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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 Tröger non
Fiege) as criterion for recognising the Turonian-Coniacian boundary.
This boundary lies between the LO of the ammonite Prionocyclus
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 définition of the boundary.

The working group further recommends that:
- the Lower-Middle Coniacian substage boundary be drawn at the FO
of the inoceramid Volviceramus 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 subquadratus.

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 WOOD et cd.
(1984) section, above the Didymotis ecoevent II 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 Seaford Flead
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 première apparition du bivalve
inocéramidé Cremnoceramus rotundatus (sensu Tröger non Fiege) soit
reconnue comme critère pour la limite Turonien-Coniacien. Cette
limite se situe entre l'extinction de l'ammonite Prionocyclus germari
(Turonien tout à fait supérieur de l'Eurasie et d'Amérique du Nord) et
l'apparition des ammonites Forresteria (Harleites) petrocoriensis (en
Europe) et F. peruana et F. brancoi (en Amérique du Nord); ainsi la
limite reste définie à un endroit proche de celui désigné à 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 à l'apparition de l'inocéramidé Volviceramus koeneni et, quand
il y a des ammonites, à ou près de l'apparition de Peroniceras (Per¬
oniceras) tridorsatum,
- la limite entre les sous-étages Coniacien Moyen et Supérieur corres¬
ponde à l'apparition de l'inocéramidé cosmopolite Magadiceramus
subquadratus.

Unanimement le Groupe de Travail recommande la carrière Salzgitter-
Salder, près de Salzgitter-Salder, Basse Saxe, Allemagne, comme
stratotype de la limite Turonien-Coniacien. Dans cette carrière, la
limite T-C est placée dans le niveau MK 47 de la coupe décrite par
Wood et al., 1984; ce niveau se situe au-dessus du Didymotis "ecoe¬
vent II" et de l'apparition en masse de Cremnoceramus waltersdor¬
fensis waltersdorfensis.

Pour les limites des sous-étages du Coniacien, aucun stratotype n'a
été 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 l'Upper Chalk
de Seaford Flead dans le sud de l'Angleterre sont à l'étude.

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

OripefleneHHe TypoHo-KoHbHKCKotf rpamiubi.

Pe3K)Me.
PaöoHan Vpynna KoHbHKCKoro SJpyca CTpaTurpachunecKoPi
MenoBOM floflKOMUccMM peKOMeHflyeï npu3Haïb nepBoe
nottBneHue MHOuepaMHoro ABycTBoptaioro MottrnocKa
Cremnoceramus rotundatus (sensu Tröger non Fiege) B
KanecTBe «puTepi/m mw onpefleneHMfl TypoHo-KoHbBKCKOM
rpaHMUbi. noctieflHBB pacnotiaraeTCH Mexcfty rpaHupeCi
MCHe3HOBeHMB aMMOHma Prionocyclus germari (caMbiiï
BepxHMü TypoH EBpa3nn w CeBepHofi AMepuKn) m noHBJieHneM
aMMOHMTOB Forresteria (Harleites) petrocoriensis (b
EBpone) M F. peruana w F. brancoi (B CeBepHoO
AMepwœ), npefloxpaHtm t3kmm oöpa30M noAJiMHHoe
3HaueHne aMMOHMTOBoro onpefle/ieHwa rpattuubi.
PaôoMaB Tpynna Taioxe peKOMeHAyeu
- onpeAejiHTb rpaHmty MexAy noAtapycaMM Fltixotero m
CpeAHero KoHbnxa npw nepBOM noBBtieHMM MHouepaMa
Volviceramus koeneni Mnu, b TOM c/iywae ectlM aMMOHUTbl
coxpaHeHbi, npn nepBOM noBBJieHnn Peroniceras
tridorsatum,
- onpeAeJiHTb rpattutty MextAy noAtapycaMM Bepxttero u
CpeAHero KoHbaica npu nepBOM noBBtieHMM
pacnpocTpaHëHHoro HHopepaMa, Magadiceramus
subquadratus.

PaôoHaa [~pynna KoHbstKcxoro flpyca eAHHOrnacHO
peKOMeHAyoT pa3pe3 b xapbepe Salzgitter-Salder,
HeAaneKO ot Salzgitter-Salder, (FIhxchbb CaKCOHHH,
TepMaHMtt), b KatecTBe CTpaTOTitna ahh TypoHO-KoHbttKcxoM
rpaHMUbi. B 3tom xapbepe TypoHo-KoHbBKCKast rpaHMua
onpeAeneHa b cnoe MK-47 pa3pe3a wood et al., (1984;
pwc.4) , HaA Didymotis ecoevent II w noHBJieHweM
MHOxecTBa Cremnoceramus? waltersdorfensis
waltersdorfensis.
Hto xacaeTCB noAtnpycoB KoHbBKa, to ynëHbie He
pexoMeHAOBa/iM hh oahh pa3pe3 b KasecTBe cîpaTOTuna, Tax
xax AaHHbie b noAAepxtKy xaxAoro M3 AByx BapwaHTOB He 6bitin
etltë AOCTaTOHHO paCCMOTpeHbl. B HaCTOBlAMÜ MOMeHT
cneunanncTbi H3ysatOT Lower Austin Chalk b paitOHe
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Dallas-Fort Worth (TeKcac), a TaoKe OTJioxeHMH Seaford
Head Ha lore AHrnuu (upper Chalk) .

lOlKJHeBbie CJlOBa : KoHbHKCKMpt «pyc, BepXHMM Me/1,
6nocTpaTnrpacJ)HH, aMMOHUTbi, MHOuepaMbi, crpaToinnbi

Introduction

The Coniacian is the shortest Cretaceous stage, enhancing
the dynamic aspect of major changes in ocean-climate
Systems and their marine biotas. Based on 40Ar-39Ar 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 âges of 86.92
+ 0.39 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 âge as a resuit 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 Coquand (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); Séronie-Vivien, 1972,
1980; Birkelund et al., 1984; Kennedy, 1984 a, b],
where a prominent régional disconformity separates Tur-
onian rudistid-bearing limestones, capped by a hard-
ground, from basai 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 et 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 régional référencé
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 considération 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 définition of the Turonian-Coniacian
boundary presented at the Copenhagen meeting are as
follows (Bailey et al, 1984; Birkelund et al., 1984):

(a) The first occurrence (FO) of the ammonite Forres-
teria (Harleites) petrocoriensis (Coquand) (= Barroisi-
ceras haberfeUneri, of authors, recorded from the Char¬
ente by de Grossouvre, 1894 to Séronie-Vivien, 1972;
Kennedy, 1984 a, b). Other ammonites are rare, so that
this boundary définition relies heavily on the occurrence
of a single species, Forresteria (H.) petrocoriensis (see:
Kennedy, 1984 a, b).

This définition received the greatest support in the
Copenhagen meeting (Birkelund et al, 1984).

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

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

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

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

Fig. 1 — 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 âges
(left columns) and composite range zones for bios-
tratigraphically useful bivalve species. Radiometric
âges (*) from Obradovich (1994); calculated âges
from Kauffman et al. (1994). Composite assem¬
blage zones (CAZ: right) divided into high-, med¬
ium-, 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-
satum)
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(cl) The FOs of the echinoids Micraster decipiens (Bayle)
and/or M. normanniae Bucaille at the base of the Western

European M. cortestudinarium zone were suggested by
Pomerol ( 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 taxonomie défini¬
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 et 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 et al., 1984). This boundary
définition 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 évolution of the
Dicarinella primitiva-concavata group can be used (Bir¬
kelund et al., 1984; Marks, 1984) to distinguish the
Coniacian from the Turonian.

(g) The FO ofthe 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 et 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 définition of the Turonian-
Coniacian boundary at the Brussels meeting are as
follows:

(1) The first occurrence (FO) of the ammonite Forres¬
teria (Hqrleites) 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 définition 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 (Bruggen, 1901) and/or
F. (F.) brancoi (Solger, 1904) (Kauffman et al., 1994;
Fig. 1 herein)].

In the Münster 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 Tröger non Fiege)], lies below the
FOs of Forresteria (H.)petrocoriensis, and above the LO
of Prionocyclus germari.

The choice of the FO of Cr. rotundatus (sensu Tröger
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 et
a/., 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 ) and at the boundary level utilised in the
Western Interior of North America (Kauffman et al.,
1994: Fig. 1 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 Kennedy (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. 1 herein), the
first appearance of Cremnoceramus deformis sensu
Meek, lies several métrés above the FOs of Forresteria
peruana, F. brancoi, Cr. erectus, and Cr. rotundatus, ail
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 et al.
(1994).

Criterion 2 is thus considered invalid.

[Editor's note: in Europe, following Walaszczyk ( 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 Tröger
non Fiege).
I. Walaszczyk 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 défini¬
tion of the T-C boundary established at Brussels.

Below the Cr. rotundatus bed at Salzgitter-Salder
(Wood et al.. 1984), in levels MK 45 and KM 46, is
the flood occurrence of small forms of Cr. waltersdor-
fensis hannovrensis (Fleinz) [now considered to be con-

specific with the type concept of Cr. waltersdorfensis
waltersdorfensis (I. Walaszczyk and C. J. Wood, written
comm., May 1996)] together with abundant Didymotis in
the upper Didymotis event and the unique specimen of
Cremnoceramus sp. aff. Cr. rotundatus (sensu Tröger non
Fiege) [this inoceramid is now considered a transitional
form between Cr. waltersdorfensis waltersdorfensis (An-
dert) and Cr. rotundatus (Tröger non Fiege), I. 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 (I. Walaszczyk and C.
J. Wood, written comm., May 1996).

Further, despite the successful régional tracing of these
flood occurrences in Germany, Bohemia, (Czech Republic)
(Cech, 1989) northern Spain (Küchler & Ernst, 1989)
and even to England (Wood 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 Münster 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 [e.g. Cr. rotundatus (sensu Tröger
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 Tröger
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 et
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 régional LOs of several species of uppermost
Turonian Mytiloides [M? lusatiae (Andert), M. incertus
(Jimbo), M. dresdensis labiatoidiforrnis (Tröger), M. pro-
blernaticus (Schlotheim)] also occur at this boundary in
North America. These are predominantly cosmopolitan
inoceramid species with high corrélation 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 Didymotis spp. were
recently proposed as criteria for defining the base of the
Coniacian Stage in Germany and Spain (Küchler &
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
Ataxophragmium nautiloides (Brotzen, 1936), and Gave-
linella praeinfrasantonica (Mjatluik, 1947), and the LOs
of Globorotalites hangensis Vassilenko, 1956 and Gave-
linella moniliforrnis (Reuss, 1845). Collectively, this
boundary définition 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 définition of the Turonian-Coniacian
boundary.

Thus, the boundary will lie between the LO of Prio¬
nocyclus germari and the FO of Forresteria (Harleites)
petrocoriensis, and at the FO of Cremnoceramus rotun¬
datus (sensu Tröger 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 al the chosen
boundary stratotype, the Salzgitter-Salder Quarry in Lo-
wer Saxony (Wood 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 régional bio¬
events - the second Didymotis ecoevent and a flood
occurrence of Cr. ? waltersdorfensis waltersdorfensis, as
described by Wood et al. (1984), shown in Figures 4 and
5, and adjusted by I. 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. Se. kieslingswal-
densis kieslingswaldensis and Scolarités turoniensis first
appear significantly above the boundary. There is a ré¬
gional planktonic foraminiferal change at or near the
boundary, which is marked particularly by a significant
increase in Globotruncana paraventricosa (Hofker)
(Bràutigam, 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. de 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. Kennedy (1984 b)
proposed a three-fold substage division of the Coniacian
for large areas of France, as follows:

(1) a Lower Coniacian Forresteria (Harleites) petrocor-
iensis 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 gén¬
éral, are too rare, or absent, in most sections (also Ken¬
nedy, unpublished proposai 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 <= Cremnoceramus) browni (Cragin),
and the base of the Upper by the FO of Magadiceramus
subquadratus (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 définition 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 et 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
définition 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 Volviceramus, 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 régional to global corréla¬
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 proposais

Ail 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 formai proposai 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 outerop 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 future.

Three new proposals for the Turonian-Coniacian bound-
ary stratotype were presented at the Brussels meeting, and
in correspondance leading up to that meeting, and an
additional five informai 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 (Cremnoceramus 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
(Collom, 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 préservation 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 Wood et al.
(1984) and proposed as a régional référencé 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 (Wood 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 ö1 3C curve was published by
Ernst & Wood (1995); more detailed stable isotope data
will be published by VoiGT & Hilbrecht (in prep. ).

During the two-year délibérations of the working group, a
number of régional 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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Fig. 2 — Locality map of Lower Saxony, Germany, showing the position of the Salzgitter-Salder Quarry (see Salder), the site of
the stratotype section for the Turonian-Coniacian boundary recommended by the Coniacian Working Group at Brussels
(After Wood et al., 1984).



88 Erle G. KAUFFMAN (compiler), W. Jim KENNEDY & Christopher J. WOOD

Photograph of the Turonian-Coniacian boundary stratotype section at the Salzgitter-Salder Quarry, Lower Saxony.
Germany. The arrow désignâtes 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 référencé 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 définition of the T-C boundary,
has been completed recently by Noda (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 référencé
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 Récréation Area.

However, this boundary sequence is more condensed than
in New Mexico or at thé Salzgitter-Salder Quarry, and
thus may contain some omission surfaces. Further, the
Pueblo section has much thinner and more weathered mari
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 considération 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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and Stensioina sp. ex. gr. S. granulata (Olbertz), as well
as a flood occurrence of planospiral marginotruncanid
foraminifers (Naidin et al., 1984);

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

(c) abundant inoceramids, brachiopods, foraminifers,
coccoliths, and numerous régional 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 formai proposais 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. proposais including high-
resolution stratigraphie, geochemical, and biostratigraphie
data as well as justifications for choosing this stratotype
section), and the mandate of the Coniacian Working
Group was to décidé at this meeting on criteria for defin-
ing the Turonian-Coniacian boundary, Coniacian substage
boundaries, and boundary stratotypes, these proposals
were subsequently withdrawn from considération.

The Coniacian Working Group did endorse the concept
of further documenting these sequences as régional ré¬
férencé 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 l'or the Turonian-
Coniacian stratotype boundary. Data from this locality
were obtained from the graduate thesis work of Lafer-
riere (1987 a) and Collom (1991), publications of Lafer-
riere (1987 b), Laferrierf. et al. (1987), Laferriere &
Hattin (1989), and subséquent field work by E. G. Kauff¬
man in 1995. According to E.G. Kauffman this section
meets ail 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. - Wood et al. ( 1984) proposed the Salzgitter-
Salder Quarry exposure as the best Turonian-Coniacian
boundary référencé 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 stratigraphie section, with ré¬
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 conti nuously exposed
Middle Turonian through Lower Coniacian strata, dip-
ping N at 70°, which have been documented in very high-
resolution stratigraphie detail by Wood et al. (1984, and
référencés therein) (Figures 4 and 5). 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 Wood et
al. (1984) measured section and 61 m above the inter-
regionally persistent tuff TF. The boundary (revised from
the position taken in Wood et ai, 1984) is drawn at the
base of bed MK 47 (Figure 4), coincident with the FO of
Cremnoceramus rotundatus (sensu Tröger non Fiege),
above the second flood occurrence of the bivalve Didy-
motis cf. costatus (Fric) [Didymotis II] and above an
acmezone of Cremnoceramus waltersdorfensis walters-
dorfensis\ these bioevents collectively constitute an inter¬
régional event-bundle (I. Walaszczyk & C.J. Wood, writ-
ten communication, May 1966). This revised interpréta¬
tion places both the two main Didymotis events into the
terminal Turonian and agréés with the recorded LO of the
upper Turonian zonal index ammonite Prionocyclus ger-
mari in and immediately above Didymotis II in the Bo-
hemian Cretaceous Basin (cf. Cech, 1989).

The T-C boundary approximates to a minor négative 513C
peak at the culmination of an overall broadly négative
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 41c and middle Bed
KM 42a, 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 (Wood et 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 régional corrélation. 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 & Wood, 1995) comprising tuff TF, mari 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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- (2) a (recently) discovered Didymotis event in Bed mK
19 (Kröger, in prep. );

- (3) a Sciponoceras occurrence bed (mK 29), 23 m
below the T-C boundary;
- (4) a Scaphites aff. diana occurrence bed (mK 35a),
14 m below the T-C boundary;

- (5) a Se. kieslingswaldensis doylei [formerly Se. lam-
berti] occurrence bed (37), 10-11 m below the T-C
boundary;
- (6) the Didymotis ecoevent I (Bed MK 39b), 7.5 m
below the T-C boundary, comprising a flood occurrence
of Didymotis cl", costatus associated with a Mytiloides
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¬
dymotis I, 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
Tröger 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
Wood et al. (1984) and as presented in the Brussels
Symposium:

• it is a thick, continuously exposed, depositional se-
quence across the boundary without obvious hiatuses;
• it has numerous event and cycle marker beds at and
bracketing the T-C boundary with proven régional corré¬
lation potential (e.g. Wood et al., 1984, Figures 4
and 5);
• it is richly fossiliferous, especially in inoceramid bi¬
valves, which form the basis for biostratigraphic détermi¬
nation of Coniacian Stage and Substage boundaries; suf¬
ficiënt ammonites and echinoids are known from the
section to provide independent biostratigraphic tie-points
to other zonal schemes;

• diverse planktic microfossils are preserved in the se-
quence;
• utilizing bivalve (especially inoceramid) shell mater¬
ial, a detailed chemostratigraphic profile can be con-
structed for the section SI3C (Ernst & Wood, 1995;
Voigt & Hilbrecht, in press); whole rock analysis
may be more difficult considering the tectonic déforma¬
tion and resulting carbonate diagenesis of the strata;
• the section is accessible, continuously exposed, with
fresh rock surfaces, and is still partially quarried with
steep cliff faces that will remain relatively unweathered
for the foreseeable future.

The only significant disadvantages relate to the diage-
netic altération 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
Fower Saxony as the stratotype for the Turonian-Con-
iacian boundary, with the position of the T-C boundary
there placed at the FO of Cremnoceramus rotundatus
(sensu Tröger non Fiege), above the first flood occur¬
rence of Cremnoceramus? waltersdotfensis waltersdor¬
fensis, and above the second flood occurrence of Didy¬
motis sp. cf. D. costatus associated with a significant
régional turnover in planktonic foraminifers (Figures 4
and 5).

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

• this is the best studied of the proposed boundary stra¬
totypes, with exceptionally high-resolution stratigraphie
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 pré¬
cisé corrélation, and location of the boundary interval,
over much of Europe;
• 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 régional to global corrélation in the Con¬
iacian because they are well preserved in hemipelagic and
pelagic carbonate facies, 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
• 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 sélection. 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);

Each of these sections has excellent exposures, a rich
inoceramid fauna and microbiota, some ammonites, and
rock/fossils amenable to geochemical analysis. Volcanic
ash layers (bentonites) for possible radiometric dating
and refined chronostratigraphic corrélation occur in the
Texas sections. At the time this manuscript was com-
pleted, none of these groups had completed their régional
studies.

No stratotype sections were proposed by the working
group for the Middle-Upper Coniacian boundary, but
the three général areas listed above for the Lower-Middle
Coniacian boundary are ail being investigated as potential
candidates.
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