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a b s t r a c t

The 5th meeting of the IUGS Lower Cretaceous Ammonite Working Group (the Kilian Group) held in
Ankara, Turkey, 31st August 2013, discussed the Mediterranean ammonite zonation, and its calibration
with different ammonite zonal schemes of the Boreal, Austral and Central Atlantic realms. Concerning
the standard zonation, that corresponds to the zonal scheme of the West Mediterranean province, some
changes have been made on two stages. For the Valanginian, the Busnardoites campylotoxus Zone was
abandoned; the upper part of the lower Valanginian is now characterised by the Neocomites neo-
comiensiformis and Karakaschiceras inostranzewi zones. For the upper Barremian, the former Imerites
giraudi Zone is here subdivided into two zones, a lower I. giraudi Zone and an upper Martellites sarasini
Zone. The I. giraudi Zone is now subdivided into the I. giraudi and Heteroceras emerici subzones, previ-
ously considered as horizons. The current M. sarasini and Pseudocrioceras waagenoides subzones corre-
spond to the lower and upper parts of the M. sarasini Zone, respectively. The Anglesites puzosianum
Horizon is kept. The Berriasian, Hauterivian, Aptian and Albian zonal schemes have been discussed but
no change was made. The upper Hauterivian zonal scheme of the Georgian (Caucasus) region (East
Mediterranean province) has been compared with the standard zonation. Discussions and some attempts
at correlations are presented here between the standard zonation and the zonal schemes of different
S. Reboulet).

tribution.
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palaeobiogeographical provinces: the North-West European area for the Valanginian and Hauterivian,
the Argentinean region for the Berriasian, Valanginian and Hauterivian, and the Mexican area for the
ValanginianeHauterivian and Aptianelower Albian. The report concludes with some proposals for future
work.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

The 5th meeting of the IUGS Lower Cretaceous Ammonite Work-
ing Group (theKilianGroup) took place on Saturday 31st August 2013
at the Middle East Technical University (METU) at Ankara (Turkey),
the day before the 9th International Symposium on the Cretaceous
System (1e5 September 2013). The workshop was attended by ten
members from seven countries, amongst them reporters (see foot-
notes 1 and 2). Some colleagues who could not attend submitted
contributions thatwere taken intoaccountduring thediscussionsand
their names are addedhere as a second list of authors (see footnote 3).

Before starting discussion, the chairman recapped briefly the
aims of the Kilian Group and the recommendations on the working
method evoked during the Lyon (Hoedemaeker et al., 2003) and
Vienna (Reboulet et al., 2009) meetings, respectively. According to a
remark sent by Lukeneder, it was underlined once again that col-
leagues who work on Lower Cretaceous stages are encouraged to
use consistently the standard zonation (when it is possible) or they
should correlate it with their local zonal scheme in order to make
easier comparisons of zonal schemes between different studies and
to improve communication. Indeed, the Lower Cretaceous standard
ammonite zonation established in the Lyonmeeting (Hoedemaeker
et al., 2003) was adopted in its entirety by Ogg et al. (2004; “A
Geological Time Scale 2004’’), and the current standard zonal
scheme (Reboulet et al., 2011) was also used in the Geological Time
Scale 2012 (Ogg et al., 2012). In this last version of the GTS, thework
of the Kilian Group was presented and some topics were discussed
(Ogg et al., 2012, p. 808e809). The Kilian Group should preserve, as
much as possible, the stability of the standard zonation as some
changes could be more or less difficult to follow by non-ammonite
workers; however, the group has to take into account recent
paleontological revisions and must allow the development of the
current zonal scheme in the light of new published/submitted data
or, at least, results presented in abstracts of symposium.

The Ankara meeting dealt with two topics: 1) the West Mediter-
ranean zonation, which has long been taken as the standard zonation,
and 2) the calibration of different ammonite zonal schemes of the
Boreal, Austral andCentralAtlantic realmswith the standardzonation.

2. The standard zonation (West Mediterranean province)

The main decisions previously made by the successive Lower
Cretaceous Cephalopod Team (Hoedemaeker et al., 1990, 1993,
1995; Rawson et al., 1999; Hoedemaeker and Rawson, 2000) and
the Kilian Group (Hoedemaeker et al., 2003; Reboulet et al., 2006,
2009, 2011) meetings were presented to the meeting. In subse-
quent discussions some amendments were introduced in the
standard zonation for the lower Valanginian and the upper Barre-
mian schemes, and the changes are shown in Table 1a,b. The
numbers in the text refer to the numbers in this table. A comparison
with the Georgian (Caucasus) zonal scheme (East Mediterranean
province) was made for the upper Hauterivian.

2.1. Berriasian

A long discussion was held on the importance of ammonites in
relation to current work on the JurassiceCretaceous (J/K) boundary
problem. While Wimbledon et al. (2011) regarded ammonites as
secondary boundary markers for the J/K event, our meeting
concluded that they could provide the primary marker. But the
limited number of continuous, non-condensed, ammonitiferous J/K
sections in the Tethyan realm is a problem sowe suggest the sections
described by Arkadiev and Bogdanova (2012) in the Crimea and
Vennari et al. (2013) in the High Andes be considered as a possible
boundary stratotype. Alternatively, currently published J/K sections
from northern East Siberia (Bragin et al. 2013) suggest the possibility
of a new, higher position for the boundary relying on ammonite as-
semblages of Middle/Upper Berriasian age that provide a better cor-
relation between Boreal and Tethyan realms andwhich appears to fit
well with magnetostratigraphic data.

(1 in Table 1a) After a presentation by Szives on ammonite as-
semblages around the JurassiceCretaceous boundary in Hungary
(Szives and F}ozy, 2013), the Kilian Group discussed the zonal
scheme of the Berriasian. Members still considered the Berriasella
jacobi Zone as the first zone of this stage (Tavera, 1985;
Hoedemaeker et al., 1990) and, in terms of ammonites, they
agreed to continue placing the base of the Berriasian at the base of
this zone (Table 1a).

The introduction of Delphinella obtusenodosa as index-species of
a new subzone placed in the lower part of the B. jacobi Zone was
proposed by Ivanov and Idakieva, based on their unpublished work
on Bulgarian sections. In South-East France, Le Hégarat (1971, 1973)
noted that some species of Delphinella are characteristic only of the
lower part of the B. jacobi Zone in its modern understanding
(Hoedemaeker et al., 1990). According to Arkadiev and Bogdanova
(2012), Delphinella occurs in the lower Berriasella chomeracensis
Subzone of the B. jacobi Zone from the surroundings of Feodosiya in
the Eastern Crimea where the only continuous TithonianeBerria-
sian sections were studied in detail; however, the lowermost Del-
phinella were found below the first appearance of B. jacobi
(Guzhikov et al., 2012). Ivanov and Idakieva’s proposal could be
supported also by the work of Szives and F}ozy (2013), although
Hungarian sections are at least partly condensed and therefore
cannot be used as an adequate basis for fine biostratigraphic pur-
poses. However, more published data are needed from Bulgaria,
Russia or other regions from the Crimea to South-East France before
the Kilian Group can consider a change to the current zonation. This
point will be discussed during the next meeting, as the Jurassice
Cretaceous boundary problem could be restricted to the placement
of the lower boundary of the Berriasian stage. The Kilian Group
encouraged Ivanov and Idakieva to publish their data. It is also
recommended the study of sections in Mexico, Argentina, Bulgaria
and Russia which may be used as key areas for the Berriasian stage.

2.2. Valanginian

Miguel Company presented a new zonation for the lower Val-
anginian in the Betic Cordillera, based on the analysis of the strat-
igraphic distribution of more than 10,000 ammonites collected
bed-by-bed during several years in some fifteen sections in the
Caravaca-Cehegín region in South-East Spain (Company and Tavera,
2013). These authors proposed the following biostratigraphic units,
from bottom to top: the “Thurmanniceras” pertransiens Zone (sub-
divided into a lower “T.” pertransiens Subzone and an upper



Table 1a
Ammonite standard zonation of the BerriasianeHauterivian stages (West Mediterranean province); the bold numbers refer to the numbers in the text.

STAGES ZONES SUBZONES HORIZONS 
Pseudothurmannia picteti 

Pseudothurmannia catulloi "Pseudothurmannia ohmi" 
"P. ohmi" 

Spathicrioceras seitzi
Crioceratites krenkeli 

Binelliceras binelli Balearites balearis 

B. balearis 
Plesiospitidiscus ligatus 

Subsaynella begudensis

Upper

Subsaynella sayni Cruasiceras cruasense

Lyticoceras nodosoplicatum Olcostephanus (Olcostephanus) 
variegatus

Olcostephanus (Jeannoticeras) 
jeannoti Crioceratites loryi  
C. loryi 

H
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Lower

sisnenalletsacallereffortsierBsutaidarsucidohtnacA
Teschenites callidiscus Criosarasinella furcillata C. furcillata 

Olcostephanus (Olcostephanus) 
nicklesiNeocomites peregrinus 

N. peregrinus 
Karakaschiceras pronecostatum 

Upper

Saynoceras verrucosum S. verrucosum 
Neocomites platycostatus (4)Karakaschiceras inostranzewi (4) K. inostranzewi (4)

Neocomites neocomiensiformis (3)V
A
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N

G
IN
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N

 

Lower

“Thurmanniceras” pertransiens (2)
Thurmanniceras otopeta 

Tirnovella alpillensis 
Berriasella picteti Upper Subthurmannia boissieri 

Malbosiceras paramimounum 
Dalmasiceras dalmasi 
Berriasella privasensis Middle Subthurmannia occitanica 

Subthurmannia subalpina B
ER

R
IA

SI
A

N

Lower Berriasella jacobi (1)
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Neolissoceras salinarium Subzone); the Neocomites neo-
comiensiformis Zone (with the Baronnites hirsutus Subzone below
and the Valanginites dolioliformis Subzone above); and the Kar-
akaschiceras inostranzewi Zone (subdivided into the K. inostranzewi
Subzone and the Saynoceras contestanum Subzone). The Kilian
Group then discussed the possibility of introducing some of these
biostratigraphic units into the standard zonation (Table 1a).

(2 in Table 1a) Most authors (see the synonymy list in Klein,
2005, p. 279e280) have considered that the pertransiens species
belongs to Thurmanniceras; however, this species should be
attributed to Tirnovella according to Hoedemaeker (1982), Gayte
(1984) and Bulot (1995). Company and Tavera (2013) preferred
the combination “Thurmanniceras” pertransiens, the inverted
commas added to indicate that this species awaits revision (in
preparation, Company and Tavera; Kenjo and Reboulet).

The subdivision of the “Thurmanniceras” pertransiens Zone into
two subzones was not accepted as the first appearance of Neo-
lissoceras (Vergoliceras) salinarium seems to occur in different
stratigraphic positions between South-East Spain and South-East
France. Indeed, N. (V.) salinarium appears in the lowermost part of
the “T.” pertransiens Zone in the Vergol section (Drôme, SE France;
Kenjo’s written contribution, PhD thesis in preparation) and not in
its upper part as observed in the Betic Cordillera.

(3 in Table 1a) After discussion, theNeocomites neocomiensiformis
Zone of Company and Tavera (2013) was accepted in the zonal
scheme of the Mediterranean region. Reboulet (1996) demonstrated
that the lectotype of Hoplites neocomiensiformis Uhlig (refigured by
Va�sí�cek,1975) belongs to a faunal assemblage of theupperpart of the
lower Valanginian and suggested that this specimen could be
interpreted as the inner whorls of a macroconch of Busnardoites
campylotoxus. In their study of Teschenites, Busnardo et al. (2003)
considered that “neocomiensiformis” belongs to the genus Busnar-
doites. For Klein (2005), this generic attribution is doubtful. This
species hasbeenmisinterpreted bynearly all ammoniteworkers; the
synonymy made by Klein (2005) shows that numerous specimens
identified as Busnardoites? neocomiensiformis should correspond to
Teschenites robustus. More recently, F}ozy et al. (2010) figured a well-
preserved specimen of B. neocomiensiformis. For Company, “neo-
comiensiformis” belongs toNeocomites andhe emphasized that some
“true” specimens of N. neocomiensiformis have been identified as
B. campylotoxus (Company,1987, pl.11,figs.12,13; Va�sí�cek,1995, pl.1,
fig.1; Reboulet,1996, pl. 3, fig.1), as Busnardoites roberti (Bulot,1995,
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pl. 11, figs. 1, 2?), or as “Thurmanniceras” pertransiens (Faraoni et al.,
1997, pl. 3, fig. 11). Taking into account this synonymy list, the
palaeobiogeographic distribution of N. neocomiensiformis is: South-
East Spain (Company, 1987; Company and Tavera 2013), South-East
France (Bulot, 1995; Reboulet, 1996), Central Italy (Faraoni et al.
1997), the Czech Republic (Uhlig, 1902), Slovakia (Va�sí�cek, 1995,
2010), and Hungary (F}ozy et al., 2010).

Reboulet underlined that the Neocomites neocomiensiformis Zone
proposed by Company and Tavera (2013) corresponds, in terms of
stratigraphic interval, to the Olcostephanus stephanophorus Zone of
Bulot andThieuloy (1995)who subdivided this unit into theBaronnites
hirsutus, Busnardoites subcampylotoxus and Busnardoites campylotoxus
subzones. Indeed, in both these zonal schemes, the lower boundary of
the N. neocomiensiformis and O. stephanophorus zones is correlated
with the lower boundary of the B. hirsutus Subzone, and their upper
boundary is defined by the base of the Karakaschiceras inostranzewi
Zone. The First Appearance Datum (FAD) of O. stephanophorus and
B. hirsutus is placed at the same level by Bulot et al. (1993) and Bulot
and Thieuloy (1995); for Company and Tavera (2013), B. hirsutus and
N. neocomiensiformis appear in the same level. Company preferred to
choose N. neocomiensiformis as index-species of this zone because
O. stephanophorus has a restricted palaeobiogeographic distribution
(France and Spain, Bulot,1990; Klein, 2005). Company considered that
the specimen figured by Fatmi and Rawson, 1993, (figs. 3 neo), does
not belong to O. stephanophorus and its identification is relatively
difficult (sphaeroconic morphology often flattened by compaction).
The proposal of Company and Tavera (2013) to subdivide the
N. neocomiensiformis Zone into a lower B. hirsutus Subzone and an
upper Valanginites dolioliformis Subzone has not been kept; more data
are needed in order tofind an agreement as Bulot and Thieuloy (1995)
suggested a different subdivision (see above) for this stratigraphic
interval.

(4 in Table 1a) Company and Tavera (2013) suggested intro-
ducing the Karakaschiceras inostranzewi Zone in the standard
zonation. This stratigraphic interval corresponds to the Kar-
akaschiceras biassalense Subzone sensu Bulot and Thieuloy (1993)
who defined the base by the appearance of the index-species (see
also Cotillon, 1971, pp. 36 and 39, who recognized a Biassalensis
Horizon with his “Leopoldia” biassalensis and “Leopoldia” inos-
tranzewi at the base). Later, Bulot (1995) preferred to use
K. inostranzewi as index-species taking into account that it is
difficult to distinguish K. biassalense from Karakaschiceras prone-
costatum when specimens are fragmented, and K. inostranzewi is
abundant on the platform and not rare in the Vocontian Basin. The
base of the K. inostranzewi Zone is defined by the appearance of the
index-species (Bulot, 1995); this author stressed that on the Pro-
vence platform the zone begins with the “Karakaschiceras beds”
(Formation 7 sensu Cotillon, 1971) and includes the “Petite Luma-
chelle” Formation (Formation 9 sensu Cotillon, 1971). According to
Bulot (1995) and Bulot and Thieuloy (1995), K. inostranzewi,
K. biassalense and Saynoceras fuhri appear at the same level.
Company and Tavera (2013) underlined that the holotype of
K. inostranzewi comes from Mangush (recently e village of Prokh-
ladnoe), while the holotype of K. biassalense comes from Biassala
(recently e village of Verkhorechie) (Karakasch, 1889), where the
holotype of Neohoploceras karakaschi has been found. These au-
thors found this last species in the upper part of the Saynoceras
verrucosum Zone. Moreover, they never identified “true”
K. biassalense in the K. inostranzewi Zone and they considered that
many of the specimens interpreted as K. pronecostatum could
correspond to K. biassalense. The K. inostranzewi Zone has been
subdivided into a K. inostranzewi Subzone below (according to
Company and Tavera’s proposal) and a Neocomites platycostatus
Subzone above; this latter was introduced in the standard zonation
as a horizon during the Lyon meeting (Hoedemaeker et al., 2003).
The stratigraphic interval of the Karakaschiceras inostranzevi Zone
is not exactly equivalent to the interval of the Karakaschiceras bias-
salense Subzone sensuHoedemaeker et al. (2003) adopted during the
Lyon meeting (Table 2). Indeed, the K. biassalense Subzone was sub-
divided into the Saynoceras fuhri and Neocomites platycostatus hori-
zons at that meeting. These had first been defined by Atrops and
Reboulet (1995a,b; see also Reboulet, 1996 and Reboulet and Atrops,
1999). Consequently, the base of the K. biassalense Subzone sensu
Hoedemaeker et al. (2003) did not begin with the FAD of the index-
species but with the FAD of S. fuhri. As only a short explanation was
given in the Kilian Group’s Lyon report (Hoedemaeker et al., 2003, p.
90) about the introduction of these units in the standard zonation,
some confusion could exist about the conception and the use of the
K. biassalense Subzone (its base defined by the appearance of
K. biassalense versus that of S. fuhri). In order to avoid such confusion it
is preferable to choose K. inostranzewi as the index-species that
characterises an interval between its first appearance and the FAD of
Saynoceras verrucosum, the index-species of the overlying zone.

2.3. Hauterivian

Kakabadze proposed a correlation for the upper Hauterivian
zonal scheme of the Georgian (Caucasus) region (East Mediterra-
nean) with the standard zonation (Table 3). Concerning the “Pseu-
dothurmannia ohmi” Zone, he preferred to use Pseudothurmannia
mortilleti as index-species taking into account that P. ohmi is not
present in Georgia (Kakabadze, 1981, 2008; Kakabadze et al., 2005).
The P. mortilleti Zone is subdivided into the P. mortilleti and Pseudo-
thurmannia simionescui subzones and a horizon of “Crioceratites sp.”.
Kakabadze correlated the base of the P. mortiletti (Sub-)Zonewith the
base of the “P. ohmi” (Sub-)Zone and the P. simionescui Subzone
would correspond to the Pseudothurmannia catulloi Subzone
(Kakabadze, 2008). However, Company suggested that the base of
the P. mortilleti Subzone should be correlated with the base of the
P. catulloi Subzone, for two reasons. Firstly, for Company et al. (2003,
2008, this meeting), P. mortilleti (Pictet and de Loriol) is a senior
synonym of P. catulloi (Parona) and the P. catulloi Subzone of
Hoedemaeker (1995) is equivalent of the P. mortilleti Subzone of
Company et al. (2003). For Hoedemaeker and Leereveld (1995), Klein
et al. (2007) and Kakabadze (2008, this work), P. mortilleti is not
conspecificwith P. catulloi. Secondly, Company evoked the possibility
that the stratigraphic interval corresponding to the “P. ohmi” Sub-
zone is condensed or not represented in the Georgia area.

2.4. Barremian

(5 inTable 1b) Idakieva and Ivanov (2013) proposed a zonal scheme
for the uppermost part of the Barremian. They suggested a subdivision
of the interval corresponding to the Imerites giraudi Zone sensu
Reboulet et al. (2009, 2011) into two zones: a lower I. giraudi Zone and
an upper Martellites sarasini Zone, defined by the FAD of their index-
species (Table 1b). Their proposal marks a return to the standard
zonation proposed at the Neuchâtel meeting (Reboulet et al., 2006)
and they agreedwith Vermeulenwho consideredM. sarasini as index-
species of a zone (see his comment and the references in Reboulet
et al., 2009). The I. giraudi and M. sarasini zones are widely recogniz-
able, e.g., in France, Spain, Bulgaria, Romania, North Caucasus, Georgia,
West Turkmenistan, and Iran (Persian Kopet Dagh) (Aguirre-Urreta
and Klinger, 1986; Delanoy, 1995, 1997a,b; Aguado et al., 1997;
Ropolo et al., 2000; Kakabadze and Kotetishvili, 2003; Kakabadze
et al., 2004; Klein et al., 2007; Ivanov and Idakieva, 2009, 2013; Rai-
sossadat, this work and in Zahedipour et al., 2014). In the previous
zonal scheme (Bert et al., 2008; Reboulet et al., 2009, 2011), the
I. giraudi Zone represented de facto a “superzone”, while the index
speciesoccupiedonly the lowermostpartof the zone. In theupperpart



Table 1b
Ammonite standard zonation of the BarremianeAlbian stages (West Mediterranean province); the bold numbers refer to the numbers in the text.

STAGES ZONES SUBZONES HORIZONS 
Arrhaphoceras briacensis 
Mortoniceras perinflatum 
Mortoniceras rostratum 

Mortoniceras fallax 
Mortoniceras inflatum 

Mortoniceras pricei 

Upper

Dipoloceras cristatum 
Euhoplites lautus 

Euhoplites loricatus 
Hoplites spathi 

Middle
(7) Hoplites dentatus Lyelliceras lyelli 

Lyelliceras pseudolyelli
Douvilleiceras mammillatum 

A
LB

IA
N

Lower
(7) Leymeriella tardefurcata 

Hypacanthoplites jacobi 

Acanthohoplites nolani 
Diadochoceras nodosocostatum 

Parahoplites melchioris  
Epicheloniceras buxtorfi
Epicheloniceras gracile

Upper

Epicheloniceras martini
Epicheloniceras debile
Dufrenoyia dufrenoyiDufrenoyia furcata (6) D. furcata
Deshayesites grandisDeshayesites deshayesi (6)

Roloboceras hambrovi Deshayesites forbesi (6)

Deshayesites luppovi

A
PT

IA
N

Lower

Deshayesites oglanlensis (6)

Pseudocrioceras waagenoides
Martelites sarasini (5)

M. sarasini
Anglesites puzosianum (5)

Heteroceras emerici (5)Imerites giraudi (5)

I. giraudi (5)
Hemihoplites feraudianus
Gerhardtia provincialis Gerhardtia sartousiana 

G. sartousiana 
Barrancyloceras barremense

Upper

Toxancyloceras vandenheckii T. vandenheckii 
Heinzia caicediMoutoniceras moutonianum Coronites darsi

Subtorcapella defayae
Heinzia communis
Nicklesia didayanaKotetishvilia compressissima 

Holcodiscus fallax
Nicklesia pulchella 

Kotetishvilia nicklesi 
Psilotissotia colombiana

B
A

R
R

EM
IA

N
 

Lower

Taveraidiscus hugii auctorum T. hugii auctorum 
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of the upper Barremian, there are three distinct and important faunal
turnovers: the FAD of the genus Imerites with the index species
I. giraudi; the mass development of the genera Martelites and Colchi-
dites with the FAD of M. sarasini; and the appearance of the genus
Pseudocrioceras with its index species Pseudocrioceras waagenoides.
Although the first occurrence of the genusMartelites takes place in the
I. giraudi Zone andHeteroceras is always represented in theM. sarasini
Zone, the ammonite assemblages of these two zones are rather



Table 2
Correlations of the Karakaschiceras biassalense Horizon/Subzone with the Karakaschiceras inostranzewi Zone.

Substage Atrops and Reboulet (1995 a,b) 
Reboulet and Atrops (1999) 

Kilian group Lyon meeting 2002 
(Hoedemaeker et al., 2003) 

1) Bulot and Thieuloy (1995) 
2) Company and Tavera (2013) 

N. platycostatus 
Horizon

N. platycostatus 
Horizon

K. biassalense 
Horizon K. inostranzewi Zone1-2Lower

Valanginian 
p.p.

B.
campylotoxus 

Zone p.p. 

S. fuhri Horizon

B. campylotoxus 
Zone p.p.

K. biassalense
Subzone S. fuhri Horizon

N. neocomiensiformis Zone2

p.p.
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different, since they are clearly dominated by different taxa (Hetero-
ceras in the I. giraudiZoneandMartelites in theM. sarasiniZone). After a
discussion, the Kilian Group agreed to adopt this change and also to
subdivide the I. giraudi Zone into the I. giraudi and Heteroceras emerici
subzones, previously considered as horizons (Reboulet et al., 2006,
2009, 2011). But Kakabadze considered that subdivision of the
I. giraudi Zone into two biostratigraphical units (as subzones or hori-
zons) is not possible in Georgia and probably inmany Tethyan regions
and therefore there is still no fundamental argument to consider these
horizons as subzones. The M. sarasini and P. waagenoides subzones
(Reboulet et al., 2009, 2011) correspond to the lowerandupperparts of
the M. sarasini Zone, respectively. As the species P. waagenoides has a
facies-controlled distribution, the rank of a subzone is kept. The An-
glesites puzosianum Horizon, introduced (as the Leptoceratoides puzo-
sianum Horizon) in the zonal scheme during the Neuchâtel meeting
(Reboulet et al., 2006), is kept; this index-species is the type species of
the genus Anglesites defined by Delanoy and Busnardo (2007).

2.5. Aptian

(6 in Table 1b) Taking into account the written contributions of
Ça�glar and Raisossadat, a short discussion was held on some (sub-)
zones of this stage (Table1b). They recognized theDeshayesites forbesi
(named Deshayesites weissi Zone in their work) and Deshayesites
deshayesi zones in Turkey (Ça�glar et al., 2013). The identification of
their Deshayesites cf. luppovi remains uncertain, but if confirmed, the
Deshayesites oglanlensis Zone could be partly recognized in this area
asD. luppovi is the index-species of a subzone in the upper part of this
zone (up to now, this index-species has only been recognized in Spain
and France; see references in Reboulet et al., 2011).

Raisossadat disagreed with Moreno-Bedmar’s conception of
some Deshayesites species (cf. their intraspecific variability, more
particularly on the dimorphism of Deshayesites deshayesi, see dis-
cussion in Reboulet et al., 2011, p. 789). Moreno-Bedmar replied
Table 3
Correlations of the upper Hauterivian zonal scheme of the Georgian (Caucasus) region
province).

SUBSTAGE Standard zonation (Reboulet et al., 2009, 2011
ZONES SUBZONES/horizon

Pseudothurmannia 
picteti
Pseudothurmannia 
catulloi

« Pseudothurmannia 
ohmi » 

« P. ohmi » 
Spathicrioceras seitz
Crioceratites krenkel
Binelliceras binelli 

Balearites 
balearis

B. balearis 
Plesiospitidiscus 
ligatus

Subsaynella beguden

Upper 
Hauterivian 

Subsaynella sayni 
Cruasiceras cruasens
that he is revising D. deshayesi and so this issue will be discussed at
the next meeting. Raisossadat approved the subdivision of the
Dufrenoyia furcata Zone into the D. furcata and Dufrenoyia dufrenoyi
subzones adopted during the Dijon meeting (Reboulet et al., 2011),
and he underlined that D. furcata is more abundant than
D. dufrenoyi (García-Mondéjar et al., 2009; Raisossadat, 2011).

2.6. Albian
(7 in Table 1b) The upper Albian zonation was significantly

improved during the Dijon meeting (Reboulet et al., 2011). How-
ever, it appears that the zonal scheme for the lower and middle
Albian is not satisfactory (Table 1b). Members of the Kilian Group
underlined the necessity to have new data/results; they encour-
aged the participation of experts at future Kilian Groupmeetings in
order to improve the zonation and also to have an agreement on the
Aptian/Albian boundary.

3. Boreal, Austral and Central Atlantic zonal schemes and
their correlations with the standard zonation (West
Mediterranean region)

The Kilian Group encouraged the development of zonations for
different palaeobiogeographical provinces and the possibility to
correlate them with the West Mediterranean zonation, which has
long been taken as the standard zonation. Some attempts of cor-
relations are proposed here and they will be further discussed
during the next meeting when it is hoped that experts on these
different provinces will attend.

3.1. ValanginianeHauterivian of the Boreal Realm

Baraboshkin sent a set of tables (without explanatory text) showing
correlations of the Mediterranean region with the Mountain Crimea,
North Caucasus, Russian platform and Western Siberia for the
(East Mediterranean province) and the standard zonation (West Mediterranean

) Georgia (Kakabadze’s proposal) 
s (h) ZONES SUBZONES/horizon (h) 

“? Crioceratites sp.” (h) 

Pseudothurmannia 
simionescui

Pseudothurmannia 
mortilleti

P. mortilleti
i 
i 

B. balearis

sis (h) 
e (h) 

Speetoniceras inversum 
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Hauterivian. According to this author for the North Caucasus
(Baraboshkin, 2004, 2008) and to Kakabadze for Georgia and adjacent
regions of the Caucasus (Table 3; see also Kakabadze, 1981, 2008), the
base of the Speetoniceras inversum Zone in those regions correlates
with the base of the Subsaynella sayni Zone. However, for Rawson
(written contribution; Table 4, see below; Kemper et al.,1981; Rawson
1995, 2007) and Reboulet (see Sr-isotope correlations, McArthur et al.,
2007), the base of S. inversum Zone of the North-West European
Province should be correlated with the base of the Lyticoceras nodo-
soplicatum Zone.

Rawson sent a detailed written contribution (presented briefly
by Aguirre-Urreta) including a table correlating the zonal schemes
of the North-West European andWest Mediterranean provinces for
the Valanginian and Hauterivian stages. Subsequently, Rawson has
modified the table to take into account some points discussed
during the meeting. It should be stressed that the correlations
presented below (levels 1e12; Table 4) are based purely on the
ammonite evidence, which is the primary concern of the Kilian
Table 4
Correlation of the Valanginian and Hauterivian zonal schemes of the North-West Europea
indicate confident correlation with the standard zonation, dashed lines indicate provisi
present.

BER. - Berriasian; BA. - Barremian
Group. Reboulet agreed with some of Rawson’s proposals but noted
that combining paleontological data with Sr-isotope correlations
(for details see McArthur et al., 2007) suggests some alternative
correlations, particularly at the Valanginian/Hauterivian boundary
where isotope evidence suggests that the base of the Endemoceras
amblygonium Zone may correlate with the uppermost part of the
Criosarasinella furcillata Zone (McArthur et al., 2007). This issue will
be further discussed during the next meeting.

3.1.1. Valanginian correlations (Table 4)
The North-West European Valanginian zonation is based on the

North German (Lower Saxony Basin) sequences: the Speeton
(Eastern England) sequence is thin and very incomplete. The his-
torical development of the zonation shown here in Table 4 was
discussed in detail by Rawson (1995).

Level 1. Strata across the Jurassic/Cretaceous boundary in North
Germany are non-marine. Platylenticeras is the first ammonite to
appear after the transition from non-marine to marine. Its origin
n andWest Mediterranean provinces. Note that in the right hand column solid lines
onal correlation and dash-and-dot lines indicate no clear correlation is possible at
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remains uncertain but the Lower Saxony Basin appears to be where
the main evolutionary radiation took place (Kemper et al., 1981, p.
278) and the French forms were regarded by Thieuloy (1977a) as of
“boreal” origin. French Platylenticeras occurring very high in the
Thurmanniceras otopeta Subzone (Thieuloy, 1977a) appear to be
close to early Platylenticeras in the German sequence (Kemper et al.,
1981, p. 305); so the lowest part of the German Platylenticeras
robustum Zone is placed in the Berriasian in the correlation table.

Level 2. The lower part of the Prodichotomites hollwedensis Zone
includes large sphaeroidal Olcostephanus of the Olcostephanus
(Olcostephanus) guebhardi group (Kemper et al., 1981, pl. 35, figs 1,
2; Bulot, 1990, p. 87). In France, Bulot and Thieuloy (1995, p. 19)
noted that O. (O.) guebhardi reached its acme in the Karakaschiceras
inostranzewi Zone and therefore they correlated this with the lower
P. hollwedensis Zone. This is supported by the correlations that can
be made between faunas in level 3, just above.

Level 3. This is a very important interval when significant mi-
grations took place in both directions and reflects a significant sea-
level rise. In the upper part of the North German Prodichotomites
hollwedensis Zone, Saynoceras verrucosum, Valanginites spp. and
Karakaschiceras spp. appear (see Kemper et al., 1981; Kemper, 1992
for illustration of species) and provide a close tiewith the base of the
S. verrucosum Zone. Karakaschicerasmigrated as far west as Eastern
England where it is preserved only in a “remanié” horizon. There
was also migration of boreal ammonites from North Germany to
adjacent Tethyan areas: for example, Va�sí�cek and Michalík (2002)
record Prodichotomites complanatus in the S. verrucosum Zone of
the Outer Carpathians; Avram (1988) recorded Polyptychites lat-
icosta from the same zone in the East Carpathians, while Thieuloy
(1977a) figured several polyptychitids from the S. verrucosum
Zone of South-East France (see also Kemper et al., 1981, p. 305).

Level 4. Neocomites peregrinus was first described from the
Dichotomites crassus Zone but is now known in the Mediterranean
regionwhere it forms the index speciesof theN.peregrinus (Sub-)Zone
(Reboulet and Atrops, 1999). It clearly originated in the latter area.

Level 5. Stoicoceras (¼ Dicostella) is a neocomitid that first ap-
pears in the Dichotomites bidichotomoides Zone in North Germany,
where it probably evolved. It provides the index species for the
overlying Stoicoceras tuberculata Zone. The very rare French ex-
amples of Stoicoceras are mainly of the later, S. tuberculata group
[Dicostella pitrei Busnardo, Dicostella houdardi (Roman)]: the only
well-horizoned specimens were recorded by Thieuloy (1977b, fig.
9) from just above the base of his Teschenites callidiscus Zone, i.e.,
just above the base of the Criosarasinella furcillata (Sub-)Zone of the
current biozonation (see also McArthur et al., 2007).

Level 6. Stoicoceras was replaced in North Germany by an influx
of Olcostephanus of the Olcostephanus densicostatus group (char-
acterising the “Astierien Schichten”). Although O. densicostatus
ranges across the Valanginian/Hauterivian boundary in France, the
O. densicostatus Zone is correlated here solely with the Teschenites
callidiscus Subzone as suggested by Rawson et al. (1999) (see
McArthur et al., 2007; see Level 7 below).

3.1.2. Hauterivian correlations (Table 4)
The modern zonation is based mainly on the Speeton Clay

(Eastern England) succession, as reviewed by Rawson (1995). The
zonation essentially applies across thewhole of North-West Europe,
though with minor differences between England and Germany: in
North Germany Milanowskia staffi is used as alternative to Mila-
nowskia speetonensis and Craspedodiscus discofalcatus as an alter-
native to Simbirskites marginatus and Craspedodiscus variabilis,
reflecting differences in the abundance of the various index species.

Level 7. In North Germany, Olcostephanuswas abruptly replaced
by a neocomitid genus that is endemic to North-West Europe,
Endemoceras. The first appearance of Endemoceras is generally taken
to mark the base of the Hauterivian, which would limit the Olcos-
tephanus densicostatus Zone to the highest Valanginian. The limited
field evidence suggests that Acanthodiscus first appears in Germany
at about the middle of the Endemoceras amblygonium Zone and
continues into the Endemoceras noricum Zone (Kemper et al.,1981, p.
302)which could indicate that the base of theHauterivian should be
placed within the E. amblygonium Zone. But Bulot et al. (1993, p. 39)
regarded the German forms as comparablewith Acanthodiscus from
the middle of the Acanthodiscus radiatus Zone as they have a char-
acteristically broad siphonal band; so the ammonite evidence sug-
gests that the base of the Hauterivian is still best placed at about the
base of the E. amblygonium Zone (strontium data suggest that the
base of the E. amblygonium Zone may correlate to the uppermost
part of the Criosarasinella furcillata Zone; McArthur et al., 2007).
Acanthodiscus did not reach Eastern England (Speeton Clay), where
the E. amblygonium and E. noricum zones are very condensed.

Level 8. The Endemoceras regale Zone faunas arebetterdeveloped
at Speeton than in North Germany and include the distinctive
Tethyan olcostephanids Olcostephanus sayni (¼ Olcostephanus sub-
filosus Spath) andOlcostephanus (Jeannoticeras) jeannoti in theupper
part of the E. regale Zone (Kemper et al., 1981; Doyle, 1989). These
provide a firm tie with the Olcostephanus (J.) jeannoti Horizon.

Level 9. Spitidiscus pavlowi occurs at the very top of the Endemo-
ceras regale Zone. Bulot (1995, p. 134) noted that the group of French
forms that S. pavlowi probably belongs to occur in the upper Criocer-
atites loryi Zone [Olcostephanus (Jeannoticeras) jeannoti Horizon] and
extreme base of the overlying Lyticoceras nodosoplicatum Zone. Such a
correlation is supported by the record from the base of the Speetoni-
ceras inversum Zone, immediately above the S. pavlowi bed, of a single
Olcostephanus (Olcostephanus) variegatus (¼ Olcostephanus cf. singu-
laris in Doyle, 1989), index species of the O. (O.) variegatus Horizon at
the base of the C. loryi Zone in France. Thus the base of the S. inversum
Zone is correlated here with the base of the L. nodosoplicatum Zone.

Level 10. Crioceratites of the nolani/duvali group appear
commonly in the highest part of the Speetoniceras inversum Zone in
both England and Germany (e.g., Kemper et al., 1981, pl. 34, figs 3, 4;
Kemper, 1992, pls 55e57; Kakabadze and Hoedemaeker, 2010).
These indicate a correlation with the middle part of the Subsaynella
sayni Zone, where Crioceratites duvali is most abundant (Bulot et al.,
1993, tab. 10). This would indicate that the base of the immediately
overlyingMilanowskia speetonensis Zone correlates with the mid to
upper part of the S. sayni Zone.

Levels 8e10 are closely spaced and reflect successive pulses of a
major mid Hauterivian sea-level rise, though unlike in the mid
Valanginian event there is no evidence of boreal ammonites (sim-
birskitids) migrating southward from here.

Level 11. There is a second Spitidiscus level in the middle of the
Milanowskia speetonensis Zone at Speeton, where the type species,
Spitidiscus rotula, occurs. This suggests a correlation with the base
of the Plesiospitidiscus ligatus Zone, where Bulot (1995, p. 134)
recorded Spitidiscus of the rotula group. This is the only horizon in
the M. speetonensis to Craspedodiscus variabilis zones that provides
a clue for correlation, though it should be stressed that exposure of
these zones at Speeton is intermittent while there are no good
German sections now visible. But the fauna appears dominated by
boreal simbirskitid ammonites. Fragments of Crioceratites occur
scattered through the upper Hauterivian but remain poorly known.

Level 12.Crioceratites (Paracrioceras) spathioccurs at the base of the
Craspedodiscus variabilis Zone at Speeton, which appears to correlate
with about the middle of the German Craspedodiscus discofalcatus
Zone (Kemper et al., 1981). Because C. (P.) spathi bears looped ribs
characteristic of the Tethyan “Emericeras” emerici group, Kemper et al.
(1981) took its appearance to mark the approximate base of the Bar-
remian at Speeton. However, it is now apparent that such forms may
appear earlier in both the Mediterranean area and North Germany
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(e.g., Kakabadze and Hoedemaeker, 2010), so the exact position of the
boundary remains uncertain. Above the C. variabilis/C. discofalcatus
zones, the lower Barremian ammonite faunas are almost exclusively
crioceratitid in both England and North Germany (Rawson and
Mutterlose, 1983; Kakabadze and Hoedemaeker, 2010).

3.2. Berriasian, Valanginian and Hauterivian of the Austral province

Concerning the Berriasian of the Austral province, Aguirre-Urreta
reported new research centred on exposures of TithonianeBerria-
sian age in the Neuquén Basin which have improved the Argentine
zonal scheme and its correlation with the Mediterranean zones
(Vennari et al., 2013). Three assemblage zones have been identified.
The first zone of Substeueroceras koeneni includes species of Sub-
steueroceras, Parodontoceras, Blanfordiceras, Berriasella, Aulacos-
phinctes, Pectinatites (?), Himalayites, “Spiticeras” and Schaireria.
Traditionally ascribed to the upper Tithonian, itmay reach the lowest
Berriasian and is correlatedwith thefinal part of theDurangites Zone
and the base of the Berriasella jacobi Zone of the Mediterranean
Region. The Argentiniceras noduliferum assemblage Zone includes
several species of Argentiniceras, representatives of Groebericeras,
Frenguelliceras, Berriasella, “Thurmanniceras”; and some relict Sub-
steueroceras. It may correspond to the “second faunistic renovation”
of Tavera et al. (1986) and is correlated with the upper part of the
B. jacobi and the Subthurmannia occitanica zones, spanning the lower
andmiddle Berriasian. Finally, the Spiticeras damesi assemblage Zone
typically includes several species of Spiticeras and Cuyaniceras, along
with representatives of Neocosmoceras, Neocomites, “Thurmanni-
ceras” and Blanfordiceras. These late Berriasian ammonite genera are
well known fromtheTethys (LeHégarat,1973) andmaybe correlated
with the Subthurmannia boissieri Zone of the upper Berriasian.

Aguirre-Urreta and Rawson proposed a synthetic table showing
correlations between the ValanginianeHauterivian zonation of the
Neuquén Basin (Argentina) and the West Mediterranean zonal
scheme (Table 5). The Argentine zonal scheme is based on Aguirre-
Urreta and Rawson (1997) with subsequent modifications following
their monographic description of many of the faunas; the modifica-
tions are summarised in Aguirre-Urreta et al. (2005) and Aguirre-
Urreta and Rawson (2012). There were 10 significant faunal turn-
overs in the Neuquén Basin (Rawson, 2007), initially reflecting an
alternation of neocomitid and olcostephanid genera, then of des-
moceratid and crioceratitid forms. Many of the taxa are endemic to
the basin, while others represent widely-distributed Tethyan genera.
As in North-West Europe, the main immigration horizons reflect the
“global”mid Valanginian and mid Hauterivian sea-level rises.

Level 1. The Olcostephanus (Olcostephanus) atherstoni Subzone is
characterised by abundant O. (O.) atherstoni, which appears close to
Olcostephanus (Olcostephanus) guebhardi (Bulot inAguirre-Urreta and
Rawson,1997). In South-East France, the latter reaches its acme in the
Karakaschiceras inostranzewi Zone (Bulot and Thieuloy, 1995, p. 19).

Level 2. The sudden appearance of Karakaschiceras and Neo-
hoploceras at the base of the Karakaschiceras attenuatus Subzone is
taken to represent the mid Valanginian sea-level rise that also
caused the northward spread of the same two genera, which cor-
responds with the base of the Saynoceras verrucosum Zone. The
Karakaschiceras/Neohoploceras faunas of the K. attenuatus Subzone
(Aguirre-Urreta, 1998) indicate a correlation with the S. verrucosum
to Neocomites peregrinus subzones in France.

Level 3. The Viluceras permolestus Subzone is characterised by the
endemic olcostephanid Viluceras but a few evolute Olcostephanus
occur in the upperhalf of the subzone to “provide a tentative linkwith
the Olcostephanus (Olcostephanus) nicklesi Subzone” (Aguirre-Urreta
and Rawson, 1999), which is characterised by evolute Olcostephanus.

Level 4. The base of the Holcoptychites neuquensis Zone lies at
about the base of the Hauterivian because: (a) early Holcoptychites
appear very close to early Spitidiscus from the lowest Hauterivian in
Europe (Aguirre-Urreta and Rawson, 2003, p. 595); (b) rare Oos-
terella occur either side of the boundary in both areas (Aguirre-
Urreta and Rawson, 2003, p. 607).

Level 5. Olcostephanus (Jeannoticeras) occurs in the Olcostepha-
nus (Olcostephanus) laticosta Subzone, suggesting a correlationwith
the Olcostephanus (Jeannoticeras) jeannoti Subzone (Aguirre-Urreta
and Rawson, 2001).

Level 6. Very rare Olcostephanus (Olcostephanus) variegatus
occur in the upper half of the Hoplitocrioceras giovinei Subzone
suggesting a linkwith theO. (O.) variegatusHorizon (Aguirre-Urreta
and Rawson, 2001).

Level 7. The appearance of Spitidiscus in Argentina marks the
base of the Spitidiscus riccardii Zone, which is characterised by
Spitidiscus kilapiae and S. riccardii (Rawson and Aguirre-Urreta,
2012). These forms were originally considered to compare with
specimens from the L. nodosoplicatum Zone in France (Aguirre-
Urreta and Rawson, 1997; Bulot in Rawson, 1999). But as a result
of the olcostephanid records from levels 5 and 6, coupled with
evidence from nannofossil correlations, Aguirre-Urreta et al. (2005,
2007) and Rawson (2007) correlated the S. riccardii Zone with part
of the Subsaynella sayni Zone, where Spitidiscus still occurs.

Level 8. Crioceratites species from the Crioceratites schlagintweiti
Zone are virtually indistinguishable from Crioceratites in the Sub-
saynella sayni-Plesiospitidiscus ligatus zones.

Level 9. Sabaudiella riverorum is the index species of the
S. riverorum Zone, recently proposed for beds that had previously
not yielded ammonites so had been included in the upper part of
the Paraspiticeras groeberi Zone. After reviewing the occurrence of
Sabaudiella in Europe, Aguirre-Urreta and Rawson (2012) provi-
sionally correlated the S. riverorum Zone with the highest part of
the “Pseudothurmannia ohmi” and the lower part of the overlying
Taveraidiscus hugii zones. The S. riverorum Zone thus spans the
Hauterivian/Barremian boundary.

3.3. ValanginianeHauterivian and Aptianelower Albian of the
Central Atlantic province

Moreno-Bedmar and Barragán talked about the upper Val-
anginianelower Hauterivian ammonoid record (written contribu-
tion of González-Arreola, Moreno-Bedmar and Barragán) and the
preliminary ammonite zonation for the Aptianelower Albian
(Barragán, Moreno-Bedmar and González-Arreola) of Mexico,
respectively. These contributors underlined the abundance of
endemic Mexican species and genera that makes the use of the
West Mediterranean standard zonation very difficult. Thus, they
propose to establish a proper ammonite zonation for Mexico that
allows correlations with the West Mediterranean standard zonal
scheme; a first scheme has been made for the Aptian (Moreno-
Bedmar et al., 2013; this meeting). Their preliminary results have
not been integrated in this report as, according to these authors,
more research is needed before the next Kilian Group meeting. Due
to the strong endemism of ammonoids in this region, they sug-
gested recognizing the Central Atlantic domain as a new faunal
province for which the ammonite zonation could ultimately also be
applied to coeval rocks from the southern United States, countries
in Central America, and probably countries in the northern part of
South America.

4. Future work

The Kilian Group considered that the Berriasella jacobi, “Thur-
manniceras” pertransiens, Acanthodiscus radiatus, Taveraidiscus hugii
and Deshayesites oglanlensis zones should be kept as the first zones
of the Berriasian, Valanginian, Hauterivian, Barremian and Aptian



Table 5
Correlation of the Valanginian and Hauterivian zonal schemes of the Neuquén Basin (Argentina) and the West Mediterranean province. Note that in the right hand columns
solid lines indicate confident correlation with the standard zonation and dashed lines indicate provisional correlation.

VAL. - Valanginian; BA. - Barremian
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stages, respectively. The members hope that the basal zone of the
Albian will be agreed at the next meeting.

The group encouraged new proposals on the Berriasian and
loweremiddle Albian zonations; it is emphasized that the presence
of experts during the meeting is essential to achieve this.

The Group agreed to create a website, hosted under the website
of the Subcommission on Cretaceous Stratigraphy of the IUGS In-
ternational Commission on Stratigraphy. The chairman will initiate
and animate the website and he proposed the assistance of Dr Alex
Lukeneder, who subsequently agreed.

The chairman also requested the help of some members to
develop the discussion on each Lower Cretaceous stage, consid-
ering their ammonite zonal schemes and boundaries. This could
include the following points: to establish the state of the art; to
underline the agreements established within the Kilian Group; to
report the outstanding problems; to make some research pro-
posals; to make recommendations, in terms of ammonites, on the
definition of the stages and substages boundaries; and to make
recommendations for GSSPs. The persons responsible are: Aguirre-
Urreta and Szives for the Berriasian, Reboulet for the Valanginian,
Lukeneder for the Hauterivian, Company for the Barremian,
Moreno-Bedmar for the Aptian, and Szives for the Albian. This
approach will be useful to animate and complete the debate during
the meetings and also to maintain an activity of the group between
successive meetings. It should be also appropriate to promote a
closer collaboration with the Stage Working Groups of the Creta-
ceous Subcommission. Various works not directly in the scope of
the Berriasian Working Group, are in progress (in Bulgaria,
Argentina, Mexico and France) and some integrated works are fully
completed (Arkadiev and Bogdanova, 2012; Guzhikov et al., 2012;
Vennari et al., 2013) on the topic related to the TithonianeBerria-
sian boundary. We encourage the Berriasian Working Group to pay
attention to these integrated works and let them be fully discussed
by our scientific community before reaching a decision on the
Jurassic/Cretaceous boundary.

The nextmeeting of the Kilian Groupwill probably be associated
with the next Cretaceous Symposium, the location and date of
which are still to be announced.
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