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Abstract

The recognition of the Coniacian-Santonian boundary is easy with
eood correlation of macro- and microfossil evidence, The Santonian
Working Group (SWG) recommends the Jowest occurrence of Clado-
ceramus undilaioplicars (Roemer) as (he marker for the Coniacian-
Santonian boundary. As yel, the SWG cannol 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, Olazagutin Quarry (Navirra, Spain}, Sealord Head
(Sussex, England) and Ten Mile Creck (Dallas, Texas, USA) were
selected for further decision. To achieve a useful subdivision of the
Santonian inte substages & beler understanding of taxa ranges and
correlation through different biogeographic realms is needed. Fermal
propesals for subdivision would be premature at present, but a three-
fold division is favowred.

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

Résumé

La reconngissance de la limite Coniacien-Sanlonien se fait aisément
griice & une bomne correlalion sur base des marqueurs macro- el
microfossiles.

Le Groupe de Travail du Santonien (SWG} & recommandé la pre-
miere apparition de Cladaceramus indulatoplicatus (Roemer) connme
margueur de la Himite Coniacien-Sanfonien, Le SWG considére qu’une
preposition formetle pour un stratotype de Ja limite ne peut pas encore
étre faite car la biostratigraphic est encore insuffisamment connue el
doit étre mieux imégrée. Trois propositions de stratotypes de la limite
onl é1é sétectionndes, la carricre 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 néeessile une meilleur
compréhension des extensions des taxa el une corrélation dans dif{é-
rentes régions biogéographigues. Des propositions formetles pour la
subdivision de I"étage seraient encore prématurées, mais une division
en trois sous-étages parait préférable.

Moits-clefs: Santonien, Crétacé supérieur, stratelypes, chronostratigra-
phie, biostratigraphie, ammonites. bélemnites, crinoides, foraminifé-
res, inocéramides, nannofossiles.

CaHTOHCKMI APYC M MOALAPYCH: pekomeHgauun Pabouei
rpyninsl CaHTOHCKOIO Apyca.

Pestome,

paHmua KoHbaka 1 CaHToHa nerko onosHaéres Braropaps
CYILECTBYIOWEH ROPPensuMY KHOEKC-BUOOB MaKkpo- U
MUKRODOCCUNNA.

Paboyag rpynna CaHTOHCKOro sipyca PeKaMeHOyeT cunTaTs
nepsoce nonsReHne Cladoceramus undulatoplicatus
(Roemer) Kax uHAeKC-BUI AnA KoHbsKO-CaHToHa, Padovan
rpynna CaHTOHCKOro Hpyca CHATAET, HTO, HA BaHHbIA MOMEHT,
dopManbHOE NPeANDKEHMe JAA CTPaTOTUNE rpaHuLbl He
MOXET BbITh CHOPMYMPOBAHO, Tak Kax GuocTpaTurpadus ewé
HE LOCTATOMHO M3BECTHA W ACRKHA ObiTh NyyLie
MHYerpupoBaka. fAna nposegetna bonee NoApoGHbLIX ONbLITOB
Brinn oTobBpaHbl 3 NpepfoXeHus CTPATOTUNA: Kapbep
Olazagutia (Navarra, McnaHusa), Seaford Head
(Sussex, AHIMIMA) W Ten Mile Creek (Dallas, Tekcac,
ClUA).

Paspenenune CanToHa Ha noanapycel TpebyeT nyswerc
NOHUMAHWA FACNPOCTPAHEHNA TAKCOHOB 14 KCpPessLvu
pasHbix Buoreorpadnyecknx paoHoB. PopmManbHLle
NPeAnoXeHWs 10 pasfeNeHnio Apyca ABAAITCH
NnpexaeBpeMeHHLIMU; TeM He MeHee, paseneHue Ha Tpu
MOABRPYCA KAXKETCH NPeARCHTATERbHLIM.

Kniouesble ciioBa: CaHTOHCKWA ApyC, BepxHUi men,
cTpaTOTMAL!, XPoHoCTRaTUrpadgms, BuocTpaturpadun,
aAMMOHATHI, BeReMHNTSl, Crincida, dopamuundgensl,
MHOLUepamsl, HaHOMOCCUNMIA,

Historical

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

At the First Symposium on Cretaceous Stage Boundaries
{BIRKELUND ef al., 1984) the consensus was that the first
appearance of Texanites (Texanires) and of Cladocera-
mits 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 (oo rare o 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 Plaryceramus
siccensis (Pervinguigre) 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 1993), other macro- and microfossils were
mentioned as possible indices for the Coniacian-Santo-
nian Boundary.

Thus, the lowest occurrence of the ammonite Placeri-
ticeras polyopsis {Dujardiny 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 undularoplicarus. Further discussion on
macrofossil criteria were reported by KENNEDY (1995).

Published calcareous nannofossil events de 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 oceurrence of Reinhardtites anthophorus
(Deflandre) Perch-Niclsen is unreliable (WAGREICH,
1092), and recent studies (e.g., at Ten Mile Creek in
Dallas, Texas; J. A. Burnett, writlen comm.) show that
the Coniacian-Santonian boundary actually lies above the
F.O. of Reinhardtites anthophorus (ie. in CC 15 of
SissinGH, [977). Nannofossil events which approximate
the boundary are ({from siratigraphically old to young):
F.O. of Lithastrinus grillii Stradner, last occurrence
(1.0 of Quadrum garmeri Prins & Perch-Nielsen,
L.O. of Flabellites obiongus {Bukry) Crux (all below
the boundary) and the L.Q. of Lithasirinus 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) Verbeck occur later or earlier
than entries of Texanites and Cladoceramus undulatopli-
catus. Nevertheless, FLORES ef ¢l (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
nannofossii 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. carpathica Salaj have been used
as markers of the latest Coniacian and the Coniacian-
Santonian Boundary (SaLal, 1975; S1Gat, 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 laxa 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
[995.

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 e7 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
Zuduland (South Africa), Madagascar and Texas is the
stbgenus common (reported by KENNEDY, 1995).

In the Anglo-Paris Basin, Texanitidae are rare,
although in a hard-ground level in the Craic de Villedieu,
France, Texanites gallicus Collignon occurs with Placen-
ticeras polvopsis (Dujardin and Inoceramus (Cladocer-
anuts) (Jarvis & Gark, 1984). In Sussex in S, England,
Texanites has not been found, but Spinaprychus, an apty-
chus associated with Texanires, 1s recorded below and
close to the Cladoceramus undulaioplicarus event {Bat
LEY ef al., 1983, p. 34; see below in the inoceramid
chapter).

Kennepy (1995) cited Germany as a region where
there are well documented co-cccurrences of Texanites
and Cladoceramus undulatoplicaius (Roemer), particu-
larly the species Texanites (T.) pseudotexanus de Grous-
souvre (= Texanites texanus aucl.), SEirz (1961) cited in
the shaft Ewald Section the coexistence of 1. texanum
(= T. (T} pseudotexanus) and Inoceramus pachti (Ar-
khanguelsky) (fide Triiger, written comm.; see below
inoceramid chapter).

In the Gosau Group, in Austria, TROGER & SUMMES-
RERGER (1994), have reported that Texanites guingiueno-
dosus (Redtenbacher) co-occurs with Sphenoceranmies
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) carrelated lower Santonian localities in
Austria (Gosau Valley and Bad Ischl-Nussensee) with
Texanites quinquenodosus, associaled 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. of. quinguenodo-
sus, T2 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 Jowermost Sanfonian levels, with
Platyceramus siccensis (Pervinquiere} (fide BIRKELUND et
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al., 1984; Sanal, 1980, p. 91). In the Corbitres, S.IE.
France, Texanites soutoni (Baily), T. quinguenodosus
and T, gallicus occur in “*“Middie”” Santonian but not in
the Lower Santonian Nowakites carezi Subzone (KENNE-
oy ef al, 1996); as in the Craie de Villedieu, T gallicus
co-oceurs with Placenticeras polyopsis. Although no tex-
anitids have been found immediately above a distinctive
Upper Coniacian Paratexanites serrafomarginaius Zone,
with Protexanites spp. . there is otherwise a macrofaunal
rnover, whose species belong to the genera Munieri-
ceras, Texasia, Pseudoschloenbachia, Nowakites, elc.,
which mark the basc of the Santonian (KENNEDY ef al.,
1996).

Near Austin in Texas the Texanites stangeri densicos-
tatus Zone, as understood by K. Young, beging some
distance (but probably 2 m) below the lowest Cladocer-
amus undularoplicatus (Youns, 1963, particularly fig. 4);
moreover, ils 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 (LLARSON &f
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
undulatoplicarns (Hancock, written comm.). This figure
agrees with data from northern Spain. Therefore the tow-
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. olivefri 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, 1. amakii-
sensis occurs below 7. collignoni (TosHIMITSU  ef al.,
19935, 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-
torian boundary in Sakhalin. Both species lie above
Peroniceras sp. and fnoceramus mioensis (E.A. Yazy-
kova, written comm., YAzZykKova, 1996) (Figure 1).

INOCERAMIDS

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

The last species, possibly related to the PL cycloides
group, was cited in Algeria (S1GAL, 1952) and Tunisia
associated with Sigalia carpathica Salaj; both occur-
rences are above the late Coniacian species S. deflaensis
(Sigal) (SavLal, 1980). No occurrence is known outside
north Africa.

Cladoceramus undulatoplicaius 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 les above
Magadiceramus subguadratus (Schliiter) in the Northern
Hemisphere (DuonnT, 1992; LopEZ ef al., 1992).

In the Western Interior of N, America, KAUFFMAN et
al, (1994) reported the co-occurrence of Cladoceramus
undularoplicatus s.s., Sphenoceramus pachti? and Plary-
ceramus cvcloides (Wegner) at the base of the Santonian,
which are associated with Cordiceramics cordiformis (1.
de C. Sowerby) in overlying beds. Near Austin, Texas,
the lowest Cladoceramus undudatoplicatus occurs at an
uncertain distance above the base of the Zone of Texa-
nites stangeri densicosiatus (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 Sphenoceramis pachti and Sph. cardisscides
(TROGTR {1989)'s Zone 25). They are followed (TROGER,
1989) by occurrences of Cladoceramies undulatoplicatus.
Sertz (1961, fig. 2, p. 19) cited, in the Ewald shaft
section, the coexistence of Sphenoceramus pacihti and
Texanites texanum (Roemer) [= Texanites (T.) pseudotex-
anus], and Sertz (1965) mentioned occurrences of Cl.
undulatoplicatus of, michaeli (Heinz) with Texanites sp. |

Magadiceramus subquadraius ;% ok E
Cladoceramus undulatoplicatus * * § §
Texanites stangeri densicostatus * * £ 3 -é &
Texanites L * * g
Yolviceramus involutus #
Spenoceramus cardissoides ® &
Cladoceramus undulatoplicatus * % é-:« -g
TFexanites quinquenodosus L A * s 2
Sigalia deflacnsis * * * 8 <
Dicarinella asymetrica * * * ©
lL.ucianorhabdus cayeuxii * *®
Magadiceramus subquadratus ¥ 0 ®
Cladoceramus undulatoplicatos * # b
Sphenoceramus pachti * cé
Sphenoceramus cardissoides * 8
Texanites pscudotexanus * #* *
Magadiceramus subguadratug I -
Cladoceramus undulatoplicatus * | ok g
Texanites gallicus ¥ | % * ¥ 2
Texanites % ok | ok * * 5
Sigalia carpathica * =
Inceramus mihoensis *
inceramus amakusensis ¥ % i
Platyceramus mantelli kLW ¥ ® E =
Texanites collignoni * * *
CONIACIAN SANTONIAN
Fig. 1 — Distribution of possible markers for the Coniacian-

Santonian boundary in different palacobiogeo-
graphic provinces.
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he also cited the sequence of Sph. cardissoides subsp, ind.
and Sph. pachii followed by Texanites pseudorexanus at
Recklinghausen (fide K. A. Tréger, written comni.).

In England there is a double Cladoceramus event,
which can also be traced throughour the Anglo-Paris
Basin, N.W. Germany (BalLEY er 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 (BALEY er af., 1983, C. 1.
Wood, written comm.). Recent field work by A. 8. Gale
in the Isle of Thanet (S.E. England) has demonstrated that
in addition to the two main Cladoceramats events, there
are three additional minor Cladoceramus occurrences in
the overlying succession. This total known range of Cla-
doceranmies maiches occurrences of Spinapryehus. There
is no evidence in S. England for the existence of a
Sphenoceramus pachti-cardissoides group Zone below
the ClL undularoplicares Zone (C. J. Wood, written
COMNL).

In both France and nosth Spain, inoceramid assemblages
are good markers for the Coniacian-Santonian boundary.
Magadiceramus subguadrarus (Schliter) followed by CI
undulatoplicatus characterise the uppermost Coniacian
and lowermost Santonian, respectively (LOPEZ ef al.,
1992). Lower Sanionian assemblages, in north Spain,
are rich and diverse. In addition to Cl undulatoplicarus
other divergent rib species arc found: Plarvceramus ¢y-
cloides wegneri (Boehm) and Cordiceramus corditnitia-
lis ickernensis {Scitz) (MARTINEZ ¢f 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., Aciaeonella laevis (1. de C. Sowerby)
and Volviceramus involutus in the Upper Coniacian, and
Texanites quinguenodosus, Parapuzosia daubreei, Sphe-
noceramus  cardissoides, Plaiveeramus  cyeloides c¢y-
cloides (Wegner) and Cladoceramus undulatoplicatus
in the Lower Sanionian are recorded (Trocer & Sum.
MESBERGER, 1994). According to these authors there is
no clear evidence of TROGER's inoceramid zones 24
{uppermost Coniacian) and 25 (Jowermost Santonian).
Sphenoceramus pachti has also been found in Austria
by K.A, Troger & H. Summesberger (XK. A. Troger,
written comm.). The occurrences of the genus Magadi-
ceranmus in Fyrol (SEITZ, 1970; Kaverman, in HERM ef
al., 1979) are doubtful according to TROGER & SUMMES-
BERGER {1994, p. 179). However, it seems that CL un-
dulatoplicatus and Texanites quinguenodosus co-occur in
the Miihlbach Section {(TrOGER & SUMMESBERGER, 1994:
p. 184).

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

overlain by CL undulatoplicatus, and somcetimes Spheno-
ceramus cardissoides.

In far-east Asia (Japan, Sakhalin) fnoceramus amakusen-
sis Nagao and Matsumoto is 2 well known marker for the
base of the Santonian, associated with Texanites (T) col-
lignoni or T, (Plesiotexanites) kawasakii {Kawada). The
succession of Inoceramus miloensis overlain by I ama-
kusensis characlerises the Coniacian-Santonian Boundary
i the Haboro area (Hokkaido; TosHMITSU e al., 1993),
and Sakhalin (E. A. Yazykova, written comm.). Some
Coniacian inoceramid species, in Europe, may have
higher occurrences in far-cast Asia, since Platyceramus
mantelli {de Mercey) is known in the Upper Coniacian
and also **Santonian”’ together with /. amakusensis (T,
Matsumoto, written comm.). The species Cladoceramus
undularoplicatus is unknown in far-east Russia.

Sphenoceramids are widespread, but occur only rarely
in the Tethyan Realm. The species Sphenoceramus pach-
i and Sph. cardissoides characterise the fowermost 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 Plaryceramus cycloides 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; Lorez ef al., 1992}, overlying
Coniacian volvoceramids or Magadiceramus assem-
blages, and underlying Cladoceramus undulatoplicatis
and Plarveeramus cycloides wegneri (Boehm) assem-
blages.

Even in the Gosau Basin, a Tethyan locality, Sph. cardi-
ssofdes 1s recorded close to CL undulatoplicatus (sce:
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 &
Paviova, 1959), Sph. cardissoides is associated with C/
undulatoplicatus.

Up tlf now, no sphenoceramids have been found in
north Spain, but the species Pl cvcloides 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 LoOPEZ er al., 1992, for addi-
tional common species between north Germany and north
Spain) (Figure 1).

FORAMINIFERA AND NANNCFOSSILS
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 Mediterrancan 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 i 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 8. carparhica is associated with Cl. undulato-
plicatus and Texanites (T.) spp. in north Spain MARTINEZ
et al., 1996), or with Platvceramus siccensis in north
Africa {SaLal, 1980), it is a good regional index (SI1GAl.,
1977) which should be checked throughout the Tethyan
Realm, where both S. deflaensis and D. asymeivica asso-
ciated with inoceramids and texanitids occur. Both spe-
cies S. deflaensis (= S. carpathica; M. Wagreich, written
comn.) 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,
defluensis, D. asymetrica and S, decoratissima (de Klasz)
are similar to Tunisian Jocalities,

Nannofossil occurrences in these levels are similar to
other boundary sections, e.g., rare upper Eprofithus
floralis  (Stradner)  Strover, Lithasirinus  seplenarius
Forchheimer and Quadrunt garimeri Prins & Perch-Niel-
sen, associated with lower occurrences of L. grillii Strad-
ner and Micula decussara Vekshina [= M. staurophora
(Gardet) Stradner], in upper Ceniacian beds. All these
entries lie below Lucignorhabdus cayeuxii Deflandre
(WAGREICH, 1992}, an carly Santonian species.

The species Srensioina polonica Witwicka used to be a
good marker of the Coniacian-Santenian 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 wrnover (C. J. Wood,
written comm.). In castern 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 o Sigalic carpathica (SALA), 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 arcas,

Criteria the Coniacian-Santonian

boundary

proposed for

1) FO of Texanites (Texanites)

2y FO of Sigalia carpathica

3y FO of Dicarinella asvmetrica

4) FO of Platyceramus siccensis

5) FO of Cladoceramus undulatoplicatus
6y FO of Sphenoceramus pachii

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

Selected marker for the Coniacian-Santonian bound-
ary

Primary marker: The lowest occurrence of Cladoceramass
undulatoplicatus. Tt is a taxon easily recognisable and
widespread. It is known from N. America, Europe,
Alfrica, Madagascar, and ceniral 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 siccensis
and Texanites in Tunisia. In north Spain (Navarra) it is
very close to the lowest occurrence of Cladoceramus
wndulatoplicatus.

This secondary marker has been supported by a postal
ballot (Yes = 10; No = 3; Abstenlions = 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). 1ts first occurrence is below the
lowest Cladoceramus undulatoplicatus. It has been cited
in assemblages with inoccramids normally regarded as
Contacian.

Dicarinella asymetrica. Tts 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.

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

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

Boundary Stratotype Section

As yet, we cannol make a formal proposal, because we
need to know and integrate the biostratigraphy better,
We have selected three candidaftes;

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 waould collate data and report to the Chairman.
3) Ten Mile Creck (Dallas, Texas). E. G. Kauffman and
A. 8. Gale would collate data and report to the Chairman.
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This proposal was approved UNANIMOUSLY

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

The postal ballot also supported this proposal (Yes = 18;
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. 1.
Collom {Calgary) has sent a proposal for this beundary
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.IF. 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 fower Santonian Morroni-
ceras texarmnn Zone and an upper Santonian Placenti-
ceras syriale Zone. Both indices are American species
and unknown in France (Haxcock, 1991). In Euorope,
both Texanites gallicus and 7. guinguenodosus are com-
mon in the Lower Santonian, but they are not recorded in
the Corbitres (KenneDY & WrIGHT, 1983; see above
Ammonite chapter). For the upper Santonian several in-
dices have been used, thus Placenticeras paraplanum
Wiedmann seems to characterisc the top Santonian
{(Haxcock, 1991; KenneDy, 1995), whereas in north
Spain the index could be Eupachydiscus isculensis {Red-
tenbacher) (MARTINEZ ¢f 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 iwo 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 ¢f al., 1996} 4 or 5
subdivisions arc recognisable, but most of them are quite
different from TROGER'S zones, because coid temperale
taxa - mainly the genus Sphenoceramiss - have not been
found in Spain; except for the lower Santonian Cladocer-
amus undulaioplicatus Zone, which is very common
worldwide. Kennepy (1995) suggested the first ocour-
rence of the cosmopolitan species frioceramiss (Cordicer-
amus) cordiformis (1. de C. Sowerby) as the base of the
Middle Santonian.

KenngDY (1995) favoured the first appearance of the
cosmopolitan Uinfacrinus socialis Grinnell as the base
of the Upper Santenian (see also GALE er al., 1995}
Nevertheless Leany & LERBEKMO (1995) have shown
that the appearance of the crinoid Uintacrinus socialis
{and Mearsupitesy 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 rones, whereas the Santonian of the Russian
Platform is subdivided into anly $wo zones (CHRISTENSEN,
1990). Nevertheless. the base of the Santonian cannot be
defined on the basis of belemmnites, because Gonioleuthis
is extremely rare in the lower Lower Santonian. The L.O.
of Cladoceramus undulatoplicarus may be identical
with/or very close to the base of the coranguinum/ west-

Jalica Zone, and Gonloteuthis granulara (Blainville) ap-

pears slightly later than Uinracrinus socialis {W. K.
Christensen, written commni.). Russian workers favoured
& two fold division of the Santenian in cold temperale
regions {L. ¥. Kopaevich and E. A. Yazykova, written
communication).

Recent research on plankfonic foraminifera has changed
known oceurrences (ROBASZYNSKI ef al., 1984) for both
Globotruncanita elevara {Brotzen) and Gl. stuartiformis
{Dalbiez). The first occurrence of Gl. e¢levata is younger
(see PREMOLI Sn.va & SLITER, 1994, fig. 2) and probably
suitable 1o 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) GL
convexa Sandidge in north Spain in “upper’ Santonian
rocks, but not GL arca s.s. First occurrences of Gl con-
vexa and Gi. manaurensis Gandolfi had been cited by
SiGaL (1977) as upper Santonian markers in the Mediter-
ranean Region (also, see SaLa), 1980). The status and
ranges of all these species should be cleared but they are
interesting for Santonian subdivision.

Nannofossils present several probiems related to preser-
vation of the genera Calculites and Lucianorfiabdus,
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 Grinne}l.
In the Bottaccione Section, GARDIN ef «l. (in press) have
found a similar sequence of nannofossil events - succes-
sive occurrences of L. cayeuxii followed by A. minimis -
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. caveuxii, 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
1s the extinction point of Cladoceranins undulatoplicatus.
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4) A possible datum for the base of the Upper Santonian
is the first occurrence of Uintacrinus socialls.

The WG voted: Yes = 15; No = O; Abstentions = 6.
The postal ballot supported the motion by a majority: Yes
= 12: No = 5; Abslentions = 3.

Substage boundary stratotypes

AL 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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