of the following nannofossil species
have been observed in the Upper Hauterivian: FO and
LO of Lithraphidites bollii (Tethys only), LO of Tegu-
mentum striatum. LO of Cruciellipsis cuvillieri, FO of
Rucinolithus terebrodentarius (Tethys only), LO and
acme of Tegulalithus septentrionalis (Boreal Realm
mainly) and LO of Speetonia colligata.

Tegumentum striatum has its last occurrence in the
basal part of the S. sayni ammonite Zone in France
(GARDIN, in prep.). This species is rare to common
in the Mediterranean  sections and common in the
Boreal sections. Its dlbdppearance seems to be time
transgressive, since it has its LO in NW Europe in the
late Hauterivian Simbirskites discofalcarus ammonite
Zone.

In SE France Cruciellipsis cuvillieri has its LO in the
upper part of the S. sayni Zone (BERGEN, 1994; GARDIN,
in prep.). In Italy, the LO of C. cuvillieri is correlated to
magnetic chrons M7-M8 and therefore is Late Hauteri-
vian in age (CHANNELL ef al., 1995; ERBA et al., 1995). In
the Boreal Realm C. cuvillieri has its LO just above the
top of the Aegocrioceras beds in NW Germany (KEMPER

et al., 1987), but somewhat lower (top of E. regale
ammonite Zone) at Speeton (Crux. 1989). Its absence
in the Speeton Aegocrioceras beds probably reflects the
extremely condensed nature of the beds there, lcadmg {o
poor preservation and a generally gﬁpm erishéd” flora.
Since C. cuvillieri 1s a quite distinctive species it may
be a good candidate for defining the Lower/Upper Hau-
terivian boundary.

The LO of rare Tegulalithus seprentrionalis has been
reported from the Plesiospitidiscus ligarus ammonite
Zone in France (GARDIN, in prep.). while it is common
in the Boreal Simbirskites staffi and S. gorrschei ammo-
nite zones.

Speetonia colligata occurs too high in the Upper Hau-
terivian to be considered as a marker for the Lower/Upper
Hauterivian boundary. Furthermore it is a rare species in
both the Boreal Realm and the Tethys.

AMMONITES

In the Mediterranean the Lower/Upper Hauterivian
boundary 18 currently defined by the disappearance of
the Neocomitinae and the first appearance of Subsaynella
sayni (BULOT et al., 1993). It is placed at the base of the
Subsaynella sayni Zone (Cruasiceras cruasense horizon).
The Boreal Upper Hauterivian is characterised by the
ammonite Simbirskites which occurs from California
and Arctic Canada to NW-Europe and the former Soviet
Union. Ammonites typical of the Lyticoceras nodosopli-
catus and Subsaynella sayni zones occurring in the Spee-
ton Clay (eastern England) succession show that there the
base of the sayni Zone equates with the middle part of the
boreal Simbirskites inversum Zone. In NW Germany S.
inversun is very rare: the heteromorph ammonite éeﬂuk
Aegocrioceras is extremely common in this interval.
Consequently the base of the Aegocrioceras beds has
been taken to approximate to the Lower/Upper Hauter-
ivian boundary.

RECOMMENDATIONS

For defining the boundary of the Lower/Upper Hauter-
ivian substages the LO of the nannofossil Cruciellipsis
cuvillieri in the Mediterranean area is suggested. This
event lies in the upper part of the Subsavnella sayni
ammonite Zone (sensu HOEDEMAEKER & Buror, 1990)
in the Tethys and just above the top of the Aegocrioceras
beds in NW Europe. Using C. cuvillieri has the following
advantages:

e the ﬁpecies is present in the Boreal Realm, in the
Tethys and in the Indian Ocean. It thus has a really

world-wide distribution.

e the species is easily recognised.



The Hauterivian Stage 23

e there are no taxonomic problems with C. euvillieri.

e the current definition compares closely with the tradi-
tional boundary.

The disadvantage of using C. cuvillieri is that it splits the
Tethyan §. sayni Zone. placing the lower part in the
Lower Hauterivian,
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Abstract

Inter-regional correlation in the Barremian is impossible because of
strong biotic differentiation between realms coupled with a lack of
obvious non-biostratigraphic markers to provide good boundaries.
Thus we have chosen the best of the limited options available to define
boundaries within the Tethyan Realm.

We recommend that the base of the Barremian be placed at the base
of the Spitidiscus hugii ammonite Zone in the Rio Argos section, SE
Spain. Supplementary information will be compiled to fully document
this choice before formal submission via the Cretaceous Subcommis-
sion to the Commission on Stratigraphy.

The base of the Upper Barremian should be defined by the first
appearance of the ammonite Ancyloceras vandenhecke! in one of the
Subbetic sections in SE Spain, probably section X.KV (Barrano de
Cavila, Caravaca). Other sections in the region require further docu-
mentation before the final recommendation can be made.

Key-words:
Barremian, Lower Cretaceous. biostratigraphy, magnetostratigraphy,
stratotypes.

Résumeé:

Pour le Barrémien, toute corrélation interrégionale est impossible a
cause d’une forte différentiation biotique entre les différents domaines
combinée & un mangue évident de marqueurs non biostratigraphiques
pour indiguer de bonnes limites. C'est pourquoi nous avons choisi les
meilleures parmi les options limitées existantes pour définir les limites
dans le domaine téthysien.

Nous recommandons de placer la base du Barrémien 4 la base de la
Zone de "ammonite Spitidiscus hugii, dans la section du Rio Argos,
Espagne du S.-E. Des informations supplémentaires seront rassemblées
pour documenter ce choix avant de le soumettre formellement par
I'intermédiaire de la Sous-commission du Crétacé & la Comimission
de Stratigraphie,

La base du Barrémien supérieur devrait étre définie par la premicre
apparition de "'ammonite Ancyloceras vandenheckei dans une des
sections subbétiques (S.-E. de I'Espagne), probablement la section
X.KV (Barrano de Cavila, Caravaca). D autres sections dans la région
doivent étre étudiées de facon plus approfondie avant que 1'on puisse
faire de recommandation définitive.

Mots-clefs:
Barrémien. Crétacé inférieur, biostratigraphie. magnétostraigraphie,
stratotypes.

BappeMckuid apyc.

Pestome.
Ans bappemckoro apyca MexperoHanbHas KOppensauus He

NpPeacTagNAeTCH BOSMOXHOW B CBA3W C CUNBHOW BUoTU4ECKOR
AnddepeHuraumen, cyllecTeyiowell Mexay pasHeim obnactamm, a
TakKe B CBA3M C 04EBWAHEIM HEAoCTaTKOM BUoCTRpaTUrpadmuieckmux
3HaKOB, HeOf)XOLI,HMbIX LNA NpaByunbHOro ofo3HayeHms rpaHunu.

Mo 370l NpU4MHE Mbl BBIBPANK HAMNYYLLYIO U3 CYLLBCTBYIOLLIAX
orpaHuyeHHblX BOIMMKHOCTEN AR onpeasneHys rpanunl, oBnactu
Tetuc.

Mb! pekoMeHOYEM ONpepensiTe OCHoBaHWe Bappema rno ocHoBaHWIo
aMMOHWTOBOW 30HB Spitidiscus hugid, B paspese Rio Argos Ha
woro-goctoke Menanuwn. JonondutensHas undopmauwa Gynet
npenocTasneHa g JokyMeHTaun faHHoro eniBopa oo ero
chopmaneHoro npeacTasnedus Crpamrpadudeckoil Komuccum, npu
nocpepHusecTee Mesnosoi MoakoMUuccum.

OcHoeanue gepxHero Bappema aomkHo BeiTh ONpepenedo npu
nepeom NosisNeHM aMMoHWTa Ancyloceras vandenheckei B
OfHOW W3 NpeabeTcknx cekumil Ha lro-soctoke Vicnaium, BepostHo
B paspeae X.KV (Barrano de Cavila, Caravaca). [ipyrue paspessb
JAHHOro paiioHa TpebyioT AONONHUTENLHOTO Uay4eHua ANA
hOPMYNMPOBKA KOHEYHBIX DEKOMEHIALMH.

Kniouesbte cnoBa: bappemckuii apyc, HUXKHWA men,
BuocTpaturpadus, MarHutocTpaturpadna, cTpaToTunbl.

Introduction

The Barremian Working Group has continued the work
initiated by its predecessor, the pre-Albian Stages Work-
ing Group. whose conclusions were presented at Munich
in 1982 (RAwSON, 1983) and Copenhagen in 1983 (BIRr-
KELUND et al., 1984). The preliminary proposals made at
the Subcommission’s 1983 Copenhagen conference are a
necessary starting point for defining the base of the
Barremian. The Lower/Upper Barremian boundary was
not considered at Copenhagen, but had been discussed
briefly at Munich. At both meetings debate centred
mainly on the ammonite sequence and little information
was offered on possible microfossil or other boundary
markers (BIRKELUND et al., 1984, pp. 7-8). The main
obstacles to making firm recommendations for stage
and substage boundaries were recognised as:

e a lack of detailed lithological, palacontological, mag-
netostratigraphic and chronostratigraphic logs for many
key sections around the world (Rawson, 1983, p. 499).

e provincialism in many fossil groups, rendering long-
distance correlation very difficult (BIRKELUND et al.,
1984).
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Since the Copenhagen meeting much new information
has been published, especially on various European se-
quences. Some important palacomagnetic data are now
available and sequence stratigraphy has given new in-
sights. However, this new information has highlighted
the difficulty of correlating the better-known West Te-
thyan (Spain to the Caucasus) sequences with Barremian
successions elsewhere. Even within Europe, the increas-
ing endemicity of many fossil taxa by the beginning of
the Barremian makes it difficult to correlate the West
Tethyan faunas/floras with those of the NW European
“‘Boreal’” area. Conversely, the stratigraphy of some of
the rich ammonite faunas of the Americas is poorly
known.

We are therefore taking the pragmatic view that as
a truly global correlation of Barremian rocks is still
an unachieved ideal which may never be fully satis-
fied, it is better not to delay making our recommenda-
tions on the boundary levels. Although there are differ-
ences of opinion and emphasis within our working group.
which will be elaborated upon below. the consensus is
that the boundaries should be defined in the Western
Tethys and based primarily on the ammonite sequence
there. It proved impossible to find good, reliable micro-
fossil markers of any wide applicability, but we have
indicated those useful biological (and non-biological)
events that coincide closely with the ammonite bound-
aries.

Definition of the Barremian Stage

BusNARDO (1965) noted that although CoQuanD’s (1861)
original definition of the Barremian was not very precise.
it embraced both the Upper Hauterivian and Barremian of
current usage. The pre-Albian Stages Working Group
agreed with BUSNARDO that *‘despite historical priority
it is best in the interests of stability”’ to follow KILIAN's
(1888) more limited interpretation of the Barremian
(Rawson, 1983, p. 497). KiLian had included the zone
of Pseudothurmannia angulicostata in the Hauterivian,
and that is the view taken by the majority of, though not
all, workers since (see discussion below).

The base of the Barremian

During the preliminary exchange of ideas among Work-
ing Group members, it became apparent that there were
no obvious microfossil or non-biostratigraphic markers
that could convincingly supplant the ammonites as a
primary tool for defining the base of the Barremian, Thus
debate has centred primarily on which ammonite level
would provide the best boundary.

At Copenhagen is was noted that while some workers
placed the base of the Barremian at the base of the
Pseudothurmannia angulicostata Zone (i.e. base of the
Pseudothurmannia beds) others put it above that zone
while BUSNARDO (in Rawson, 1983, p. 498) drew it high

within the angulicostata Zone based on the first appear-
ance of the desmoceratid ammonites Raspailiceras and
Barremites. The Copenhagen meeting recommended that
the Hauterivian/Barremian boundary should be placed
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either below or above the Pseudothurmannia beds and
that a boundary within them should be avoided (BIRKE-
LUND et al., 1984, p. 8).

Three possible horizons for the base of the Barremian
were discussed at Brussels:

e base of the Spitidiscus hugii Zone (i.e. above the
Pseudothurmannia beds)

e middle of the Pseudothurmannia beds

e base of the Pseudothurmannia beds

BASE OF THE SPITIDISCUS HUGH ZONE

The Lower Cretaceous Cephalopod Team of IGCP
Project 262 (now transferred to Project 362) suggested
that the boundary could be placed at the base of the
Spitidiscus hugii Zone, immediately above the Pseu-
dothurmannia beds (HOEDEMAEKER & Burort, 1990,
fig. 1).

The Spitidiscus hugii Zone was first named by Bus.
NARDO (in Roger, 1980, table). The index species first
appears in Bed 73 of the Angles section in SE France
(BusNnArRDO & VERMEULEN, 1986), about 4 m above the
last Pseudothurmannia, and it occupies a similar position
in sections in SE Spain through France eastwards to the
Caucasus.

In the Subbetic Domain (Betic Cordillera. southern
Spain) the base of the zone is defined by the first appear-
ance of specimens of the Spitidiscus hugii (OOSTER) -
Spitidiscus vandeckii (d’ORBIGNY) group, but no one
ammonite species is restricted to the zone (COMPANY ef
al., 1995).

In the Carpathians exposure is poor and consequently
there is a lack of suitable sections and faunas. This is
especially true for the Silesian Unit of the Outer West
Carpathians, well known for ammonite occurrences in the
last century (UHLIG, 1883). However, the base of the S.
hugii Zone is clearly marked, especially by a strong
reduction to sudden disappearance of crioceratids and
Pseudothurmannia, while the spitidiscids appear anew
but sporadically. Hamulinites parvulus (UHLIG) appears
as a new element but extends through the whole Lower
Barremian (VASICEK et al., 1994; VASICEK, in press).
However, in Italy CEccA (unpublished) has found the
latter species lower down, in the Faraoni Level (catulloi
Subzone).

In the Khidikari section of western Georgia the highest
Hauterivian beds with Pseudothurmannia are overlain by
Lower Barremian limestones with Spitidiscus spp. Ac-
cording to new, preliminary data, very rare S. hugii occur
at the base of these limestones (KVANTALIANI & SAKHE-
LASHVILL, in preparation).

DELANOY (personal communication) notes that it does
not seem possible to use any other truly characteristic
form between the last Pseudothurmannia and the first S.
hugii. In the Barréme region of SE France these species

are separated by some levels very rich in Desmoceratidae
(Barremites, Raspailiceras). These desmoceratids do
not appear to be of a very refined stratigraphic usage,
and their local abundance is perhaps due to particular
ecological conditions. VASICEK (personal communica-
tion) also points out that 'as desmoceratids are rather
difficult to determine and are mostly not very well pre-
served, it is unrealistic to use them for defining the
boundary.

CEcca et al. (1994) suggest that the base of the hugii
Zone lies somewhat above the last occurrence of the
nannofossil Lithraphidites bollii. However, von SALIS
(personal communication) notes that in general the nan-
nofossils show little change in the vicinity of the Hauter-
ivian/Barremian boundary. Cecca er al. (1994) also in-
dicate that planktonic foraminifera are of little help in
broad regional correlation-as the first and last occurrences
appear to fluctuate considerably from one area to another
(see Table 1),

The base of the hugii zone falls high in magnetochron
M4 (BarTOLOCCI et al., 1992).

MIDDLE OF THE PSEUDOTHURMANNIA BEDS

HOEDEMAEKER (in HOEDEMAEKER, COMPANY et al., 1993,
and personal communication) proposes that in the Rio
Argos (SE Spain) section the old Pseudothurmannia
angulicostata Zone at the top of the Hauterivian can be
split into two. a lower subzone of P. ohmi and an upper
subzone of P. carulloi. He prefers to lower the base of the
Barremian stage to the base of the P. catulloi Subzone. In
terms of sequence stratigraphy, HOEDEMAEKER notes that
the catulloi Subzone corresponds to a lowstand systems
tract which “‘is commonly missing, especially in rather
shallow seas. It is fortunately well represented along the
Rio Argos where the sea was rather deep.

LEEREVELD (personal communication) has examined
the dinotlagellate data. He points out that the base of
the S. hugii Zone is difficult to characterise but that the
middle of the P. angulicostata auct. Zone can be identi-
fied quite easily in SE France and SE Spain. This level
approximates to that suggested as a boundary by HOEDE-
MAEKER. It is characterised by:

e the last consistent and frequent presence of Cvinoso-
sphaeridium validum

e the last occurrence of Bourkidinium spp.

e the first occurrence of Diphasiosphaera stolidota.

BASE OF THE PSEUDOTHURMANNIA BEDS

AVRAM (personal communication) recommends this le-
vel, following, for example, BRESKOWSKI (1975), AVRAM
(1983), VASICEK et al. (1983) and, indirectly, COQUAND
(1861) in his original definition of the Barremian. His
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argument is based on ammonite ranges at the Svinita
section in Romania. Here the Cheloniceratinae (Paraspi-
ticeras) first appear just beneath the Pseudothurmannia
beds, followed by the first Hemihoplitidae (Pseudothur-
mannia) and then the Pulchelliidae (Psilotissotia).
AvraM regards the assemblage as much more related to
the Barremian than to the Hauterivian.

PossiBLE BOUNDARY STRATOTYPE SECTIONS

At Copenhagen it was recommended that sections in
southeast France, southeast Spain. the Carpathians, the
Crimea and the Caucasus should be considered as candi-
dates for the Hauterivian/Barremian boundary stratotype.
The WG meeting at Brussels considered several possible
candidates. At Angles (the Barremian “’stratotype sec-
tion’"), the boundary seems to occur at the base of bed
72, where S. hugii first appears (data of BUSNARDO &
VERMEULEN, 1986). Ammonites are scarce around this
level, and there are problems of exposure. Conversely,
CompaNy, HOEDEMAEKER, SANDOVAL and TAVERA con-
sidered that the Rio Argos section in SE Spain would
make a very good boundary stratotype as it is well
exposed and ammonites are abundant.

AVRAM (personal communication) suggested that there
are two possible candidate localities in Romania. At
Svinita (western end of the Southern Carpathians) the
Pseudothurmannia beds are well represented, while sev-
eral metres above the Spitidiscus hugii group appears,
well below the caillaudianus Zone assemblage. Unfortu-
nately there is not yet a good and completely studied
section.

In Dambovicioara (eastern end of the Southern Car-
pathians) the beds with Pseudothurmannia are rich in
individuals but poorly exposed (because of their structur-
al setting). They are obviously followed by beds with
Spitidiscus vandeckii, Pulchellia changarnieri and, 1 m
above, the first Holcodiscus ex. gr. caillaudianus-pere-
zianus.

The Crimean sections are too condensed to be consid-
ered for a boundary stratotype (BARABOSHKIN, personal
communication) but the base of the angulicostata Zone
is well marked. Sections in the Northern Caucasus,
Mangyshlak and Turkmenia contain only very rare am-
monites across the boundary interval, and most are boreal
forms.

RECOMMENDATIONS

By a majority view the Brussels meeting of our Working
Group recommended drawing the base of the Barremian
at the base of the Spitidiscus hugii Zone. In a subsequent
postal vote, 13 members replied: 11 supported this pro-
posal while the other two alternatives received one vote
each. The alternative of lowering the boundary to the base
of the catulloi Zone was rejected because this zone is of
limited applicability — it is apparently missing in many

of the shallower water areas as it represents an interval of
low sea level. This at least partially explains why some
other contributors could not recognise a twofold division
of the widespread Pseudothurmannia-rich beds at the top
of the Hauterivian. Conversely the deposits of the over-
lying hugii Zone are much more widespread and are now
recognised from SE Spain eastwards to the Western
Caucasus, the index species occurring at least sparsely
over most of that area.

Such a distribution goes some way towards meeting the
need to establish a correlation of relevant strata and
define a boundary *‘that will be recognisable over as wide
an area as possible™. But we have no evidence whether
the hugii Zone can be traced further to the west, to
Mexico or Columbia. And it is probably impossible to
correlate the horizon very closely with boreal sequences,
at least by using ammonites alone. However, dinoflagel-
lates may provide a useful guideline.

The meeting also recommended that the Rio Argos
section would make an appropriate boundary strato-
type section. In the subsequent postal vote, 12 mem-
bers supported this proposal and one abstained. Informa-
tion on the ranges of other fossil groups in this section
is now documented (HOEDEMAEKER & LEEREVELD,
1995).

The Lower/Upper Barremian boundary
DEFINITION OF THE BOUNDARY

For the Pre-Albian Stages Working Group. BUSNARDO (in
RAWSON, 1983, p. 498) defined the base of the Upper
Barremian “*by the appearance of Heinzia and of **Emer-
iciceras’” of the barremense Group. Table 1 in RAwsoN
(1983) showed an “*Emericiceras’ barremense Zone at
the base of the Upper Barremian, following BUSNARDO (in
ROGER, 1980).

The Cephalopod Working Group of IGCP Project 262
rejected the “*Emericiceras™ barremense Zone because
of the ambiguous interpretation of ““E.”" barremense.
They replaced it with the Anecyloceras vandenheckei
and overlying S. sartousiana Zones, taking the base of
the vandenheckei Zone to mark the base of the Upper
Barremian. This position has been followed in several
subsequent publications (e.g. BArRTOLOCCI et al., 1992:
CEeccaA et al.. 1994; COMPANY et al., 1995; VASICEK et al.,
1994).

DeLANOY (personal communication) notes that in
France there is a significant but progressive change
of the ammonite faunas {rom this level upward, which
ushers in the great faunal renewal of the sartousiana,

feraudianus and giraudi Zones. He also points out that

E. barremense occupies higher levels than A. vanden-
heckei.

The base of the vandenheckei Zone was the only
boundary suggested by members of the WG prior to
the Brussels meeting and no other boundary was put
forward at Brussels. LEEREVELD (personal communica-
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tion) points out that the first occurrence of the dino-
flagellate Odentochitina operculata approximates (o
the base of this zone, BarTOLOCCT et al. (1992, pp. 63-
68) show that the boundary lies high in magnetochron
M3,

PossiBLE BOUNDARY STRATOTYPE SECTIONS

CoMPANY, SANDOVAL and TAVERA (personal communica-
tion) suggest that section X.KV (Barrano de Cavila,
Caravaca) of the Subbetic Zone of SE Spain may be a
suitable candidate. Studies of the distribution of calear-
eous nannofossils, planktonic foraminifers, palyno-
morphs and sequence stratigraphy are being carried out
on this and other Subbetic sections.

AVRAM (personal communication) notes that in the
Carpathian localities mentioned above the boundary beds
are not exposed but could be excavated artificially: the
lack of exposure does not reflect a structural problem.

RECOMMENDATIONS

We recommend that the base of the upper Barremian is
defined by the base of the vandenheckei Zone. In the
postal vote, 11 members supported this view, one ab-
stained and one disagreed. The zonal species is widely
distributed in western Tethys, being recorded from SE
Spain eastwards as far as the Tvishi section of western
Georgia (KakaBaDZE & KOTETISHVILI, 1995).

The meeting also agreed that a boundary stratotype
should be chosen from one of the Subbetic sections
of SE Spain, and this was supported in the subsequent
postal vote by 12 members (with one abstention). Further
documentation of the most appropriate sections is
awaited.
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Abstract

Detailed multidisciplinary analyses of several sections through the
Barremian-Aptian interval resulted in the revision of the Aptian stage,
including the Barremian-Aptian boundary, The Aptian Working Group
(= AWG) established an integrated stratigraphy based on biostratigra-
phy (ammonites, belemnites, calcareous nannofossils, planktonic and
benthic foraminifera, dinoflagellates, radiolarians), magnelostratigra-
phy. isotope stratigraphy (8"°C and ®°St/*’Sr), event stratigraphy,
sequence stratigraphy. and cyclostratigraphy.

Historical precedence was considered and the preliminary proposals
made at the Copenhagen Symposium in 1983 were considered as
starting point. The new information highlighted the difficulty of using
the first appearance of Prodeshayesites for the definition of the base of
the Aptian, and revealed the importance of biostratigraphy, based on
other fossil groups, especially micro- and nannofossils, as well as
physical and chemical tools such as magnetostratigraphy, chemostrati-
graphy. sequence stratigraphy and cyclostratigraphy in global correla-
tions.

Following the discussions at and after the Second International
Symposium on Cretaceous Stage Boundaries (Brussels, 8-16 Septem-
ber 1995), the majority of the AWG selected the base of magnetic
chron MO as the event [or the definition of the base of the Aptian stage,
It must be emphasised that magnetostratigraphy must always be inte-
grated with biostratigraphy and magnetic chron MO must be identified
in relation to palacontological events.

After accepting the base of magnetic chron MO as the base of the
Aptian stage, the AWG identified the Gorgo a Cerbara section (Um-
bria-Marche Basin, Central ltaly) as possible GSSP for the base of the
Aptian Stage. This section represents an excellent exposure of Barre-
mian to Aptian pelagic carbonates, and offers a wide rangé of available
stratigraphies including magnetostratigraphy, calcareous nannofossil
and planktonic foraminiferal biostratigraphy, radiolarian biostratigra-
phy, dinoflageltate biostratigraphy, chemostratigraphy (8"C) and cy-
clostratigraphy. Moreover, the Oceanic Anoxic Event la is represented
by the black shales of the Selli level. The record of ammonites is not
continuous: however, a few diagnostic layers have been detected.

The Aptian substage subdivision was also discussed. but the AWG
has not yet provided recommendations, While a two-fold subdivision is

adopted for the Boreal Aptian, a three-fold subdivision is often applied’

to low-latitude sequences. The integrated stratigraphy elaborated by
the AWG for the stage is still under revision and Aptian subdivisions
will be the subject of further work.

Key-words:
Aptian, Lower Cretaceous, biostratigraphy, magnetostratigraphy, che-
mostratigraphy, cyclostratigraphy, anoxic events, GSSP, stratotypes.

Résumé

Des analyses détaillées et multidisciplinaires de plusieurs sections
de Vintervalle Barrémien-Aptien ont permis la révision de |'étage
Aptien et de la limite Barrémien-Aptien. Le Groupe de Travail Aptien
(= AWG) a établi une stratigraphie intégrée. basée sur la biostratigra-

phie (ammonites, bélemnites, nannofossiles calcaires, foraminiferes
planctoniques et benthiques, dinoflagellés, radiolaires), la magnétos-
tratigraphie, la stratigraphie isotopique (8'7C et "°S1/*’Sr), Ia stratigra-
phie événementielle. la stratigraphie séquentielle, et la cyclostratigra-
phie.

L’historique de la question a été pris en considération et les pro-
positions préliminaires faites au Symposium de Copenhague en 1983
ont servi de point de départ. Des nouvelles données ont mis en lumiére
la difficulté que présente la premiére apparition de Prodeshayesites
pour la définition de la base de " Aptien. et démontrés I'importance de
la biostratigraphie fondée sur d’autres groupes fossiles, particuliére-
ment les micro- et nanno-fossiles, ainsi que des outils physiques et
chimiques tels que la magnétostratigraphie, la chimiostratigraphie, la
stratigraphie sequentielle et la cyclostratigraphie pour des corrélations
globales,

Pendant et aprés les discussions du Second Symposium sur les
Limites d'Etages du Crétacé (Bruxelles, 8 - 16 Septembre 1995), la
majorité de I” AWG a sélecté la base du chron magnétique MO comme
I"événement pour la définition de la base de I" Aptien. L attention a été
altirée sur le fait que la magnétostratigraphie devait étre intégrée i la
biostratigraphie et que le chron magnétique devait ére défini en
relation avec des événements paléontologiques.

Aprés avoir accepté le chron magnétigue MO comme la base de
I'étage Aptien, 'AWG a indiqué la coupe de Gorgo a Cerbara (le
Bassin d’Ombrie-Marche, Italie centrale) comme GSSP possible pour
la base de 1" Aptien. Cette coupe représente un excellent afflenrement
de carbonates pélagiques d’dge Barrémien 4 Aptien. et permet de
nombreuses aplications stratigraphiques, entre autres la magnétostrati-
eraphie, la biostratigraphie des nannofossiles calcaires et des forami-
niféres planctoniques, des radiolaires. des dinoflagellés, la chimios-
tratigraphie (8'°C) et la cyclostratigraphie. En plus I"**Oceanic Anoxic
Event 1a™" est représenté par les “*black shales’ du niveau Selli, Les
ammonites ne 8’y refrouvent pas de fagon continue, mais certains
niveaux diagnostiques ont €té découverts.

La division de I"Aptien en sous-étages a aussi €1é discutée, mais
I"AWG n’a pas encore fait de recommandations, L’ Aptien boréal est en
général divisé en deux, mais 1" Aptien des basses latitudes est souvent
divisé en trois. La stratigraphie intégrée élaborée par 'AWG est encore
en révision et les subdivisions aptiennes feront I"objet de travaux
ultérieurs.

Mots-clefs:
Aptien, Crétacé inférieur, biostratigraphie, magnctostratigraphie, chi-
miostratigraphie, cyclostratigraphie, éveénements anoxiques, GSSP.
stratotypes.

ANTCKMiA apyc.

Pestome.

Bnarogapsa noapoGHOMY M MHOIONPeoMETHOMY U3y4eHWIo paga
paspe3os bappemcko-AnNTCKOro MHTEPRAaNA Y4eHbiM YAanoch
nepecMoTpeTb NOHATUS AnTcKoro apyca n bappemcko-AnTckoit
rpanuuel. Paboyas rpynna ANTcKoro sipyca ycTadoBsuna, 4o
uHTEerpupoBaHHas ctpaturpadus HasupyeTcs Ha
BuocTpaturpadun, BKIioYalowein aMMoHUTLl, BenemHuTS,
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MU3BECTKOBbIE HAHOMOCCUNIMK, NNAHKTOHUYECKUE W
BeHTU4eckne hopamMruHudepsl, gHodnarennaTsl 1
paguonspuuy, a TakKke Ha MarHutocTpaTurpadbuu,
uMKnocTpaTUrpadum, uaaTonnyieckoi (5'°C u *6sr/*’sr)
COBLITMAHON U CEKBEHTHOIN cTpaTurpaduax.

MpeabicTopus fadHoro Bonpoca Boina NpUHATA BO BHUMaHWe, a
npegsapuTeNbHbie NPeIoXeHUs!, NPo3sy4asiune Ha
koneHrarckoM Cumnosuyme 1983 ropa, nocnyXunm TOYKOR
oTc4éra. HoBbie gaHHble noapo6GHO OcBeTUNN TO NPenaTcTBue,
KoTopoe npeacrasnset coboi nepsoe nosBneHue
Prodeshayesites ANA onpefeneHUs ocHOBaHWa ANTCKoro
Apyca W NpoAeMOHCTPUPOBAIN BaXHYIO POrb
BuocTpaturpadu, OCHOBaHHOM Ha U3YYeHMM APYIUX FPYNMn
WCKOMaeMblX, B HACTHOCTU, MUKPO- U HaHOMOCCUANIA, a TakKe
DUINHECKUX U XUMUYECKUX TEXHONOIMMIA, TaKUX Kak
MarHutocTpatirpadwus, xemocTpaturpadus,
umknocTpaturpadma u cekBeHTHas cTpaturpadus, B
rnoBanbHbiX KOPPENALMAX.

OBcyxaeHWs, NPoBEAEHHBIe B Te4eHne W nocne Broporo
CumMnoauyma, noceswerHoro Mpadnuam Menosbix Apycos
{Bptoccens, B-16 centabpa 1995), nossonunu GonbLUKHCTBY
yyacTHukoB Pabovei Mpynnbl AnTckoro Apyca onpepenvrs
OCHOBaHWe MarHuTHoro xpoHa (MO) kak rnasHoro anemeHTa
Ans onpefeneHns OCHOBaHUA ANTCKOro apyca. YyéHble
obpatunn ocoboe BHUMaHWe Ha TOT dakT, 4To
MarHuTocTpaTurpadma NomKHa BCeraa cocTaBndTs eamHoe
uenoe ¢ buocTparurpaduvein, v 4TO MarHUTHbLIA XPOH JODKEH
BbiTh ONpeaenén HepaspbLIBHO OT NaneoHTONorMM4Yecknx
cobbiThiA.

MpuHsae MarHMTHBIA Xpod MO 3a ocHoBaHWe ANTCKOro spyca,
PatBouan pynna AnTtckoro Apyca ykasana paspes Gorgo a
Cerbara (bacceiiH Umbria-Marche, UeHTpansHas UTanus)
KakK BEPOSITHbIA GSSP N1 OCHOBaHKWs ANTckoro apyca. 3107
pa3pes aBnAeTcs naeantHbIM NPUMEpPOM OTIOXEHWIA
nenarnyeckux kapboHaTtos ot GappemMckoro 4o anTokoro
BO3PACTOB M OTNINYHbIM OBBLEKTOM U181 NPUMEHEHNH
MHOTOHMCNEHHbIX CYLLECTBYIOLMX cTpaTturpaduil, BKNIOHAIOWMX
marsvtocTpaturpaduio, buoctpaturpaduio MSBECTKOBbLIX
HaHodoccUnuii M NnaHkToHu4eckux dopamunudep,
BuocTpaturpaduio paguonapuin n AuHodNarennaTos,
xemoctpaturpacmio (' C) n umknoctpaturpadmio. Kpome
Toro, «Oceanic Anoxic Event la» NpeacTtaBned «black
shales» YPOBHA Selli, rae aMMOHWUTHI NPUCYTCTBYIOT
HepaBHOMepHo. TeM He MeHee, BbiI0 PacKPbITO HECKOMNLKO
IMarHocTUeckux CNnoee.

Paspenexve AnTckoro fipyca Ha NOAbLAPYCH Takke cTano
obbexkToM AMcKyccuit, Ho Pabo4asa pynna Antckoro Apyca He
BblHEC/a Kaknx-Nmbo pekomeHpaupnii. BopeanbHblil ANT 0BblYHO
henuTca Ha 2 4acTu, B TO Bpems Kak AnT «lower latitudes»
4yacTo aenutes Ha 3 yacTu. MHTerpupoBavHas ctparturpadus,
paspaboranHas Paboyei Mpynnoir Antckoro Apyca, HaxoauTtes
B Npouecce pesnusvu, a noabapycel Anrta Byayt noapobHee
paccMoTpeHbl B nocneayowmx paborax.

Knwoyesble cnoBa: ANTCKUIA APYC, HUWKHWIR Men,
Buoctpaturpaduna, MmarHuTocTpaTurpadus,
xemocTpaTturpadus, umknocTpaturpacdus, 6eskucnopoaHble
coBbiTusa, GSSP, cTpaToTumbl.

Introduction

Revision of the Aptian stage, including the Barremian/
Aptian (B/A) boundary interval, has been carried out by
the Aptian Working Group in the past three years. The
aims of the Aptian Working Group are'to nominate an
internationally acceptable boundary for the base of the
stage and substage boundaries where appropriate, and
‘propose candidate stratotype sections.

The recommended boundary must be recognisable
over as wide an area as possible and ideally in both
Tethyan and Boreal Realms. The selection of the bound-
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Fig. 1 — Integrated stratigraphy of the Aptian for the Tethyan

area and low latitudes.

ary is determined by good correlation based on all avail-
able tools including (quantitative) biostratigraphy, mag-
netostratigraphy, isotope stratigraphy, event stratigraphy,
sequence stratigraphy, and cyclostratigraphy. The strati-
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Table 1 — Sections studied and/or revised for the discussion of the Barremian/Aptian boundary

Area Section Studied Interval Type of [nvestigation Reference
SE France Angles (Route Barremian/Aptian boundary Ammaonites, ) Delanoy, 1991, 1995
d"Angles) Calcareous nannofossils, Erba, in prep.
Dinotlagellates Thierstein, 1973
Leereveld, 1995

SE France Le Combe Lambert Lower Aptian Ammonites Delanoy, 1995

SE France Méouilles Lower Aptian Ammonites Delanay, 1995

SE France La Colle gully Lower Aptian Ammonites Delanoy, 1995

SE France Vignon's gully Lower Aptian Ammonites Delanoy, 1995

England Speeton Barremian-Aptian Ammonites Rawson, pers. com. 93

S Spain Campillo de Arenas  Barremian-Aptian Ammonites, Aguado et al., 1992
Calcareous nannofossils, Aguado et al., 1995
Planktonic foraminifers,
Radiolarians

S Spain Huéscar Barremian-Aptian Ammaonites. Aguado et al., 1995
Calcareous nannofossils

S Spain Barranco de Cabila Barremiuan-Aptian Ammonites. Aguado et al., 1995
Calcareous nannofossils

S Spain Caprés Barremian-Aptian Ammonites. Aguado et al.. 1995
Calcareous nannofossils

S Spain Foncalet Barremian-Aptian Ammonites, Aguado et al., 1995
Calcareous nannofossils

S Spain Busot Barremian-Aptian Ammonites, Aguado et al., 1995
Calcareous nannofossils

S Spain Sierra del Corque Barremian-Aptian Ammonites, Company et al., 1992
Sequence stratigraphy

S Spain Rio Argos Barremian-Aptian Ammonites, Hoedemaeker & Leereveld, 1995

Central Ttaly

Central Italy

Central Italy

N ltaly

N Italy

N ltaly

Gorgo a Cerbara

S.8. Apecchiese

Piobbico core

Polaveno

Pié del Dosso

Capriolo

Upper Hauterivian-Aptian

Upper Barremian-Aptian

Aptian-Albian

Berriasian-Barremian

Upper Barremian-Aptian

Berrasian-Aptian

Dinoflagellates,
Calcareous nannofossils,
Planktonic foraminifers,
Sequence stratigraphy

Ammonites,

Planktonic foraminifers,
Calcareous nannofossils,
Magnetostratigraphy,
Cyclostratigraphy,
Radiolarians,

8"c. 8"%0

Calcareous nannofossils,
Planktonic foraminifers

Calcareous nannofossils,
Planktonic foraminifers,
Trace fossils.
Cyclostratigraphy

Calcareous nannofossils,
Planktonic foraminifers,
Magnetostratigraphy,
Radiolarians

Calcarcous nannofossils,
Planktonie foraminifers,
Magnetostratigraphy

Calcareous nannofossils,
Planktonic foraminifers,
Magnetostratigraphy,
Carbon isotope stratigr.,
Radiolarians

Coccioni & Premoli Silva, 1994

Lowrie & Alvarez, 1984
Coceioni et al., 1992
Bralower, 1987

Herbert, 1992

Cecca et al., 1994

Erba. 1994

Erbacher, 1995

Erba et al., 1989

Erba, 1988, 1992, 1994
Tornaghi et al., 1989
Herbert & Fischer, 1986
Fischer et al., 1991

Erba & Premoli Silva, 1994
Herbert et al., 1995

Erba & Quadrio, 1987
Channell & Erba, 1992
Jud, 1995

Channell et al., 1995

Erba & Quadrio, 1987
Channell & Erba, 1992
Erba, 1994

Channell et al., 1987, 1993
Channell & Erba, 1992
Weissert & Lini, 1991

Lini et al., 1992

Jud. 1995
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Continuation of Table 1

N Ttaly

N Ttaly

Georgia
Carpathians
Transcapian

Pacific Ocean

Pacific Ocean

Pacific Ocean

Pacific Ocean

Pacific Ocean

Atlantic Ocean

Atlantic Ocean

Atlantic Ocean

Atlantic Ocean

Atlantic Ocean

Atlantic Ocean

Atlantic Ocean

Atlantic Ocean

Indian Ocean

Cismon

Alpetto-Laghetto

Tvishi
Medziholie
Tuarkyr Anticline
DSDP 463

DSDP 167

DSDP 317

DSDP 305

DSDP 306

DSDP 364

DSDP 370

DSDP 398

DSDP 402

DSDP 417

DSDP 511

DSDP 534

ODP 641

ODP 763

Hauterivian-Aptian

Upper Barremian-Aptian

Upper Barremian

Lower Aptian

Barremian/Aptian boundary

Barremian-Aptian

U, Barremian-Aptian

Aptian-Albian

Aptian-Albian

Aptian-Albian

Lower Aptian

Aptian-Albian

L. Barremian-Aptian

Aptian-Albian

Aptian

U. Barremian-Aptian

Barremian-Aptian

U. Barremian-Aptian

U. Barremian-Aptian

Calcareous nannofossils.
Planktonic foraminiters,
Magnetostratigraphy.
Carbon isotope stratigr..
Cyclostratigraphy

Ammonites,

Calcareous nannofossils,
Magnetostratigraphy.
Sequence stratigraphy

Ammonites
Ammonites
Ammonites

Calcareous nannofossils,
Planktonic foraminifers,
Magnetostratigraphy.
TOL.

Calcareous nannofossils.
Planktonic foraminifers.
Magnetostratigraphy.
T.0.C.

Calcareous nannofossils.
Planktonic foraminifers,
TOE:

Calcareous nannofossils,
Planktonic foraminifers,
T.O.C.

Calcareous nannofossils.
Planktonic foraminifers,
T.0.C.

Calcareous nannofossils.
Planktonic foraminifers.
TA.C.

Calcareous nannofossils,
Planktonic foraminifers.

T.0.C.

Calcareous nannotfossils,
Planktonic foraminifers.
TOL,

Calcareous nannofossils.
Planktonic foraminifers.

TOE

Calcareous nannotossils,
Planktonic foraminifers.
THe

Calcareous nannofossils.
Planktonic foraminifers,
T.0.C.

Calcareous nannofossils,
Planktonic foraminifers,
T

Calcareous nannofossils,
Planktonic foraminifers,
T.0.C.

Calcareous nannofossils,
Planktonic foraminifers.
T.0.C.

Channell et al.. 1979
Weissert et al.. 1985
Bralower, 1987
Weissert. 1989
Erba, 1994

Herbert, 1992

Cececa & Landra, 1994
Channell 21 al., 1995
Bersezio. 1994

Kakahadze & Kotetishvili, 1995

Vasicek & Rakiis, 1995

Bogdanova & Lobacheva, 1995

Tarduno <1 al.. 1989
Sliter, 1992

Erba. 1994
Bralower et al., 1993
Tarduno 2t al.. 1989
Sliter. 1992

Bralower er al., 1993

Bralower et al.. 1993

Bralower et al., 1993

Shiter. 1992

Bralower et al,, 1993

Sliter. 1992

Bralower et al., 1993

Bralower et al., 1993

Bralower et al., 1993

Bralower et al., 1993

Bralower et al., 1993

Bralower et al., 1993

Bralower et al., 1993
Ogg, 1987
Roth, 1978

Bralower et al., 1993

Applegate & Bergen, 1988

Ogg, 1988
Bralower et al., 1993
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Fig. 2 — Integrated stratigraphy of the Aptian for Boreal
realm and high latitudes (Mutterlose. pers. comm.,
1995).

form as closely as feasible with current practice and the
proposed boundary stratotype section depends primarily
on the chosen boundary.

Although historical precedence was considered it has
not over-ridden the importance of choosing a widely
correlatable boundary. As recommended by the Subcom-
mission on Cretaceous Stratigraphy, the preliminary pro-
posals.made at the Subcommission’s 1983 Copenhagen
conference (BIRKELUND et al., 1984) were considered as
starting point. At the Copenhagen conference, the discus-
sion of the Aptian stage was focussed on the ammonite
sequence, whereas other (micro)fossil groups as well as
other stratigraphic tools were disregarded. In the past
decade, detailed multidisciplinary analyses have been
carried out on several sections through the Barremian-
Aptian interval (Table 1). Studies were conducted also
within the framework of the IGCP 262 - Tethyan Cretac-
eous Correlations, Pelagic Working Group and IGCP
362-Tethyan Boreal Cretaceous. The new information
highlighted the difficulty of using ammonite sequences,
and revealed the importance of biostratigraphy based on
various fossil groups, especially micro- and nannofossils,
magnetostratigraphy. chemostratigraphy, sequence strati-
graphy and cyclostratigraphy in global correlations.

The Aptian Working group elaborated an integrated stra-
tigraphy for the stage (Figures | and 2) that is the base for
recommendations on the boundary level.

Definition of the Aptian stage

The Aptian stage was originally defined by d’ORBIGNY
(1840) and Apt (Vaucluse) in southeast France was in-
dicated as type area. La Bedoule, Gargas (near Apt) and
Clansayes are all reference sections for subdivisions of
the Aptian though not all satisfactory for correlation
purposes (see Rawson, 1983).

At the Copenhagen conference, it was recommended
(1) to place the base of the Aptian at the first appearance
of Prodeshayesites and (2) to consider sections in south-
east France. Turkmenia, England and north Germany for
selection of the boundary stratotype. The discussion of
regional correlation pointed out that there was less faunal
differentiation across Europe during the Aptian than dur-
ing earlier periods, though the proportion of Tethyan
genera increases southwards. The French ammonite se-
quence was inadequately documented (see MOULLADE er
al., 1980), but ‘‘Prodeshayesites’” / Deshayesites occurs
there with more typically Tethyan genera and thus pro-
vides a link between Boreal and Tethyan faunas. Des-
hayesites may be widespread geographically, but there
has been dispute as to whether the-Venezuelan faunas, for
example, really belong to this genus.

The base of the Aptian

The TUGS Subcommission on Cretaceous Stratigraphy
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(BIRKELUND et al.,, 1984) recommended to place the
Barremian/Aptian boundary at the chronostratigraphic
level coinciding with the appearance of the subgenus
Deshayesites (Prodeshayesites). No alternative bound-
aries have been proposed since then. Most ammonite
palaeontologists of the Aptian working group prefer
to maintain the Barremian/Aptian boundary at the
first occurrence of Prodeshayesites, and potential strato-
type sections have been studied in various areas. In
addition, DSDP (Deep Sea Drilling Project) and ODP
(Ocean Drilling Program) sites drilled in the Pacific,
Atlantic and Indian oceans have been investigated
(Table 1). These studies revealed that virtually no
ammonite-dated sections represent a continuous and
complete Barremian/Aptian boundary. Thus the working
group considered the possibility of placing the base of the
Aptian (= the Barremian/Aptian boundary) at other
events.

Due to absence or uneven distribution of ammonite fau-
nas in several Aptian sequences from continents or ocean
drilling sites. chronostratigraphy is routinely ~derived
from calcareous nannofossil and planktonic foraminiferal
biostratigraphy. Calcareous plankton (nannofossils and

planktonic foraminifers) were exhaustively studied in
several sections, but norevents were detected at the Bar-
remian/Aptian boundary as defined by ammonites. A few
dinoflagellate cyst events accur close to this boundary,
but they are restricted to the Tethvan area.

Stable isotopes are now currently used in stratigraphy and
constitute a powerful tool for correlations across different
basins. In particular, the 8'°C curve established for the
Barremian-Aptian interval is reproducible in pelagic and
shallow-water sequences across various basins and can be
used for global correlations. The strontium isotopic curve
also shows significant fluctuations and constitutes a reli-
able correlation tool.

For several sections, magnetostratigraphy combined with
biostratigraphy provides a high resolution stratigraphy.
The youngest reversal of the Lower Cretaceous to Upper
Jurassic M-sequence, namely magnetic chron MO, repre-
sents a potential chronozone which is detectable at all
latitudes and in various settings. both in marine and
terrestrial sequences.

We report below a synthesis of the discussion of the
various events.

CECCA, 1993 pers.comm.

Rawson, 1983

TETHYAN South-East Lu Southern Northern w
France g England Germany ﬁ%
STAGE Mula Workshop, 1992 | Lyon Colloquium, 1963 | ¢ ﬁ:ﬁﬁ 1;998931 Rawson, 1983 &
upper = H. jacobi D. nodoso- —_ H. jacobi
Clansayesian A. nolani costatum S A. nolani e
: C. subnodoso- b et | B fieldiensi &
middle = P. melchioris costatim P. nutfieldiensis | P. nutfieldiensis 5
S o E. tschernyschewi
E. subnodosocostatum A. nisus C. martinoides - e
= T. drewi <<
}_
é D. furcata T. bowerbanki | T. bowerbanki -
m .
< D. deshayesi D. deshayesi
D. deshayesi D. deshayesi "
lower = . D. forbesi g
Bedoulian D. weissi . forbesi 2
D. tuarkyricus P. fissicostatus | P. tenuicostatus
; oc . ) o
BAR M. sarasini S. seranonis g P. bidentatum P. bidentatum 5

CORRELATION OF TETHYAN AND BOREAL AMMONITE ZONATIONS
(Ammonite zones not in scale)

Fig. 3 — Correlations of Aptian ammonite zonations.
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AMMONITES

If the first appearance of Prodeshayesites is taken to mark
the base of the Aptian, as recommended at Copenhagen,
problems arise. The type species of Prodeshayesites, P.
fissicostarum, is from Speeton in England. The genus is
common in the basal Aptian of eastern England and North
Germany, and appears to have spread southward from this
region to southern England as transgression spread into
the Anglo-Paris Basin, where it gave rise to Deshavesites.
Thus. using this criterion, a type section should be de-
fined in the North Sea- North German area (Rawson, pers.
comm., 1995).

The type section of the Speeton Clay at Speeton (Eng-
land) shows an ammonite sequence across the Barremian/
Aptian boundary which is under study (Rawson, pers.
comm. 1995). Heteroceratid ammonites occur with Aco-
neceras just below the lowest record of Prodeshayesites.
The exposure at Speeton is in the foreshore and often
covered. However, if an artificial excavation were to be
dug inland, where Prodeshayesites is documented from a
borehole, a more permanent exposure could be made.

The rare *‘Prodeshayesites’™ so far recorded from SE
France and other Tethyan areas belong to late Deshaye-
sites and true Prodeshayesites have yet to be documented
in those regions. Thus, if the first Tethyan **Prodeshaye-
sites’’ is taken to mark the base of the Aptian, this
boundary will be at a higher level than understood in
the Anglo-Paris, North Sea and German basins.

In SE France, the base of the Aptian has been taken
at the base of the deshayesi Zone. The Barremian/Ap-
tian boundary interval of the Angles-Barréme area has
been thoroughly investigated for ammonite distribution
(DeELANOY, 1993). Several specimens have been col-
lected, but significant ammonites have not been found
in the lowermost Aptian. BUSNARDO (1965) placed the
base of the Aptian at the base of bed 197 of the Route
d’Angles section because he found the first Pseudoha-
ploceras matheroni in that bed. This species is now
known to appear in the latest Barremian. Its level at
Angles is marked by a ‘‘non-characterised zone™ with
few ammonites. Nevertheless, this boundary, which is a
transgressive surface, is not in conflict with later discov-
eries. The first deshayesitids appear only 2 metres above,
where **Prodeshayesites’” is recorded in bed 200 (DELA-
NOY, 1991).

Several sections spanning the Barremian/Aptian bound-
ary have been investigated in Southern Spain, but sig-
nificant ammonites are extremely rare, especially Des-
havesites (AGUADO er al., 1995). The scanty ammonite
record does not allow the recognition of the base of the
Aptian,

In the Rio Argos sections (Caravaca, Murcia, Spain)
the first Aptian ammonites (Procheloniceras and De-
shayesites) occur just above a global transgressive sur-
tace, whereas Colchidites disappears just below it. Tt is
possible that a hiatus marks the Barremian/Aptian bound-
ary at Rio Argos (HOEDEMAEKER & LLEEREVELD, 1995).

The Cephalopod Working Group of 1GCP Project 262
adopted the Georgian Aptian ammonite sequence as a
“standard’” for the Mediterranean Region because a de-
tailed zonation of the French succession was still not
available (HOEDEMAEKER & BuLrot, 1990). Pelagic sec-
tions in Georgia (KaxaBapze & KOTETISHVILL, [995)
provide a virtually complete sequence of ammonites
across the Barremian/Aptian boundary. Here the base of
the Aptian is taken to be the base of the D. tuarkyricus
Zone; Prodeshayesites is not recorded. However, pa-
laeontological data are still insufficient to resolve the
Barremian/Aptian boundary in Georgia or correlate with
other regions.

BoGDANOVA & LOBACHEVA (1995) studied Barremian-
Aptian sections in the Transcaspian area, where the base
of the Aptian is characterized by rare and non-significant
ammonites.

CALCAREOUS NANNOFOSSILS

None of the nannofossil events proposed by THIERSTEIN
(1973) to place the Barremian/Aptian boundary at low
latitudes was proved reliable. In fact, the FO of Chiasto-
zveus lirterarius is a Barremian event, the FO of Rucino-
lithus irregularis is dated as latest Barremian and Nan-
noconus colomii disappears in the late Aptian, At low
latitudes, the FO of Rucinolithus irregularis is the
most reliable nannofossil event, and the closest to the
Barremian/Aptian boundary (CHANNELL & ERrBa, 1992;
Cocciont et al., 1992; ErBa, 1994; CHANNELL et al.,
1995; AGuaDpo ef al., 1995). It occurs in the upper part
of the M. sarasini ammonite Zone and precedes magnetic
polarity zone CMO. The FO of Flabellites oblongus is
older than the FO of R. irregularis and correlates with the
lower part of the M. sarasini ammonite zone (AGUADO et
al.; 1995).

In the Boreal Realm, the FO of C. litterarius is used to
place the base of the Aptian (MUTTERLOSE, 1991), but
direct correlations with ammonites are not available. The
FOs of R. irregularis and F. oblongus are younger than
the FO of C. litterarius (Figure 2).

Recently, a distinctive nannofossil event has been
documented on a global scale in the Early Aptian (ERBA,
1994). Nannofossil assemblages are marked by a “*nan-
noconid crisis”’ that occurred some 0,28 Ma after the end
of magnetic Chron CMO. This “‘nannoconid crisis’” pre-
cedes the black shales of the Oceanic Anoxic subEvent la
of late early Aptian age (Figure 1).

PLANKTONIC FORAMINIFERS

The FO of Globigerinelloides blowi was detected in the
Upper Barremian, within the Giraudi Zone and magnetic
Chron CM In and, therefore, predates the Barremian/Ap-
tian boundary (Cecca et al., 1994; Cocciont & PREMOLI
SiLva, 1994).
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Fig. 4 — Geological map and location of the Gorgo a Cerbara section in the central Apennines (central Italy) (after Ersa, 1988). 1)
Quaternary-Pliocene continental facies: 2) Quaternary-Pliocene marine terrigenous facies; 3) Messinian evaporitic
facies: 4) Miocene marine terrigenous facies; 5) Oligocene-Paleocene pelagic facies; 6) Upper Cretaceous pelagic
facies: 7) mid-Cretaceous pelagic facies (= Scisti a Fucoidi Formation); 8) Lower Cretaceous-Lower Jurassic pp. pelagic
facies: 9) Lower Jurassic pp. -Upper Triassic carbonate platform facies; 10) alloctonous units; 11) anticline; 12) syncline;

13) fault; 14) thrust: 15) buried inverse fault.
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DINOFLAGELLATE CYSTS

Dinotlagellate cyst events have been derived from am-
monite calibrated sections from both Tethyan and Boreal
areas (LEEREVELD, 1995). In general, there is a tendency
to more extended ranges in the Boreal Realm. In the
Tethyan area, the LO of P. pelliferum is slightly before
the Barremian/Aptian boundary and the FO of 7. tenui-
ceras shortly postdates the boundary. In the Boreal
Realm, no dinoflagellate cyst events were observed at
or close to the base of the Aptian.

MAGNETOSTRATIGRAPHY

Direct calibration of magnetic polarity zones with ammo-
nite biozones in the Barremian/Aptian boundary interval
are not available yet. A single specimen of **Prodeshaye-
sites’” was found in the upper part of magnetic chron M0
at the Gorgo a Cerbara section (CHANNELL er al., 1993)
(Figure 4).

The FO of the nannofossil species Rucinolithus irre-

gularis correlates with the upper part of the uppermost
Barremian M. sarasini ammonite Zone and precedes

magnetic polarity zone CMO0. Magnetic chron MO has
been identified in several low-latitude sections from the
Tethys, Atlantic, Pacific and Indian oceans as well as in
the Boreal Realm in the Isle of Wight (KEiTH & HAIL-
woop, 1988). Moreover, it is recognisable in pelagic/
hemipelagic and neritic facies and in terrestrial sequences
as well,

CHEMOSTRATIGRAPHY

Stable carbon isotope stratigraphy of the Barremian-Ap-
tian has been established in several sections with calcar-
eous plankton biostratigraphy and magnetostratigraphy.
A major positive excursion correlates with the Oceanic
Anoxic Event 1a (Lower Aptian) and a second excursion
marks the upper Aptian (WEISSERT & Lini, 1991; WEIS-
SERT & LINI, pers. com. 1994) {Fjgure 1).

The Strontium isotope curve (“°St/*’Sr) is still to be
improved for the Barremian-Aptian. However, distinctive
variations have been detected in the Aptian (JONES ef al.,
1994) (Figure 1).

Correlations

For Early Cretaceous chronostratigraphy, time scales
of the past decade (HARLAND et al., 1982; KENT &
GRADSTEIN, 1985; HARLAND er al., 1990; GRADSTEIN ef
al., 1994; CHANNELL et al., 1995 b) used magnetostrati-
graphy integrated with calcareous plankton biostratigra-
phy. Ammonite control of magnetic chron is available
only for a few polarity chrons. In recent time scales, the
base of the Aptian is placed at the base of magnetic chron
MO.

Recommendations

At the Brussels Symposium (September, 1995), the ma-
jority of the Aptian Working Group recommended to
equate the Barremian/Aptian boundary, and therefore
the base of the Aptian, with the base of magnetic chron
MO. It must be emphasised that magnetostratigraphy
must be always integrated with biostratigraphy (Figure
1) and magnetic chron MO must be identified in rela-
tion to the FO of Prodeshayesites. and/or FO of Rucino-
lithus irregularis and or FO of Flabellites oblongus
and/or the ‘‘nannoconid crisis’’, and/or the FO of
Globigerinelloides blowi. Black shales of the OAE la,
the 8'°C and the strontium curves can also provide litho-
and chemostratigraphic calibrations of magnetic chron
MO. W,

We report here that most ammonite palaeontologists of
the Aptian Working Group prefer to maintain the Barre-
mian/Aptian boundary at the first occurrence of Prodes-
hayesites or " Prodeshayesites™ , but virtually no ammo-
nite-dated sections represent a continuous and complete
Barremian/Aptian boundary.

Proposed boundary stratotype section

Accepting the base of magnetic chron MO0 as base of the
Aptian stage, then the Gorgo a Cerbara section (Umbria-
Marche Basin, central Italy) (Figures 4 and 5), with an
excellent exposure of Barremian to Aptian pelagic carbo-
nates, is proposed as the boundary stratotype section. The
section has magnetostratigraphy (LOWRIE & ALVAREZ,
1984:; CHANNELL, in prep. ), calcareous nannofossil (Bra-
LOWER, 1987: Cocciont er al., 1992: ErBa, 1994) and
planktonic foraminiferal biostratigraphy (COCCIONI e
al., 1992), radiolarian biostratigraphy (ERBACHER,
1994), dinoflagellate biostratigraehy (Cocciont et al.,
1993), and chemostratigraphy {’_5"C) (Hapit, 1991; Egr-
BACHER, 1994). The Upper Barremian-Lower Aptian
portion of the Gorgo a Cerbara section is shown in
Figure 5.

The record of ammonites is not continuous; however, a
few diagnostic layers have been detected. In particular, a
specimen of “*Prodeshayesites’ was found at 894.70 m
and indicates that magnetic chron MO correlates with the
D. tuarkyricus Zone (CHANNELL et al., 1995).

Magnetostratigraphy was originally provided by LowRIE
& ALVAREZ (1984), but the section was sampled in great
detail across magnetic chron MO to increase the strati-
graphic resolution of the boundaries (CHANNELL, pers.
comm., 1994). Samples up to 893.00 m show normal
polarity and indicate magnetic chron M 1n. Magnetisation
of samples 893.10 and 893.20 is very weak and therefore
this short interval is indeterminate. The first reversed
sample is at 893.32 m, where we place the base of
magnetic chron M0 and, consequently the base of the
Aptian.
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Fig. 5 — Stratigraphy of the Upper Barremian-Lower Aptian interval of the Gorgo a Cerbara section. Calcareous plankton
biostratigraphy after Cocciont et al. (1992) and ErRBA (1994): magnetostratigraphy after CHANNELL (in prep.); cyclos-
tratigraphy after HERBERT (1992),
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Cyclostratigraphy was completed across the Barremian/
Aptian boundary and provides a resolution of 10k
years (HERBERT, 1992). Based on Milankovitch-type cy-
cles, the duration of magnetic chron MO is 380 kyrs
(Figure 5).

Aptian substage boundaries

Recent revisions of Cretaceous ammonite zonations
(HANCOCK, 1991; HOEDEMAEKER, er al., 1993; RAWSON,
1993) point out that two different ammonite zonations are
used for the Boreal and the Tethyan Realms (Figure 3).
While a two-fold subdivision (Lower and Upper) is
adopted for the Boreal Aptian, a three-fold subdivision
(Lower, Middle, Upper) is often proposed for the Tethyan
Aptian following the French division into Bedoulian,
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Abstract

Following discussions at the Second International Symposium on
Cretaceous Stage Boundaries, held in Brussels, 8-16 Sepiember
1995, the Working Group has identified two possible GSSP’s (Global
Boundary Stratotype Sections and Points) for the base of the Albian
Stage. One of these. located at Vohrum (North Germany), was fully
discussed at the Copenhagen Symposium in 1983 and, if selecied.
would use the appearance of Leymeriella schrammeni for the definition
of the base of the Albian Stage. Unfortunately, apart from the ammo-
nite information, there appears to be few other biostratigraphic data
available for that succession. An allernative stratotype section, in the
Vocontian Trough of S.E. France, offers a wider range of descriptors,
including ammonites, calcareous nannofossils, planktonic foramini-
fera, dinoflagellate cysts and oceanic anoxic events [e.g., the Paquier
Event]. Once data for both sections are fully compiled a boundary is
clearly definable.

The bases of the Middle Albian and Upper Albian were also dis-
cussed, the decision having been taken to retain the tripartite subdivi-
sion of the Albian Stage. A possible GSSP for the base of the Middle
Albian is the Céles Noires succession on the River Marne near St-
Dizier [Haute-Marne, France], While the boundary may be identified
by the appearance of Lyelliceras Iyelli further work on the proposed
GSSP needs to be done [possibly by the GFC]. The base of the Upper
Albian is probably best defined by the appearance of Dipoloceras
cristatum. There are two potential GSSP's; Wissant [Pas-de-Calais.
France] and Folkestone [ Kent, England] — both listed by d’ORBIGNY in
the initial definition of the Stage. Either of these sections could act as
the GSSP, although it is recognised that the succession at Folkestone is
very condensed. An alternative locality, in the Vocontian Trough
[S.E.France] may prove more suitable and information on all three
locations will be gathered before a final decision is taken.

Key words: Albian, Lower Cretaceous, biostratigraphy, ammonites,
inoceramids, foraminiferids, nannofossils, stratotypes, oceanic anoxic
events, GSSP.

Résumé

A la suite des discussions du “"Second International Symposium on
Cretaceous Stage Boundaries™ tenu a Bruxelles (8-16 Septembre
1993). le Groupe de Travail a identifié deux GSSP (Global Boundary
Stratotype Sections and Points) possibles. 'une des deux sections,
située @ Vohrum (Allemagne du Nord) a été discutée en détail au
symposium de Copenhague (1983): si elle €tait choisie. I"apparition
de Levmeriella schrammeni définirait la base de 1" Albien. Malheureu-
sement, peu de données biostratigraphiques, a part celles fournies des
ammonites. existent pour cette section. L'autre section considérée se
trouve dans la fosse vocontienne (S.- E. de la France): elle offre une
série plus étendue de fossiles étudiés tels que les ammonites, les
nannofossiles calcaires, les foraminiféres plancioniques. les cystes de
dinoflagellés, et des niveaux anoxiques océaniques (comme par ex-
emple le niveau Paquier). Apres compilation des données pour les denx
sections. une limite sera clairement définissable.

Les bases de 1" Albien Moyen et de I"Albien Supérieur ont aussi été
discutées, la décision ayant ét€ prise de garder une subdivision tripar-
tite pour I'étage Albien. Un GSSP possible pour la base de I"Albien
Moyen est la section des Cotes-Noires sur la Marne, prés de Saint-
Dizier (Hante-Marne, France). La limite peut-étre placée a I"apparition
de Lyelliceras Ivelli, mais des recherches supplémentaires sont néces-
saires sur ce GSSP proposé (peut-étre par le GFC).

La base de 1" Albien Supérieur est probablement le mieux définie par
Iapparition de Dipoloceras eristaium. 11 y a deux GSSP possibles;
Wissant (Pas-de-Calais, France) et Folkestone (Kent, Angleterre). tous
deux mentionngs par d’OReiGNY dans la définition de 'étage Albien.
L une et "autre de ces sections pourraient étre choisies comme GSSP,
bien qu'il soit admis que la section a Folkestone est trés condensée.
Une localité alternative. dans la fosse vocontienne (S.-E. France)
pourrail étre plus indiquée. Ces trois localités seront étudides avant
de prendre une décision finale,

Mots-clefs: Albien, Crétacé inférieur, biostratigraphie, ammonites,
inocérames, foraminiféres, nannofossiles, stratotypes, événements
océaniques anoxigues, “"GSSP™.

AnbGCKMIA IPYC ¥ rPaHMLbl NOABAPYCOB: NPeNoXeHus
Pa6oye# Mpynnel Ans6ekoro fApyca Cybkommuccun MenoBoii
Crpatvurpadpum.

PesiomMe.

B pesynbrate obcyxaeHwid, npoluefiumx B TeyeHne «Btoporo
MexpayHaponHoro CumnoauyMa no Bonpocam [ paHuL
Menosoro Apyca» B Bpioccene (8-16 centadbps 1995 roaa),
PaBoyas pynna onpeaenuna ABa BOSMOXHbIX GSSP «Global
boundary Stratotype Sectiong and Points» QN
ocHoBaHua Ansbckoro apyca. OauH U3 HUX, PacnoNOXeHHbIH B
Vohrum, (ceBepHas fepmanua), ctan oOLEeKTOM ropadux
oboyxaeHuit Ha koneHrarckom Cumnosuwyme 1983 ropa; 8
cny4ae ero Boibopa B KayecTee cTpatoTuna, OCHoBaHue
Anbbckoro apyca BypeT onpenenaThcH rno noAsneHnio
Leymeriella schrammeni. K coxaneHuio, 3a UCKNIOYEHMEM
AMMOHWTOBLIX [1aHHbIX, CYLUECTBYET NNLlib HesHa4yuTensHoe
KONM4ecTBo MHdopmaumun BocTpaturpadyeckoro xapaxkrepa,
HeoBxonuMoid ang Takoro suifopa. AnbTepHaTUBHLIA paspes
LNs CTpaTtoTuna, pacnonoXeHHblil B BOKOHTCKOI BnaanHe, Ha
ioro-ocToke @pavumm, npepnaraet donee WKUpokvil ssibop
W3YHEHHBLIX MCKOMAEMBIX, TAKMX KaKk aMMOHWTBI, W3BECTKOBbIE
HaHodoccunum, nnaHkToHuyeckue GopamuHudepsl, LACTbI
AMHodnarennar, a Takke okeaHnyeckue beskucnopogHbie
YPOBHM (KaK HanpuvmMep ypoBeHb Paguier), [ocne TOro kak
MHbOpMaUWs No kaxaoik 13 Asyx cexumia Oynet cobpana
MOAHOCTLIO, BO3MOXHO OyaeT YETKO OnpeaeuTh rpaHunLLy.
ObcyxaeHusa KocHynuch Takke CpegHero w Bepxtero Ankba;
DbiNo NPUHATO pelleHne coXpaHuTe pasaenedue AnsbBekoro
Apyca Ha 3 4yacTu. BosmoxHbiM GSSP gna CpenHero Ansba
npepcrasnseTcs paspes Les Cdtes-Noires, Ha peke Marne
Hefaneko oT Saint-Dizier (Haute Marne, Ppanuws).



46 Malcolm HART [compiler], Francis AMEDRO and Hugh OWEN

paHuLy MOXHO ONpepenuTb Npwu NOSBNEHWN Lyelliceras
lyelli; Tem He meHee, HeoBXODMMO NPOBECT
JIONOAHUTENBHBLIE UCCNEA0BAHUA NO AAHHOMY GSSP (BeposATHO
GFC, Groupe Francgais du Crétacé). OcHosBaHue
BepxHero Anbba BepoaTHO onpeneneHo Haunyywmum obpasom
npy NoABNEeHWW Dipoloceras cristatum. 3[AEChb TakKke
BO3MOXHbBI 2 GSSP, Wissant ([Ma-pe-Kane, ®@panumns) n
Folkestone (KeHT, AHrnua); oba ykasaHbl d’ ORBIGNY MNpu
onpepeneHun AnsBekoro apyca. B kayecTBe GSSP MOXET ObiTh
BbiBpaH noGoil N3 aTX paspesos, XOTA A0NYCKaeTcs, 410
paspes B Folkestone 04eHb CANbHO CKOHAEHCWPOBEH.
BokoHTckas BnajguHa asnseTcs TpeTseil, Havbonee
noaxonasulen ansTepHaTMBON.

KntoyeBble cnoBa: AnbGCKUIA ApYC, HWKHWIA Men,
BuocTtpaturpadmns, aMMOHWUTLl, HOLEpaMbl, popamnuHugepsl,
HaHDdJDCCHﬂHH, cTpatoTunhl, GBSKMCHDDO,D,HHB oKeaHw4yeckue
cobbiTUg, GSSP.

Introduction

The Albian Stage was proposed by d’OrRBIGNY (1842-
1843) for the interval between the Aptian and what is
now called the Cenomanian. The name was originally
derived from the Roman name for the Aube (Alba). The
localities (Figure 1) initially cited by d’ORrBIGNY include
Wissant (Pas-de-Calais), Cotes-Noires (Haute-Marne),
Gaty, Maurepaire, Dienville, Ervy (Aube). Saint-Floren-
tin (Yonne), Perte-du-Rhéne (Ain). Machéroménil (Ar-
dennes) and Varennes (Meuse) in France and Folkestone
(Kent) in England.

Following the work of BREISTROFFER (1947) the Albian
Stage was generally accepted as beginning with the Ley-
meriella tardefurcata Zone, including at the base a level
with Levmeriella schrammeni (op. cit., p. 38). At the
meeting in Copenhagen in 1983 it was agreed that the

Fig. 1 — Albian localities discussed in the text or mentioned
in the initial definition of d'ORBIGNY (1842-43).

base of the Stage would be better drawn at the base of the
Levmeriella schrammeni Zone (BIRKELUND et al., 1984).
Unfortunately this nominate species is restricted to the
N. W. European faunal province (*‘Boreal’’) and is not
known from the classic areas of the Paris Basin.

The internal subdivisions of the Albian Stage are equally
problematical, with the base of the Middle Albian and the
base of the Upper Albian yet to be agreed. At the present
time Lyelliceras Ivelli can be used to define the base of
the Middle Albian and Dipoloceras cristatum to define
the base of the Upper Albian.

Stratigraphic terms such as the Selbornian (JUKES-
BroOwNE, 1900) and Vraconian (RENEVIER, 1867) have
gained little general acceptance, although the latter is
often used in the French literature.

Traditionally the Albian Stage has been subdivided on
ammonites and there is established a well-known zonal
and subzonal scheme for the European area, although it
does have wider application. More recently a number of
workers have described the foraminifera, ostracoda, dino-
flagellate cysts and calcareous nannofossils (s.l.). In
many of the areas described as being “‘typical’” of the
Stage the lithology is predominantly a dark blue-grey
clay, deposited in mid-palaeolatitudes. This rather re-
stricts the faunas and floras and has somewhat limited
the international correlation of the Stage.

The Albian Stage occupies a part of the mid-Cretaceous
““magnetic quiet zone™” and the majority of workers have
little magnetostratigraphic data from this interval. Re-
cently E. J. Baraboschkin (Moscow, Russia) has indicated
that a magnetic zonation may be possible but this has yet
to be tested internationally. While there have been iso-
lated attempts to use stable isotopes there is not yet a
generally accepted data base for the Albian Stage that
could be used for stratigraphical purposes (unlike for
some higher parts of the Cretaceous succession).

The Albian Stage

Al the Brussels Symposium the Working Group resolved
that it would follow the spirit of the initial definition of
the base of the Albian and its tripartite division. These
decisions reflect both the total duration of the Albian
Stage (one of the longest in the Cretaceous) and the
well-established ammonite zonation,

The Base of the [Lower] Albian
At the Copenhagen Symposium in 1983 (BIRKELUND et

—
Fig. 2 — Locality map for Vohrum and the succession in the
section described by OweN (1979). The correlation

diagram is based on unpublished data supplied by
F. AMEDRO.
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al., 1984) the discussion focused on the ammonite faunas
that could be used to identity the base of the Albian. Few
data were forthcoming on any other fossil groups,
although it was suggested that the calcareous nannofossil,
Prediscosphaera columnata, might be a possible alterna-
tive. It was recommended that the boundary might con-
tinue to be placed at the base of the Leymeriella schram-
meni Subzone which is well-documented in the N. W.
European succession. If that subzone is to be used OWEN
(1979) has proposed that the best exposed section is that
near Vorhum, in the Hannover-Braunschweig area of
North Germany (Figures 1 and 2). Following that deci-
sion there has been considerable interest in the Lower
Cretaceous successions of the Vocontian Trough (Bre-
HERET et al., 1986 and references therein).

Both of the above locations were discussed at the Brus-
sels Symposium and it was resolved that a more complete
database for the Vocontian Trough would be obtained
prior to making any decision on the GSSP. Information
from North America was lacking from the discussions in
Brussels and nothing else has come to light since that
time. Some information is available from the Cauvery
Basin (South India), the Mesozoic Basins of Eastern
Brazil and successions in the south of Russia (N. Cauca-
sus), but there appears to be little support for using any of
these areas as alternatives.

Vohrum, North Germany

OWEN (1979, 1984), accepting the base of the Leymeriella
schrammeni Subzone as the base of the Albian stage.
recommended that the succession at Vohrum (Figs |
and 2) be identified as the boundary stratotype. The
boundary would, therefore be located (Figure 2) at the
level between Beds 6a and 6b, in a succession of clays
spanning the Aptian-Albian boundary interval. L.
schrammeni was assumed to mark the base of the Albian
by KEmMPER (1973) and the same author (KEmPER, 1982 a,
b) has provided further data on the North Germany suc-
cessions, including information on the ostracod faunas.

There are problems with this definition and the selec-
tion of Vohrum as the stratotype section.

1. Interprovincial correlation of the schrammeni Sub-
zone is difficult and this is summarised in BIRKELUND ef
al. (1984) and OWEN (1984).

2. CASEY (1961) correlated the subzone of L. schram-
meni with his subzone of Farnhamia farnhamensis, ap-
parently despite that species not having been found out-
side S. E. England (OwEN, 1984). During the writing of
this report CASEY (1996) has highlighted what he con-
siders to be problems over the correlation of the ammo-
nite subzones between S. E. England and N. Germany
(OwEN, 1988, 1992). This, CASEY (op. cit.) claims, caused
AMEDRO (1992) to postulate a gap in the succession at the
base of the Albian. Owen (1996), in a direct reply to
Casgy’s comments, attempts to explain his position, out-
lining the difficulties involved in correlating ammonite
data from isolated collections with a well-determined
succession where in-situ material can be collected.

Clearly there should be a resolution of these difficulties
before a decision is taken on the base of the L. schram-
meni Subzone at Vohrum as the definition of the GSSP
for the base of the Albian stage.

3. As far as can be determined there is relatively little
new work on the Vohrum section in terms of belemnites,
inoceramids, foraminifera, ostracods, calcareous nanno-
fossils and dinoflagellate cysts. If the Vohrum succession
is to be the GSSP for the base of the Albian stage some of
this information will be required so that correlations away
from the reference section can be performed as accurately
as possible. There has been a considerable amount of
work on the foraminifera of North Germany (eg. BARTEN-
STEIN, 1976 a, b, ¢, 1977; BARTENSTEIN & BETTENSTAEDT,
1962: BARTENSTEIN & BRAND, 1949; GRABERT, 1959) but
none of this appears to specifically relate to Vohrum. The
published information indicates that several taxa may
appear at, or about, the base of the schrammeni Subzone.
These are Pleurostomella obtusa, Pl. subnodosa, Areno-
bulimina macfadyeni, members of the Gaudryina divi-
dens lineage, Dorothia filiformis and Vaginulina gaulri-
na. MUTTERLOSE (1992) has indicated that the calcareous
nannofossil, Prediscosphaera columnata appears within
the rardefurcata Subzone, but the flora — in general —
is rather poor in the N. W. German Basin. The belemnites
are very important in N. W, Europe and a considerable
amount of work has been done by SPAETH (1973), MuUT-
TERLOSE (1990) and MUTTERLOSE ef al. (1983). It is gen-
erally accepted (MUTTERLOSE, 1992) that the base of the
schrammeni Subzone equates to the base of the Neohibo-
lites strombecki Zone. If this is true, then it should be
confirmed with collections made at Vohrum (if it is to be
selected as the GSSP). Such collections could also be
used to confirm the distributions of other microfossil
groups.

There are significant problems over the use of the first
appearance of L. schrammeni as the marker for the base
of the Albian. As indicated in Figure 2 there are problems
of inter-regional correlation, especially in parts of South-
ern Europe and North Africa. In the Kuma section of the
North Caucasus DRUSHCHITS & MIKHAILOVA (1966) have
described the biostratigraphy, although Baraboschkin
(pers. comm.) has been unable to find the index fossil
either in the field or in museum collections. In every
section in the area there is a hiatus/phosphorite horizon.
The situation is the same in Turkmenia, Crimea, Man-
gyshlak and the whole of the Russian Platform (SAVE-
LIEV, 1973; BARABOSCHKIN, in press).

The Vocontian Trough

BREHERET et al. (1986) have described an integrated
sedimentological, geochemical and palacontological
study of the Aptian-Albian succession in the Vocontian
Trough. In particular, the succession on the Col de Pré-
Guittard (Drome) may be:

— the most complete succession across the boundary;
— one of the best studied sections currently available;
— well-exposed and unlikely to disappear over time;
— readily accessible;
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It contains a range of faunal and floral groups together
with the Paquier and Jacob “‘oceanic anoxic events™.
Using data from BREHERET et «al. (1986) it has been
possible to construct a summary chart (Figure 3) which
shows a range of geological, sedimentological and pa-
lacontological features that could be used to define the
boundary. Options appear to be:

— FO of Levmmeriella tardefurcata

— FO of Dowvilleiceras ex. gp. manmmillatum

— FO of Prediscosphaera columnata

— LO of Hypacanthoplites jacobi

— the Paquier *‘oceanic anoxic event™ [top or bottom]
— the topmost organic-rich bed of the *‘faisceau Ki-
lian™".

— any other datum

While there are a number of gaps in our knowledge, the
dinoflagellate cysts have recently been described by
VINK (1995). These data show a number of possible
datums between 50 m. and 80 m. (Figure 3), with the
most suitable horizon being located slightly above the
boundary indicated in the figure. Bréheret (pers. comm. to
Han Leereveld) has indicated that the full data on the
ammonite succession has yet to be published and that the
boundary should be taken as lying between 42 m. and
54 m. Bréheret and Delamette have also suggested that
there may even be an hiatus at, or about, the potential
boundary. Important extinctions of dinotlagellate cysts at,
or about, the boundary include Hystrichosphaerina schin-
dewolfii and Cerbia tabulata while N. singularis, P.
securigerum, Svstematophora penicillata, Litosphaeri-
dium arundum and P. eisenackii have their first appear-
ance within the same interval. The planktonic foramini-
fera are very abundant in this succession but, unfortu-
nately, cannot offer a suitable LAD or FAD at this level.
CARON (as a co-author in BREHERET ef al., 1986) has
shown that the planktonic foraminifera responded to the
Paquier (and other) oceanic anoxic events in by adjusting
their position in the water column and often excluding
those that lived in deeper-water environments. Ticinel-
lids, and other stratigraphically important taxa, disappear
at the critical level (Figure 3), being replaced by a popu-
lation of small, shallow-water, hedbergellids (BREHERET
et al., 1986, figs 3, 11, 13, 14).

Substage Boundaries

The Base of the Middle Albian

At the Copenhagen Symposium it was agreed (BIRKE-
LUND et al., 1984) that the base of the Middle Albian

o

Fig. 4 — Locality map for the section at Les Cétes-Noires-
de-Moéslains near St-Dizier, France. The succes-
sion shown is based on the work of DestomsEes &
DESTOMBES (1965) and OWEN (1971). N.B. the lack
of specific information in Beds 6 and 7 and the
report of gypsum crystals (see text for signiticance)
in the latter.

should be drawn at the base of the Lyelliceras lyelli
Subzone. It was noted that the best sequences across the
boundary are located in the Aube (see Figure 1) and it was
recommended that, following the work of OweN (1971)
and DESTOMBES (1979), a suitable GSSP might be identi-
fied.

OwEN (1971, 1984) has given detailed accounts of the
possible definitions for the base of the Middle Albian,
together with a resume of previous work. After a full
discussion of the ammonite faunas from many localities
in the Anglo-Paris Basin, OWEN (1984, p. 186) concluded
that the base of the L. lyelli Subzone be regarded as the
base of the Middle Albian. This largely follows the revi-
sions of the stratigraphy proposed by DESTOMBES &
DesTOMBES (1965, pp. 265-267). Both DESTOMBES &
DestoMBES (1963) and OweN (1971) regard the section
at Les-Cotes-Noires-de-Moéslains near St-Dizier (Haute-
Marne) as being a potential stratotype (Figure 4). Sedi-
mentologically it is relatively complete and there are
good ammonite faunas. It has the advantage of being a
natural exposure: a riverbank on a meander of the River
Marne that is accessible from a minor road that runs
parallel to the river on the southern bank.

There are, unfortunately, two problems with this other-
wise straightforward solution.

1. Despite a quite exhaustive search it has been im-
possible to track down any other detailed palacontologi-
cal work on the Cétes-Noires succession. This means that
data on the foraminifera, ostracods, calcareous nannofos-
sils, ete., 1s lacking. DesToMBES & DESTOMBES™ (1963)
description of the lithology of Bed 7 (the critical level) as
“‘argiles bleu-noires, micacées. cristaux de gypse'’ is
very worrying. Gypsum (or selenite) crystals are a pro-
duct of modern weathering that usually indicate that the
carbonate microfauna may have been leached out of the
sediments. Clearly work needs to be done on the succes-
sion if it 1s to be proposed as a GSSP in order that the
other fossil groups can be investigated. HART (1973) has
shown that the eodentatus-spathi interval is represented
by his Zone 3(i) with, appearing at — or about — the
base of the /yelli Subzone, the distinctive foraminiferal
species Epistomina spinulifera. Associated with this tax-
on in UK successions (HART, 1973; PrICE, 1977; HART et
al., 1989) are Conorboides lamplughi and Gavelinella
tormarpensis. MAGNIEZ-JANNIN (1983), working on the
successions of the Aube has compared her micropalaeon-
tological zonation with that of the ammonite faunas and
located the base of the Middle Albian (AMEDRO ef al.,
1995, fig. 6) in the middle of her Zone 2 (based on the
appearance of Valvulineria parva rotunda). Using mate-
rial from the same localities as HART in S. E. England,
TavLor (1982) has identified a number of calcareous
nannofossils (Prediscosphaera cretacea, Dictyococcites
parvidentatus, Gaarderella granulifera and Braarudo-
sphaera regularis) that appear at, or about, the boundary.
HART (1973) also described the ostracod fauna and while
a number of taxa are present (especially Schuleridea
brevis and S. jonesiana) the fauna is relatively poor in
comparison to the remainder of the Gault Clay succes-
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Fig. 5 — Stratigraphical details of the Lower-Middle Albian boundary provided by F. AMEDRO,

sion. Unfortunately, the major facies change at the base of
the Gault Clay does not allow the documentation of a full
Lower - Middle Albian transition in any work based on
the succession at Folkestone. In the successions in North
Germany Neohibolites minimus appears just before the
base of the Middle Albian (as defined in that area; base of
the Zone of H. dentatus). As this belemnite is well-known
right across Europe and into Russia it is important that its
precise appearance in relation to the sub-stage boundary
is determined.

2. The second problem concerns the precise definition
of the base of the lyelli Subzone. AMEDRO (manuscript)
has shown that L. lvelli s. s. appears slightly above the
influx of Lyelliceras in the succession (Figure 5) and that
one has to decide whether to use:-

— the appearance of a flood of Lyelliceras, including L.
pseudolyelli; or
— the appearance of L. [yelli s. s.

The Working Group in Brussels suggested that all the
above issues should be investigated. especially as they
apply to the succession of the Cotes-Noires, It was sug-
gested that an international group, possibly co-ordinated
by the GFC, might take this on board and that, until that
work is completed, we adhere to the decisions of the
Copenhagen Symposium and record that the appearance
of Lyelliceras lyelli should be used to define the base of
the Middle Albian.

In Russia (MIKHAILOVA & SAVELIEY, 1989) the base of

the Middle Albian is taken at the base of the Isohoplites
eodentatus Zone. This is based on a view of Isohoplites
Hoplites evolution, the “*European’ nature of the taxon, a
basin-wide sea level rise in the eadentatus Zone and a
significant change in the inoceramid fauna immediately
below the base of the zone (SAVELIEV. 1962; BARABOSCH
KIN, in press).

The Base of the Upper Albian
BREISTROFFER (1947) proposed that the base of the Uppe
Albian should be drawn at the appearance of the ammo
nite Dipoloceras cristatum and related species of Dipo
loceras. This view was upheld in Copenhagen (BIRKE
LUND et al., 1984; OweN, 1984) especially since D. cris
tatum is quite widely known (eg. Texas — see YOUNC
1966) and, even where it is absent, the horizon can b
determined adequately by other faunas (OWEN, 1984).
AMEDRO (manuscript) has indicated, however, the
there are large areas of the world (Western USA an
Japan) where the D. eristatum fauna is unknown. AMEDR!

Fig. 6 — Locality map for the sections at Folkestone ar
Wissant. The succession at Copt Point, Folkeston
is based on the work of OWEN (1976). Informatic
on the Boulonnais successions can be found
RoBASZYNSKI ef al. (1980).
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& DESTOMBES (1978) have shown that, even in the North
European Province of the Boreal realm, Dipoloceras is
usually a very minor component of any ammonite fauna.
An alternative marker, favoured by AMEDRO, would be
the first appearance of Maortoniceras (Mortoniceras) pri-
cei as this taxon appears to be recognised over a much
wider geographical area. In two of the key sections
(Wissant, Pas-de-Calais, France and Folkestone, Kent,
United Kingdom - see Figure 6) the successions are quite
condensed and there are disadvantages to both. Micro-
palacontological work (HART, 1973 PrICE, 1977; ROBAS-
ZYNSKI et al., 1980; TAYLOR, 1982; HART ef al., 1989) has
been based largely on a sample interval too crude for
these condensed successions (despite being at intervals of
1 m. or even (.50 m.). In the Aube succession AMEDRO ef
al. (1995, fig. 6) indicate that D. cristatum is not yet
known in the area as there are no suitable exposures
but. as far as it can be identified, the base of the cristatum
Subzone is located in the middle of MAGNIEZ-JANNIN'S
(1983) zone 8, which is based on the appearance of
Citharinella aff. pinnaeformis. The base of her zone 9
(which coincides with the base of the Mortoniceras (M.)
pricei Zone) is characterised by the appearance of C.
pinnaeformis s. s.. In the succession at Folkestone both
HART (1973, fig. 3) and PrICE (1977) indicate that C.
pinnaeformis appears within the cristatum Subzone (mid-
dle of Bed VII) with Arenobulimina chapmani appearing
a few centimetres above in the base of Bed IX (and
probably just below the appearance of Mortoniceras
(M.) pricei. Just before the appearance of C. pinnaefor-
mis, in the Folkestone succession, there is a flood of
Hedbergella washitensis, a highly distinctive planktonic
species which is known from many parts of the world (eg.
Brazil - see KouTsoukos et al., 1989).

MUTTERLOSE (1992) indicates that the base of the D.
cristatum Subzone equates with the base of the Neohibo-
lites oxycaudatus Zone in the North German successions
and this important correlation requires confirmation. The
appearance of D. cristatum is used to define the base of
the Upper Albian in large areas of the North Caucasus
(BARABOSCHKIN, in press) and Turkmenia (MIKHAILOVA
& SAVELIEV, 1989). In these areas Actinoceramus sulca-
fus appears together with D. cristatum.

In order to progress towards a decision, the Working
Group suggested that information on as many faunal/
floral groups be obtained from:

1. Wissant (Pas-de-Calais, France) where the base of
the D. cristatum Subzone can be located 0.20 m. below
the top of “*Bed r'" of AMEDRO & DESTOMBES (1978).

2. Folkestone (Kent, UK) where the base of the M.
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The Cenomanian stage

Karl-Armin TROGER (compiler) and William James KENNEDY

with contributions by Jackie A. Burnett, Michéle Caron, Andrew S. Gale and Francis Robaszynski

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 globotruncaneides, 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 i Bruxelles (8-16 Sep-
tembre 1995), le Groupe de Travail du Cénomanien a choisi comme
marqueur pour la base du Cénomanien 'apparition du foraminifére
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 premiere apparition de ce foraminifére 4 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 foraminiféres planctonigues, les ammo-
nites et les bivalves: les isotopes du carbone et de I'oxygéne ont été
ctudies.

La base du Cénomanien moyen a ¢été placée i I'apparition de
I'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 carricre Southerham Grey, & Lewes (Sussex, Angle-
terre).

Pour la base du Cénomanien supérieur aucune décision n'a encore
€té prise,

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

OT14éT no CeHoMaHCcKOMY ApYyCY.

Pesiome.

B pesynbTate oboyxoeHwid, npowenmux B TedyeHmne «Btoporo
MexnyHapogHoro Cumnoanyma no sonpocam MpaHuL,
Menoeoro Apyca» B Bpioccene (8-16 centabpa 1995 ropa),
Paboyas Ipynna CeHomaHckoro apyca euiGpana B ka4ectse
UHOeKc-8Uaa Ans ocHoBaHus CeHOMaHCKoro apyca nossnexune
nnaHkToHnyeckoro dopamuHndepa Rotalipora
globotruncanoides. B kayecTBe «GSSP» (Global Boundary
Stratotype Section and Point) OANA OCHOBaHWS
Cenomarckoro apyca Paboyas 'pynna npepnaraer riepsoe
nosBneHue gasHoro dopamuHudepa Ha rnybune 36 meTpoB ot
BEPLUMHbI OTNOXEHWA Marnes Bleues, B paspese Mont
Risou (Rosans, Hautes Alpes, ®paHuma). [na paspesa
Mont Risou cywlecTeyloT GuocTpaTurpaduyeckne gaHHble,
Kacalowmecs MenoBblix HaHOMOCCUNNA, NNIAHKTOHUYECKMX
dhopaMUHUGpEpP, aMMOHUTOB W ABYCTBOPYATHIX MOJUTIOCKOE;
M30TONbI YINepoaa U KACNopoaa Takke Bbliv U3yyeHsl.
OcHoBaHue nogbsipyca cpenHero CeHomaHa onpegenseTcs
fpyU NOAB/IEHWKM AMMOHWTa Cunningtoniceras inerme; B
Ka4ecTBEe BTOPUMHBIX MHOEKC-BUMAOB BoiDpaHbl Inoceramus
schoendorfi W Rotalipora reicheli. B kavecTBe
CTpaToTUNa Ans rpaHuUbl HUKHEero U cpegHero CeHomaHa
yiéHble npegnaraioT Kapeep Southerham Grey, B Lewes
(SBussex, AHrnma).

Yro kacaeTcsl ocHOBaHus BepxHero CeHomaHa, To Ha QaHHblid
MOMEHT He BbIIo NPUHATO HUKAKOTO peLueHus.

Knioyesble cnoea: CeHomMaHCKUil ApYC, BepXHWIA men,
6uocTpaturpadus, aMMOHUTLI, MHOUepambl, popamnHudepsl,
HaHohOCCUNNKU, M3oTonu4eckas cTpaturpadms, «GSSP»,

HISTORICAL SUMMARY

The Cenomanian stage was proposed by D’ORBIGNY
(1847) for the strata seen at Le Mans (lat.: Cenoma-
num-Paléontologie Francaise, Terrains Cretacés, 4: 270)
in the Paris Basin.

Hancock (1960) recognised three ammonite zones in
the Cenomanian sequences of the Sarthe region, includ-
ing the stratotype of b"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
e Base of the Hypoturrilites schneegansi Zone estab-

lished by DuBouURDIEU (1956) on the basis of Cenomanian
sections in Tunisia and Algeria.

e Base of the Graysonites adkinsi Zone, first defined in
Texas (MANCINI, 1979), but widely distributed in Tethyan
and Pacific regions.

e Base of the Neostlingoceras carcitanense Zone in the
Cenomanian of Europe.

[In many areas of the Northern Lower Temperate Realm
(Boreal) there is a more or less important sedimentologi-
cal hiatus between the Albian and Cenomanian].

e 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

e 1O of the planktonic foraminiferan Planomalina bux-
torfi happens slightly earlier than the FO of the ammonite
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Hypoturrilites schneegansi. The occurrence of Pl. 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 er al., 1981).

e In Tethyan shell carbonate successions the foraminif-
eral genus Orbitoling is useful: FOs of O. (Orbitolina)
concava concava and 0. (0.) conica are used at this
level.

e The FO of the coccolith Eiffelithus turriseiffellii below
the base of Hypoturrilites schneegansi can be traced in
Tethyan and Boreal Realms.

Suggested stratotype

GALE et al. (1995, 1996) presented a proposal 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 er 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. Tt 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 region of
Central Tunisia (ROBASZYNSKI ef 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
basal Cenomanian strata in England, France, Germany,
Poland and Russia (Awucellinalultimus event). Two
inoceramid species are overlapping in one bed at
Mont Risou. In the basal layers Inoceramus anglicis
(Woobs, 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 crippsit Mantell 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
LoOWER / 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 age is characterised
by Cunningtoniceras (Sarthe: KENNEDY & JUIGNET, 1993;
Boulonnais: ROBASZYNSKI ef 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 taunas are characterised by different species of
the genus Cunningtoniceras (C. inerme, C. cunningtoni)
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 1.
crippsii hoppenstedtensis Troger, rare 1. crippsii crippsii
Mantell, [. virgatus virgatus Schliiter and 1. virgatus
scalprum 1. Bohm.

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 decision 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 geographic distribution with
records from southern England, the Boulonnais south
to Sarthe, Provence. Ariége in France, 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 Metoiococeras
geslinianum-Zone and correlatives. Indeed it is the com-
monest in this zone in the United States Western Interior,
and the holotype comes 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 (Proeut-
calycoceras) guerangeri (Spath) was proposed by
WRIGHT er al. (1984). The first occurrence of this species
is significantly lower than that of both Calycoceras (Ca-
Iycoceras) naviculare (Mantell) and Eucalycoceras pen-
tagonum (Jukes-Browne) while its geographic distribu-
tion from southern England to Sarthe, Alpes-Maritimes
and Alpes-de-Haute-Provence in France, Portugal(?),
Tunisia and New Mexico (USA) spans Boreal and Te-
thyvan Realms™’.

Bivalve succession

The top of the jukesbrownei Zone nearly agrees with the
first appearance of Imoceramus pictus pictius Sowerby,
widely distributed in the Boreal and Pacific realms. The
Jukesbrownei Zone is characterized by I atlanticis
Heinz.

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

After intensive and extensive discussions concerning
biostratigraphic, lithostratigraphic, taxonomic problems
and problems of preservation the working group pre-
sented the following proposals:

e The basal 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).

e Possible basal 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 region, N. of Kef el Azreg,
Tunisia (proposed by F. Robaszynski, F. Amédro, C.
Dupuis, J. Hardenbol)

[Section described by Rosaszynski 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 decision taken to designate
it as a subsidiary reference section. As at Mont Risou,
Rotalipora globotruncaneides 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. (RosaszyNskl 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 basal 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
basal contact suggested, that there was condensation or
even a non sequence in the basal Lower Cenomanian part
of the Tunisian section.

e The basal boundary criterion for the Middle 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 basal boundary stratotypes for the
Middle Cenomanian substage were discussed:
e Southerham Grey Quarry, Lewes. Sussex, England.

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

e 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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e Basal 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

¢. 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 insufficient data on these taxa.
The discussion then concentrated on the criteria a, b, ¢,
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 proposal.

DESCRIPTION OF THE CANDIDATE GLOBAL
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 Boreal 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 metres, 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 S1GAL, 1948 with the Mont
Risou section as the global reference 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 marls accumulated. In this region, 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 distine-
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 BREHERET, 1988a) is about 10 m in thickness and
includes beds of laminated, dark grey marls, From these
BREHERET (1988b) recorded a ‘‘Vraconian'' (Late Al-
bian) fauna. Above, the uppermost 100 m of the Marnes
Bleues comprise grey marls containing infrequent ba-
rytes-cemented concretions, small pyritised fossils and
concretions, and prominent-weathering thin (10-30 c¢cm)
units containing more carbonate. Pyritised ammonites are
locally common and are well-known for the presence of
a rich Tethyan ammonite assemblage (Jacos 1907;
TromeL 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 marl containing small concretions 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 marls of Cenomanian age 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 cut in the Marnes Bleues. The
base of the lowest limestone provides a distinctive zero
datum against which faunas in the underlying marls can
be located. A succession of weaker limestone bundles are
overlain by some 20 m of marls 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 ef 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. ficinensis
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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 1o 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 Z0NE SUBZONE
LOWER CENOMANIAN (Mantefliceras suxhit
Mantelliceras mantelli — (Shapeiceras schlueteri
(Neostlingoceras carcitanense
(Arthaphoceras (Praeschloenbachia)
(briacensis
UPPER ALBIAN {
(part) {
(Mortoniceras (Dumnovarites)
Stoliczhaia dispar {perinflatun

(
(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-
flatuwm 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 8C curve are
shown. A - D are specific peaks in the "°C curve
mentioned in the text. Br = Breistroffer level (from
GALE et al., 1996).

Mortoniceras (Durnovarites) and Cantabrigites are ab-
sent but Stoliczkaia (S.) elavigera present and represents
ScHorz'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
Rortalipora 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 (MoORTER & WooD. 1983)].

A distinctive, undescribed Inoceramus is common
throughout the Albian part of the succession at Mont
Risou (see GALE in GALE ef al., 1996, figs. 21 f, j; 31,
g? h).

Two Ineceramus species occur in the Cenomanian at
Mont Risou, overlapping in a single bed only. fnocera-
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. /.
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 bundles of thin limestones
between +32 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 SissiNnGH'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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lescribed from the Col de Palluel (Hautes-Alpes, SE
“rance), based on the work of THIERSTEIN (1973), and
1as subsequently been subdivided by PERCH-NIELSEN
1979, summarised in 1985), using the LO of Hayesites
albiensis and the FO of Corollithion kennedyi/LOs of
Watznaueria britannica and Braarudosphaera africana.
Thus, the boundary more precisely falls within NF Bio-
subzone CCIB, 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 evolution
within the nannofossil family Arkhangelskiellaceae, spe-
cifically within the genera Broinsonia, Crucicribrum and
Gartnerago.

The FO of Corollithion kennedvi 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.

Preservation 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 determined 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 pre-
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 Arkhangelskiella? 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 Hayvesites albiensis). All of these taxa are
arkhangelskiellids. None are common (i.e. they occur in
abundances of <l 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 er al., 1996).

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

If the FO of Caleculites 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 & Kb in GALE er al.
(1996).

- 0xy§en isotope record

The 'O 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 kilometres.

— Carbon isotopes

8'°C in carbonate sediments is relatively stable and more
likely to survive the effects of burial diagenesis than are
oxygen isotopes.

Additional evidence for a primary 8'*C signal in the
Mont Risou section comes from the lack of correlation
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 8'°C 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 8'°C 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 er 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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(1). Base of the Breistroffer Level at -135 m.

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

(3). LO of the nannofossil Hayvesites albiensis, also at -
132 m.

(4). LO of the ammonites Durnovarites and Cantabri-
gites, also at -132 m.

(5). FO of the nannofossil Arkhangelskiella? sp. at -128
m.

(6). Top of the Breistroffer Level at -124 m.

(7). FO of the nannofossils Garterago 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 Arkhangelskiella’l 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 nannotossil Calculites anfractus, also at -
40 m.

(15). FO of the planktonic foraminiferan Roialipora 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 Seiponoceras 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 praeobliguum
and Prediscosphaera cretacea sensu stricto at +16 m.
(24). FO of the nannofossil Corellithion 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
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Abstract

Formal definitions of the Cenomanian-Turonian and lower-middle
Turonian boundaries are proposed, following discussions at the Second
International Symposium on Cretaceous Stage Boundaries. held in
Brussels, 8-16 September 1995, The Global boundary Stratotype Sec-
tion and Point (GSSP, *"golden spike™”) for the Cenomanian-Turonian
boundary should be placed at the base of Bed 86 in i section at Rock
Canyon Anticline, west of Pueblo, Colorado: USA, coincident with the
first oceurrence of the ammonite Watinoceras devonense WriGHT &
KEnNEDY, 1981, A GSSP for the lower-middle Turonian boundary is
proposed at the level of first occurrence of the ammonite Collignoni-
ceras woollgari (MANTELL, 1822) in the same section (Bed 120). For
the middle-upper Turonian boundary no GSSP can be proposed at
present.

Key-words: Turonian, Upper Cretaceous, chronostratigraphy. biostra-
tigraphy, cyclostratigraphy. carbon isotopes, ammonites. inoceramids.
foraminifers, nannofossils, stratotypes, GSSP.

Résumé

Des définitions formelles sont proposées pour la limite Cénomanien-
Turonien et pour la limite Turonien inférieur-moyen, suite aux dis-
cussions lors du “*Second International Symposium on Cretaceous
Stage Boundaries’™ (Bruxelles 8-16 septembre [995), Le “‘Global
boundary Stratotype Section and Point”" (GSSP, **golden spike’") pour
la limite Cénomanien-Turonien devrait étre placé dans une section a
Rock Canyon Anticline, a I'ouest de Pueblo, Colorado, USA. 4 la base
du Bane 86 qui coincide avec la premiere apparition de 'ammonite
Watinoceras devonense WRIGHT & Kennepy. 1981. Comme GSSP
pour la limite Turonien inférieur-moyen la premiére apparition de
Pammaonite Collignoniceras woollgari (MANTELL, 1822) dans la méme
section (Banc 120) a été proposée. Pour la limite Turonien moyen-
supérieur aucun GSSP ne peut étre proposé pour le moment.

Mots-clefs: Turonien. Crétacé supérieur. chronostratigraphie. biostra-
tigraphie, cyclostratigraphie, isotopes du carbone, ammonites, inocé-
ramidés, foraminiféres, nannofossiles, stratotypes. GSSP.

TypoHCKWIA ApYC ¥ FPaHMLbI MOAbLAPYCA: NPeUIOXKEHUR
Pa6oueit Mpynnel TypoHckoro apyca Noakomuccun Menoso#
Crpaturpadmu.

Peaiome.

dopmaneHoe onpegeneHne CeHOMaHO-TYPOHCKON U HIKHE-
cpenHeld TYpoHCKoil rpaHul, ObiNo NpeanoxeHo nocne
obcyxaeHuWii, NpolefilnX B TEYEHWE BTOPOro
MexayHapoaHore Cumnoauyma (Bproccens, 8-16 centabps
1995), noceawEHHoro panvuam MenoBbix ApycoB. «Global
boundary Stratotype Section and Point» (GSSP,

«golden spike=)ana CeHomaHo-TYPOHCKO rpaHmMubl [OMKeH
ObiTh ONpefenéH B paspese Rock Canyon Anticline, Ha
sanage Pueblo, Konopapo, CLUA, B ocHoBaHwK Crnosi 8s,
COBNAaAaILLEro C NepBbiM MOABASHUEM aMMOHUTa
Watinoceras deveonense (WRIGHT & KENNEDY, 1981). B
KayecTBe GSSP [ANS HWXHe-cpeaHeil TypoHCKOW rpaHulbl
ObIN0 NpeANoxeHo nepeoe NosRNeHne aMMoRnTa
Collignonoceras woollgari (MANTELL, 1822) TOro xe
pa3pesa(Cnoil 120) . YHTo KkacaeTcs cpefHe—BEpXHErD
TypOHa, TO Ha JaHHbIA MOMEHT NpeanoXuTsh Kakoi-nmbo GsSse
He NnpecraBnaeTcd BO3MOXHbIM.

Knrouyesble cnoga: TYpPOHCKWIA Spyc, BEPXHWI Men,
xpoHocTpaturpadms, buocTpaturpadwms, umknocTpaturpadwus,
kapboHWYECKME M30TONbLI, aMMOHUTHI, MHOLLEPaMb,
dopaMmuHudepbi, HAHOMOCCHUNWMK, CTPATOTUMNLI, GSSE.

Introduction

The Turonian Working Group of the Subcommission
on Cretaceous Stratigraphy has in recent years been
primarily concerned with the definition of the bases
of the Turonian substages. According to informal but
well-established usage the Turonian Stage is best subdi-
vided into three substages. Work has focused on agree-
ing about suitable chronostratigraphical levels for the
bases of the lower, middle and upper Turonian substa-
ges, respectively, and on finding suitable boundary stra-
totypes in which these levels can be appropriately fixed
through GSSPs (Global boundary Stratotype Sections
and Points or, colloquially, golden spikes). The Cenoma-
nian-Turonian boundary (i.e.. the base of the [lower]
Turonian) has become one of the least controversial
among the Cretaceous stage boundaries. The reason for

" Stage (and substage) boundaries are chronostratigraphical datum
planes and by definition globally isochronous. As biostratigraphical
markers, such as first occurrences (FOs) of taxa or bases of biozones,
are bound to be diachronous (no matter how insignificantly, geologi-
cally speaking) they cannot be used to define stage boundaries. The
International Commission on Stratigraphy (REMANE 1993) recom-
mends that stage boundaries should be defined by Global boundary
Stratotype Sections and Points (GSSPs), Biostratigraphical or other
markers in the rock record inferred to be nearly isochronous are then
important instruments for the worldwide recognition of boundaries
defined by GSSPs.
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this is partly to be sought in the considerable international
attention given to the Cenomanian-Turonian boundary
in recent years, as a result of the discovery of a world-
wide oceanic anoxic event and a possible mass extinction
event near or at the boundary. In 1991, at Grenoble,
France, an entire international symposium was devoted
to the Cenomanian-Turonian boundary (cf. ROBASZYNSKI
& GALE, 1993). The biostratigraphical **definition”” ' of
the boundary has remained relatively stable during the
past decade or so; this is also true of the lower-middle

Turonian boundary, whereas the concept of the middle-
upper Turonian boundary remains more elusive. The
Turonian stage and substage boundaries are discussed
here and proposals made for GSSPs for the Cenoma-
nian-Turonian and lower-middle Turonian boundaries,
respectively. These proposals are the main outcome of
discussions at the Second International Symposium on
Cretaceous Stage Boundaries. held in Brussels, 8-16
September 1995, and subsequent postal voting among
the members of the Turonian Working Group.
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Text-fig. 1 — Cenomanian-Turonian boundary stratigraphy, illustrated by the section at Rock Canyon Anticline, near Pueblo,

Colorado, USA, showing six of the alternative levels for defining the boundary.

L. Base of the Sciponoceras gracile-Metoicoceras geslinianum-Euomphaloceras septemseriatum-Actinocameax
plenus Assemblage Zone, with FO of M. geslinianum (D°ORBIGNY, 1850) and LOs of the genera Dunveganoceras
and Cunningtoniceras. Commencement of 8'°C excursion. Sequence boundary.

2. LO of Calyvcoceras naviculare (MANTELL, 1822), approximately coincident with LO of the genus Rotalipora.
notably Rotalipora cushmani (MoORrOW, 1934), at the transgressive surface, coincident with the first 8"C max-
imum,

3. FOs of Neocardioceras juddii (BARROIS & DE GUERNE, 1878) and the genera Pseudaspidoceras, Watinoceras,
Fagesia, etc. LOs of M. geslinianum and E. septemseriatum (CRAGIN, 1893), approximately coincident with the
second 8'°C maximum.

4. FO of Watinoceras devonense WrIGHT & KENNEDY, 1981, approximately coincident with the FOs of the genus
Mytiloides and Quadrum gartneri PRINS & PERCH-NIELSEN, 1977, 8'7C starts to fall.

5. FOs of Pseudaspidoceras flexuosum POWELL, 1963, and the genera Mammites, Wrightoceras and then Neopry-
chites.

6. FOs of Mammites nodosoides (SCHLUTER, 1871) and the genus Morrowires. Flooding surface,

(Modified after ROBASZYNSKI & GALE, 1993, table 1.)
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The Cenomanian-Turonian boundary (= base of the
[lower] Turonian)

HISTORICAL REVIEW

A large number of biostratigraphical datums have been
used historically and in more recent times as markers for
the Cenomanian-Turonian boundary. In order to preserve
continuity it is important that the boundary level to be
chosen agree with the historical view as expressed by
D'ORBIGNY (1830, 1852; see review by WRIGHT & KEN-
NEDY 1981, p. 126). In terms of the traditional **standard’”
ammenite zonation this means that the boundary should
be chosen so as to fall within the interval between the
top of the Meroicoceras geslinianum ammonite Zone and
the base of the Mammites nodosoides ammonite Zone
as used by WRIGHT & KENNEDY (1981). Most of the
boundary markers discussed at the first international
meeting on Cretaceous stage boundaries, in Copenhagen
1983 (BIRKELUND et al.. 1984), fall within this interval
(with a, g, h and possibly f lying below):

(a) Base of the Metoicoceras geslinianum ammonite
Zone (or the slightly higher level of the FO of the ammo-
nite Euomphaloceras septemseriatum |CRAGIN, 1893]).
(b) Base of the Pseudaspidoceras flexuosum ammonite
Zone (or the FO of a vascoceratid such as Vascoceras
proprium [REYMENT, 1954]).

(c) Base of the Watinoceras coloradoense ammonite
Assemblage Zone.

(d) A definition based on the Mytiloides inoceramid line-
age.

(e) The appearance of a flood of representatives of the
genus Mytiloides at the base of the Mammites nodosoides
ammonite Assemblage Zone.

(f) The FO of the nannofossil Quadrum gartneri PRINS &
PERCH-NIELSEN, 1977 (in the Neocardioceras juddii am-
monite Zone).

(g) The LO of the planktonic foraminifer genus Rorali-
pora in the Metoicoceras geslinianum ammonite Zone.
(h) The FO of the planktonic foraminifer Whiteinella
archaeocretacea (PESSAGNO, 1967) in the middle of the
Metoicoceras geslinianum ammonite Zone.

(1) The FO of the planktonic foraminifer Helvetoglobo-
truncana helvetica (BoLLl, 1945), although this datum is
arguably diachronous and the presence of “‘praehelveti-
ca’’ is ambiguous.

Alternative ¢, i.e. the base of the Wartinoceras color-
adoense Zone, was cited as the boundary level currently
accepted by most European ammonite workers. This level
was also said to be close to that of alternative b, the base
of the Pseudaspidoceras flexuosum Zone (although KEN-
NEDY & COBBAN [ 1991, p. 23] have shown that the base of
the W. coloradoense Zone in sections exposed near Pue-
blo, Colorado [= base of W. devonense Zone], is actually
at a much lower level than that of the P. flexuosum Zone).
BIRKELUND et al. (1984) concluded that alternative b, i.e.
the base of the Pseudaspidoceras flexuosum Zone, gained
some support during the meeting (although the zonal

index has a restricted geographical distribution). Impor-
tant support for that boundary definition is the widespread
appearance of early representatives of the inoceramid
genus Mvtiloides.

BIRKELUND ef al. (1984) argued that a suitable bound-
ary stratotype for alternative b should lie in Texas or
Mexico, where both the Pseudaspidoceras flexuosum
Zone and the underlying Neocardioceras juddii Zone
are rich in ammonites. The section chosen should also
contain Mytiloides and other groups such as planktonic
foraminifers.

In the plenary session of the 1991 Grenoble meeting
the boundary alternatives were discussed further and
illustrated graphically by RoBaszynski & GALE (1993;
Text-fig. 1 herein). A section at Rock Canyon Anticline,
near Pueblo. Colorade, USA, which had been studied in
detail by KENNEDY & COBBAN (1991), was given serious
thought as a possible boundary stratotype. Other sections
mentioned, in the Niger Republic and Tunisia, were still
incompletely known.

A detailed proposal for the section at Rock Canyon
Anticline near Pueblo to be adopted as the Cenoma-
nian-Turonian boundary stratotype and for the boundary
point to be placed in this section at the FO of the ammo-
nite species Watinoceras devonense WRIGHT & KENNEDY,
1981, was submitted by W. A. Cobban (Denver), A. S,
Gale (London) and W, J. Kennedy (Oxford) (unpublished
report, 1995; cf. REYMENT, 1995) and circulated among
the members of the Turonian Working Group before the
Brussels meeting.

THE SECTION AT ROCK CANYON ANTICLINE, NEAR PUEBLO,
COLORADO

A suitable section for the Cenomanian-Turonian bound-
ary should include as many of the biostratigraphical
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Text-fig. 2 — Location of the section at Rock Canyon Anti-
cline, near Pueblo, Colorado, and other impor-
tant Cenomanian-Turonian boundary sections
in Colorado (from KENNEDY & COBBAN, 1991,
fig. 1).
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Text-fig. 3 — Sketch map of the area west of Pueblo showing outcrops (stippled) of the Cenomanian-Turonian boundary sequence
around the axis of the Rock Canyon Anticline (from Kennepy & CoBgan, 1991, fig, 7).

marker horizons listed above as possible, comprise a non-
condensed succession without obvious gaps. be well-
documented with respect to geochemical and isotope data
and should furthermore be dated numerically. The section
should also be well exposed, permanent and easily acces-
sible. The section at Rock Canyon Anticline near Pueblo,
Colorado (Text-figs 2-3), proposed herein, fulfils many of
these criteria. The following description is largely
adapted from KENNEDY & CoBBAN (1991) and from the
written proposal by W. A. Cobban et al. (unpublished
report, 1995) to the Turonian Working Group.

The Rock Canyon Anticline section is known since
the last century (e.g., STANTON, 1894). It was mapped
by Scort (1964, 1970) and the ammonite faunas have
been documented by CoBsaN & Scott (1973), CoBBAN
(1985), CoBBAN er al. (in press), ELDER (1985) and KEN-
NEDY & CoBBAN (1991). The inoceramid bivalves have
been documented by ELDER (1991) and KeNNEDY &
CoBBaN (1991), planktonic foraminifers by EICHER &
DINER (1985). calcareous nannofossils by WATKINS
(1985) and BRALOWER (1988), stable isotopes by PRATT
(1981, 1983. 1984, 1983), PRATT & THRELKELD (1984)
and PRATT et al. (1993), iridium anomalies by ORTH et al.
(1988), and isotopic dating of correlative sections has
been carried out by OBRADOVICH (1994). ELDER (1985,
1987), HARRIES & KAUFFMAN (1990) and HARRIES (1993)
discussed extinctions across the Cenomanian-Turonian
boundary. Additional information was given by PRATT
er al. (19853).

The sequence exposed at Rock Canyon Anticline shows
no obvious signs of condensation or non-sequence across
the boundary interval. It consists of diagenetically mod-
ified limestone-marl cycles and individual limestone and

marl beds corresponding to the lower part of the Bridge
Creek Member of the Greenhorn Limestone. Individual
Milankovich couplets can be traced across a distance of
700 km into Kansas (e.g. HaTTIN, 1971).

The proposed stratotype is in the Rock Canyon Anti-
cline, west of Pueblo, where the Arkansas River cuts
through the Cretaceous succession (Text-fig. 3). The
construction of a dam and the development of a state
park (the Pueblo Reservoir State Recreation Area) pro-
vide easy access by metalled roads. The section is per-
manent and lies in an area of natural badlands. Fossil
collecting from natural outcrops in the state park is not
permitted; however, relocation of the adjacent Denver
and Rio Grande Western Railroad (Text-fig. 3) has pro-
vided several kilometres of fresh cuts through the bound-
ary succession.

The ammonite zonation and succession at Rock Can-

ZONE SUBSTAGE
Mammites nodosoides
Vascoceras (Greenhornoceras) birchbyi LOWER

TURONIAN
Pseudaspidoceras flexuosum
Watinoceras devonense
Nigericeras scotti
Neacardioceras juddii UPPER
CENOMANIAN
Burroceras clydense (part)
Sciponoceras gracile
Text-fig. 4 — The succession of ammonite zones across the

Cenomanian-Turenian boundary in the south-
ern U.S. Western Interior (from KENNEDY &
CoBRAN, 1991, fig. 2).



The Turonian boundary proposals 73

base
woollgari

base
nodosoides

base
birchbyi
base
flexuosum

base
devonense

base
juddii

base

<

gracile
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C. woollgari

C. woollgari woollgari, B. yokoyamai
C. woollgari woollgari

Tragodesmoceras sp., Baculites sp. (ribbed)

C. woollgari woollgari, M. wingi, B. yokoyamai
M. depressus, M. nodoscides, B. yokoyamai, M. depressus, T. bassi

M. nodosoides, B. yokoyamal, Kamerunoceras? sp.
T. bassi, B. yokoyamai, P. greenhornensis, C. pavillieri, M. wingi

M. wingi, Choffaticeras? sp., B. yokoyamai
M. wingi
Mammites? sp.

C. pavillieri, Fagesia sp., P. greenhornensis, B. yokoyamai, T. bassi, M. wingi,
K. puebloense, P. aff. hartti

M. wingi?, Mammites? sp., B. yokoyamai, P. greenhornensis

M. wingi?

Choffaticeras? sp., W. aff. devonense, Mammites sp., K. pueblonense,
P. greenhornensis, M. subdepressus

C. pavillieri, K. pueblonense, W. aff. devonense

V. (G.) birchbyi, P. flexuosum, W. coloradoense, W. aff. devonense, W. reesidei
N. cephalotus, P. spiralis, F. catinus

B. yokoyamai, P. sp., V. angermanni?, Watinoceras? sp.

Kamerunoceras? sp., Watinoceras devonense, Nigericeras? sp.

Kamerunoceras sp., N. juddii im

N. juddii, Euomphaloceras costatum

S. gracile, W. vermiculus

S. gracile, Pseudocalycoceras sp., E. septemseriatum, W. vermiculus,
M. geslinianum

S. gracile, A. annulatum, M. reesidei, F. corrugatus, P. angolaense, S. conlini,
Allocrioceras sp., Sumitomoceras sp.

P. angolaense

C. cf. naviculare, M. geslinianum, P. angolaense

Bentonite
Calcareous
shale

Limestone,
| thin-bedded,

thick-bedded

Text-fig. 5 — Stratigraphical chart of the part of the Rock Canyon Anticline sequence referred to the Cenomanian-Turonian
boundary interval (beds 63-134). showing ammonite zonal boundaries and levels of species occurrences (after
KENNEDY & CoBBAN, 1991, fig. 8).
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yon Anticline are shown in Text-figs 4 and 5. respec-
tively.

Few well-documented alternatives to the section at Rock
Canyon Anticline for a Cenomanian-Turonian boundary
stratotype have been suggested. none of which formally.
Candidates were mainly the Tunisian sections and the
Oyubari section in Hokkaido (HASEGAWA in REYMENT,
1893); however. these were considered less satisfactory
in comparison with the Rock Canyon Anticline section.
An alternative boundary point was also considered by
the Working Group at the Brussels meeting (see be-
low).

PROPOSAL FOR A CENOMANIAN-TURONIAN GSSP

Arguments in favour of the section at Rock Canyon
Anticline near Pueblo, Colorado, to be chosen as the
Cenomanian-Turonian boundary stratotype section have
been outlined above. W. A. Cobban et al. (unpublished
report, 1995) suggested that the boundary point should be
placed at the FO of the ammonite Watinoceras devonense
WRIGHT & KENNEDY, 1981, in the Rock Canyon Anticline
section. This level (the base of the Watinoceras devo-
nense Zone) coincides with the base of Bed 86 (nomen-
clature and numbering system of CoBBAN & ScorTT,
1973), according to current state of knowledge. It is close
to the FOs of the planktonic foraminifer Helvetoglobo-
truncana helverica (BoLLl, 1945) (cf. BICHER & DINER,
1985, p. 64) and the nannofossil Quadrum gartneri PRINS
& PeERCH-NIELSEN, 1977, and to the LO of the last Rota-
lipora morphotypes. Watinoceras devonense is an easily
recognisable species and both this species and the poten-
tial boundary proxies H. helvetica and Rotalipora are
geographically widespread taxa, which should facilitate
correlation of the boundary. Alternative boundary levels
were suggested by E. G. Kauffman (Boulder, Colorado)
and E. Seibertz (Braunschweig, Germany), viz. the FOs
of the inoceramid species Mytiloides hattini ELDER, 1991
(=M. aff, sackensis of authors) and M. wiedmanni 1.OPEZ,
1992 (SEIBERTZ, 1995), respectively, both appearing first

R

in shale Bed 85 in the Rock Canyon Anticline section (but
see below).

The original proposal by W. A. Cobban er al. (unpub-
lished report, 1995) gained the most support, although as
primary boundary marker the base of Bed 86 was pre-
ferred rather than the coincident FO of Watinoceras
devonense. The Cenomanian-Turonian boundary point
proposed here was thus selected primarily on cyclostrati-
graphical grounds. (With present-day biostratigraphical
knowledge of the Rock Canyon Anticline section the
result is, however, the same as if the biostratigraphical
marker W. devonense had determined the choice.)

ARGUMENTS IN FAVOUR OF THE PROPOSED BOUNDARY
POINT

The following main circumstances and arguments sup-
port the proposal of the base of Bed 86 in the section at
Rock Canyon Anticline, near Pueblo, Colorado, as the
Cenomanian-Turonian boundary point.

— The base of Bed 86 can be correlated cyclostratigra-
phically over tens of thousands of square kilometres of
the U.S. Western Interior (across up to 700 km into
Kansas).

— The ammonite Watinoceras devonense and other spe-
cies of Watinoceras appear (FOs) at the base of Bed 86;
W. devonense is easily recognisable, widely spread, and
the type material is fully accessible in the collections of
the Natural History Museum (London), which makes the
FO of this and other Watinoceras species outstanding
secondary markers and prime biostratigraphical markers
and correlation tools.

— The planktonic foraminifer Helvetoglobotruncana
helvetica appears (FO) less than | m above the base of
Bed 86.

— The inoceramid bivalves Myrtiloides hattini and M.
wiedmanni appear (FOs) in the shales less than 1 m below
the base of Bed 86 (ELDER, 1991, fig. 1; E. Seibertz,
personal communication, 1996).

— The last Rotalipora morphotypes disappear (LO) near
but below the base of Bed 86.

Text-fig. 6 — Integrated ammonite, inoceramid, planktonic foraminifer and nannofossil zonation of the Bridge Creek Limestone
Member in the Rock Canyon Anticline section with bases of zones indicated and the plot of the 3'3C organic carbon
excursion (stable carbon isotope curve) {rom a nearby core (PRATT & THRELKELD, 1984).
I. FO of Metoicoceras geslinianum (d’ORBIGNY, 1850);

h s Lo B2

. FO of Euomphaloceras septemseriatum (CRAGIN, 1893);

. LO of Rotalipora cushmani (Morrow, 1934) as well as of other Rotalipora morphotypes;

. FO of Whiteinella archaeocretacea (PESSAGNO, 1967);

. Interval containing FO of Quadrum gartieri PRINS & PERCH-NIELSEN, 1977, fide WATKINS (1985), although there

is conflicting evidence (KENNEDY & CoBBaN, 1991, p. 18);

6. Base of Watinoceras devonense Zone at the base of Bed 86, corresponding to the FOs of Watinoceras devonense
WRIGHT & KENNEDY, 1981, and Watinoceras spp.; the proposed Cenomanian-Turonian boundary level;

7. FO of Praeglobotruncana helvetica (BoLL1, 1945) (= Helvetoglobotruncana helvetica herein);

8. Base of Pseudaspidoceras flexuosum Zone:

9. Flood of Mytiloides mytiloides (MANTELL, 1822). (After KENNEDY & COBBAN, 1991, Fig. 9. and Cobban et al..

unpublished report, 1995.)
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— There is a carbon isotope peak ca. 0.5 m above the
base of Bed 86.

— The faunal association of the Rock Canyon Anticline
section is neither typically Boreal nor Tethyan but rather
a mixed assemblage. which enhances its correlation po-
tential.

— The ammonite fauna of Bed 86 at Rock Canyon
Anticline has recently been described and illustrated
(COBBAN et al.. in press).

An integrated biozonation for the Cenomanian-Turonian
boundary beds of the Rock Canyon Anticline section
was presented by KENNEDY & CoBBaN (1991, fig. 9)
with minor amendments by CoOBBAN ef al. (unpublished
report. 1995); it is reproduced herein as Text-fig. 6. It
should be noted that, as a result of different taxonomic
opinions the base of their Myriloides hattini Zone (ori-
ginally M. aff. sackensis Zone) lies at a lower level than
the FO of the species, sensu ELDER (1991), KAUFFMAN er
al. (1994) and HARRIES er al. (1996). A more detailed
inoceramid zonation for the entire Western Interior Basin
was presented by KAUFFMAN et al. (1994, figs 7-8); a
revised inoceramid zonation is also in preparation by
E. Seibertz (personal communication, 1996): cf. also
HARRIES et al. (1996).

The presence of bentonites in the Rock Canyon Anticline
section which can be dated radiometrically adds to the
value of the section. The time interval spanning the
“proxies’’ listed above is estimated at approximately
25,000 years, which lies near the limits of biostratigra-
phical resolution.

The lower-middle Turonian boundary (base of the
middle Turonian )

Widespread usage has been to place the lower-middle
Turonian boundary at the FO of the widely distributed
ammonite Collignoniceras woollgari (MANTELL, 1822).
This was also the recommendation of the 1981 collo-
quium on the Turonian (ROBASZYNsKI, 1983a. p. 210,
fig. 1, reproduced as Text-fig. 7 herein; ROBASZYNSKI,
1983b), although it was noted that the phylogenetic origin
of C. woollgari was uncertain. In a written report to the
Turonian Working Group before the Brussels meeting,
W. J. Kennedy (unpublished report, 1995) proposed that
usage should be formalised and that the section at Rock
Canyon Anticline near Pueblo should be chosen as the
boundary stratotype. The phylogenetic origing of C.
woellgari can now be seen to lie in the lower Turonian
genus Cibolaites CoBBAN & Hook, 1983.

In the Rock Canyon Anticline section C. woollgari

—

Text-fig. 7 — Recommendations of the 1981 colloquium on
the Turonian, with historical zonations for
France for comparison (from ROBASZYNSKI,
19834, fig. 1).

appears first in Bed 120 (Text-figs 5 and 6). This level
is coincident with the FOs of the widely spread
inoceramid species Mytiloides hercynicis (PETRASCHECK,
1903) and Inoceramus cuvierii 1. Sowerby, 1814 (KAUFF-
MAN et al., 1994, p. 430, fig. 6; but see HARRIES et al.,
1996). The proposed boundary point lies within the
Helvetoglobotruncana helvetica planktonic foraminifer
Total Range Zone and the Quadrum gartneri nannofossil
Zone.

The Rock Canyon Anticline section near Pueblo and
the FO of Collignoniceras woollgari in this section are
here proposed as a GSSP for the lower-middle Turonian
boundary. Additional microfossil data will be required for
the subsequent formal submission to the ICS.

The middle-upper Turonian boundary (base of the
upper Turonian)

To define the base of the upper Turonian is a less
straightforward matter than for the other two Turonian
substages (cf. Text-fig. 7). In ammonite terms two views
prevail: (1) the FO of Romaniceras deverianum (d’OR-
BIGNY, 1841) and (2) the FO of Subprionocyclus neptuni
(GeiniTz, 1849). Neither of these species has a world-
wide occurrence, although S. neptuni is widely distribu-
ted. The main problem lies, however, in the fact that the
relative positions of the FOs of the two species are un-
certain, as they rarely co-occur. The 1981 colloquium on
the Turonian suggested that for western Europe R. dever-
ianum might be used as a provisional boundary marker
(RoBASZYNSKI, 1983a, p. 212).

Further taxonomic and biostratigraphical work is re-
quired before a GSSP for the middle-upper Turonian
boundary can be formally proposed. It may be that am-
monites are less suitable as a basis for a boundary point.
An alternative might be the FO of Inoceramus costellatus
Woobs, 1912 (SEIBERTZ, 1995), which lies near the FO of
S. neptuni.

No suitable potential stratotype is known at present,
which underscores the need for further investigations. An
informal working group of inoceramid specialists led by
K.-A. Troger (Freiberg, Germany) was set up at the
Brussels symposium, with the purpose of finding a sui-
table inoceramid datum close to the FOs of R. deveria-
nwm and S. neptuni and to recommend on a GSSP.

Conclusions

The proposals of the Turonian Working Group of the
Subcommission on Cretaceous Stratigraphy for Global
boundary Stratotype Sections and Points are as follows:

Cenomanian-Turonian boundary: The base of Bed 86
in the section at Rock Canyon Anticline west of Pueblo,
Colerado, USA, exposing the Bridge Creek Member of
the Greenhorn Limestone. According to current state of
knowledge this level coincides with the first occurrence
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of the ammonite Watinoceras devonense WRIGHT & KEN-
NEDY, 1981, in the section.

Lower-middle Turonian boundary: The first occur-
rence of the ammonite Collignoniceras woollgari (MAN-
TELL, 1822) in the section at Rock Canyon Anticline
west of Pueblo, Colorado, exposing the Bridge Creek
Member of the Greenhorn Limestone. According to
current state of knowledge this level lies within Bed
120 and coincides with the first occurrence of the mocer-
amid bivalves Mytiloides hercynicus (PETRASCHECK,
1903) and Inoceramus cuvierii J. SOWERBY, 1814, in the
section.

Middle-upper Turonian boundary: No proposal for a
GSSP is possible at present. Work should be concentrated
on finding a suitable boundary section and on increasing
the biostratigraphical knowledge of the inoceramid bi-
valves and ammonites, in particular.
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Abstract

The Coniacian Working Group of the Cretaceous Subcommission on
Stratigraphy has recommended the First Occurrence (FO) of the in-
oceramid bivalve Cremnoceramus rotundatus (sensu Troger non
Fiege) as criterion for recognising the Turonian-Coniacian boundary,
This boundary lies between the LO of the ammonite Prionocvelus
germari (uppermost Turonian of Eurasia and North America), and
the FOs of the ammonites Forresteria (Harleites) petrocoriensis (Eur-
ope) and F. peruana and F. brancoi (North America), thus preserving
the sense of the original ammonite definition of the boundary.
The working group further recommends that:

— the Lower-Middle Coniacian substage boundary be drawn at the FO
of the inoceramid Velviceramus koeneni and. where ammonites are
preserved, at or near the FO of Peroniceras (Peroniceras) tridorsatum.
— the Middle-Upper Coniacian boundary be drawn at the FO of the
cosmopolitan inoceramid, Magadiceramus subguadratus.

The Coniacian Working Group unanimously recommended the Sal-
zgitter-Salder Quarry section, near Salzgitter-Salder, Lower Saxony,
Germany, as the Turonian-Coniacian boundary stratotype. The T-C
boundary at this quarry is placed in bed MK-47 of the Woob er al.
{1984) section, above the Didvmotis ecoevent Il and the flood occur-
rence of Cremnoceramus? waltersdorfensis waltersdorfensis.

No stratotype sections were recommended for the Coniacian sub-
stages because the data in support of any one of the two candidates
have not yet been fully developed. Under study are the lower Austin
Chalk of the Dallas-Fort Worth area of Texas, and the Seatord Head
exposures of the Upper Chalk in southern England,

Key-words: Coniacian, Upper Cretaceous, biostratigraphy, ammon-
ites. inoceramids, stratotypes.

Résumé

Le Groupe de Travail Coniacien de la Sous-Commission de Stratigra-
phie du Crétacé recommande que la premiére apparition du bivalve
inocéramidé Cremmoceramus rotundatus (sensu Tréger non Fiege) soit
reconnue comme critére pour la limite Turonien-Coniacien. Cetle
limite se situe entre I'extinction de I'ammonite Prionocyclus germari
(Turonien tout a fait supérieur de I'Eurasie et d"Amérique du Nord) et
I'apparition des ammonites Forresteria (Harleites) petrocoriensis (en
Europe) et F. peruana et F. brancoi (en Amérique du Nord); ainsi la
limite reste définie & un endroit proche de celui désigné a l'origine sur
base des ammonites.

Le Groupe de Travail recommande aussi que:
— la limite entre les sous-étages Coniacien Inférieur et Moyen soit
placée a I"apparition de U'inocéramidé Volviceramus koeneni et, quand
il y a des ammonites, a ou prés de I'apparition de Peroniceras (Per-
omiceras) tridorsatum,
— la limite entre les sous-étages Coniacien Moyen et Supérieur corres-
ponde a I'apparition de I'inocéramidé cosmopolite Magadiceramus
subguadratus.

Unanimement le Groupe de Travail recommande la carriére Salzgitter-
Salder, prés de Salzgitter-Salder, Basse Saxe, Allemagne, comme
stratotype de la limite Turonien-Coniacien. Dans cette carriére, la
limite T-C est placée dans le niveau MK 47 de la coupe décrite par
Waoon er al., 1984; ce niveau se situe au-dessus du Didvmotis “‘ecoe-
vent 11" et de I'apparition en masse de Cremnoceramus waltersdor-

fensis waltersdorfensis,

Pour les limites des sous-étages du Coniacien, aucun stratotype n'a
€1¢ désigné parce que les données des deux coupes-candidates ne sont
pas assez bien connues, L'Austin Chalk inférieur des environs de
Dallas-Fort Worth au Texas et des affleurements de 1"Upper Chalk
de Seaford Head dans le sud de I'Angleterre sont a I'émde.

Mots-clefs: Coniacien, Crétacé supérieur, biostratigraphie. ammonites,
inocéramidés, stratotypes

OnpegeneHue TYpoHO-KOHLAKCKOW rpaHMLLbl.

Pesiome.

Pabouas Npynna KoHbskckaro Apyca Crpatirpaduyeckoi
Menosoit MNofxoMUMccuKn pexoMeHayeT NpUaHaTh nepsoe
nosiBfeHne MHOUepaMHOro ABYCTBOPYATOrD MONNIOCKa
Cremnoceramus rotundatus (sepnsu Triger non Fiege) B
KayecTBe KpuTepusa ons onpefeneHus TypoHo-KoHbAKCKO
rpaHvusl. MocneaHss pacnonaraeTcs Mexay rpaHuuei
WCHE3HOBEHUA aMMOHWUTa Pricnocyclus germari (cambiii
BepxHUil TypoH EBpasnn u CegepHolt AMepUKA) 1 NOSBAEHWEM
aMMOHWTOB Forresteria (Harleites) petrocoriensis (B
Espone} u F. peruana W F. brancoi (B CeBepHoit
AmMepuKke), npepoxpaHas TakMMm obpasom nofuHHoe
3Ha4YeHue aMMOHUTOBOIO OnpeaeneHus rpaHunLbl.

Pabouas pynna Takxe peKoMeHayeT:

- onpefensite rpaHuuy Mexay nogbapycamu HuskHero n
Cpeptero KoHbsika Npu nepsomM NosBNeHnM WHoLepama
Volviceramus koeneni WNW, B TOM chy4yae ecnM aMMOHWTbI
coxpaHeHbl, NPy NEPBOM NOABNEHWW Peroniceras
tridorsatum,

- onpefenaTbh rpaluLy Mexay nogbapycamu BepxHero u
CpepHero KoHbsika Npu NepeBom NosiBleHnuu
pacnpocTpaHEHHOro nHouepama, Magadiceramus
subguadratus.

Pa6o4as pynna KoHeskckoro fipyca eauHornacHo
pekoMeHayeT pa3pea B Kapbepe Salzgitter-Salder,
Hepaneko ot Salzgitter-Salder, (HuxHaa CakcoHus,
Fepmanus), B ka4ecTBe crpartotuna ang TyYPoHO-KOHbAKCKOR
rpaHuusl. B atom kapeepe TypoHo-KoHbsikCKas rpaHuua
onpefenena 8 cnoe MK-47 paspesa wooD et al., (1984;
puc.4), Hap Didymotis ecoevent II W NOSBNEHWEM
MHOXECTBA Cremnoceramus? waltersdorfensis
waltersdorfensis.

Y7o kacaeTcs noabapycoB KoHbaKa, TO y4€Hbie He
PEKOMEHI0BANW HW OAWH PE3pe3 B Ka4ecTBe CTpatoTuna, Tak
KaK AaHHbie B MoAAepXKY KaXOoro U3 AByX BapuaHToB He Gbinn
el AoCcTaToMHO paccMoTpexbl, B HacToalwmin MmoMeHT
cneuwanncTsbl M3y4aloT Lower Austin Chalk B paiioHe
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Dallas-Fort Worth (Tekcac), a TAKKe OTNoXeHua Seaford
Head Ha iore AHrnuu (Upper Chalk) .

Kntodesbie cnoBa: KoOHbAKCKWA ApYyC, BepxHWi mMen,
GuocTpaTurpadua, aMMOHWUTHI, MHOLLEPaMbl, CTPaTOTUNLI.

Introduction

The Coniacian 1s the shortest Cretaceous stage, enhancing
the dynamic aspect of major changes in ocean-climate
systems and their marine biotas. Based on A Ar radio-

metric dating of bentonites in the Western Interior Basin of

North America, OBRADOVICH (1994) estimated a 2.4 Ma
duration for the Coniacian, and presented new ages of 86.92
+ (.39 Ma for a bentonite in the Late Coniacian ammonite
biozone of Protexanites bourgeoisianus, and 88.34 + 0.6
Ma for a bentonite in the Scaphites preventricosus Zone,
Early Coniacian in age as a result of the recommendations
of the Coniacian Working Group in Brussels.

Defining stage and substage boundaries: historical
perspectives and recommendations

The Turonian-Coniacian (T-C) boundary

The Coniacian stage was introduced by CoQuanp (1857
b). The type locality of the Coniacian is at the Richemont
Seminary, near Cognac, Charente, France [COQUAND,
1857 a (p. 84), 1857 b (p. 748); SERONIE-VIVIEN, 1972,
1980: BIRKELUND et al., 1984; KENNEDY, 1984 a, b,
where a prominent regional disconformity separates Tur-
onian rudistid-bearing limestones, capped by a hard-
ground, from basal Coniacian glauconitic sands (which
are unfossiliferous, apart from oysters); biostratigraphi-
cally important groups like the Inoceramidae and ammo-
nites are absent (KENNEDY, 1984 a, b).

Therefore. BIRKELUND er al. (1984) proposed other pos-
sible candidates for the Turonian-Coniacian (T-C) bound-
ary stratotype, including:

(a) The *‘Priesener Schichten' in the Czech Republic,
which have a diverse ammonite and inoceramid fauna, as
well as facies suitable for microbiotic analyses (= Brezno
Fm.. sensu CECH et al., 1980); and

(b) the El Kef section in Tunisia with its high potential
for micro- and nannofossil recovery.

Neither of these sections has been subsequently proposed
or specifically favoured by members of this committee as
the best stratotype, however, although both remain valid
candidates.

WooD et al. (1984) described the Salzgitter-Salder Quar-
ry, in Lower Saxony (Germany), as a regional reference
section for the Turonian and Lower Coniacian, and for-
mally proposed that it should be regarded as an interna-
tional standard section.

During the course of preliminary communications of the
working group and at the Brussels meeting (KAUFFMAN,
1995: subsequently discussed, unpublished) a fourth stra-
totype candidate, in the Fort Hays Limestone Member,
Niobrara Formation, near Wagon Mound. New Mexico,
USA, was formally proposed by E. G. Kauffman.

Five additional Turonian-Coniacian sequences were in-
formally proposed for consideration by the Working
Group in correspondence leading up to the Brussels meet-
ing (subsequently discussed), but none of these was for-
mally presented at or before the meeting.

Criteria for the definition of the Turonian-Coniacian
boundary presented at the Copenhagen meeting are as
follows (BAILEY et al, 1984: BIRKELUND ef al., 1984):

(a) The first occurrence (FO) of the ammonite Forres-
teria (Harleites) petrocoriensis (Coquand) (= Barroisi-
ceras haberfellneri, of authors, recorded from the Char-
ente by de GROSSOUVRE. 1894 to SERONIE-VIVIEN, 1972:
KENNEDY, 1984 a, b). Other ammonites are rare, so that
this boundary definition relies heavily on the occurrence
of a single species, Forresteria (H.) petrocoriensis (see:
KENNEDY, 1984 a, b).

This definition received the greatest support in the
Copenhagen meeting (BIRKELUND er al., 1984).

(b) The FO of Cremnoceramus deformis (Meek) and/or
Cr. schloenbachi (Boehm), as discussed by BAILEY et al.
(1984), TROGER (1981), and especially as shown at the
cement quarry near Erwitte, eastern Westphalia.

(c) The FO of Cremnoceramus rotundatus (sensu Triger
non Fiege).

The FO of Cremnoceramus rotundatus as described in
TROGER. 1967, p. 110-114.

This FO is found in bed MK 47 at the Salzgitter-Salder
Quarry, Lower Saxony. Germany (Woob et al., 1984;
BAILEY et al., 1984).

=3

Fig. | — Standard Coniacian ammonite-inoceramid bivalve,
biostratigraphic zones for the Western Interior of
North America (modified after KAUFFMAN et al.,
1994) matched to radiometric and calculated ages
(left columns) and composite range zones for bios-
tratigraphically useful bivalve species. Radiometric
ages (%) from OBRADOVICH (1994); calculated ages
from KAUFEMAN et al.. (1994). Composite assem-
blage zones (CAZ: right) divided into high-, med-
um-, and low-confidence- level zones based on
number of coeval FOs and LOs at zone boundaries.
Key: 1994 - defines the boundary between the Early
and Middle Coniacian selected by KAUFFMAN et al.
(1994) for North America; 1996 - Early-Middle
Coniacian substage boundary as recommended by
members of the Coniacian Working Group of the
Cretaceous Subcommission on Stratigraphy at Brus-
sels. (For Peroniceras trinodosum read Pe. tridor-
satunt)
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(d) The FOs of the echinoids Micraster decipiens (Bavle)
and/or M. normanniae Bucaille at the base of the Western
European M. cortestudinarium zone were suggested by
PomeRroL (1983) and POMEROL et al. (1983) as a means of
defining the base of the Coniacian. The boundary, so
defined, is especially well preserved at Saint-Julien-du-
Sault. near Sens (Yonne, France). The localised occur-
rences of these echinoids, problems in taxonomic defini-
tion of the species, their possible occurrences with both
Upper Turonian and Lower Coniacian ammonites, and
the probability of strong ecological and preservational
control on their occurrence, led BIRKELUND et al. (1984)
and BAILEY er al. (1984) to reject the use of these bio-
stratigraphic criteria in defining the T-C boundary.

(e) The FO of Marthasterites furcatus (Deflandre) has
commonly been used by nannofossil specialists as the
base of the Coniacian. But this FO lies well within the
range of typical Upper Turonian ammonites such as
Subprionocyclus neptuni (Geinitz), and below the acme-
zone of this species (BAILEY er al., 1984). This boundary
definition thus does not honour the original concept of the
Turonian-Coniacian boundary near Cognac.

(f} The FO of the foraminifera Marginotruncana of the
M. sinuosa group, together with the evolution of the
Dicarinella primitiva-concavata group can be used (BIr-
KELUND ef al., 1984: MARKS. 1984) to distinguish the
Coniacian from the Turonian.

(g) The FO of the foraminifers Lingulogavelinella sp. cf.
L. vombensis (Brotzen) (i.e. Gavelinella arnagerensis
Soliakus), Reussella kelleri (Vassilenko), and Stensioina
spp. (e.g. S. granulata levis Koch). BAILEY ef al. (1984)
present arguments against these criteria for the Turonian-
Coniacian boundary: the FOs of these taxa are highly
discrepant between localities, suggesting that the species
may be subject to strong ecological controls on occur-
rence; the first two foraminiferid taxa are also known to
co-occur with Subprionocyclus neptuni, Didymoceras
saxonicum (Schliiter) and Scaphites geinitzii (d’Orbigny),
implying Upper Turonian FOs as well as a Lower Con-
iacian range for these species of foraminifera.

Criteria suggested for the definition of the Turonian-
Coniacian boundary at the Brussels meeting are as
follows:

(1) The first occurrence (FO) of the ammonite Forres-
teria (Harleites) petrocoriensis (Coquand) had strong
support in Brussels and in correspondence leading up to
that meeting. In particular, E. Seibertz expressed prefer-
ence for a single ammonite entry level, that of F. (H.)
petrocoriensis, as a basis for defining the Turonian-Con-
iacian boundary. W. J. Kennedy emphasised at the meet-
ing that the final definition of the Turonian-Coniacian
boundary should honour the placement of F. (H.) petro-
coriensis in the Lower Coniacian [as was also proposed

by MaTsuMoTO (1984) for Japan and by ROBASZYNSKI
(1984) for France], and below it the occurrence of Prio-
nocyclus germari (Reuss) in the Upper Turonian .

[The approximately equivalent FO in North America
maybe that of F. (E.) peruana (Briiggen, 1901) and/or
F. (F.) brancoi (Solger, 1904) (KAUFFMAN et al., 1994;
Fig. | herein)]. ’

In the Miinster Basin of Germany (KapLAN & KENNEDY,
1994; KapLAN & KENNEDY, in press: KENNEDY. unpub-
lished report to the Coniacian Working Group, 1995), it
has been noted that the earliest appearance of the typical
Coniacian inoceramid lineage of Cremnoceramus [e.g.
Cr. rotundatus (sensu Troger non Fiege)]. lies below the
FOs of Forresteria (H.) petrocoriensis, and above the LO
of Prionocyclus germari.

The choice of the FO of Cr. rotundarus (sensu Tréger
non Fiege) as the Turonian-Coniacian boundary marker
by the Coniacian Working Group in Brussels honours
KENNEDY's request, but places the T-C boundary signi-
ficantly below the FO of F. (H.) petrocoriensis in
Europe.

In the Western Interior of North America (KAUFFMAN ef
al,,1994 and herein) the FO of Cr. rotundartus lies below
the FOs of F. (E.) peruana and/or F. (E.) brancoi, re-
spectively (Fig. 1) and at the boundary level utilised in the
Western Interior of North America (KAUFFMAN er al.,
1994: Fig. | herein) and previously tentatively throughout
Europe and the Caribbean Province, where ammonites
are relatively rare (KAUFFMAN, 1978 a, b).

(2) The FO of Cremnoceramus deformis (Meek) and/or
Cr. schloenbachi (Boehm). KAPLAN & KENNEDY (1994)
and KEenNEDY (unpublished report to the Coniacian
Working Group, 1995) both noted that the FO of For-
resteria (Harleites) petrocoriensis is at, or slightly below,
or slightly above, the first appearance of Cremnoceramus
erectus (Meek), the second oldest Lower Coniacian bio-
zone, and thus well below the occurrence of either Cr.
deformis or Cr. schloenbachi.

In the Western Interior of North America (KENNEDY &
CoBBAN, 1991; KAUFFMAN et al., 1994: Fig. | herein), the
first appearance of Cremnoceramus deformis sensu
Meek. lies several metres above the FOs of Forresteria
peruana, F. brancoi. Cr. erectus, and Cr. rotundatus, all
regarded as Lower Coniacian taxa. Cr. schloenbachi first
appears above the Cr. deformis zone in this area, in the
lower Middle Coniacian as defined by KAUFFMAN er al.
(1994).

Criterion 2 1is thus considered invalid.

[Editor’s note: in Europe, following Waraszczyk (1992),
Cremnoceramus schloenbachi (Boehm, 1912) has been
replaced by its earlier synonym Cr. crassus (Petrascheck,

1903)].
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(3) The FO of Cremnoceramus rotundatus (sensu Triger
non Fiege).

L. Walaszezyk and C. J. Wood. written comm., May 1996
and Figures 4 and 5 herein. confirm the position of the FO
of Cr. rotundatus: it approaches the criterion for defini-
tion of the T-C boundary established at Brussels.

Below the Cr. rotundatus bed at Salzgitter-Salder
(Woobp et al.. 1984), in levels MK 45 and KM 46, is
the flood occurrence of small forms of Cr. waltersdor-
Jfensis hannovrensis (Heinz) [now considered to be con-
specific with the type concept of Cr. waltersdorfensis
waltersdorfensis (1. Walaszczyk and C. J. Wood, written
comm., May 1996)] together with abundant Didvmotis in
the upper Didymotis event and the unique specimen of
Cremnoceramus sp. aff. Cr. rotundatus (sensu Tréger non
Fiege) [this inoceramid is now considered a transitional
form between Cr. waltersdorfensis waltersdorfensis (An-
dert) and Cr. rotundatus (Tréger non Fiege). 1. Walaszc-
zyk and C. J. Wood, written comm., May 1996]. These
two levels (MK 45 -KM 46) are correspondingly reas-
signed to the uppermost Turonian (1. Walaszczyk and C.
J. Wood, written comm., May 1996).

Further, despite the successful regional tracing of these
flood occurrences in Germany, Bohemia, (Czech Republic)
(CecH, 1989) northern Spain (KUCHLER & ERNST. 1989)
and even to England (WoobD et al., 1984), on a more
global scale their epiboles could be environmentally
regulated at different times in different places, and thus
not be inter-regional bioevents s.s.

In the Miinster Basin of Germany (KAPLAN & KENNEDY,
1994; KenNeDY, unpublished report to the Coniacian
Working Group, 1995), it has been noted that the earliest
appearance of the typical Coniacian inoceramid lineage
of Cremnoceramus le.g. Cr. rotundatus (sensu Troger
non Fiege)], lies below the FOs of Forresteria (H.)
petrocoriensis, and above the LO of Prionocyclus ger-
mari.

The choice of the FO of Cr. rotundatus (sensu Troger
non Fiege) as the Turonian-Coniacian boundary marker
by the Coniacian Working Group in Brussels honours
KENNEDY's request, but places the T-C boundary signifi-
cantly below the FO of F. (H.) petrocoriensis in Europe.

In the Western Interior of North America (KAUFFMAN ef
al., 1994 and herein) the FO of Cr. rotundatus lies below
the FOs of F. (E.) peruana and/or F. (E.) brancoi, re-
spectively (Fig. 1, herein), at the base of the Forresteria
brancoi-Scaphites impendicostatus assemblage biozone,
the boundary level utilised in the Western Interior of
North America (KAUFFMAN et al., 1994). This assemblage
is associated with rare Didymotis, and Cremnoceramus?
waltersdorfensis (Andert) in the upper part of its range
zone. The regional LOs of several species of uppermost
Turonian Mytiloides [M? lusatiae (Andert), M. incertus
(Jimbo), M. dresdensis labiatoidiformis (Troger), M. pro-
blematicus (Schlotheim)] also occur at this boundary in
North America. These are predominantly cosmopolitan
inoceramid species with high correlation potential.

An alternative ammonite/inoceramid zonation was pre-
sented for the Western Interior of North America by
KENNEDY & CoBBAN (1991). using scaphitids and fewer
inoceramid zones than in the KAUFFMAN et al., 1978
scheme. KENNEDY & CoBBAN (1991) clearly state that
Scaphites (Sc.) impendicostatus Cobban, 1952 is re-
stricted to the Inoceramus deformis Zone and thus occurs
above Forresteria brancoi. They tied their zonation in
with the French Coniacian.

The FOs of Cr. rotundatus and Didymetis spp. were
recently proposed as criteria for defining the base of the
Coniacian Stage in Germany and Spain (KUCHLER &
ErnsT, 1989), and in the Brandenberg Basin, Austria
(HERM et al., 1979).

L. F. Kopaevich (Moscow State University) noted (per-
sonal communication. 1995) that the base of the Conia-
cian in Russia, Daghestan, Kazakhstan, and central Eur-
ope. which had traditionally been drawn at the FO of
Cremnoceramus deformis (now known to be later Early
Coniacian in age: KAUFFMAN et al., 1994; Fig, 1 herein),
has now been redefined to coincide with the FOs of Cr.
rotundatus, Forresteria petrocoriensis, the foraminifera
Ataxophragmiwm nautiloides (Brotzen, 1936). and Gave-
linella praeinfrasantonica (Mjatluik, 1947), and the LOs
of Globorotalites hangensis Vassilenko, 1956 and Gave-
linella moniliformis (Reuss, 1845). Collectively, this
boundary definition seems to fit the favoured European
boundary criteria well (e.g. BAILEY et al., 1984; KENNE-
DY, 1984 b and unpublished report to the Coniacian
Working Group, 1995).

Selected Turonian-Coniacian boundary marker

By a vote of 24 to 0, with 3 abstentions, the Coniacian
Working Group in Brussels approved criterion 3 (dis-
cussed above) for definition of the Turonian-Coniacian
boundary.

Thus, the boundary will lie between the LO of Prio-
nocyelus germari and the FO of Forresteria (Harleites)
petrocoriensis, and at the FO of Cremnoceramus rotun-
datus (sensu Tréger non Fiege).

The use of other biostratigraphic data, chronostrati-
graphic event surfaces, and climate cycle deposits in
helping to bracket and define the Turonian-Coniacian
boundary was encouraged.

These criteria are well represented at the chosen
boundary stratotype, the Salzgitter-Salder Quarry in Lo-
wer Saxony (WoobD et al., 1984; subsequently discussed):
the FO of Cremnoceramus rotundatus occurs at the base
of the Coniacian. in a regionally correlatable shale-lime-
stone bedding sequence. just above two regional bio-
events - the second Didymotis ecoevent and a flood
occurrence of Cr.? waltersdorfensis waltersdorfensis, as
described by Woob et al. (1984), shown in Figures 4 and
5, and adjusted by 1. Walaszczyk & C. J. Wood, written
comm., 1996. Ammonites (scaphitids and baculitids) oc-
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cur at several levels below and above this boundary, but
are not found at the boundary; Scaphites kieslingswal-
densis doylei ranges across the boundary, while the first
unequivocal Coniacian ammonites, i.e. Sc. kieslingswal-
densis kieslingswaldensis and Scalarites turoniensis first
appear significantly above the boundary. There is a re-
gional planktonic foraminiferal change at or near the
boundary, which is marked particularly by a significant
increase in Globotruncana paraventricosa (Hofker)
(BrAUTIGAM, 1962). The boundary is also bracketed by
numerous regionally correlated cyclostratigraphic and
event beds or faunas (Figures 4 and 5).

Defining Coniacian substages.

Substage division of the Coniacian has been attempted by a
number of past authors. bE GRossoUVRE (1901) proposed
a two-fold division of the Coniacian in parts of France
based on ammonite zones; a lower Barroisiceras haber-
fellneri Zone, and an upper Mortoniceras emscheris Zone.

But as KENNEDY (1984 b) pointed out, neither of these
species actually occurs in France. KeENNEDY (1984 b)
proposed a three-fold substage division of the Coniacian
for large areas of France, as follows:

(1) a Lower Coniacian Forresteria (Harleites) pefrocor-
lensis Zone;

(2) a Middle Coniacian Peroniceras (Peroniceras) tri-
dorsatum Zone;

(3) a sequence of two ammonite zones (Gauthiericeras
margae Zone below, Paratexanites serratomarginatus
Zone above) referred to the Upper Coniacian.

KenNEDY (1984 b) discussed these divisions and listed
additional ammonite taxa in each; his proposed substage
boundaries are marked by the FOs of the ammonite
taxa characterizing the overlying zone. As KENNEDY
(KENNEDY & CoBBAN, 1991) subsequently pointed out,
however, it is not possible at present to define Coniacian
substages internationally using ammonites because cos-
mopolitan taxa are not common, and ammonites, in gen-
eral, are too rare, or absent, in most sections (also KEN-
NEDY, unpublished proposal to the Coniacian Working
Group, 1995).

KAUFFMAN et al. (1978) formally proposed substage divi-
sions for the Late Albian through the Coniacian in the
Western Interior of North America based on assemblage
biozones composed of largely endemic ammonites and
cosmopolitan inoceramid bivalves.

In this work, the base of the Lower Coniacian was
defined by the FOs of Cremnoceramus rotundatus
(Fiege), Pycnodonte aucella (Roemer), and Forresteria
spp. . the base of the Middle Coniacian was defined by the
FO of Inoceramus (= Cremnoceranuts) browni (Cragin),
and the base of the Upper by the FO of Magadiceramus
subguadrarus (Schliiter), This has subsequently been ap-
plied more widely in the Western Hemisphere (KAUFF-
MAN, 1978 b).

At the Brussels meeting, it was agreed that no interna-
tionally consistent definition of Coniacian substages and
substage boundaries has yet been developed. Further, the
most comprehensive published substage divisions, those
of KENNEDY (1984 b) based on European ammonites, and
of KAUFFMAN er al. (1994) for the Western Interior of
North America, based on assemblage biozones consisting
of largely endemic ammonites and mainly cosmopolitan
inoceramid bivalves (Fig. 1) are not completely similar
and cannot be compared in detail on the basis of ammo-
nite zonation. Ammonites are poorly preserved in many
Coniacian sequences, especially in fine-grained carbo-
nates, and the American ammonite indices are largely
endemic, insofar as they are currently known. Thus am-
monites do not provide the best biostratigraphic basis for
definition of the Turonian-Coniacian boundary,

After much debate, the Coniacian Working Group, by an
18 to O vote, 6 abstentions, approved the FO of the
inoceramid genus Velviceramus, and specifically Vo.
koeneni, as the criterion for defining the Lower-Middle
Coniacian Stage boundary.

Although KeNNEDY (1984 b) proposed for the Middle-
Upper Coniacian an ammonite boundary (FO of
Gauthiericeras margae) for parts of Europe, he acknow-
ledged that ammonites are too rare in this interval to be
useful, as currently known, in regional to global correla-
tion of the Middle-Upper Coniacian substage boundary
(unpublished report to the Coniacian Working Group,
1995). He also favoured the FO of Magadiceramus sub-
quadratus to define the substage boundary.

This was the only boundary criterion discussed for the
Middle-Upper Coniacian boundary by the working group
at Brussels, and was approved by a 16 to 0 vote, 4
abstentions.

Boundary stratotype proposals

All aspects of the Coniacian and its stage and substage
boundaries were discussed at the Brussels meeting, re-
sulting in a number of recommendations to the Subcom-
mission on Cretaceous Stratigraphy.

Turonian-Coniacian Boundary Stratotype. — Because
neither of the Turonian-Coniacian boundary sections sug-
gested as possible stratotype candidates [the Priesener
Schichten (= Brezno Formation of present day stratigra-
phy) in the Czech Republic. and the El Kef section in
Tunisia] at the Copenhagen meeting by BIRKELUND et al.
(1984) has subsequently been studied in detail, published,
and supported by a formal propoesal to the Coniacian
Working Group they could not be considered as viable
candidates at the Brussels meeting.

Despite a rich and varied fossil record, the T-C bound-
ary is below outcrop level at the proposed Czech strato-
type (and, moreover it lies within the Teplice Formation
rather than within the Brezno Formation — see CECH,
1989); the El Kef section lacks a significant macrofauna,
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and access may be limited in the fuure,

Three new proposals for the Turonian-Coniacian bound-
ary stratotype were presented at the Brussels meeting, and
in correspondence leading up to that meeting, and an
additional five informal proposals were made in corres-
pondence, but were not pursued further at the meeting.
The three Brussels proposals were as follows:

(1) The Vistula River section in central Poland, which
contains an excellent Upper Turonian through upper
Lower Coniacian (Cremnoceramis deformis  Zone)
macrofossil record, including ammonites and inoceramid
and Didymotis bivalves (WaLASzczYK, 1992) and which
shows little diagenesis. suggesting the potential for good
microfossil recovery;

(2) The Wagon Mound, New Mexico (USA) section
(CoLrLoM, 1991; KAUFFMAN, 1995) an easily accessible,
well exposed, road-cut section of cyclically bedded cal-
careous shale and hemipelagic limestone (Milankovitch
climate cycle deposits) with excellent preservation of
foraminifers and inoceramid bivalves, detailed geochem-

ical data (stable isotope and organic carbon profiles), and
scattered ammonites;

(3) The Salzgitter-Salder Quarry section in Lower Sax-
ony, Germany, originally studied in detail by Woob et al.
(1984) and proposed as a regional reference section and
possible boundary stratotype for the T-C boundary. This
section is well exposed, accessible, documented at very
high levels of resolution, and contains a rich foraminifer,
nannofossil, inoceramid and didymotid bivalve record,
scattered ammonites. and numerous regionally persistent
event marker beds (Woop et al., 1984; Figs. 2, 3, 4
herein). BURNETT (pers. comm.) placed the base in nan-
nofossil zone CC 138 (defined by the FO of Lithastrinus
septenarius. A preliminary 8"°C curve was published by
ERNST & WooD (1995); more detailed stable isotope data
will be published by VoigT & HILBRECHT (in prep. ).

During the two-year deliberations of the working group, a
number of regional stratotype sections for the Turonian-
Coniacian boundary were informally proposed, but not
formally presented at the Brussels meeting: these in-
cluded:
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(After Woob er al., 1984).
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Fig. 3 — Photograph of the Turonian-Coniacian boundary stratotype section at the Salzgitter-Salder Quarry, Lower Saxony,
Germany. The arrow designates the T-C boundary (see Figure 4) at the base of bed MK-47. (Photograph courtesy of C. J.

Wood).

(1) T. Matsumoto (Fukuoka, Japan) proposed that the
best reference sections for the Turonian-Coniacian
boundary in Japan may be the Pombets (Ponbetsu)-
Gono-sawa section in the Ikushambets (or “‘Mikasa'’)
area of central Hokkaido (MaTsumoTo, 1984). The inte-
grated micro- and macropalaeontology, and event strati-
graphy of this boundary sequence is described in detail in
TosHIMITSU et al. (1995). The systematics and biostrati-
graphy of the Early Coniacian Inoceramus (Cremnocer-
amus) deformis group from the Obira area, northwestern
Hokkaido, critical to the definition of the T-C boundary,
has been completed recently by Nopa (in press).

(2) W. A. Cobban (U. S. Geological Survey, Denver,
USA), suggested that the Fort Hays Limestone section
at Pueblo, Colorado, might be a good Turonian-Conia-
cian stratotype because Forresteria spp. are more abun-
dant in the Lower Coniacian limestones there than at
Wagon Mound, New Mexico (North American reference
section proposed by E. G. Kauffman), and they may occur
closer to the T-C boundary. A rich and diverse inoce-
ramid bivalve fauna also spans the boundary here, but is

not as well preserved as to the south. The interval is
widely exposed, well preserved, and fully accessible
within a Colorado State Recreation Area.

However, this boundary sequence is more condensed than
in New Mexico or at the Salzgitter-Salder Quarry, and
thus may contain some omission surfaces. Further, the
Pueblo section has much thinner and more weathered marl
and shale intervals between the limestones, which yield a
depleted and somewhat poorly preserved microbiota. For
these reasons, this T-C boundary section was withdrawn
from consideration before the Brussels meeting.

(3) Ludmila F. Kopaevich (Moscow State University,
Moscow, Russia) recommended three possible T-C stra-
totype sections, as follows:

(a) the Shakh-Bogota section, northern Mangyshlak, Ka-
zakhstan; this is a complete and well exposed, fossilifer-
ous section where the base of the Coniacian is marked by
the FO of Cremnoceramus? waltersdorfensis. the benthic
foraminifers Gavelinella sp. cf. G. vombensis (Brotzen)
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Fig. 4 — Detailed litho- and event stratigraphy of the Turonian-Coniacian stratotype boundary sequence, of the pro-

posed international standard section Salzgitter-Salder Quarry (Lower Saxony, Germany) modified after Woob et al.,
1984,
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and Stensioina sp. ex. gr. S. granulata (Olbertz), as well
as a flood occurrence of planospiral marginotruncanid
foraminifers (NAIDIN ef al., 1984);

(b) a bentonite between Turonian and Coniacian strata
marks the boundary on the Voronezh High (Russia),
Central part of Russian platform (KOPAEVICH ef al., 1995)

(c) abundant inoceramids, brachiopods, foraminifers,
coccoliths, and numerous regional bioevents across the
T-C boundary at the Aksu-dere section in southwest
Crimea, The Ukraine (KOPAEVICH & WALASZCZYK, 1990),
The Mangyshlak section was proposed as the T-C
boundary stratotype in preliminary communications.

Because formal proposals for the Vistula River Section,
the Hokkaido section, the Pueblo section, the Kazakh, the
Russian and the Ukrainian sections were not presented
at the Brussels meeting (e.g. proposals including high-
resolution stratigraphic, geochemical, and biostratigraphic
data as well as justifications for choosing this stratotype
section), and the mandate of the Coniacian Working
Group was to decide at this meeting on criteria for defin-
ing the Turonian-Coniacian boundary, Coniacian substage
boundaries, and boundary stratotypes. these proposals
were subsequently withdrawn from consideration.

The Coniacian Working Group did endorse the concept
of further documenting these sequences as regional re-
ference sections for the T-C boundary.

Arguments were presented in favour of the Wagon Mound,
New Mexico, USA, and of the Salzgitter-Salder, Lower
Saxony, Germany sections; the latter was chosen as the new
boundary stratotype of the Turonian-Coniacian boundary.

The Wagon Mound section (New Mexico, USA) section.
— KAUFFMAN (1995) proposed the Wagon Mound. New
Mexico (USA) locality of the Fort Hays Limestone Mem-
ber, Niobrara Formation, as a candidate for the Turonian-
Coniacian stratotype boundary. Data from this locality
were obtained from the graduate thesis work of LAFER-
RIERE (1987 a) and CoLrLom (1991), publications of LAFER-
RIERE (1987 b), LAFERRIERE ef al. (1987), LAFERRIERE &
HaTTiN (1989), and subsequent field work by E. G. Kauff-
man in 1995. According to E.G. Kauffman this section
meets all the requirements of an acceptable boundary
stratotype. Detailed biostratigraphic continues on this sec-
tion by E.G. Kauffman and students.

The Salzgitter-Salder Quarry Section, Lower Saxony,
Germany. — Woob et al. (1984) proposed the Salzgitter-
Salder Quarry exposure as the best Turonian-Coniacian
boundary reference section for northern Europe, and a
possible candidate for the T-C boundary stratotype. Fig-
ure 3 shows the exposure of the boundary interval (arrow
marks the position of the T-C boundary, as defined by
criteria approved by the Coniacian Working Group at
Brussels). and a detailed stratigraphic section, with re-
gional marker beds noted, is shown in Figure 4.

The quarry is situated near the village of Salzgitter-Salder
in Lower Saxony, Germany. It lies on the southeastern
margin of the asymmetrical Lesse Syncline, just to the
north of the Lichtenberg inversion structure. The quarry
section comprises over 230 m of continuously exposed
Middle Turonian through Lower Coniacian strata, dip-
ping N at 70°, which have been documented in very high-
resolution stratigraphic detail by Woob et al. (1984, and
references therein) (Figures 4 and 3). The sequence is
richly fossiliferous, and especially through the Upper
Turonian - Lower Coniacian interval: inoceramid bi-
valves dominate the macrofaunas. and calcareous plank-
ton are well preserved.

The proposed Turonian-Coniacian boundary in the
Salzgitter-Salder Quarry ( Figs. 3, 4) is situated near the
top of the *‘Grauweisse Wechselfolge™" lithostratigraphic
unit, at an horizon 207 m above the base of the Woob e/
al. (1984) measured section and 61 m above the inter-
regionally persistent tuff TF. The boundary (revised from
the position taken in Woob et al.. 1984) is drawn at the
base of bed MK 47 (Figure 4), coincident with the FO of
Cremnoceramus rotundatus (sensu TROGER non FIEGE),
above the second flood occurrence of the bivalve Didy-
motis cf. costatus (FRIC) [Didymotis 1] and above an
acmezone of Cremnoceramus waltersdorfensis walters-
dorfensis; these bioevents collectively constitute an inter-
regional event-bundle (1. Walaszezyk & C.J. Wood, writ-
ten communication, May 1966). This revised interpreta-
tion places both the two main Didymotis events into the
terminal Turonian and agrees with the recorded LO of the
upper Turonian zonal index ammonite Prionocyclus ger-
mari in and immediately above Didymotis 11 in the Bo-
hemian Cretaceous Basin (cf. CEcH. 1989).

The T-C boundary approximates to a minor negative 8'°C
peak at the culmination of an overall broadly negative
excursion (see ERnST & WooD. 1995, fig. 4.5, and VoigT
& HILBRECHT, in prep. ) beginning with the Hyphanto-
ceras event. The boundary between nannofossil zones CC
13A and CC 13B based on the FO of Lithastrinus septe-
narius lies between middle Bed MK 41¢ and middle Bed
KM 424, i.e. ca 5-7 m below the T-C boundary (Burnett,
unpublished data).

A distinctive set of discretely bundled, thickening up-

wards shale-limestone bedding couplets (Fischer bun-
dles?) is present in the 50 m sequence underlying the T-
C boundary (WoO0D ef al., 1984, figs 2, 3); current work
(KROGER, in prep. ) seeks to demonstrate whether or not
these couplets are orbitally controlled (Milankovitch
rhythms) and the extent to which they can be used for
high resolution regional correlation. In addition, several
event beds and/or event-bundles bound the Turonian/
Coniacian boundary (Figures 4 and 5). These are, in
ascending order:
— (1) an interregionally persistent event-bundle (see
Wray & Woob, 1995) comprising tuff TF, marl MF
and the Micraster bioevent marl MG (acme-occurrence
of advanced Micraster of the bucailli lineage). 58 m
below the T-C boundary:
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Fig. 5 — Bio- and event stratigraphy of the Upper Turonian
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and Lower Coniacian of the Salzgitter-Salder limestone Quarry



92 Erle G. KAUFFMAN (compiler), W. Jim KENNEDY & Christopher I. WOOD

— (2) a(recently) discovered Didymotis event in Bed mK
19 (KROGER, in prep. );

— (3) a Sciponoceras occurrence bed (mK 29), 23 m
below the T-C boundary;

— (4) a Seaphites aff. diana occurrence bed (mK 35a),
14 m below the T-C boundary;

— (5) a Sc. kieslingswaldensis doylei [formerly Sc. lam-
berti] occurrence bed (37), 10-11 m below the T-C
boundary;

— (6) the Didymotis ecoevent 1 (Bed MK 39b), 7.5 m
below the T-C boundary, comprising a flood occurrence
of Didvmotis cf. costatus associated with a Mytilpides
scupini zone assemblage comprising M. scupini (Heinz).
M. herbichi (Atabekian) and Inoceramus lusatiae (An-
dert);

— (7) an event bed (Bed MK 41c), 5.3 m below the T-C
boundary, with the same inoceramid assemblage as Di-
dvmoris 1, but without Didymotis records;

— (8) the Didymotis ecoevent II in the limestone bed
(MK 45b), 0.5 m below the T-C boundary, with a flood
occurrence of Didymotis cf. costatus associated with a
near-monospecific inoceramid assemblage conspecific
with ANDERT’s (1911) type material of Cremnoceramus
waltersdorfensis waltersdorfensis [previously recorded
by WooD et al., 1984 as small forms of C. waltersdor-
fensis hannovrensis (Heinz)]:

— (9) a flood occurrence of crushed. bivalved C. wal-
tersdorfensis waltersdorfensis associated with rare large
Didymotis sp. in the marl bed (KM 46), 0-0.2 m below the
T-C boundary;

— (10) the FO of Cremnoceramus rotundatus (sensu
Troger non Fiege) and its bioevent (acmezone), asso-
ciated with forms transitional to C. erectus (Meek) and
rare Didymotis sp. in the limestone bed (MK 47a): the
base of this event bed is taken as the base of the Coniacian
Stage:

— (11) the FO and bioevent (acmezone) of Cremnocer-
amus waltersdorfensis hannovrensis in Bed KM 52b, 7 m
above the T-C boundary; and a Cremnoceramus erectus
bioevent (acmezone) in Bed MK 53a, 8.5 m above the T-
C boundary,.

There are many advantages to this section as the Turo-
nian-Coniacian boundary stratotype, as reviewed by
Woobp er al. (1984) and as presented in the Brussels
Symposium:

® it is a thick, continuously exposed, depositional se-
quence across the boundary without obvious hiatuses;

e it has numerous event and cycle marker beds at and
bracketing the T-C boundary with proven regional corre-
lation potential (e.g. Woob er al., 1984, Figures 4
and 5);

e it is richly fossiliferous. especially in inoceramid bi-
valves, which form the basis for biostratigraphic determi-
nation of Coniacian Stage and Substage boundaries; suf-
ficient ammonites and echinoids are known from the
section to provide independent biostratigraphic tie-points
to other zonal schemes;

e diverse planktic microfossils are preserved in the se-
quence;

e utilizing bivalve (especially inoceramid) shell mater-
ial, a detailed chemostratigraphic profile can be con-
structed for the section 8'°C (ErNST & Woob, 1995;
Voiot & HILBRECHT, in press): whole rock analysis
may be more difficult considering the tectonic deforma-
tion and resulting carbonate diagenesis of the strata;

e the section is accessible. continuously exposed. with
fresh rock surfaces, and is still partiallv quarried with
steep cliff faces that will remain relatively unweathered
for the foreseeable future.

The only significant disadvantages relate to the diage-
netic alteration of the carbonate. which makes fossils
(especially microfossils) difficult to extract. and the pau-
city of ammonites.

By a 16 to 3 vote (no abstentions) the Coniacian Working
Group proposed the Salzgitter-Salder Quarry section in
Lower Saxony as the stratotype for the Turonian-Con-
iacian boundary, with the position of the T-C boundary
there placed at the FO of Cremmnoceramus rotundatus
(sensu Troger non Fiege). above the first flood occur-
rence of Cremnoceramus? waltersdorfensis waltersdor-

fensis, and above the second flood occurrence of Didy-

motis sp. cf. D. costatus associated with a significant
regional turnover in planktonic foraminifers (Figures 4
and 5),

In making this decision, the working group cited three
major advantages of the Salzgitter-Salder Quarry section
over other candidates, as follows:

e this is the best studied of the proposed boundary stra-
totypes, with exceptionally high-resolution stratigraphic
data already published (e.g. WooD et al., 1984), and a
detailed chronology based on integrated event marker
beds and mollusc-foraminifer biozones. Collectively,
these event horizons and biozone boundaries allow pre-
cise correlation, and location of the boundary interval,
over much of Europe;

e the quarry contains one of the richest and most persis-
tent records of inoceramid bivalves in Europe, including
Cremnoceramus rotundatus. the FO of which coincides
with other widely distributed bioevent horizons (see
above), and which has been chosen as the main criterion
for internationally defining the T-C boundary. (Inocera-
mids are the principal basis for refined biostratigraphic
zonation and regional to global correlation in the Con-
iacian because they are well preserved in hemipelagic and
pelagic carbonate tacies, which otherwise show a pre-
servational bias against ammonites). There is a major
turnover in the species composition of the calcareous
foraminifer assemblage coincident with the FO of Cr.
rotundatus and the T-C boundary at Salzgitter-Salder:;
and

e the Salzgitter-Salder Quarry is still somewhat active,
with steep clean walls, and is not likely to be filled or
deeply weathered in the near future.
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Substage stratotypes: Whereas two possible stratotype
sections were discussed for the Lower-Middle Coniacian
boundary, none were considered well enough known at
present to make a final selection. The membership did
approve, however, by a vote of 16-0. with 4 abstentions,
to encourage research teams from the Coniacian Working
Group to document in detail possible boundary strato-
types in the following areas. with a report due back to the
committee in 1996:

(1) the Dallas-Fort Worth area of Texas. in the Lower
Austin Chalk (A. S. Gale. E. G. Kauffman, P. Larson, and
colleagues);

(2) the Seaford Head exposures of the Upper Chalk in
southern England (R. Mortimore, C. J. Wood, A. S. Gale
and colleagues):
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Abstract

The recognition of the Coniacian-Santonian boundary is easy with
good correlation of macro- and microfossil evidence. The Santonian
Working Group (SWG) recommends the lowest occurrence of Clado-
ceramuy undulatoplicatus (Roemer) as the marker for the Coniacian-
Santonian boundary. As yet, the SWG cannot make a formal proposal
for a Boundary Stratotype Section, because the biostratigraphy must be
better known and integrated first. Three candidates for Boundary
Stratotype Section, Olazagutia Quarry (Navarra, Spain), Seaford Head
(Sussex, England) and Ten Mile Creek (Dallas, Texas, USA) were
selected for further decision. To achieve a useful subdivision of the
Santonian into substages a better understanding of taxa ranges and
correlation through different biogeographic realms is needed, Formal
proposals for subdivision would be premature at present, but a three-
fold division is favoured.

Key-words: Santonian. Upper Cretaceous. stratotypes, chronostrati-
graphy, biostratigraphy, ammonites. belemnites, crinoids, foramini-
fera, inoceramids, nannofossils.

Résumé

La reconnaissance de la limite Coniacien-Santonien se fait aisément
grice & une bonne correlation sur base des marqueurs macro- et
microfossiles.

Le Groupe de Travail du Santonien (SWG) a recommandé la pre-
miere apparition de Cladoceramus undulatoplicatus (Roemer) comme
marqueur de la limite Coniacien-Santonien. Le SWG consideére qu’une
proposition formelle pour un stratotype de la limite ne peut pas encore
étre faite car la biostratigraphie est encore insuffisamment connue et
doit étre mieux intégrée. Trois propositions de stratotypes de la limite
ont été sélectionnées, la carriere Olazagutia (Navarre, Espagne), Sea-
ford Head (Sussex. Angleterre) et Ten Mile Creek (Dallas, Texas,
USA), pour des recherches plus approfondies.

La subdivision du Santonien en sous-étages nécessite une meilleur
compréhension des extensions des taxa et une corrélation dans diffé-
rentes régions biogéographigues. Des propositions [ormelles pour la
subdivision de I'étage seraient encore prématurées, mais une division
en trois sous-¢tages parait préférable.

Mots-clefs: Santonien, Crétacé supérieur, stratotypes, chronostratigra-
phie, biostratigraphie. ammonites, bélemnites. crinoides, foraminife-
res, inocéramidés, nannofossiles.

CaHTOHCKWIA APYC ¥ NoALAPYCH: pekoMeHaauuu Pabouei
rpynnel CaHTOHCKOrO Apyca.

Pesiome.

'pannua KoHbsaka 1 CaHToHa nerko onosHaércs Gnarogaps
CYLLECTBYIOLLEN KOPPEeNsuUUMu MHAEKG-BUAOB Makpo- 1
MUKpOMhOCCUANIA.

Pabovas rpynna CaHToHCKOro fipyca pekoMeHayeT cuuTaTh
nepsoe nossneHne Cladoceramus undulatoplicatus
(Roemer) kak uHaekc-sna ana KoHbako-CaHToHa. Paboyas
rpynna CaHToHckoro Apyca c4yMTaeT, 470, Ha flaHHblil MOMEHT,
dopmanbHoe NpeanoxeHue ANA CTPaToTUna rpaHulibl He
MOXeT BbiTb chOpMYyNUpoBaHo, Tak Kak BuocTpaturpadua ewe
HEe AOCTaTO4HO M3BecTHa WM JomkHa BbiTb Ayyile
wHTerpupoBaxa. [lna nposeaexuns Gonee noapobHbIX OnNbITOR
Gbinv oTobpaHsl 3 NpeAnoXeHWa CTpaToTUNA: Kapbep
Olazagutia (Navarra, Mcnauwsl), Seaford Head
(Sussex, AHMUA) W Ten Mile Creek (Dallas, Tekcac,
CLLUA).

Paspenexne CaHToHa Ha noabapychl TpebyeTt nyywero
NOHUMAaHURA PacnpocTPaHEeHWA TAKCOHOB W KOppensauMn
pasHbix 6uoreorpaduyeckux paiioHos. @opmanbHble
NPeIOXEHUS NO pasgeneHuio Apyca SBnsioTcH
npexaespeMeHHbLIMU; TeM He MeHee, pasfefeHne Ha Tpu
NnoabLApYca KaKeTcs npennoyTUTeNbHbIM,

KnioyeBbie cnoBa: CaHTOHCKUIA Aipyc, BEPXHWI Men,
cTpaTtoTUnbl, XxpoHocTpaturpadms, BuocTpaturpadms,
aMMOHWUTbI, BenemMHuUThl, Crinoida, hopammHudeps,
WMHOUepaMbl, HaHOthCCKﬂHH.

Historical

The Santonian Stage was proposed by CoQuaNnD (1857),
presumably named after the town of Saintes in south-west
France. One of the localities which Coquand mentioned
was Javrezac, a village on the north-west side of Cognac.
The boundary there was drawn on a hardground of glau-
conitic, nodular limestone, with many *‘Exogyra”, of the
Coniacian below, and soft micaceous chalk of the Santo-
nian above.

At the First Symposium on Cretaceous Stage Boundaries
(BIRKELUND et al., 1984) the consensus was that the first
appearance of Texanites (Texanites) and of Cladocera-
mus undulatoplicatus (Roemer) are the two best boundary
criteria. Texanites (Texanites) has been used over a wide
area, although in classic regions of north-west Europe this
subgenus is far too rare to be a practical marker (HAN-
cock, 1991). Cladoceramus undulatoplicatus is wide-
spread, and owing to its characteristic form and sculpture
is easy to identify. The appearance of Platyceramus
siccensis (Pervinquiére) is well known in north Africa
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associated with Texanites, and it could be another possi-
ble marker for the base of the Santonian.

In the Santonian Working Group report to the Second
Symposium on Cretaceous Stage Boundaries (Brussels,
September 1995), other macro- and microfossils were
mentioned as possible indices for the Coniacian-Santo-
nian Boundary.

Thus, the lowest occurrence of the ammonite Placen-
ticeras polyopsis (Dujardin) is relatively close to lower
Texanites (Texanites). Similarly, the entry of the Sphe-
noceramus pachti-cardissoides group is a possible mar-
ker for this boundary, associated with Texanites and
Cladoceramus undulatoplicarus. Further discussion on
macrofossil criteria were reported by KENNEDY (1995).

Published calcareous nannofossil events do not pre-
cisely define the Coniacian-Santonian boundary, which
S1sSINGH (1977) placed in CC 14 [above the first occur-
rence (F.O.) of Micula staurophora (Gardet) Stradner]:
e.g., the lowest occurrence of Reinhardtites anthophorus
(Deflandre) Perch-Nielsen is unreliable (WAGREICH,
1992), and recent studies (e.g., at Ten Mile Creek in
Dallas, Texas: J. A. Burnett, written comm.) show that
the Coniacian-Santonian boundary actually lies above the
F.O. of Reinhardtites anthophorus (i.e. in CC 15 of
SissiNGH, 1977). Nannofossil events which approximate
the boundary are (from stratigraphically old to young):
F.O. of Lithastrinus grillii Stradner, last occurrence
(L.O.) of Quadrum gartneri Prins & Perch-Nielsen,
L.O. of Flabellites oblongus (Bukry) Crux (all below
the boundary) and the L.O. of Lithastrinus septenarius
Forchheimer above the boundary. All these events fall
within CC 15. Other nannofossil events, such as the L.O.
of Eprolithus floralis (Stradner) Strover, and F.O. of
Micula concava (Stradner) Verbeek occur later or earlier
than entries of Texanites and Cladoceramus undulatopli-
catus. Nevertheless, FLORES et al. (1987) commented that
Micula concava and Lithastrinus grillii are present in
greater abundances in the Santonian than in the Conia-
cian, and this may serve as a general guide, although
nannofossil abundance is related to ecological and tapho-
nomical factors which are generally not cosmopolitan in
their extent.

First occurrences of the planktonic foraminiferan Sigalia
deflaensis (Sigal) and S. carparhica Salaj have been used
as markers of the latest Coniacian and the Coniacian-
Santonian Boundary (Saras, 1975; SigaL, 1977, respec-
tively). Also, the first occurrence of Dicarinella asyme-
trica (Sigal), belonging to the D. concavata group, dates
early Santonian, since it post-dated lower Texanites and
Cladoceramus undulatoplicatus. Successive occurrences
of these three taxa are very promising for correlation with
macrofaunal ranges, and a definition of the Coniacian-
Santonian Boundary.

Boundary criteria proposed at Copenhagen, and other
ones commented in the Working Group reports, were
discussed at Brussels during the Second Symposium in
1995.

Discussion
AMMONITES

Once it had been concluded that the species Texanites
texanus (Roemer) does not occur in the Aquitaine Basin,
nor in other European localities. (BIRKELUND et al., 1984)
pointed out the first appearance of the subgenus Texanites
(Texanites) could still be a good marker of the Coniacian-
Santonian boundary. Nevertheless. Texanites (Texanites)
is rare in many areas where other indices occur, only in
Zululand (South Africa), Madagascar and Texas is the
subgenus common (reported by KexNEDY. 1995).

In the Anglo-Paris Basin, Texanitidae are rare,
although in a hard-ground level in the Craie de Villedieu,
France, Texanites gallicus Collignon occurs with Placen-
ticeras polyopsis (Dujardin) and Inoceramus (Cladocer-
amus) (JARVIS & GALE, 1984). In Sussex in S. England,
Texanites has not been found, but Spinaprvehus, an apty-
chus associated with Texanites, is recorded below and
close to the Cladoceramus undulatoplicatus event (BAL-
LEY ef al., 1983, p. 34; see below in the inoceramid
chapter).

KenneDy (1995) cited Germany as a region where
there are well documented co-occurrences of Texanites
and Cladoceramus undulatoplicatus (Roemer), particu-
larly the species Texanites (T.) pseudotexanus de Grous-
souvre (= Texanites texanus auct.). SEITZ (1961) cited in
the shaft Ewald Section the coexistence of T. texanum
(= T. (T.) pseudotexanus) and Inoceramus pachti (Ar-
khanguelsky) (fide Troger, written comm.; see below
inoceramid chapter).

In the Gosau Group, in Austria, TROGER & SUMMES-
BERGER (1994), have reported that Texanites quingueno-
dosus (Redtenbacher) co-occurs with Sphenoceramus
cardissoides (Goldfuss) and Parapuzosia daubreei (de
Groussouvre). This assemblage is several metres below
the first occurrence of Cladoceramus undulatoplicatus,
and above the Coniacian inoceramid Volviceramus invo-
lutus (J. de C. Sowerby). Such a sequence is well correl-
ated with TROGER's (1989) inoceramid biostratigraphy.
WAGREICH (1992) correlated lower Santonian localities in
Austria (Gosau Valley and Bad Ischl-Nussensee) with
Texanites quinguenodosus, associated with the first oc-
currences of the planktonic foraminifera Sigalia deflaen-
sis and Dicarinella asymetrica. Also, those assemblages
were directly correlated with the Cladoceramus undula-
toplicatus-bed in the Brandenberg area.

In the Pyrenees Texanites (T.) occurs at several levels
in the Santonian. In north Spain (MARTINEZ ef al., 1996)
Texanites (T. hispanicus Collignon, T. cf. quinqguenodo-
sus, T. gallicus) occurs in several sections. These species
have an irregular distribution, but T. gallicus and Texa-
nites sp. are sometimes found below Cladoceramus un-
dulatoplicatus: more than 40 m in the Oteo section (Lo-
pez, written comm.). In Tunisia, also a Tethyan area, at
Djebl Fguira Salah, Texanites (T.) olivetti (= T. quingue-
nodosus) occurs in the lowermost Santonian levels, with
Platyceramus siccensis (Pervinquiére) (fide BIRKELUND et
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al., 1984; Saras, 1980, p. 91). In the Corbieres, S.E.
France, Texanites soutoni (Bailv), T. quinquenodosus
and 7. gallicus occur in “"Middle™ Santonian but not in
the Lower Santonian Nowakites carezi Subzone (KENNE-
DY et al., 1996); as in the Craie de Villedieu. T. gallicus
co-oceurs with Placenticeras polvopsis. Although no tex-
anitids have been found immediately above a distinctive
Upper Coniacian Paratexanites serratomarginatus Zone,
with Protexanites spp. , there is otherwise a macrofaunal
turnover, whose species belong to the genera Munieri-
ceras, Texasia, Pseudoschloenbachia, Nowakites, etc.,
which mark the base of the Santonian (KENNEDY ef al.,
1996).

Near Austin in Texas the Texanites stangeri densicos-
tatus Zone, as understood by K. Young. begins some
distance (but probably 2 m) below the lowest Cladocer-
amus undulatoplicarus (YOUNG, 1963, particularly fig. 4);
moreover, its main abundance is near the top of the T.
stangeri densicostatus Zone. In the Dallas area of north
central Texas there is a record of Texanites (LARSON et
al., 1991, fig. 10.6) in a bed which A. S. Gale and J. M.
Hancock found to be at least 12 m below the lowest CL.
undulatoplicatus (Hancock, written comm,). This figure
agrees with data from northern Spain. Therefore the low-
est Texanites cannot be used as an accurate and absolute
standard for the base of the Santonian stage.

At Amakusa, in S.W. Japan, the Coniacian-Santonian
boundary is marked by the occurrence of T. collignoni
Klinger and Kennedy (= T. olivefti auct.) which is asso-
ciated with Inoceramus amakusensis Nagao and Matsu-
moto (Uepa, 1962; T. Matsumoto, written comm.),
whereas in the Haboro area, N.W. Hokkaido, /. amaku-
sensis occurs below T. collignoni (TosHIMITSU et al..
1995, fig. 2, p. 24). but just above the Coniacian species
1. mihoensis Matsumoto.

The first appearance of Texanites, particularly T. (Ple-
siotexanites) kawasakii (Kawada) and Inoceramus ama-
kusensis are the two best criteria for the Coniacian-San-
tonian boundary in Sakhalin. Both species lie above
Peroniceras sp. and Inoceramus mihoensis (E.A. Yazy-
kova, written comm., YAZYKOVA, 1996) (Figure 1).

INOCERAMIDS

Three species have been used to define the Coniacian-
Santonian boundary: the widespread species Cladocera-
mus undulatoplicatus, the north Temperate Sphenocera-
mus pachti-cardissoides group and the north African
Platyceramus siccensis.

The last species, possibly related to the Pl cycloides
group, was cited in Algeria (SiGaL, 1952) and Tunisia
associated with Sigalia carpathica Salaj; both occur-
rences are above the late Coniacian species S. deflaensis
(Sigal) (Saras, 1980). No occurrence is known outside
north Africa.

Cladoceramus undulatoplicatus is an almost world-
wide species, whose appearance has been used to define
the Coniacian-Santonian boundary. It is associated with

Sphenoceramus in North Temperate areas. and lies above
Magadiceramus subquadratus (Schliiter) in the Northern
Hemisphere (DHONDT, 1992; LOPEZ et al., 1992).

In the Western Interior of N. America, KAUFFMAN et
al. (1994) reported the co-occurrence of Cladoceramus
undulatoplicatus s.s., Sphenoceramus pachti? and Platy-
ceramus cycloides (Wegner) at the base of the Santonian,
which are associated with Cordiceramus cordiformis (1.
de C. Sowerby) in overlying beds. Near Austin, Texas,
the lowest Cladoceramus undulatoplicatus occurs at an
uncertain distance above the base of the Zone of Texa-
nites stangeri densicostatus (for details. see above in
““Ammonites’’).

In the north German-Polish Basin it is common to find
the succession of uppermost Coniacian Magadiceramus
subguadratus [TROGER, 1989°s Zone 24 ] and lowermost
Santonian Sphenoceramus pachti and Sph. cardissoides
(TROGER (1989)’s Zone 25). They are followed (TROGER,
1989) by occurrences of Cladoceramus undulatoplicatus.
Seitz (1961. fig. 2, p. 19) cited, in the Ewald shaft
section, the coexistence of Sphenoceramus pachti and
Texanites rexanunt (Roemer) [= Texanites (T.) pseudotex-
anus], and Seitz (1965) mentioned occurrences of CI.
undulatoplicatus cf. michaeli (Heinz) with Texanites sp. ;
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Texanites | %
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Fig. 1 — Distribution of possible markers for the Coniacian-
Santonian boundary in different palaeobiogeo-
graphic provinces.
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he also cited the sequence of Sph. cardissoides subsp. ind.
and Sph. pachti followed by Texanites pseudatexanus at
Recklinghausen (fide K. A. Tréger, written comm.).

In England there is a double Cladoceramus event,
which can also be traced throughout the Anglo-Paris
Basin, N.W. Germany (BAILEY ef al, 1984) and north
Spain. Below these levels, in S. England there are no
occurrences of sphenoceramids: the lower occurrence of
Sphenoceramus cardissoides was collected above the
double Cladoceramus event (BAILEY er al., 1983; C. J.
Wood, written comm.). Recent field work by A. S. Gale
in the Isle of Thanet (S.E. England) has demonstrated that
in addition to the two main Cladoceramus events, there
are three additional minor Cladoceramus occurrences in
the overlying succession. This total known range of Cla-
doceramus matches occurrences of Spinaptychus. There
is no evidence in S. England for the existence of a
Sphenoceramus pachti-cardissoides group Zone below
the CL undulatoplicatus Zone (C. J. Wood, written
comm.).

In both France and north Spain, inoceramid assemblages
are good markers for the Coniacian-Santonian boundary.
Magadiceramus subquadratus (Schliiter) followed by CI.
undulatoplicatus characterise the uppermost Coniacian
and lowermost Santonian, respectively (LOPEZ e al.,
1992). Lower Santonian assemblages, in north Spain,
are rich and diverse. In addition to Cl. undulatoplicatus
other divergent rib species are found: Platvceramus cy-
cloides wegneri (Boehm) and Cordiceramus cordiinitia-
lis ickernensis (Seitz) (MARTINEZ et al., 1996). Spheno-
ceramids have not been found in Spain. and therefore
Zone 25 of TROGER (1989) is not recognisable (see be-
low).

In Austria, in the Gosau basin, assemblage sequences are
similar to other Tethyan localities, but with north tempe-
rate affinities, e.g., Actaconella laevis (J. de C. Sowerby)
and Volviceramus invelutus in the Upper Coniacian, and
Texanites quinguenodosus. Parapuzosia daubreei, Sphe-
noceramus cardissoides, Platyceramus cycloides cy-
cloides (Wegner) and Cladoceramus undulatoplicatus
in the Lower Santonian are recorded (TROGER & Sum-
MESBERGER. 1994). According to these authors there is
no clear evidence of TROGER’S inoceramid zones 24
(uppermost Coniacian) and 25 (lowermost Santonian).
Sphenoceramus pachti has also been found in Austria
by K.A. Troger & H. Summesberger (K. A. Troger,
written comm.). The occurrences of the genus Magadi-
ceramus in Tyrol (SEITZ, 1970: KAUFFMAN, in HERM et
al.. 1979) are doubtful according to TROGER & SUMMES-
BERGER (1994, p. 179). However, it seems that CL un-
dulatoplicatus and Texanites quinguenodosus co-oceur in
the Miihlbach Section (TROGER & SUMMESBERGER, 1994:
p. 184).

In the Caucasus Region and central Asia (Turkmenia;
Moskvin, 1986) the Coniacian-Santonian transition
shows an upper Coniacian with Volviceramus involutus

overlain by Cl. undulatoplicatus. and sometimes Spheno-
ceramus cardissoides.

In far-east Asia (Japan, Sakhalin) Inoceramus amakusen-
sis Nagao and Matsumoto is a well known marker for the
base of the Santonian, associated with Texanites (T.) col-
lignoni or T. (Plesiotexanites) kawasakii (Kawada). The
succession of Tnoceramus mihoensis overlain by I ama-
kusensis characterises the Coniacian-Santonian Boundary
in the Haboro area (Hokkaido: TosHIMITSU et al.. 1995),
and Sakhalin (E. A. Yazykova. written comm.). Some
Coniacian inoceramid species, in Europe. may have
higher occurrences in far-east Asia. since Platveeramits
mantelli (de Mercey) is known in the Upper Coniacian
and also “*Santonian’ together with /. amakusensis (T.
Matsumoto. written comm.). The species Cladoceramus
undulatoplicatus is unknown in far-east Russia.

Sphenoceramids are widespread, but occur only rarely
in the Tethyan Realm. The species Sphenoceramus pach-
ti and Sph. cardissoides characterise the lowermost San-
tonian (TROGER's Zone 25, 1989), but this zone is only
well recognised in the north German-Polish Basin, where
both species are associated with Sph. bornholmensis?
(Troger & Christensen), and Platveeramus cyeloides ah-
senensis (Seitz) (TROGER, 1989). Nonetheless, either Sph.
pachti and Sph. cardissoides, mainly the latter, are re-
corded at many localities from the Northern Temperate
Realm (DHONDT, 1992; LopEz et al.. 1992), overlying
Coniacian volvoceramids or Magadiceramus assem-
blages, and underlying Cladoceramus undulatoplicatus
and Platyceramus cycloides wegneri (Boehm) assem-
blages.

Even in the Gosau Basin, a Tethyan locality, Sph. cardi-
ssoides is recorded close to CIL undulatoplicarus (see:
TROGER & SUMMESBERGER, 1994), but probably under-
lying it. Sphenoceramids have also been recorded in the
Charente, S.W. France (DHONDT, 1992), on a northern
border of the Tethyan Realm. In contrast, in other Te-
thyan localities, e.g., Crimea and Caucasus (DoBrOV &
PaviLova, 1959), Sph. cardissoides is associated with CI
undulatoplicatus.

Up tll now, no sphenoceramids have been found in
north Spain, but the species Pl cycloides ahsenensis is
common and is associated with CL undulatoplicatus, as in
the north German-Polish Basin. In consequence, it is
possible to make a good correlation between Lower
Santonian rocks belonging to the Northern Temperate
and Tethyan Realms (see LOPEZ et al.. 1992, for addi-
tional common species between north Germany and north
Spain) (Figure 1).

FORAMINIFERA AND NANNOFOSSILS
This group shows different assemblages controlled by

biogeography. In general, low and middle latitudes have
good occurrences of planktonic foraminifera, whereas in
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the Temperate Realm benthic foraminiferal assemblages
characterise the Coniacian-Santonian boundary.

In the Mediterranean area of the Tethys. the succession
of species Sigalia deflaensis (Sigal), S. carpathica Salaj
and Dicarinella asymetrica (Sigal) characterise the Con-
iacian-Santonian transition. S. deflaensis has a wide-
spread occurrence in the Tethyan Realm (see MASTER,
1977), but S. carpathica is only known from the Medi-
terranean Region and. like D. asymetrica, was also rare in
shallow water facies. Nevertheless, as the lower occur-
rence of S. carpathica is associated with Cl. undulato-
plicatus and Texanites (T.) spp. in north Spain MARTINEZ
et al., 1996), or with Platyceramus siccensis in north
Africa (SALAJ 1980), it is a good regional index (SIGAL.
1977) which should be checked throughout the Tethyan
Realm, where both §. deflaensis and D. asymetrica asso-
ciated with inoceramids and texanitids occur. Both spe-
cies 8. deflaensis (= S. carpathica; M. Wagreich, written
comm.) and D. asymetrica, with D. concavata (Brotzen),
were cited by WAGREICH (1992) in Austria, as markers of
the Coniacian- Santonian Boundary. Especially, in the
Bad Ischl-Nussensee section successive occurrences of S,
deflaensis, D. asymetrica and S. decoratissima (de Klasz)
are similar to Tunisian localities.

Nannofossil occurrences in these levels are similar to
other boundary sections, e.g., rare upper Eprolithus
floralis (Stradner) Strover, Lithastrinus septenarius
Forchheimer and Quadrum gartneri Prins & Perch-Niel-
sen, associated with lower occurrences of L. grillii Strad-
ner and Micula decussata Vekshina [= M. staurophora
(Gardet) Stradner], in upper Coniacian beds. All these
entries lie below Lucianorhabdus caveuxii Deflandre
(WAGREICH, 1992), an early Santonian species.

The species Stensioina polonica Witwicka used to be a
good marker of the Coniacian-Santonian boundary in the
North Temperate Region, from England to eastern Eur-
ope. In S.E. England St. polonica occurs with lower
Cladoceramus undulatoplicatus, which marks a signifi-
cant macrofaunal and microfaunal turnover (C. J. Wood,
written comm.). In eastern Temperate Europe the F.O. of
Stensioina exsculpta exsculpta (Reuss) is a very conve-
nient marker for the Coniacian-Santonian boundary (L. F.
Kopaevich, written comm.). Other benthic species. such
as Neoflabellina gibbera (Wedekind), occur in north
Africa and western Carpathia, and its stratigraphical
range is similar to Sigalia carpathica (SaLAl, 1980).
Furthermore, this author correlated the S. carpathica
Zone from western Carpathia with the lower part of the
Anomalina (A.) infrasantonica Zone (VASILENKO, 1961),
allowing a correlation of western Tethys with its eastern
European areas,

Criteria proposed for the Coniacian-Santonian

boundary

1) FO of Texanites (Texanites)

2) FO of Sigalia carpathica

3) FO of Dicarinella asymetrica

4) FO of Platyceramus siccensis

5) FO of Cladoceramus undulatoplicatus
6) FO of Sphenoceramus pachti

No nannofossil event is suitable for the Coniacian-San-
tonian boundary

Selected marker for the Coniacian-Santonian bound-
ary

Primary marker: The lowest occurrence of Cladoceramus
undulatoplicatus. Tt is a taxon easily recognisable and
widespread. It is known from N. America, Europe,
Africa. Madagascar, and central Asia.

This proposal was supported by a majority at Brussels.
(Yes = 23; No = 1; Abstentions= 2)

Postal vote: 20 votes (out of 39 WG members) were
returned (Yes = 17; No = |; Abstentions = 2).

Secondary marker: Sigalia carpathica. This planktonic
foraminiferan is widespread in the Mediterranean Region
of the Tethys. It is associated with Inoceramus siceensis
and Texanites in Tunisia. In north Spain (Navarra) it is
very close to the lowest occurrence of Cladoceramus
undulatoplicatus.

This secondary marker has been supported by a postal
ballot (Yes = 10; No = 3; Abstentions = 7).

Some voting members have emphasised the usefulness of
other planktonic foraminifera (D. Herm) and the conve-
nience of benthic forms as secondary markers in the
Temperate Realm (L. Kopaevich).

Rejected

Texanites (Texanites). Its first occurrence is below the
lowest Cladoceramus undulatoplicatus. It has been cited
in assemblages with inoceramids normally regarded as
Coniacian.

Dicarinella asymetrica. Its first appearance is above the
lowest Sigalia carpathica, and therefore is not suitable to
characterise the Coniacian-Santonian boundary. More-
over it is restricted to basinal facies.

Platyeeramus siccensis. Only known from north Africa,
although it may be correlated with other areas through the
lowest Sigalia carpathica.

Sphenoceramus pachti. 1t is a temperate species, rare
at middle latitudes and unknown in palaeotropics
(Tethys).

Boundary Stratotype Section

As yet, we cannot make a formal proposal, because we
need to know and integrate the biostratigraphy better.
We have selected three candidates:

1) Olazagutia Quarry (Navarra, Spain). M. Lamolda
would collate data and report to the Chairman.

2) Seaford Head (Sussex, England). R. Mortimore and
C.J. Wood would collate data and report to the Chairman.
3) Ten Mile Creek (Dallas, Texas). E. G. Kautffman and
A. S. Gale would collate data and report to the Chairman.
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This proposal was approved UNANIMOUSLY

(Yes = 34; No = 0; Abstentions = 0)

The postal ballot also supported this proposal (Yes = [8;
No = 1:; Abstention = 1).

J. Salaj (Bratislava) has sent a new proposal to the
chairman for the C/S boundary stratotype in the El Kef
Area, Tunisia, whose fossil content is cited above. C. J.
Collom (Calgary) has sent a proposal for this boundary
in the Cold Temperate Province:; several sections are
located at the Smoky River, Bad Heart River and Tipper’s
Coulee, all of them in west-central Alberta (Canada),
having a very rich fossil content. L. F. Kopaevich (Mos-
cow) has proposed a section at Emdy-Kurgan, Mangysh-
lak (Kazakhstan). which is being studied by D. P. Naidin,
L.F. Kopaevich and A. S. Gale.

Substages of the Santonian Stage

Criteria for the subdivision of the Santonian Stage have
been changeable since de GROUSSOUVRE (1901) proposed
two zones in the Corbiéres, a lower Santonian Mortoni-
ceras fexanum Zone and an upper Santonian Placenti-
ceras syriale Zone. Both indices are American species
and unknown in France (Hancock, 1991). In Europe,
both Texanites gallicus and T. quinguenodosus are com-
mon in the Lower Santonian, but they are not recorded in
the Corbieres (KENNEDY & WRIGHT, 1983; see above
Ammonite chapter). For the upper Santonian several in-
dices have been used, thus Placenticeras paraplanum
Wiedmann seems to characterise the top Santonian
(Hancock, 1991; Kennepy, 1995), whereas in north
Spain the index could be Eupachydiscus isculensis (Red-
tenbacher) (MARTINEZ ef al.,1996).

Results outside Europe are also confusing and show
endemic zonations, whose correlations up till now are not
suitable. It is possible to distinguish two to five subdivi-
sions, according to the literature.

Inoceramids show a similar picture. A detailed zonation
in the north German-Polish Basin (TROGER, 1989) is not
recognised everywhere (see Inoceramid chapter for the
lowermost Santonian Troger’s Zone 25).

Thus, in north Spain (MARTINEZ er al., 1996) 4 or 5
subdivisions are recognisable, but most of them are quite
different from TROGER’s zones, because cold temperate
taxa - mainly the genus Sphenoceramus - have not been
found in Spain: except for the lower Santonian Cladocer-
amus undulatoplicarus Zone, which is very common
worldwide. KENNEDY (1995) suggested the first occur-
rence of the cosmopolitan species Inaceramus (Cordicer-
amus) cordiformis (J. de C. Sowerby) as the base of the
Middle Santonian.

KenNEDY (1995) favoured the first appearance of the
cosmopolitan Uintacrinus socialis Grinnell as the base
of the Upper Santonian (see also GALE et al., 1995).
Nevertheless LEAHY & LERBEKMO (1995) have shown
that the appearance of the crinoid Uintacrinus socialis
(and Marsupites) in the Western Interior of N, America

should be time transgressive relative to its appearance in
Europe, according to its correlation with the base of
Chron 33r.

The Santonian of N.W. Europe is subdivided into five
Gonioteuthis zones, whereas the Santonian of the Russian
Platform is subdivided into only two zones (CHRISTENSEN,
1990). Nevertheless, the base of the Santonian cannot be
defined on the basis of belemnites. because Gonioteuthis
is extremely rare in the lower Lower Santonian. The L.O.
of Cladoceramus undulatoplicarus mayv be identical
with/or very close to the base of the coranguinum/ west-

falica Zone, and Genioteuthis granidara (Blainville) ap-

pears slightly later than Uintacrinus socialis (W. K.
Christensen, written comm.). Russian workers favoured
a two fold division of the Santonian in cold temperate
regions (L. F. Kopaevich and E. A. Yazykova, written
communication).

Recent research on planktonic foraminifera has changed
known occurrences (RoOBASZYNSKI er al.. 1984) for both
Globotruncanita elevata (Brotzen) and Gl stuartiformis
(Dalbiez). The first occurrence of Gl. elevata is younger
(see PREMOLI SILVA & SLITER, 1994, fig. 2) and probably
suitable to correlate the basal "upper” Santonian. Both J.
Salaj and L. F. Kopaevich disagreed with Santonian
occurrences of Gl arca (Cushman), because those strati-
graphically younger specimens actually belong to ances-
tral species in the phylogeny of G. arca. Lamolda sup-
ports that opinion: he used to find (unpublished data) GI.
convexa Sandidge in north Spain in 'upper’ Santonian
rocks, but not GI. arca s.s. First occurrences of Gl con-
vexa and Gl manaurensis Gandolfi had been cited by
SiGaL (1977) as upper Santonian markers in the Mediter-
ranean Region (also, see SavLal, 1980). The status and
ranges of all these species should be cleared but they are
interesting for Santonian subdivision,

Nannofossils present several problems related to preser-
vation of the genera Calculites and Lucianorhabdus.
Nevertheless. Calculites obscurus (Deflandre) Prins &
Sissingh used to be a marker of the 'upper’ Santonian
and Lucianorhabdus cayeuxii Deflandre for 'middle’
Santonian (WaGREICH, 1992). The first occurrence of
Amphizygus minimus Bukry was reported by BURNETT
(1996) close to the lowest Uintacrinus socialis Grinnell.
In the Bottaccione Section, GARDIN et @l. (in press) have
found a similar sequence of nannofossil events - succes-
sive occurrences of L. caveuxii followed by A. minimus -
to those in England (S. Gardin, written comm.). There-
fore, it will be necessary to check other sections to con-
trast correlations of these indices, especially the relative
horizons of L. cayeuxii, A. minimus, Uintacrinus socialis,
and C. obscurus.

After discussion this motion was put:

1) A threefold division should be used for the Santonian:
2) Formal proposals are premature at present:

3) A possible datum for the base of the Middle Santonian
is the extinction point of Cladoceramus undulatoplicatus.
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4) A possible datum for the base of the Upper Santonian
is the first occurrence of Uintacrinus socialis.

The WG voted: Yes = 15: No = 0: Abstentions = 6.
The postal ballot supported the mation by a majority: Yes
= 12; No = 5; Abstentions = 3,

Substage boundary stratotypes
At present. the WG has no proposals for the substage

boundary stratotypes. Possible boundary sections in
Texas, along the Channel Coast, in Germany and Man-
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Abstract

The Campanian working party in Brussels did not wish to make a
conclusive recommendation but there was a strong feeling that the base
of the stage should be fixed at the extinction-level of the crinoid
Marsupires. Other criteria discussed included ammonites. belemnites,
foraminifera, calcareous nannofossils and magnetostratigraphy. Can-
didates for a boundary-stratotype occur in central Texas and south-east
England. Until these sections have been described in detail, it will not
be possible to choose a boundary-stratotype, and hence make a firm
recommendation to the International Subcommission for the base of
the stage.

It was felt that three substages should be used for the Campanian,
but international correlations within the stage are still too uncer-
tain to make recommendations for the definitions of these sub-
stages.

Key-words: Campanian. Upper Cretaceous, Placenticeras, Submorto-
niceras, Gonioteuthis. inoceramids, Marsupites, Broinsonia, Dicari-
nella, magnetostratigraphy.

Résume

Le Groupe de Travail du Campanien n’a pas souhaité décider défini-
tivement la position de la limite Santonien-Campanien mais un consen-
sus s'est dégagé en faveur du tracé de la base de I"étage Campanien au
niveau de I'extinction du crinoide Marsupites. D autres critéres dis-
cutés concernent, entre autres, les ammonites, les bélemnites. les
foraminiféres, les nannofossiles calcaires et la magnétostratigraphie.
Des coupes retenues comme candidates pour le stratotype de la limite
se trouvent au Texas central et dans le SE de I'Angleterre. Aussi
longtemps que ces sections n'auront sont pas été décrites en détail. il
sera impossible de choisir un stratotype de la limite, et donc de faire
une recommendation formelle 4 la Sous-commision Internationale
pour la base de I"étage.

Il a été considéré qu’une division en trois sous-étages serait utile
pour le Campanien, mais les correlations internationales sont encore
trop incertaines pour faire des recommendations concernant la défini-
tion de ces sous-élages.

Mots-clefs: Campanien, Crélacé supérieur, Placenticeras, Submorto-
niceras, Gonioteuthis, inoceramids, Marsupites, Broinyonia, Dicari-
nella, magnetostratigraphie.

KamnaHcknia apyc.

Peaome.

PaBoyas pynna KamnaHckoro fipyca npeano4na He
onpefensiT OKoH4aTenbHylo nosuumio CaHToHo-KamnaHckoii
rpaHuLLl; Tem He MeHee, cornacue Bbino AOCTUTHYTO O
npoBefeHnn 0CHOBaHWA KamMnaHckoro sipyca Ha ypoBHe

NPOTSXKEHVS MOPCKOW Nunun Marsupites. [pyrue
3aTpOHYThIe KpUTEPWMIW KacawTecH, Mexay npo4yum, aMmmMoHUTOB,
6enemHuToB, hopamHudep, M3BECTKOBbIX HaHOMhOCCUNWI 1
marHutocTpaturpadun, OtobpaHHbie B Ka4ecTee BO3MOXHbIX
BapWaHTOB ONA CTPaTtoThna rpaduilbl paspesbl pacnonarawwTcy
B LEHTpanbHoM Tekcace W Ha loro-BocTtoke AHrnun. Boibop
cTpaTtoThna rpadvuel, a cnegosarenbHo u cbopmanbuue
pekomeHnaunn ang MexayHaponHoin MNoaxomMmmccum
KacaTeflbHO OCHOBaHMA Apyca OyayT HeBO3MOXHbI 0 Tex nop
noka aTu paspesbl He ByayT AeTanbHO ONUCcaHbl.

Bbino nNpUHATO BO BHUMaHUe, 410 pasaeneHne KamnaHckoro
Apyca Ha 3 noabApyca MOXEeT 0KasaThCH MonesHbIM, HO
rnobansHbie Koppensauuuy AsnsoTCH Ha ﬂaHHblﬁ MOMEHT
AOCTaTo4HO HeonpeaenéHHbIMU AN Toro, 4ToGbl AaBaTh Kakue-
nnbo pexomeHAauMK, Kacaiolmecs onpeaenexsns Nnoabapycos,

Kntoyeeble cnoga: KamnaHckuii apyc, BepxHuin men,
Placenticeras, Submortoniceras, Gonioteuthis,
WHouepaMmbl, Marsupites, Broinsonia, Dicarinella,
MarHutocTpaTurpadus.

Original concept

The Campanian stage was introduced by CoOQUAND
(1857). It is generally agreed that it is the rock-succession
in the hillsides of Grande Champagne near Aubeterre-sur-
Dronne, some 45 km west-north-west of Périgueux in
northern Aquitaine, France. which best represents what
CoQuaND had in mind out of all the sections which he
mentioned. The sediments there are much burrowed shal-
low water limestones, rich in benthic foraminifera and
bivalves (including scattered rudists); some beds contain
cyclolitid corals and many polyzoa. Studies by SERONIE-
VIVIEN (1972) and VAN HINTE (1979) have shown that
there is no obvious base to the stage near Aubeterre.
Earlier studies suggested that the top of the stage was
reached, but even this is now known to be wrong (KEeN-
NEDY, 1986). With the near-absence of ammonites, rarity
of planktic foraminifera, and presumably an incomplete
representation of nannoplankton, the original stratotype
no longer has even a potential value as an international
standard.

Boundary Criteria

As usual, workers in different fields have got used to
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different criteria for the Santonian-Campanian boundary.
This has seldom been regarded as a problem because
there has been little reason to believe that they differed
significantly from one another. It is only the more
recent requirements of sequence-stratigraphy and the
possibilities of Milankovitch-rhythm stratigraphy that
have raised the need to achieve correlations at resolu-
tions better than (.25 Ma. At this level of accuracy it is
necessary to know how the various boundary standards
stack up in relation to one another. There is now a
valuable discussion of the boundaryv-criteria by GALE et
al. (1996).

The possible boundary levels discussed at Copenhagen in
1983 (BIRKELUND et al.. 1984) and at Brussels in 1995
included the following.

AMMONITES

1) Since the survey by de GrROSSOUVRE (1901) of Upper
Cretaceous ammonite zonation. the most widely quoted
base of the Campanian stage has been the Zone of
Placenticeras bidorsarum (sometimes listed as Diplac-
moceras bidorsatum or Diplacomoceras bidorsatum),
e.g. HauG (1911). WRIGHT in ARKELL er al. (1957). P.
bidorsatum (Roemer) was originally described from
north Germany (KeNNEDY & KarLAN, 1995) but it
was Aquitaine which de Grossouvre had in mind when
introducing the zonal name. He listed the species from
just three localities: no specimens have been found in

—

modern times. The species is equally rare in north
Germany (ScHMmIp, 1960). It probably evolved from P.
paraplanum Wiedmann (UrLBricH, 197]1; KENNEDY,
1984), but it is too rare to be able to know its true total
range. At the Brussels meeting W. Jim Kennedy said that
it was even difficult to find specimens in museum collec-
tions.

2) Placenticeras bidorsatum has not been recorded out-
side north-west Europe. Tethyan regions yield far richer
assemblages of Campanian ammonites. Of the possible
markers in places like Madagascar, South Africa and
Texas, attention has been focussed on the genus Submor-
toniceras. Although it was stated to be Campanian when
the name was introduced by SpaTH (1926), he was being
frankly speculative.

CoLLIGNON (1948, p. 51) bracketed Bevahites quadra-
tus and Submortoniceras renniei in a table as joint zonal
indices for the bottom of the Campanian in Menabe on
the western side of Madagascar, but in his text he indi-
cated that Bevahites was the earlier Campanian genus. By
1960 he had abandoned Submortoniceras as a zonal in-
dex.

YOUNG (1963) found the genus to be a reliable index in
Texas, taking S. requesquitense Young as the zonal index,
accompanied by two other species of Submortoniceras.

In South Africa also the genus Submortoniceras has
been found to be a practical indicator for the base of the
Campanian (KLINGER & KeNNEDY. 1980; KENNEDY,
1984).

Should an ammeonite standard be adopted as the bound-
ary-criterion, the lowest Submortoniceras has much in its

Fig. 1 — This table shows the correlation of four regions around the Santonian-Campanian boundary based on stratigraphical
ranges of the crinoids Uintacrinus and Marsupites. The only tie-lines between the regions (printed in bold lines) are based
on: the appearance of Uintacrinus (U. socialis GRINNELL, 1876); the highest Uintacrinus socialis and the lowest
Marsupites [M. testudinarius (SCHLOTHEIM, 1820)], which are usually separated by less than one metre of sediment,
and locally overlap; and the highest Marsupires (ornamented M. testudinarius). which is usually separated by less than
one metre of sediment from the lowest Uintacrinus anglicus RASMUSSEN, 1961, where that species occurs. The
occurrences of Uintacrinus and Marsupites in the Western Interior of the USA are based on CoBaAN (1995) and HATTIN
(1982). The ranges of these crinoids in the other three regions are based on collecting by ASG.

In the Western Interior of the USA the occurrence of these crinoids, particularly Marsupites, is sporadic, though it is
known that both genera are to be found in the bassieri Zone in Wyoming and Montana. But the lower limit of Uintacrinus
and the upper limit of Marsupites are still uncertain in the Western Interior. There is one reliable radiometric date of
83.91 (.43 Ma for the Desmoscaphites bassleri Zone by OBRADOVICH (1994); on the assumption that the Zone of
Scaphites leei 111 is the lowest zone of the Campanian, he dates the base of the stage at 83.5 Ma.

In central Texas the ranges of the ammonites are based mainly on work by YOUNG (1963 and personal communication).
There is no simple correlation with the ammonite zonation of the western interior seaway from Colorado to Montana. The
crinoid ranges in central Texas are derived from sections at Brushy Creek, Hutto: Little Walnut Creek, Austin; and the

Waxahachie Dam Spillway.

The crinoid ranges in England have long been known and form the basis of the standard zonation there for the higher
Santonian; sections occur in the cliffs and on the shore between Foreness Point and White Ness in north-east Kent; and
west of Seaford Head in Sussex. The boundary between Chron 34N and 33R is from MONTGOMERY in GALE ef al. (1996).
The appearance of Broinsonia parca parca STRADNER is based on work by J. BURNETT in the Isle of Wight.

Ranges of Uintacrinus and Marsupites in Mangyshlak are based on collecting at Emdy-Kurgan, about 100 km north of
Aktau. Other macro-fossils are scarce in this section but are known from Shakh-Bogota, west of Tauchik (NAIDIN ef al.,

1984, figs. 4 and 5).

The vertical ranges are not to scale, neither in years, nor in sediment thickness. The vertical range of Uintacrinus
socialis occupies more space in the table than that of Marsupites testudinarius because Uintacrinus is known from more
ammonite zones in the U.S. Western Interior. In the Chalk of Kent in England, the Marsupites Zone is nearly 15 m thick

and the Uintacrinus Zone is only 10 m thick,
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favour. As recognised by COLLIGNON, YOUNG, KLINGER
and KeNNEDY, it evolved from Texanites, a typically
Santonian genus. In addition to being common in Mada-
cascar, South Africa and Texas, it is known from Mexico
and the Pacific coast of the United States, British Colum-
bia and Spain.

3) There is a third ammonite candidate for the base of the
stage. This is the lowest Scaphites hippocrepis 111, the
highest of three subspecies of S. hippocrepis (De Kay)
(CoBBaN, 1969). According to Cobban this is probably
the same form as Scaphites aquisgranensis Schliiter of
European writers. This is said to occur with Placenticeras
bidorsatum in Germany. Although this scaphitid index
has the advantage of occurring and being accurately
placed in the ammonite rich succession of the Western
Interior of the USA, as well as being known from the
Atlantic and Gulf Coasts, and occurring in northern
Aquitaine, north-west Germany, Belgium and the Nether-
lands, this possible boundary-criterion was not discussed
at the Brussels meeting. The problem is that older sca-
phitids have now been found above the base of the P.
bidorsatum Zone in Aquitaine (KENNEDY, 1986). COBBAN
(1994) now places the base of the Campanian in the
Western Interior at the base of the Zone of Scaphites
leei 111.

BELEMNITES

In north-west Germany the base of the Zone of Gonio-
teuthis granulataquadrata has been used for the base of
the Campanian stage (ScHmiD, 1956). However, at
any one level there is variation in the morphology of
guards in the G. granulata - G. quadrata lineage and
one needs an assemblage of about ten specimens to fix the
exact horizon (ERNST, 1964, 1968). Outside Germany
there are rarely sufficient numbers of Gonioteuthis from
around this level to make the necessary statistical analy-
sis. Nevertheless, at both Copenhagen and Brussels the
hope was expressed that whatever criterion were adopted,
it would be desirable if it agreed with the German stan-
dard.

INOCERAMIDS

Inoceramids were not considered as possible boundary-
criteria at either Copenhagen or Brussels. It has long been
a popular idea that inoceramids of the group of Inocer-
amus (Endocostea) balticus Boehm characterise the
Campanian e.g. ERNST et al. (1979), and that the appear-
ance of this species should be close to the stage boundary,
€.2. SCHULZ ef al. (1984). In fact both Sertz (1967) in
Germany and KAUFFMAN ef al. (1994) in the USA regard
1. (E.) balticus s.s. as a species with a considerable range,
easily straddling the Santonian-Campanian boundary,
however it be defined.

There is undoubtedly a need for more figures of accu-
rately recorded inoceramids from around these levels.

Sertz does record some actual ranges but it is not easy
to work out the exact horizons of his figured specimens.
Similarly, KAUFFMAN er gl. subdivide their Lower Cam-
panian into six (ammonite) zones. but the only modern
figures are in the general survey by KAUFFMAN (1977) and
a few accurately located specimens in general stratigra-
phy papers by CopBAN. In particular. there is a need for an
accurate record of the inoceramids from the Austin Chalk
group in Texas.

CRINOIDS

Once de GROSSOUVRE’s concept of 1901 for the Santo-
nian/Campanian boundary had become popular, his in-
dication for its recognition in northern Europe, where
ammonites are rare, namely the top of the Zone of Mar-
supites testudinarius, came to be used (de GROSSOUVRE,
1901). This criterion has been particularly favoured by
British geologists because in the British Isles there are no
ammonites around these levels, inoceramids for the most
part are poorly preserved, and Gonioteurhis is uncommon
except in Northern Ireland. In contrast. Marsupites is
relatively common. Marsupites is geographically more
widespread than any other recorded macrofossil bound-
ary-marker, being known from British Columbia, Mon-
tana, Wyoming, Texas, Mississippi, Northern Ireland,
England, northern France, Aquitaine, northern Germany,
the Volga Basin, the Ukraine, Crimea, the Caucasus, the
eastern slopes of the central Urals, Mangyshlak in north-
west Kazakhstan, the Kopet Dagh in southern Turkmeni-
stan, Algeria, Madagascar, southern India, and the Perth
and Carnarvon Basins in Western Australia (COBBAN,
1995; GALE et al., 1995).

Doubts were expressed in Brussels on the reliability
of an extinction event as a boundary-criterion. There is
some justification for this viewpoint for fine-scale correl-
ation, that is at a resolution of less than one ammonite
zone. At the Plymouth Bluff section in Mississippi the
vertical range of Marsupites is only 0.1 m, with ammo-
nites below this range which are known to occur with
Marsupites in Texas, e.g. Submortoniceras tequesqui-
tense and Texanites lonsdalei Young. However, there
are two criteria which can be used to check when one
has a Marsupites at or near ils actual extinction level.
First, there is a stratigraphical succession of distinct
forms of the plates: this has been observed in Mangyshlak
(D. P. Naidin, personal communication); southern Eng-
land (ASG); and Texas (ASG). The strongly ornamented
plates characterise the upper third of the Zone. Secondly,
where the succession is complete the Zone of Marsupites
testudinarius is overlain by a Zone of Uintacrinus angli-
cus. This was originally recognised in southern England
by BRYDONE (1914), and is now also known in Yorkshire
(MITCHELL, 1994), Mangyshlak (ASG), Texas (ASG) and
Western Ausiralia (ASG). Should the highest Marsupites
be taken as the boundary-level for the base of the Cam-
panian, the boundary-stratotype should be taken in one of
these regions.
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FORAMINIFERA

There was discussion and disagreement at Brussels on
ranges of foraminifera.

The lowest Globotruncana arca Cushman has been
used as a criterion. Many workers, e.g. SLITER, 1989,
believe this species appeared within the Santonian, but
at the meeting both L.F. Kopaevich (Moscow) and J.
Salaj (Bratislava) emphasised that true G. arca does not
occur in the Santonian; the Santonian forms are phyloge-
netic ancestors.

The lowest Globotruncana elevata (Brotzen) which
has been used as a marker, is now considered to appear
in the Santonian. M. Apthorpe (Perth) reports it as
going down into the Coniacian in Australia and DSDP
cores.

The highest Dicarinella asymerrica (Sigal) (see
Marks, 1984) and D. concavata are probably the
most widely used foraminiferal criteria for the stage
boundary. Although mainly a tethyan species. D.
concavata is known as far north as southern England
(BAILEY & HART, 1979). Nobody raised strong objections
in Brussels to the use of these species as secondary
criteria.

M. B. Hart (Plymouth) pointed out that the lowest
occurrence of the benthic foraminifera of the Bolivinoides
group and Stensioina can be used as a link with the
succession of both planktic foraminifera and the crinoid
zones.

CALCAREOUS NANNOFOSSILS

Discussion at Brussels was concentrated on the appear-
ance of the coccolith Broinsonia parca parca (Strad-
ner).

J. A. Burnett (London) pointed out that where one
places this horizon depends on how the species is studied.
This view was supported by S. Gardin (Firenze) who
gave an elegant presentation which showed that it was
essential to use specimens of all sizes because there are
stratigraphical changes in size; there is a precise series of
‘subspecies” with which one can distinguish fine subdivi-
sions. The true B. parca parca comes in well above the
base of the Campanian defined on the extinction level of
Marsupites. In Culver Cliff, Isle of Wight in southern
England this nannofossil level is 10 m up in the Campa-
nian.

MAGNETOSTRATIGRAPHY

The long Cretaceous Quiet Zone extends from the Aptian
to the Santonian. It is often assumed that the reversed
Magnetochron 33R above this starts at the Santonian/
Campanian boundary or within the Lower Campanian.
This has usually been based on the succession at Gub-
bio in Umbria (Ttaly) where the base of 33R is 1 m below
the lowest Globotruncana elevata (PREMOLLI SILVA,

1977). MONTGOMERY (in GALE et al., 1996) has now
shown that in southern England the start of Chron 33R
lies in the middle of the Zone of Uintacrinus socialis,
i.e. well below the top of the Santonian on the crinoid
scale.

CARBON ISOTOPE STRATIGRAPHY

This criterion was not discussed at Brussels but a small
8'°C positive excursion has been found at the top of the
range of Marsupites in the counties of Kent and Sussex in
England (JENKINS, e al.. 1994). and at Lagerdorf in north
Germany (SCHONFELD, et al., 1991).

Recommendations
BOUNDARY-CRITERION

D. P. Naidin (PapuLov & NaIDIN, 1979) and G. Ernst
(ErnsT, 1963) both pressed for the use of the extinction
level of Marsupites as the boundary-criterion. Whilst this
was the general sympathy at the meeting of the working
group in Brussels, it was felt that a fuller investigation of
relative stratigraphical levels of the various distinctive
features should be made before making a definite deci-
sion. Accordingly, the following motion was put to the
meeting -

. The definition of the base of the Campanian stage
should be compatible with the classic definition by de
GROSSOUVRE, that is the lowest level with Placenticeras
bidorsatum.

2. This corresponds to the extinction-level of Marsupites
testudinarius (Schlotheim), which we recommend provi-
sionally as the boundary-marker for the base of the Cam-
panian stage.

3. This datum-level should be linked to:

(a) extinctions in the planktonic foraminiferal group of
Dicarinella concavata,

(b) nannofossil data, including the lineage of Broinsonia
parca,

(c¢) and directly or indirectly to the 33R/34N palacomag-
netic boundary,

4. We invite reports on correlation of these events from
members of the working group.

The vote for this motion was: 23 for, none against and no
abstentions.

BOUNDARY-STRATOTYPE

It was further agreed, without a formal vote being taken,
that should the crinoid standard eventually be adopted,
there were candidate boundary-stratotypes in Texas and
southern England. Accordingly, reports should be pre-
pared on the sections in England at Seaford Head, Sussex
(and possibly Foreness Point, Kent) by R. Mortimore, C.
J. Wood and A. S. Gale, and in north-central Texas at the
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Waxahachie dam-spillway by A. S. Gale, J. M. Hancock
and K. Young,

SUBSTAGES of the CAMPANIAN STAGE

By a vote of 17 to 2 (with 4 abstentions) it was agreed that
the working group should endeavour to subdivide the
Campanian into three sub-stages, Lower, Middle and
Upper (though a small number of people felt that the
stage was so long that an attempt should be made to
divide it into four sub-stages). If possible, each sub-stage
should be of approximately equal duration. It was not
possible at this time to make any formal proposals on
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Abstract

The Maastrichtian Working Group of the Subcommission of Creta-
ceous Stratigraphy looked for a section which could contain the Global
Boundary Stratotype Section and Point in the Campanian/ Maastrich-
tian transition. Over the last three years new data have been collected
from a section situated in the Tethyan Realm, but connected with the
Temperate Realm.,

During the meeting in Brussels, the working group considered the
markers which could be used for the localisation of this boundary.
Various sections in which this boundary is well exposed, were com-
pared. The characteristics of these sections were discussed in respect of
the requirements recommended by the Commission on Stratigraphy for
the Boundary stratotype point.

As a result, the Campanian/ Maastrichtian boundary will be proposed at
a precise point in the disused quarry at Tercis (Landes, France) at the
immediate proximity of the level where the oldest Pachvdiscus neu-
bergicus (von HAUER, 1858) has been found. At this site, that level has
been directly related with the appearance or disappearance of taxa of
different groups, including a very diverse and rich echinoid fauna,
various inoceramids, ammonites of which the replacement allows a
zonation. Furthermore, the sediments contain sufficient material which
permits the fundamental characterisation by benthic and planktonic
foraminifera, dinocysts and pollens and calcareous nannofossils, Other
faunal groups are also present, such as the brachiopods. crinoids,
asteroids, ophiuroids which can be used as biostratigraphical tools
amongst others for the necessary connection between the historical
stratotypes and the succession at Tercis. Also for the characterisation
and correlation, lithostratigraphical, chemostratigraphical and magne-
tostratigraphical tools are also being studied in detail.

The strata of the Tercis quarry are already well studied, but their
richness means that one can envisage other important developments in
the future.

Key-words:
Maastrichtian, Upper Cretaceous, stratotypes. GSSP proposal, biostra-
tigraphy, ammonites, belemnites, foraminifera, coccoliths.

Résumé

Le Groupe de Travail Maastrichtien de la Sous-commission de Strati-
graphie du Crétacé a cherché une section qui pourrait contenir le
**Global Boundary Stratotype Section and Point’" pour la transition
Campanien/ Maastrichtien, Ces trois derniéres années. des données
nouvelles ont été récoltées dans une section appartenant au domaine
tethysien, tout en étant reliée au domaine tempéré.

Pendant la réunion de Bruxelles. le groupe de travail a considéré les
marqueurs qui pourraient permettre la localisation de cette limite.
Plusieurs sections ofli cette limite est bien exposée, ont éié comparées.
Les caractéristiques de ces sections ont été discutées en considérant les

réglements présentés pour la désignation du “‘Boundary stratotype
point” par la Commission de Stratigraphie.

A la suite de ces discussions, la limite Campanien/ Maastrichtien
proposée se (rouve i un point précis dans la carriere abandonnée de
Tereis (Landes, France) a proximité immédiate de I'endroit ol a éié
trouve le plus ancien Pachydiscus neubergicus (von HAUER, 1858).
Dans cette carriére, ce niveau a été mis en relation directe avec
"apparition et la disparition de taxa appartenant a différents groupes,
dont une faune diverse et riche d’échinoides, de nombreux inocérames.
des ammonites dont le renouvellement permet une zonation. En outre,
les sédiments ont livré des témoins suffisants pour la fondamentale
caractérisation i I'aide des foraminiféres benthiques et planctoniques,
des dinocystes, des pollens et des nannofossiles calcaires. Plusieurs
groupes fauniques présents entre autres les brachiopodes, les crinoides,
les astérides ou les ophiurides, peuvent servir d’outils de corrélation
biostratigraphiques notamment vis & vis de la nécessaire connexion
entre les stratotypes historiques et la succession de Tercis.

Pour la caractérisation et la corrélation détaillées, les outils litho-
stratigraphiques, chimiostratigraphiques et magnétostratigraphiques
sont aussi étudies,

Les strates de la carriere de Tercis ont déji été beaucoup étudiés, mais
leur richesse laisse envisager d”autres développements importants dans
I"avenir,

Mots-clefs: Maastrichtien, Crétacé supérieur, stralotypes, proposition
du GSSP, biostratigraphie, ammonites, bélemnites, foraminiféres, coc-
colites.

OnpepeneHue «Global Boundary Stratotype Section and
Point» ang KamnaHcko-MaacTpUXTCKOM rpaHuub.

Pesome.

Pa6ouan pynna MaacTpuxTckoro sapyca lNogkoMuccui
Menogoii Crpaturpacdun 3aHUMaeTCs NOWCKOM paspesa,
cnocofHoro crath Global Boundary Stratotype Section
and Point ang KamnaHcko-MaacTpuxTCckoi rpaHuus. B
TeyeHue TpEx nocnenHux net, Geinv cobpaHbl HOBbIE AAHHbIE
o paspeay, npuHagnexaliemy K obnactm Tetuc, HO
CBA3aHHOMY TEM He MeHee ¢ BopeankCcKoin
naneocbuoreorpaduyeckoi oGnacTeio,

B TedeHune Dproccensckoro saceaanus, Paboyas Mpynna
YCTaHOBWNA ykasaTenu, KoTopble cMornm 6kl NIokanusosaTth
BbILLEYNOMSIHYTYIO MpaHuLly. Y4EHble CpasHUIN HECKONBLKO
pa3pesos, B KOTOPbIX 3Ta rpaHuua bi1a APKO BbiPaKeHHOMN u
obcyaynm xapaTepucTUK aTUX paspesos, YYuTbiBas
npeacraenedHole Ctpaturpadmyeckoil Komuccuein nonoxeHus
InA onpepenedus «Global Stratotype Points.

B peaynerare atux gMckyccuil, npeanioxeHHan KamnaHcko-
MaacTpuxTcKas rpaHiua HaxoAMTCs B KOHKPETHOM MyHKTe
Hepaboyero kapbepa Tercis (Landes, ®paHumd), B
HenocpefcTBeHHOW BNM30CTU Toro ypoBHs, rae Boln HalaeH
ApeBHelWWit Pachydiscus neubergicus (von HAUER,
1858) . 3TOT ypoBEHb Kapbepa Obin Npamo cBA3aH ¢
NosIBAEHWEM W UCHE3HOBEHWEM TAKCOHOB, NpUHagnexaLiux
pasnuYHLIM rpynnamM, BKIYaIoWMM pasHoobpasHhyio u
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0BUAbHYIO dhayHy: MOPCKMX EXOB, MHOTOYUCIEHHBIX
MHOLIEPaMoB M aMMOHUTOB. brarogaps oGHOBREHWIO
nNocnefHnx ocyLecTBNRETCA pacnpefenete no solam, K
TOMY Xe, OTNOXEHWA CONEPXAT LOCTaTOMHOE KONWYecTBo
ocTaTkoB, Gnarofiaps Yemy cTaHOBWTCA BO3MOXHOM, NpK
NOMOLLW BEHTUYECKMX W NAAHKTOHWYeckux dopamuHudep,
AVHOUMCT, Mblblbl M M3BECTKOBbIX HAHOMOCCUIWIA,
dyHAAMEHTaNbHAs XapakTepu3auma. Heckonbko
NPUCYTCTBYIOLIMX, OTHOCRALLIMXCA K hayHe rpynn, Mexay
npo4uM DpaxuHONOLoB, MOPCKUX MUK U MOPCKUX 3BE3
{Asteroida v Ophiurcida), MOIyT UrpaTh poib
GuocTpaTurpadM4eckKux Opyauini KOppensumMn, B 4acTHOCTY, Mo
OTHOLLEHMIO K HeoBX0AMMOIA CBA3 MEXIY UCTOPUYECKUMI
cTpaToTMNaMu U Hacnegmem Tercis,

[ng neTanbHbix KOPPENALMK 1 XapakTepusauuu Takke
Way4aloTes nMTocTpaTurpaduyeckie, xemocTpaTurpadudieckie
W MarHuTocTpaTurpaduyeckme TEXHONOTMM,

Crtparthl Kapbepa Tercis yxe GbiAM M3yHeHbl B AETaNsAX; TeM
He MeHee, ux BoraTcTBO NpeanonaraeT Apyrie BaxHole
OTKPLITVA B Byaylem.

Kmoyesble cnoBa: MaacTpuxTckuil Apyc, BepxHWii Men,
CTPaTOTUNbI, NPeANOXeHWe G55P, BuocTpaTurpadus,
aMMOHWTHL, hopaMUHNDEPLI, KOKKONWUTHI.

The Campanian/ Maastrichtian boundary

At the meeting in Brussels, presentations and discussions
connected with the definition of a Global Boundary Stra-
totype Section and Point (later on GSSP) for a precise
definition of the position of the Campanian/ Maastrich-

Table 1.

tian boundary, considered two points:

1. the level at which this boundary must be placed;

2. the choice of the most appropriate section for the
concrete localisation of this level.

After the presentations and discussions in Brussels, the
working group members reviewed the situation and gave
an indicative vote on the various possibilities presented.
The results of this vote are presented herein (Table 1).
Since an obvious majority resulted from this consultation,
a formal vote was attempted in October 1995 among the
40 members of the working group. entrusted with the
consensus on this boundary. The working group largely
expressed the same opinion as that previously expressed
by the indicative vote in Brussels.

We summarise here,
1) the discussion elements considered for establishing
the GSSP of the Campanian/ Maastrichtian boundary, and
2) the characteristics already known from the Tercis site,

For this site, it should be noted that whereas some
results are already available, complementary studies are
still being undertaken. Thus the chosen site will be a
good reference point which can be presented to the Sub-
commission as GSSP for the Campanian/Maastrichtian
boundary.

Markers quoted for location of the Campanian/ Maastrichtian boundary and votes for them.

Lst vote: all present were invited to vote for several primary markers amongst all those quoted in the discussion. No vote was given
for: LO Nostoceras hvarii, LO Globotruncanita elevata, FO G. aegypriaca. FO Lithraphidites praequadratus.

2nd vote: the four most quoted markers (underlined) were selected and each person present had to vote for one marker only.

3rd vote: in the last vote those present could vote for or against the most favoured marker.

FO = First Occurrence; LO = Last Occurrence.

boundary marker

Ammonites

FO Pachydiscus neubergicus

FO Hoploscaphites constrictus
FO Nostoceras hyarti

FO Pseudokossmaticeras brandti
Belemnites

FO Belemnella lanceolata 12
FO Belemn. licharevi
Planktonic foraminifera

FO Gansserina gansseri

LO Globotruncanita calcarata
FO Archaeoglobigerina kefiana
Benthic foraminifera

Bolivina decurrens
Neoflabellina reticulata
Orbitoides mammillata
Coccoliths

LO Aspidolithus parcus constrictus 11
LO Reinhardtites anthophorus

st vote

5
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Physico-chemical
Magnetic reversal marker 17
Chemical marker (87S1/86Sr) 1

2nd vote 3rd vote

(4 abstained) (5 abstained)

20 28 for; 8 against.
5

10

R
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Discussion on the Campanian/ Maastrichtian bound-
ary

The potential markers for placing the boundary

In 1984, the conclusions on the proposals for the position
of the Campanian/ Maastrichtian boundary (BIRKELUND
et al., 1984) mentioned six taxa which had ranges useful
for defining this boundary.

appearance:

— of the ammonites

1. Hoploscaphites constrictus (J. SOWERBY) type speci-
men at the Natural History Museum. London

2. Pachydiscus neubergicus (von HAUER) type specimen
at the Geologische Bundesanstalt, Vienna, Austria - it has
been re-figured by KexNEDY & SUMMESBERGER, 1986,
pl. 3, figs. 1-3: Warp & KENNEDY, 1993, fig. 28.

— of the belemnite

3. Belemnella lanceolata (SCHLOTHEIM)

— of the foraminifer

4. Globotruncana falsostuarti (SIGAL)

extinction:

— of the foraminifer

5. Globotruncanita calcarata (CUSHMAN)

— of the calcareous nannofossil

6. Quadrum trifidum. (STRADNER) sensu PRINS & PERCH-
NIELSEN

Since the 1984 restatement, other biomarkers have been
cited, recommended, discussed or used: appearance or
extinction of Nostoceras hyatti (STEPHENSON), extinction
of the calcareous nannofossil Breinsonia parca constricta
(STRADNER) BUKRY HATTNER. Geochemical and geomag-
netic markers have also been considered.

Some specialists consider the first criterion of a marker
should be its practical use: it should be recognisable at the
precise level in the reference section and if possible,
throughout the globe. From this point of view, candidates
for locating the boundary are limited to macrofossils (if
they are sufficiently frequent and easy to identify) or
eventually to lithological criteria (but these can rarely
be recognised beyond a single basin).

Other specialists argue that macrofossils are generally
too rare (or even too long lived) to allow the easy and
precise location of a boundary: they prefer to recommend
a microfaunal, geochemical or magnetic marker. Table 1
lists all the markers proposed in Brussels.

Sections useful for the definition of the boundary.

The two regions used for the definition of the historical
stage stratotypes (around Maastricht in Limburg, The
Netherlands, for the Maastrichtian; and the Charentes,
SW France, for the Campanian) do not contain suffi-
ciently continuous sections at the Campanian/ Maastrich-
tian boundary.

Five regions contain possible type section candidates.
One is in the cold temperate realm (N. Germany) and four
are in the tethyan realm [Basque region (France-Spain),
Tunisia, Apennines (Italy), Landes (France)].

The Kronsmoor section (N. Germany) is well known
through many publications as indicated by KENNEDY et
al., 1995. Furthermore, it is the only section which can be
considered if the belemnites have to be the marker of the
boundary. In principle, regions further eastwards, in the
ex-USSR, could also be considered, but our information
on these regions is less complete. Less favourable is that
the Kronsmoor quarry is still being worked, and that the
loose nature of the sediment makes it difficult to indicate
a constant reference point.

In the Basque Region (Pais Vasco) the Zumaya section
(Spain) is well studied. The section at Bidart (France) has
been fairly well studied. Those sections are easily acces-
sible and especially well exposed. They would be favour-
able if microfossils were considered as markers. Macro-
fauna is however rare near the Campanian/ Maastrichtian
boundary.

In Tunisia the sediments contain a good microfauna;
macrofauna is present but relatively rare. The studies on
this region are not sufficiently diversitied so far, but, as
with the Basque region, Tunisia could be used for compar-
ison when combining different correlative tools to obtain
better precision on their relative stratigraphic positions.

The section at Botaccione (Apennines, Italy) has been
very thoroughly studied. Microfauna is present but can
only be studied in thin sections.

Remarkable is that the Botaccione section offers the
possibility to combine biostratigraphic and magnetostra-
tigraphic data. However, it contains no macrofauna. An-
other problem which might arise with this road side
section is that it could become inaccessible. The data
accumulated on this section allow worldwide correla-
tions, especially in the deep (bathyal) marine strata.

The Tercis section (Landes, France) is remarkable in the
diversity of the macrofauna, except for the absence of
belemnites. This section allows to correlate cool tempe-
rate macrofauna and tethyan microfauna. The microfauna
and the nannofossils are partially less favourably pre-
served than in deeper-water deposits. Their study is more
time consuming than in other basins, but a characterisa-
tion is possible. The data concerning this section are
being studied in detail. The section’s accessibility and
permanency are as favourable as possible.

Among the possible sites for defining the Campanian/
Maastrichtian boundary stratotype, none completely cov-
ers the criteria summarised elsewhere (Opin, 1992):

1) quality of the section with accessibility for study and
for the preservation of a given point;

2) quality of the sedimentary record with fully marine
facies, continuous deposition, good preservation of the
“‘signals’’ without change of facies;

3) quality of the biostratigraphic record permitting espe-
cially a correlation between the cold temperate and te-
thyan biomarkers;
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4) applicability of physico-chemical tools with magneto-
stratigraphy. chemostratigraphy and radioisotopic dating.

Using sections situated in different palacogeographic and
sedimentary environments. the boundary can be defined
more completely by adding to the chosen site for the
GSSP, auxiliary reference sections.

The proposals which were preferved during the votes
Table 1 (p. 112) summarises the opinion of the partici-
pants at the Brussels meeting.

Where the biomarkers are concerned, the macroscopic
and the ‘‘hidden" criteria had the same number of sup-
porters. When only one criterion had to be selected the
macrofossil supporters were more numerous. The appear-
ance of the ammonite Pachydiscus neubergicus seems (o
be the only criterion which obtained a consensus. This is
due largely to the fact that this ammonite has a wide
distribution outside the cold temperate realm. HANCOCK
& KENNEDY (1993) and KENNEDY ef al. (1995) cite the
taxon from the Basque region to Denmark, from N.
Germany, the Ukraine, Russia to Armenia and from
Africa: Tunisia, Nigeria, South-Africa, Madagascar, and
also from 8. India.

After the Brussels meeting, a formal vote was taken on
October 15, 1995 by all members of the working group:
40 persons including all those having actively cooperated
with the studies of the group and those which had ex-
pressed an interest in its activities to the chairman of the
subcommission and having actively participated in the
discussions. This vote confirmed the conclusions reached
in Brussels in which the members expressed the wish to
obtain a concrete result and to emphasize Tercis as a
reference section.

Substages of the Maastrichtian stage

Where needed the formal Maastrichtian Stage may be
subdivided into substages. At the meeting in Brussels, the
majority of those attending agreed by vote of 26 to 0, with
6 abstentions, that a subdivision into two substages
should be recommended.

(_

Fig. 1 — Present section in the quarry at Tercis (simplified
from Opv & ODIN, 1994). The whole succession is
limestone with occasional argillaceous beds (10-15%
clay: dashed beds). Major bedding planes are
shown. Eight units are distinguished with sharp
boundaries at levels 0, 11, 30, 68.5, 81, 100 and
131. The relative abundance of poorly evolved
glaucony (maximum: 30%o, usually in very small
grains - 30 to 100 pm) is one of the few criteria for
subdividing the homogeneous lithology. The Cam-
panian/ Maastrichtian boundary is within the 0.3 to
0.6 Ma long dotted interval; it will be constrained
to 0.03 Ma when current research has been com-
pleted.

There was no agreement on the boundary-criterion for the
base of the Upper Maastrichtian. Possible criteria men-
tioned included:

e the extinction of rudistid reefs,

e the extinction of the majority of the inoceramids,

e the lowest occurrence of a calcareous nannofossils
species;

e the lowest occurrence of Pachydiscus fresvillensis
Seunes,

[t was agreed, without a vote being taken, that the section
at Zumaya, northern Spain, should be better documented
before any final decision is made on the base of the Upper
Maastrichtian.

The site of Tercis

Geographically, the village of Tercis is situated in the
Landes (S.W. France), in between the Basque Region
(well known by numerous, recently undertaken studies)
to the south, and the Charentes (with the historical
stratotype of the Campanian) to the north. The palacogeo-
graphic position of Tercis, in a small basin north of
the Pyrenees, but belonging to the tethyan realm, is
favourable for comparison between the cold temperate
realm (Charentes. Limburg, N. Germany) and the te-
thyan realm of which the faunas are found in this Aturian
basin.

The site is situated 8 km SE of the railway station at
Dax, on the left bank of the Adour River. The outcrop is
part of the east-west ridge of Tercis-Angoumé. In the
northern flank of this anticline, which is partially of
diapiric origin, Mesozoic strata outcrop subvertically; at
their centre is Triassic of Germanic facies.

The outcrop is situated in a quarry with five formerly
worked ‘‘platforms™, each 5 to 6 m high, opening west-
wards between the south and north walls, about 100 m
apart. These “‘levels’ allow repeated observation of the
series.

The major section of about 165 m thickness, is the old
quarry face. A disused quarry just to the south shows 25 m
of older strata. Another section, about 60 m thick, is
visible around the north entrance of the quarry, which
contains part of the uppermost strata of the main section.
Younger strata are visible to the north of the quarry in
small exposures as far as the “‘Mur de Bédat™’, at the
Cretaceous/Palaeogene boundary. The whole 40 m just
below the K/T boundary can be studied.

Access to the site and **permanence’” of the section
Working of the quarry has stopped. In 1993, for security
reasons, a considerable re-planning of the site was under-
taken. It was aimed at preservation and improvement of
the accessibility to its geology. The main section was
measured and described (ObpiN & Obin, 1994), Markers
have been placed every metre between - 4 and + 161 on at
least one level.

About 15 years ago, the first advanced studies on the
site were started and directed by J. M. Hancock (HAN-
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COCK et al., 1993) who demonstrated the importance of
the site. In 1988 P. Ward also studied the site. Since the
spring of 1992 a systematic study including the marking
of the section and bed by bed collecting has been under-
taken. Since 1994, all the results have been accumulated
in the framework of the Maastrichtian Working group of
the Cretaceous Subcommission and they will be mono-
graphed in 1996.

The city of Dax is served by a good railway service
from Paris and Spain and easily accessible by road. The
road to the quarry is good.

At present the owner of the site is the “‘Ciments
Francais'’. This company readily gives access permits.
Soon, as a result of the acceptance of the security plan-
ning of the site (18 October 1995) the city of Dax will
take charge, in cooperation with the “*Conservatoire des
Sites d’Aquitaine’’. This latter institution is empowered
by the national French environmental authorities to pro-
tect sites. These organisations have shown they are inter-
ested in recognising the Tercis site as a public site,
accessible yet protected against destruction in the near
as well as for the distant future.

Sediments

Depositional environment

The sediments have been deposited in an open marine
environment represented by limestones with pithonellids
and calcispheres. A depth of 50 to 200 m is probable —
thus representing the top of the continental slope or the
lower shelf.

Depositional history

The strata were placed in a vertical position by the
Pyrenean orogeny. They are cut locally by small faults,
mainly visible outside the main section. Their throw
ranges from 20 to 30 cm to several m. Foraminifera and
nannofossils are locally strongly recrystallised. There is
some minor shearing.

Characteristic stratigraphic tools and their correlation
potential

Lithostratigraphy

The major section contains generally 95% carbonates.
More than 10 % clay is only found in some thin beds, a
few cm to 30-40 cm thick.

The main lithological variations are related to the
amount of glauconite (not very evolved and fine), and
the development of chert (grey or black flints). These
criteria have allowed a subdivision into 8 units (ObpIN &
ObiIN, 1994). Specific marker beds provide precise corre-
lations between the sections on different levels within the
quarry at Tercis: two beds with Pycnodonte vesicularis
(oysters), a double marly level, a bed with numerous
inoceramids. The most important lithostratigraphic char-
acteristic is the obvious rhythmicity of the concretions
of chert. Similar rhythms have been interpreted as
being of climatic origin in the Maastrichtian of Limburg
(ZULSTRA, 1994). This should allow the evaluation of
the depositional speed and its regularity. The regular

rhythms, especially clear at the Campanian/ Maastrich-
tian transition, are also a very useful tool for demonstrat-
ing the continuity of the deposition.

Biostratigraphy of the macrofauna

The section contains an abundant echinoid fauna, allow-
ing a double zonation: one with Echinocorys species,
another with Micraster species and closely allied taxa
(being studied by D. Néraudeau). Inoceramids are present
from the base to the top of the section (DHONDT, 1993,
and further studies). Ammonites are sufficiently varied
and numerous to allow far reaching correlations with the
tethyan and cold temperate realms. Further progress has
been made since the work by Hancock & KENNEDY,
1993: 250 specimens collected in situ by the WG chair-
man are available for study at the Université P. & M.
Curie in Paris (contributions by W.A. Cobban, W.J.
Kennedy, and P.D. Ward). Macrobrachiopods and micro-
brachiopods are quite common, but macrobrachiopods
are limited to certain beds (under study by D. Gaspard).
Asteroid, crinoid and ophiuroid remains have been col-
lected by the WG chairman, and should allow interesting
correlations with the Campanian and Maastrichtian his-
torical stratotypes (studies by L. Villier and J. W.J. Jagt).

Biostratigraphy of the microfauna

Benthic (studied by J. Magné and J. Ton) and planktonic
Foraminifera (studied by M. Caron and J. Ion): see also
SIMMONS et @l., in press) are present in most levels, The
preservation varies from very good to poor for planktonic
foraminifera, and the marker taxa are sometimes only
sporadically present. A zonation can be established and
correlations can be proposed. The benthic forms are fairly
well preserved and also allow a zonation and correlations.
Noteworthy is that the beds with the most diverse and
well preserved microfauna with the oceanic characteris-
tics are situated very near to the appearance of fossil
markers used for the boundary.

Ostracodes (studied by R. Damotte) are present and
locally ornate forms permit correlations.

Coccoliths (BURNETT in HANCOCK et al., 1993, and
further work by M. Bonnemaison, K. von Salis-Perch-
Nielsen, M. Melinte, and more recently by S. Gardin, S.
Monechi, J. A. Bergen) are present in most samples.
Preservation is average (o poor, but zonations have been
proposed by several specialists.

Dinocysts and pollens (studied by E. Antonescu, new
studies foreseen by J. A. Bergen and G. J. Wilson) are
present in many samples, and are well preserved. They
should help considerably in correlations, even over long
distances.

To summarise: even if the preservation is not perfect
for all fossil groups, the sediments of the Tercis section
are unique in that they allow a direct correlation potential
for many fossil groups (except belemnites and radiolar-
ians) and for a direct interregional correlation.

Physico-chemical stratigraphic tools
Geochemical analysis has been undertaken: trace ele-
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ments, Sr isotopes. Trace elements present a potential for
regional and global correlation. Sr isotopes have not yet
given satisfactory results.

The magnetostratigraphic znalyvsis has been underta-
ken in the laboratory of B. Galbrun. Onlyv the lower half
of the section gave a useful result

Practical localisation of the GSSP

The actual status of the Tercis guarry allows to consider a
GSSP which would be concretelv developed and pro-
tected, Following an investment of 1000 kF (200.000
US $) for the development of the site and for the safety
of visitors to the quarrv. negotiations are advancing
towards its protection in the near and distant future.
The precise location of the GSSP depends on different
factors.

Theoretically the choice of the biological marker Pa-
chydiscus neubergicus is fundamental. Already at least
three scientists have found one or several specimens near
the Campanian/ Maastrichtian boundary. These speci-
mens have been identified by at least three specialists
(W. A. Cobban. W. J. Kennedy. P. Ward). More recent
collections are still being identified.

At the time of the meeting in Brussels, it was believed
that the lowest occurrence of Pachvdiscus neubergicus
was somewhere in the range of the levels 112-127, in the
limestones with pale grev flints, probably within a thick-
ness of no more than 10 m (representing less than 0.4
Ma). Part of the problem of uncertainty is that the section-
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