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Abstract

The present thesis documents and revises the systematics and biostratigraphy of the
Perisphinctoidea (Ammonoidea) faunas across the Tithonian/Berriasian boundary from three
basinal sections (i.e. Charens, Le Chouet and Les Combes) of eastern Drome (South East
France). Emphasis is laid on the specific diagnosis, ontogeny and dimorphism of new and
little-studied  Himalayitidae  Micracanthoceras,  Protacanthodiscus,  Boughdiriella,
Pratumidiscus, Ardesciella, Chapericeras and Praedalmasiceras, Neocomitidae
Pseudargentiniceras, Busnardoiceras, Berriasella, Elenaella, Delphinella, Pseudoneocomites
and Strambergella as well as the Olcostephanidae Proniceras. New data is provided on the
systematic and age of the Neocomitidae Pseudosubplanites, Hegaratella and Retowskiceras.
The distribution of these key biochronological genera is plotted next to accurate litho-logs and
compared to the calpionellid zonation documented in the three sections. This provides the
sound basis for a refined zonal scheme. The base of the upper Tithonian is fixed at the First
Appearance Datum (FAD) of M. microcanthum that falls within the upper part of the tintinnid
Chitinoidella Zone. The revision of the “Mediterranean Durangites” supports the rejection of
a Durangites spp. Zone as part of the standard zonation for the upper Tithonian, and its
replacement by the P. andreaei Zone. The lower boundary of the zone is fixed at the FAD of
Protacanthodiscus andreaei that falls within the lower part of the calpionellid C. intermedia
Subzone of the Crassicollaria Zone. Both zones are workable at the scale of the Mediterran-
Caucasian Subrealm. The Elenaella cularense biohorizon that typifies the base of the
Berriasella jacobi Zone auctorum is documented for the first time in South East France and
occurs in the uppermost part of the calpionellid C. intermedia Subzone of the Crassicollaria
Zone. This occurrence confirms the diachronism between the base of the B. jacobi Zone
auctorum and those of the Calpionella Zone previously documented in southern Spain. This
diachronism strongly alters the current definition of the Tithonian/Berriasian boundary. Re-
examination of the type specimens of Berriasella jacobi supplemented by newly collected
material show that this taxon should be transferred to the genus Strambergella. Preliminary
integrated data on the stratigraphic distribution of Strambergella jacobi questions its value as
an index species for the base of the Berriasian. No major faunal turnover is documented
across the Tithonian/Berriasian boundary and the provincialism of Mediterran-Caucasian
Perisphinctoidea is much higher than it was previously assumed in the literature. As a result,
no ammonite species can be considered as consistent candidate for a primary boundary

marker for the base of the Berriasian.



Kurzfassung

Die vorliegende Arbeit dokumentiert und revidiert die Systematik und Biostratigraphie
der Perisphinctoidea (Ammonoidea) Uber die Tithon/Berrias-Grenze in drei Profilen (d. h.
Charens, Le Chouet und Les Combes) in Ost-Drome (Stdostfrankreich). Der Schwerpunkt
liegt auf der Artbestimmung, der Ontogenese, Variation und dem Dimorphismus der neuen,
wenig bekannten Himalayitidae Micracanthoceras, Protacanthodiscus, Boughdiriella,
Pratumidiscus, Ardesciella, Chapericeras und Praedalmasiceras, sowie der Neocomitidae
Pseudargentiniceras, Busnardoiceras, Berriasella, Elenaella, Delphinella, Pseudoneocomites
und Strambergella. Die vertikalen Reichweiten der Vertreter dieser Gattungen werden genau
gegen akkurate lithostratigraphische Profile aufgetragen, sowie die der Neocomitidae
Pseudosubplanites, Hegaratella und Retowskiceras. Die jeweilige Verteilung dieser
biostratigraphischen Schlusselgattungen wird mit der Calpionellidenzonierung verglichen, die
in den drei Profilen dokumentiert wird und die eine solide Basis fur eine verfeinerte
Zonierung bietet. Die Basis des Obertithon ist festgelegt durch das Erstauftreten von M.
microcanthum, das in den oberen Teil der Chitinoidella-Tintinniden-Zone féllt. Die Revision
der “mediterranen Durangites” unterstreicht die Aufgabe der Durangites-spp.-Zone als Teil
der Standardzonierung im Obertithon und ihren Ersatz durch die Andreaei-Zone. Die
Untergrenze dieser Zone ist durch das Erstauftreten von Protacanthodiscus andreaei
festgelegt, das im Unterteil der C.-intermedia-Calpionelliden-Subzone der Crassicollaria-
Zone liegt. Beide Zonen sind im Bereich des Mediterran-kaukasischen Unterreiches
praktikabel. Der Elenaella-cularense-Biohorizont, der die Basis der Berriasella jacobi-Zone
auctorum reprasentiert, wird zum ersten Mal in Sudfrankreich dokumentiert und tritt im
obersten Teil der C.-intermedia-Calpionelliden-Subzone der Crassicollaria-Zone auf. Dieses
Auftreten bestétigt den Diachronismus zwischen der Basis der B. jacobi-Zone auctorum und
der Calpionella-Zone, die zuvor in Sudspanien dokumentiert wurde. Dieser Diachronismus
veréndert deutlich die aktuelle Definition der Tithon-Berrias-Grenze. Die Neuuntersuchung
der Typusexemplare von Berriasella jacobi, die von neugesammeltem Material erganzt wird,
zeigt, dass dieses Taxon in die Gattung Strambergella gestellt werden sollte. Vorléufige
ganzheitliche Daten zur stratigraphischen Verbreitung von Strambergella jacobi stellen ihren
Wert als Indexart fiir die Basis des Tithon in Frage. Uber die Tithon/Berrias-Grenze hinweg
ist kein groRerer Faunenumschwung dokumentiert, und der Provinzialismus der mediterran-

kaukasischen Perisphinctoidea ist viel ausgeprégter als zuvor in der Literatur angenommen.



Als Ergebnis kann keine Ammonitenart als passender Kandidat als primarer Grenzmarker flr

die Basis des Berrias betrachtet werden.
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Chapter 1 - Introduction

The ammonite faunas across the Jurassic/Cretaceous (J/K) boundary undoubtedly exhibit one
of the most pronounced cases of provincialism in the Mesozoic (Cecca, 1999; Cecca et al.,
2005). At that time, faunal endemism reached its maximum due to the complete seperation of
the Boreal and Tethyan realms, as well as inside the Tethyan Realm where a Mediterranean-
Caucasian and an Indo-Pacific subrealms have been recognized by Westermann (2000a-b). This
provincialism has for generations prevented substantial progress with long-range correlation
(Wimbledon, 2008), and strongly influenced the nationalistic use of regional stage names (e.g.
Danubian, Ardescian, Bolonian for the Tethyan Realm; Portlandian, Volgian, Ryazanian for
the Boreal Realm) even after the ratification of the Tithonian and Berriasian as Primary
Standard Stages of the Upper Jurassic and Lower Cretaceous, respectively (Cope, 2008, 2013;
Wimbledon, 2008; Wimbledon et al., 2011). This explains why the base of the Cretaceous is
the last system boundary which is not yet defined formally in a Global Boundary Stratotype
Section and Point (Wimbledon et al., 2011).

It should be kept in mind that the base of the Cretaceous is inextricably linked to the
Tithonian/Berriasian (T/B) boundary (Wiedmann, 1973; Remane et al., 1986; Zakharov et al.,
1996; Wimbledon et al., 2011), but it has been an intractable problem, despite some 40 years
of debate within successive working groups dedicated to this issue (Zakharov et al., 1996).
Nevertheless, the original conception of the Berriasian by Coquand (1869, 1875) at the locality
of Berrias-et-Casteljau (Ardéche, South East France) was entirely ammonite-based, and the
ammonite biostratigraphy of Mediterrean-Caucasian settings still has much to contribute to the

definition of the J/K boundary.

1.1. The Mediterranean-Caucasian ammonite record across the T/B

boundary

The knowledge of the Mediterran-Caucasian ammonites across the T/B boundary is substantial,
and mostly concerns the super-family Perisphinctoidea Steinmann in Steinmann & Ddderlein,
1890 that is represented by six families, e.g. Aspidoceratidae Zittel, 1895, Ataxioceratidae
Buckman, 1921, Simoceratidae Spath, 1924, Himalayitidae Spath, 1925, Neocomitidae Salfeld,
1921 and Olcostephanidae Haug, 1910 reported from, at least, fifteen major regions (Tab.1).



Mediterran-Caucasian settings

References

Pictet, 1867, 1868; Toucas, 1890; Djanélidze, 1921, 1922; Maze-

South East France not, 1939; Le Hégarat, 1973; Cecca et al., 1989a; Enay & Cecca,
1986; Enay et al., 1998a-c
Retowski, 1893; Kvantaliani 1989; 1999; Bogdanova & Arka-
Crimea diev, 1999, 2005; Bogdanova et al., 1984, 1999; Arkadiev, 2004,
2007a-b, 2008, 2011a-b, 2014; Arkadiev & Bogdanova, 2005;
Arkadiev et al., 2005, 2007, 2008, 2011, 2012
Austria Zeiss, 2001
_ Nikolov, 1960, 1966, 1967a, b, 1982 ; Nikolov & Mandov, 1967;
Bulgaria Sapunov, 1977a-b, 1979; Ivanov et al., 2009, 2010
Hungary Fozy & Scherzinger, 2013; Szives & Fozy, 2013
Poland Marek, 1967
Romania Patrulius & Avram, 1976
5 . Oppel, 1865, Zittel, 1868, 1870; Vasi¢ek & Skupien, 2013, 2014;
Czech Republ ; ; ? : - ? :
S Vagicek et al., 2013
Italy Canavari, 1899; Cecca, 1985, Cecca et al., 2001

southern Spain

Enay & Geyssant, 1975; Hoedemaeker, 1979, 1981, 1982;
Oloriz, 1978; Oloriz & Tavera, 1979a-b, 1981, 1989; Tavera,
1985; Tavera et al. 1986, 1994; Enay et al., 1998a-c

Benzaggagh & Atrops, 1997 Benzaggagh, 2000; Benzaggagh et

Morocco
al., 2010

Tiitsia Arnould-Saget, 1953; Memmi, 1967; Memmi & Salaj, 1975;
Donze et al., 1975; Busnardo et al., 1976, 1985; Boughdiri et al.,
1999, 2005; Olériz et al., 2006; Maalaoui & Zargouni, 2016

Algeria Pomel, 1889; Roman, 1936; Benest et al., 1977; Tchoumatchen-
coetal, 1995

Turkey Enay et al., 1971

northern Iran

Ceccaetal., 2011

Table 1. Main references of T/B boundary ammonites from the Mediterran-Caucasian

Subrealm.

Despite the tremendous quantity of fossil material illustrated and/or listed by those authors, a
critical review of the dataset shows that the picture one can discerned of the evolution of the
Perisphinctoidea from the base of the upper Tithonian to the upper Berriasian is far from
complete clarity. Even if most publications have concentrated on the Himalayitidae and
Neocomitidae their systematic are still full of varying interpretations. This is linked to diverging
concepts between authors, but also to preservation problems (e.g. pyritic nuclei from Tunisia;
crushed moulds from Bulgaria) which clearly affects attempts to identify and compare taxa
(Wimbledon et al., 2011). Moreover, detailed bed-by-bed ammonite distributions plotted
against accurate lithologic logs are not available for reference sections of Spain, Algeria and
Bulgaria. In some other cases, stratigraphic columns lack sufficiently illustrated fossils, such as

in Crimea where only stylised, and sometimes composite, sections have been published
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(Bakhmutov et al 2017). As a consequence, only a limited number of sections have been
documented accurately; most of which are located in South East France, southern Spain,
Morocco and Tunisia. Among those sections, a discontinuous palacontological record is the
rule. It can either be linked to reworking of sediments (a common feature in South East Spain
and France - Tavera, 1985; Le Hégarat, 1973), scarcity of fossils (barren intervals in the
Tunisian sections - Busnardo et al., 1976, 1985; Boughdiri et al., 1999), poor exposure of key
intervals (Rio Argos, Spain - Hoedemaeker, 1982), and non-deposition and major hiatuses (Rif

of Morocco - Benzaggagh & Atrops, 1997).

The upper Tithonian standard ammonite zonation of Mediterran-Caucasian settings is largely
inherited from the works of Enay & Geyssant (1975), Oloriz & Tavera (1979a-b), Tavera (1985)
and Tavera et al. (1994) based on the Rosso Ammonitico successions of the Betic Cordillera,
southern Spain. Enay & Geyssant (1975) never gave a formal definition of the biostratigraphic
units they proposed (e.g. Micracanthoceras microcanthum Zone and Durangites Zone)
contrary to the Spanish authors who clearly indicated the status of their zones (Taxon range
zones for the Simplisphinctes and Paraulacosphinctes transitorius zones; Acme Zone for the

Durangites Zone) (Fig. 1.1).

Enay & Geyssant Tavera et al.
(1975) (1986)
Durangites Durangites ‘ .
o 7one 7one Figure 1.1. Comparison between
< the original ammonite zonation of
% o the upper Tithonian of the Rosso
55 g Transitorius
E g . Zone Ammonitico succession of
5 & £ southern Spain of Enay &
=3 8 N
= ks Simplis- Geyssant (1975) and Tavera et al.
= phinctes (1986).
Zone

Nevertheless, French and Spanish authors have agreed that the Himalayitidae Durangites
Burckhardt, 1912 marks the uppermost Tithonian. This taxon is based on material from Mexico
and its content was supplemented by Verma & Westermann (1973). Until recently, there was
general agreement that the Durangites assemblage described by Verma & Westermann (1973)

from the El Verde member of the La Caja Formation (Sierra Catorce, Mexico) were of late
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Tithonian age (Adatte et al., 1994, 1996). However, most localities from which Durangites
were collected are hill slopes, and therefore most of the material was collected loose (Verma &
Westermann, 1973). A complete reappraisal on the age of Durangites in Mexico was presented
by Oloriz et al. (1999), who found the genus to be restricted to the middle Berriasian. The
occurrence of Durangites in Turkey, southern Spain and South East France were not reported
until the early 1970's to early 1980's by Enay et al. (1971), Enay & Geyssant (1975) and Oloériz
& Tavera (1979a-b, 1981) and its understanding was based on a limited number of specimens
illustrated by Tavera (1985), Boughdiri (1994) and Enay et al. (1998a). Most of specimens
come from the uppermost Tithonian of South East Spain (Carabuey and La Coronilla sections
mainly) and France (Le Chouet section). Boughdiri (1994) and Enay et al. (1998a) considered
Durangites and Protacanthodiscus Spath, 1923 as a sexual dimorphic pair; a view that was not
supported by Tavera (1985), since no Protacanthodiscus occurs in the Mexican assemblage. As
a consequence, the understanding of both genera, as well as their vertical range, remain unclear

in the Mexican, Spanish and French assemblages.

The Berriasian standard ammonite zonation of Mediterran-Caucasian settings is largely
inherited from the works of Le Hégarat & Remane (1968) and Le Hégarat (1973) who published
idealized ammonite distributions from numerous sections of South East France. Following the
recommendation of the Colloquium at Lyon in 1973 (Flandrin et al., 1975), the first ammonite
zone of the Berriasian corresponds to the combined Berriasella jacobi - Pseudosubplanites
grandis Zone, herein referred as the B. jacobi Zone auctorum. The understanding of this zone
is based on reworked ammonite assemblages from breccia deposits in Ardéche ('Breche de
Chomérac') and Isére (‘Bréche d'Aizy"), including Berriasella jacobi Mazenot, 1939,
Delphinella delphinense (Kilian, 1889), Elenaella cularense (Mazenot, 1939) and Proniceras
pronum (Oppel in Zittel, 1868) with typical late Tithonian forms such as Micracanthoceras
microcanthum (Oppel in Zittel, 1868). Most recent literature subsequently fails to document a
continuous ammonite distribution in South East France since the T/B boundary interval is
affected by a thick and complex carbonate breccia system (Le Hégarat, 1973; Cecca et al.,
1989a-b).

According to Mazenot (1939), this stratigraphic gap, called 'lacune des connaissances', would
correspond to the ammonite assemblage - including Paraulacosphinctes transitorius (Oppel in
Zittel, 1868) - from the Stramberk limestone pro parte (Outer Western Carpathians of Moravia,
Czech Republic), listed by Oppel (1865) as a reference locality for the Tithonian. However, the

precise age of this assemblage also remains unclear, since the Stramberk limestone is complex,
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and has been interpreted as including base-of-slope conglomerates and slump bodies of
Cretaceous age, and part of the Hradist¢ Formation (Picha et al., 2006). The ammonite zonation
of the Berriasian thus evolved very little between the first meeting of Lower Cretaceous
Cephalopod Working Group of IGCP Project 262, held in July 1990 at Digne, France
(Hoedemaeker & Bulot, 1990; Hoedemaceker et al., 1993) and the last one that took place on
August 2013 at Ankara, Turkey (Reboulet et al., 2014) (Fig. 1.2). Hoedemaeker & Bulot (1990)
previously outlined that the great majority of the Le Hégarat's zones and subzones have been
maintained, notwithstanding the fact that they are not defined by the first appearance of their

index species — a necessity to preserve stability in stratigraphic nomenclature.

Hoedemaeker & Bulot (1990) Zakharov et al. (1996) Reboulet et al. (2014)
un-named T. alpillensis T. otopeta
2| F. boissieri B. picteti F. boissieri P. picteti . holssleri | - AipHlensis
= M. P. picteti
M. paramimouna paramimounum paramimounum
=
-E i D. dalmasi D. dalmasi D. dalmasi
Bs
E “é T. occitanica | B. privasensis T. occitanica | g privasensis S. occitanica | g privasensis
e .
T. subalpina T. subalpina S. subalpina
5 P. grandis P. grandis
=| B.jacobi B. jacobi B. jacobi
= B. jacobi B. jacobi

Figure 1.2. Comparison of the ammonite standard zonation of the Berriasian between three
Cephalopod Working Group meetings (Hoedemaeker & Bulot, 1990; Zakharov et al., 1996 and
Reboulet et al., 2014).

Finally, Le Hégarat & Remane (1968) and Le Hégarat (1973) revised the ammonite distribution
of the historical stratotype of the Berriasian at Berrias-et-Casteljau, a 25m-thick succession of
blue-grey micritic hemipelagic limestones that crop out as overgrown structural surfaces. A
large number of works devoted to the microfaunas and floras, carbon/oxygen isotopes,
sequence- and magnetostratigraphy were subsequently published on Berrias-et-Casteljau (Naud
& Reboulet, 2008 with references), but these works used different lithological logs and three
generations of bed-numbering were followed. Therefore, it is impossible to correlate the
detailed log of Le Hégarat & Remane (1973) with the ones published by Le Hégarat & Remane
(1968), Galbrun (1985), Galbrun et al. (1986) and Jan Du Chéne et al. (1993) (Fig. 1.3). In any

case, these works showed that the historical fossiliferous section does not extend low enough



to reach the putative base of the Berriasian (Le Hégarat, 1973; Wimbledon et al., 2011). Thus,
the unit-stratotypical section is not suitable for the study of the T/B boundary.

148

147

146/ ‘
147

| 43 [

Ig Le Hégarat & Remane f el = “
“' (1973) Galbrun et al. (1986) - |

| | A

;'\\, J
Le Hégarat & Remane N

(1968) Jan du Chéne et al. (1993)

Figure 1.3. Comparison of published litho-logs of the Berrias-et-Casteljau section between Le
Hégarat & Remane (1968, 1973), Le Hégarat (1972), Galbrun (1985), Galbrun et al. (1986) and
Jan du Chéne et al. (1993) (modified from Wimbledon, unpublished data).

In summary, the use of ammonites to define precisely the base of the Berriasian is handicapped
by:

1 - Lack of a modern discussion of the systematics of age-diagnostic taxa;

2 - Scarcity of data in expanded key stratigraphic intervals, such as the base of the B.

Jjacobi Zone auctorum;

3 —Poor definition of biostratigraphic units, which prevents high-resolution correlation.



1.2. The calpionellid solution?

The widespread identification of calpionellids, incerte sedis planktonic microfossils (Remane
in Bolli et al., 1989), has afforded a parallel framework to the ammonite biostratigraphy, and
became the dominant biostratigraphic tool where no ammonite were to be found (Wimbledon
etal.,2011). Above early hyaline forms that characterize the Chitinoidella Zone, five successive
calpionellid assemblages (firstly labelled A to E) were originally documented from the
reference sections of South East France by Remane and Le Hégarat (Remane (1963), Le
Hégarat & Remane (1968), Le Hégarat (1973) and then documented in the Tethyan Realm,
from Mexico to the Caucasus. Following the international meetings at Rome (Allemann et al.,
1975) and Stimeg (Remane et al., 1986), the zonation was based on four calpionellids
(Crassicollaria, Calpionella, Calpionellopsis and Calpionellites) standard zones supplemented

by several sub-zones (Fig. 1.4).
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Figure 1.4. Synthetic stratigraphic distribution of the most significant calpionellids species
(after Remane in Cariou & Hantzpergue, 1997). The asterisk indicates the calpionellid bio-

events on which the lower boundary of the zones and subzones are based.



The base of the Calpionella Zone (i.e. C. alpina Subzone) is defined by the 'explosion' of small,
globular Calpionella alpina Lorenz, 1902 and stands among the most widespread and consistent
candidate for a primary boundary marker (Wimbledon, 2014; Wimbledon et al., 2011). Enay &
Geyssant (1975) stressed that the base of the Calpionella Zone matches the boundary between
the ammonite Durangites Zone and the B. jacobi Zone auctorum in the Rosso Ammonitico
succession of the Betic Cordillera. Even though, this view was not been supported by integrated
sedimentological-biostratigraphical data from detailed litho-log, it was retained as the definition
of the T/B boundary in the 1975 J/K boundary colloquium (Flandrin et al., 1975) and
subsequently followed by Zeiss (1983), Cecca et al. (1989a-b), Boughdiri (1994), Blau & Griin
(1997), Geyssant in Cariou & Hantzpergue (1997), Boughdiri et al. (2006), Benzaggagh &
Atrops (1997) and Benzaggagh et al. (2010) (Fig. 1.5). The recent examination of a Rosso
Ammonitico section (i.e. Puerto Escafio) from the Betic Cordillera by Tavera et al. (1994)
showed that the base of the B. jacobi Zone auctorum is characterized by a distinctive ammonite
assemblage, i.e. the Elenaella cularense biohorizon, that falls in the upper part of the
Crassicolaria Zone (Fig. 1.5). Therefore, the definition of the T/B boundary was strongly altered

and the parallel use of ammonites and calpionellids should be considered with caution.
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Figure 1.5. Comparison between integrated zonation from the works discussed in the text from
different Mediterran-Caucasian settings. Red line indicates the T/B boundary in the sense of

the 1975 colloquium (Flandrin et al., 1975).



1.3. Recent directions and objectives

The Berriasian Working Group (BWG) of the International Union of Geological Sciences
(IUGS) recently stated that one of its most challenging direction is to re-visit the ammonite
faunas, re-examine the validity of taxa and their ranges and question the definition of previously
proposed biostratigraphic units of the Tethyan Realm (Wimbledon et al., 2011). The BWG then
also gave a compilation of primary and secondary markers under examination as potentially
useful T/B boundary indicators in the Tethyan Realm. These include biological markers, e.g.
macro- [ammonites] and micro- [calpionellids, nannoconnids] fossils, and their proxies, i.e.

magnetostratigraphy (Fig. 1.6).
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Figure 1.6. Primary and secondary markers under examination as potentially useful in defining
the J/K boundary interval in the Tethyan Realm: (1) Base of Calpionella Standard Zone (B
Zone); (2) 'explosion' of small, globular C. alpina; (3) FAD of Nannoconus steinmanii minor
and N. kamptneri minor: (4) Base of magnetozone M18r; (5) Base of magnetozone M19n.1n;
(6) Base of magnetozone M19n.1r; (7) FAD of Nannoconus winteri and Cruciellipsis cuvillieri;

(8) Base of Jacobi auctorum Zone (modified after Wimbledon et al., 2011).

To achieve this, the revision of the reference sections of South East France should be undertaken

since it is a critical area for the definition of the Tithonian and Berriasian stages by means of



ammonites (Wimbledon, 2008). First recognition at Berrias-et-Casteljau (Ardeéche, South East
France) in 2009-2011 by members of the BWG (W.A.P. Wimbledon, L.G. Bulot) confirmed
that the unit-stratotypical section of the Berriasian does not extend low enough to reach the
putative base for the Berriasian. Therefore, a start has been made on examining other localities
in southern France — seeking ‘templates’ for the topmost Tithonian ("Durangites Zone") to the
lower Berriasian (B. jacobi Zone auctorum). These include the little-studied sections of Le
Chouet, Charens and Les Combes located in eastern Drome that were previously listed as
crucial for the understanding of the T/B boundary (Remane, 1970; Le Hégarat, 1973; Boughdiri,
1994; Enay et al.,, 1998a). These sections were sampled bed-by-bed, including macro-
(ammonites) and microfossils (calpionellids, nannofossils) between 2012 and 2015; Le Chouet
and Les Combes sections were sampled for magnetostratigraphy in 2011-2012. The integration
of the results documented at Le Chouet led to the publication of a work of major interest that
forms the litho-, bio and magnetostratigraphic core of this thesis (Appendix 1):

Appendix 1 - Wimbledon W.A.P., Rehakova D., Pszczotkowski A., Cassellato C.E.,
Halasova E., Frau C., Bulot L.G., Grabowski J., Sobiefi K., Pruner P., Schnabl P., Cizkova
K.,Tchoumatchenco P., 2013 - A preliminary account of the bio- and magnetostratigraphy of
the upper Tithonian- lower Berriasian interval at Le Chouet, Drome (SE France). Geologica

Carpathica 64(6): 437-460.

From the ammonites collected, five papers on the systematic and biostratigraphy of the age-
diagnostic ammonite taxa were subsequently published in peer-reviewed journals (Appendix 2,
3,4,5,0).

Appendix 2: Bulot L.G., Frau C., Wimbledon W.A.P., 2014 - New and poorly known
Perisphinctoidea (Ammonitina) from the Upper Tithonian of Le Chouet (Drome, SE France).
Volumina Jurassica, XII (1): 113-128.

Appendix 3: Frau C., Bulot L.G., Wimbledon W.A.P., 2015 - The late Tithonian
Himalayitidae (Perisphinctoidea, Ammonitina) from Le Chouet (Drome, France): systematic
implications. Geologica Carpathica 66(2): 117-132.

Appendix 4: Frau C., Bulot L.G., Wimbledon W.A.P., 2016 - Systematic palaeontology
of the Perisphinctoidea across the Jurassic-Cretaceous boundary at Le Chouet (Drome, France)
and its biostratigraphic implications. Acta Geologica Polonica 66(2): 157-177.

Appendix 5: Frau C., Bulot L.G., Rehdkovd D., Wimbledon W.A.P., 2016 - Late
Tithonian Himalayitidae Spath, 1925 and Neocomitidae Salfeld, 1921 from the Tithonian of
Charens (Drome, France). Geologica Carpathica 67(6): 543-559.
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Appendix 6: Frau C., Bulot L.G., Rehédkova D., Wimbledon W.A.P., 2016 - Revision of
the ammonite index species Berriasella jacobi Mazenot, 1939 and its consequence on the

ammonite biostratigraphy of the Berriasian Stage. Cretaceous Research 66: 94-114.

The revised systematics allowed us to discuss the palaeobiogeographic distribution of early
Berriasian ammonites in a chapter of the book Ammonoid Paleobiology (Appendix 7).

Appendix 7 - Lehmann J., Ifrim C., Bulot L.G., Frau C., (2015) - Chapter II, Part 9.
Paleobiogeography of early Cretaceous ammonites In: Klug, C., Korn, D., De Baets, K., Kruta,
L., Mapes, R.H. (Eds.) Ammonoid Paleobiology: From macroevolution to paleobiogeography.
Topics in Geobiology 44, Springer Netherlands, 598 pp.

The principal objectives of the present thesis are:

- To document the vertical ranges of Perisphinctoidea in the best-developed successions
of South East France;

- To provide systematic revision of the taxa that have high-stratigraphic value;

- To propose a revised biostratigraphic scheme;

- To integrate the ammonite zonation with that of the calpionellids;

Additional aspects involve the palaeobiogeographic distribution of Perisphinctoidea among the

Tethyan Realm, and their potential use as primary markers for the T/B boundary.
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Chapter 2 - Geological setting

2.1. Generalities on the Subalpine Basin (South East France)

According to Baudrimont & Dubois (1977) and Debrand-Passard et al. (1984), the Subalpine
Basin (here labelled SB) of South East France appeared as a result of post-Triassic Alpine
extension, and it deepened through the Lower Cretaceous. During the J/K boundary time
interval, the basinal area of the SB occupied an approximately triangular area, its base extending
across northern Provence to the Bas-Vivarais, 250 km west to east, with a prolongation

northwards to a narrow apex that covers the subalpine ranges (Fig. 2.1).

|
L

MASSIF CENTRAL p G

MEDITERRANEAN SEA

PYRENEES
0 100km
i s
- Shallow-water carbonates platform - Outer platform and slope mudstones - Extension of breccia beds
L by \Inner Alps Crystalline basement \\__\ Main overthrust

Figure 2.1. Location and palaeogeography of the Subalpine Basin at the Tithonian/Berriasian
boundary (modified after Courjault, 2011). The black square corresponds to the studied area.
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The upper Kimmeridgian to lowermost Berriasian interval of the deep area corresponds to deep-
water hemipelagic deposits affected by submarine gravity reworkings (slumps, breccias) that
leave only few autochthonous, ammonite-bearing intervals (Courjault, 2011). According to Le
Hégarat (1973), the area between Die (Drome) and Veynes (Hautes-Alpes) contains the best-
developed successions of the SB with attenuated reworked deposits. Extensive fieldwork on
this area led to the re-examination of several little-studied sections: these are Le Chouet, and
its nearby equivalent section of Charens, and Les Combes (eastern Drome) that have yielded

the Perisphinctoidea studied in this thesis.

2.2. Description of the sections

2.2.1. Le Chouet

Localisation: The locality lies in the cliffed upper valley of the River Drome, in pine
forest (Long 5°33°33”E, Lat 44°32°32”N) off the local road (D306) from Die to Valdrome (Fig.
2.2). The section comprises a low mural section, 200 m-long, along a single-track road on the
north-west side of a precipitous gorge, the Ravin de Fournet. The section extends around the
slope from an altitude of 928 m to a little above 1000 m and dips 10 degree to the North
northeast.

Background: A detailed historical background on this section is given in Appendix 1 (p.
438), to which the reader is referred. The microfossils (i.e. calpionellids, nannofossils) and
magnetozones were documented by scientists of the BWG (see Appendix 1), and this provides
a solid litho-, bio- and magnetostratigraphic scheme.

Lithology: The succession exposed totals 43 metres and consists of well-bedded micrite
and biomicrite — mudstone, wackestone and packstone- limestones beds. Only the lower beds
(beds 1 to 51) show any appreciable argillaceous partings or thin beds (Fig. 2.3a-b). Massive
conglomerates and breccias (both clast and matrix supported) and thin intraclastic/microbreccia
beds (beds 77 and 80, Fig. 2.4a) punctuate the sequence. These are variable in their grain sizes
and textures: units with graded bedding (beds 52, 57, 64, Fig. 2.3b), coarse bases (beds 64, 71a-
b, Fig. 2.4b), ‘floating’ larger clasts in micrite (beds 84, 104, Fig; 2.5a) and clast-supported
beds (bed 87, 94, 96). Topping the section, a 10 m-thick, massive or poorly bedded micrite
occurs with ‘floating” pebbles and derived, abraded body fossils (bed 123, Fig. 2.5b).

Fossils and taphonomy: Ammonites, and aptychi, are numerous in micritic limestone
beds, excepting in the lowest ten metres (bed 1 to 64). Occasional isolated bivalves and pygopid

brachiopods have been noticed in beds 82 and 90, and belemnites are common in bed 103. The

13



great majority of ammonite specimens are characterized by internal calcareous molds that rarely
exceed 100 mm in diameter, with innermost whorls generally crushed by compaction. The

ammonite assemblages show a high proportion of complete specimens, but peristomes are

generally lacking.
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Figure 2.2. Location of Le Chouet section, eastern Drome, South East France.
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2.2.2. Charens

Localisation: The locality is situated almost three kilometres to the west of the key-
section of Le Chouet (Drome, France, Fig. 2.6). It lies in the cliffed upper valley of the River
Drome (Long 5°31°08”E, Lat 44°32°42”N), off the local road (D93) from Die to Beauriéres. It
comprises a low mural section, 250 m-long, along a single-track road (D145) on the east side
of the Charens gorge. The section extends around the slope from an altitude of 758 m to a little
above 766 m and dips 10 degrees to the North.

Background: The Charens section was originally studied for its gravity flows by
Remane (1970) and subsequently by Bouchette et al. (2001), Seguret et al. (2001), Courjault
(2011) and Courjault et al. (2011). The latter authors clearly demonstrated that the sequence
forms part of a large-scale, deep-water carbonate breccia lobe.

A first reconnaissance of the Charens section in 2012 showed that the lower upper Tithonian
interval is better exposed than Le Chouet and yields rich ammonite faunas. Detailed
investigations, including study of calpionellids and calcareous nannofossils, are still ongoing
within the framework of the BWG, and that will later be submitted to publication. For the time
being, only the boundary between the Chitinoidella and the Crassicollaria zones is documented.

Lithology: The studied succession consists of 41 metres of well-bedded biomicrite -
mudstone, wackestone and packstone - autochthonous intervals intercalated between thick,
conglomeratic, clast- or matrix-supported breccias. The lower beds correspond to thin-bedded
biocalcarenites (beds 5 to 17, Fig. 2.7a) that overlies conformably a thick conglomeratic breccia
(bed 1 to 5). The succession is then characterized by a well-bedded micrite and biomicrite
autochthonous interval (Fig. 2.7a). This interval is topped by a thick massive, clast and matrix
supported breccia and a number of metre-scale calcarenitic beds at its base (beds 58 and 62,
Fig. 2.7b). The biomicrite interval (beds 79 to 98, Fig. 2.8a) above the thin conglomeratic
breccia (bed 75) can be correlated with certainty to beds 72 to 89 at Le Chouet. This is supported
by similar ammonites occurrences and useful lithological markers such as the
intraclastic/microbreccia bed 88 (e.g. = bed 80 of Le Chouet section) and the clast-supported
bed 96 (= bed 87 of Le Chouet section) (Figure 2.8a-b). The studied section is ended by a
normal fault.

Fossils and taphonomy: Assemblages of body fossils and taphonomic features are rather
similar to those found at Le Chouet. A mass-occurrence of buchiid bivalves occurs in a thin

horizon (base of bed 64).
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Figure 2.6. Location of the Charens section, eastern Drome, South East France.
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3.2.3. Les Combes

Localisation: The locality (Fig. 2.9) lies in the cliffed upper valley of the Grimone
stream, in pine forest (Long 5°37°00”E, Lat 44°42°09”N) off the local road (D539) from
Glandage to Lus-la-Croix-Haute. The locality comprises a partially overgrown section, 60 m-
long, along a single-track road on the north side of the Ravin de Font Bertrand. The section
extends around the slope from an altitude of 1040 m to almost 1070 m and dips 10° W.

Background: The Les Combes section was only mentioned by Le Hégarat (1973, p. 267,
tabl. 4) for its ammonite-rich levels from the lowermost Berriasian. He gave a stylized section
with an underestimated thickness.

Several campaigns on this section by members of the BWG have documented the calpionellids
(and nannofossil) content and magnetozones. For the time being, only the preliminary results
on the calpionellid zonation are used in the present contribution.

Lithology: The studied section comprises three different parts. The lower (beds -52 to -
29) is composed of stacked - mud- to wackestone - limestone beds characterized by the
occurrence of small chert nodules. This interval overlies a thick clast-supported breccia (beds -
56 and -55). The middle part (beds -28 to 30) contains thin marly interbeds and well-bedded
limestone beds ranging in thickness from 5 to 100 cm (beds -25, 22, 22, Fig. 2.10a). This
interval displays an obvious thin breccia (bed -10). A part of this interval is overgrown to a
depth of about 4 metres (Fig. 2.10b). The third part (beds 32 to 111) is more argillaceous; it is
composed of a thick marl-limestone alternations. The upper part of this interval includes
recessed poorly exposed outcrops (beds 83 to 92) that is more argillaceous than the rest of the
sequence. The base of the limestone beds are sharp or burrowed, and they grade into the
overlying marly interbeds. Structures of bioturbation of centimetric size are abundant within
limestone beds.

Fossils and taphonomy: At Les Combes, ammonite are abundant and diverse except for
the cherty-rich part in the lowest part of the sequence. Dissolution and fragmentation of shells
are the norm and specimens are preserved as internal, calcareous moulds with discontinuous
compaction. This results in hollow ammonites in which the sedimentary infill is restricted to

the body chamber. Resedimented ammonite with complete peristome are only found locally.
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Chapter 3 - Results for each section

3.1. Le Chouet section

3.1.1. Distribution and systematics
A preliminary ammonite distribution based on the recognition of 22 genera from Le Chouet
was published in Wimbledon et al. (2013) (Appendix 1). The taxa belonging of to the families
Ataxioceratidae, Himalayitidae, Neocomitidaec and Olcostephanidae were subsequently
described and the first distribution was supplemented and corrected (Appendix 2, 3 and 4). The
bottom part of the section is poorly fossiliferous, with only fragments of the index-species
Micracanthoceras microcanthum (Oppel in Zittel, 1868) found (Appendices 1 and 2). Above,
Perisphinctoidea are diverse and five successive faunal assemblages were recognized
(Appendix 4); these are from oldest to youngest (Fig. 3.1):

- an assemblage dominated by the Ataxioceratidae Paraulacosphinctes senoides Tavera,
1985 and Moravisphinctes fischeri Kilian, 1889, and which is also marked by the lowest
occurrence of the Himalayitidae Protacanthodiscus andreaei (Kilian, 1889). A limited number
of specimens of Toucasiella gerardi Enay, Boughdiri & Le Hégarat, 1998b occur, as well as
the doubtful Neocomitidae Pseudargentiniceras sp.;

- an assemblage dominated by P. andreaei together with new Himalayitidae and the
Neocomitidae Busnardoiceras busnardoi (Le Hégarat, 1973);

- an assemblage dominated by the Himalayitidae Chapericeras chaperi (Pictet, 1867)
and Praedalmasiceras spiticeroides (Djanélidzé, 1921) together with the Neocomitidae
Elenaella cularense (Mazenot, 1939), Berriasella gr. oppeli (Kilian, 1889) - moreti Mazenot,
1939;

- an assemblage dominated by Praedalmasiceras progenitor (Oppel in Zittel, 1868);

- an assemblage dominated by Delphinella delphinense (Kilian, 1889) and Delphinella

consanguinea (Retowski, 1893).

Sporadic occurrences of the Olcostephanidae Proniceras pronum (Oppel in Zittel, 1868) are

reported at different levels.
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Figure 3.1. Vertical ranges of Perisphinctoidea from Le Chouet and integrated biostratigraphy.

Green bar indicates the E. cularense biohorizon (modified after Appendices 1, 2



Major systematic results concern the revision of the Himalayitidae. Based on a numerically
large sample, the ontogeny, variation and dimorphism of Protacanthodiscus andreaei have
been studied (Appendix 3): and it has been demonstrated that the type species of the genus P.
andreaei is dimorphic, with medium- to large-size macroconchs that develop a robust adult
stage, as compared to the microconchs (Appendix 3, fig. 5, 6, 7). Macroconchs range between
two extreme morphologies, with slender and robust poles, related to the first Buckman's law of
covariation. Based on a re-examination of the type material of Durangites from Mexico
(Appendix 3), the great majority of specimens from Mediterran-Caucasian settings that have
been previously referred to Durangites are now interpreted as juveniles and/or microconchs of
P. andreaei. Moreover, comparisons between specimens from France, Spain and Bulgaria
formerly assigned to Durangites astillerensis Imlay, 1942 and the type material of this species,
supported the introduction of Boughdiriella chouetense Frau, Bulot & Wimbledon, 2015
(Appendix 3, fig. 4). Therefore, the occurrence of the genus Durangites in the Mediterran-
Caucasian Subrealm has to be ruled out.
Four new himalayitid genera are introduced:

Ardesciella Bulot, Frau & Wimbledon, 2014 - for a group of Mediterranean ammonites
that is homeomorphic with the Andean genus Corongoceras Spath (Appendix 2, fig. 5);

Pratumidiscus Bulot, Frau & Wimbledon, 2014 - for an endemic form that shows
morphological similarities with the Boreal genus Riasanites Spath, 1925 (Appendix 2, fig. 6);

Chapericeras Frau, Bulot, Wimbledon, submitted (Appendix 4), based on C. chaperi
(Pictet, 1867) - for dimorphic himalayitid-like forms with two rows of lateral tubercles
(Appendix 4, text-fig. 2).

Praedalmasiceras Frau, Bulot, Wimbledon, submitted for the taxa P. spiticeroides and
P. progenitor (Appendix 4, text-fig. 2). Study of the early ontogeny and deep modification of
the suture line supports the contention that Praedalmasiceras and its middle Berriasian
descendant Dalmasiceras should be excluded from the Neocomitidae, and distinguished as a

new subfamily Dalmasiceratinae within the Himalayitidae (Appendix 4, p. 12).

Regarding the Neocomitidae, their occurrence in the uppermost Tithonian is documented by
the presence of the (reputedly Berriasian) taxa Pseudargentiniceras sp. and Busnardoiceras
busnardoi (Le Hégarat, 1973) (Appendix 2). A new account on the content, variation and
dimorphism of the genera Berriasella Uhlig, 1905, Elenaella Nikolov, 1966, Pseudoneocomites
Hoedemaceker, 1981 and Delphinella Le Hégarat, 1971 is to be found in Appendix 4. It has been
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suggested that the genus Busnardoiceras is the basal form from which the other Neocomitidae

were derived.

Finally, a conservative use of the Olcostephanidae binomen Proniceras pronum (Oppel in
Zittel, 1868) is here followed, since no modern revision of the Spiticeratinae Spath, 1924, based
on well-provenanced collections (with regard to horizon), has been yet undertaken (Appendix

4, p.49).

3.1.2. Biostratigraphy
Three zones were distinguished (Appendix 1): the M. microcanthum, P. andreaei and B. jacobi

Zones.

The M. microcanthum Zone (pro parte): The first results suggested a partition of the zone, with
the establishment of a M. fischeri Subzone at its top, with its base at bed 66. This was used as
a replacement for the P. transitorius Zone sensu Oloriz & Tavera (1979a) as already suggested
by Cecca et al. (1989a-b) in South East France, and by Benzaggagh & Atrops (1997) in
Morocco. The last occurrence of the genus Moravisphinctes is located below the top of the
calpionellid C. intermedia Subzone. These results are in disagreement with findings from
Morocco (Benzaggagh & Atrops, 1997), where Moravisphinctes spp. last occur in the T.
remanei Subzone. Recognition of a fauna indicating the base of M. microcanthum Zone (i.e.
the Simplisphinctes Subzone sensu Tavera, 1985) has not been possible. The upper boundary
of the M. microcanthum Zone is fixed at the FAD of P. andreaei (bed 79) that characterizes the

next ammonite zone.

The P. andreaei Zone: The P. andreaei Zone was introduced as a replacement for the much-
quoted “Durangites Zone” of the topmost Tithonian, because 'Mediterranean Durangites’ either
belong to P. andreaei or to B. chouetense. In its first appearances within the C. intermedia
Subzone, specimens of P. andreaei are few in number, and its acme is seen in beds 83 to 85; a

similar pattern of distribution to that which has been observed in Spain (Olériz & Tavera, 1989).

The B. jacobi Zone auctorum (pro parte): The first “Berriasian” ammonite assemblage appears
one third of the way up the calpionellid C. colomi Subzone and corresponds to the E. cularense
biohorizon sensu Tavera et al. (1994). This biohorizon matches beds 90 and 91 at Le Chouet.

Though the index species had not been recognized, Wimbledon et al. (2013) (Appendix 1)
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maintained the use of a Berriasella jacobi Subzone for stability of stratigraphic nomenclature.
Following Hoedemaeker & Bulot (1990), Bulot et al. (2014) (Appendix 2) and Frau et al. (2015,
submitted) (Appendices 3, 4) subsequently retained a B. jacobi Zone auctorum. In any case, the
base of the B. jacobi Zone auctorum at Le Chouet (bed 90) does not correspond to the base of
the calpionellid Calpionella Zone (bed 100), becasue it falls within the lower part of the C.

colomi Subzone of the Crassicollaria Zone.

3.2. Charens section

3.2.1. Distribution and systematics
For the time being, only the late Tithonian Himalayitidae and Neocomitidae from Charens have
been studied in detail (Appendix 5). Two ammonite assemblages have been recognized; these
are from oldest to youngest (Fig. 3.2):

- an assemblage dominated by M. microcanthum;

- an assemblage dominated by P. andreaei and B. busnardoi.

From a comparative ontogenetic and biometric study, M. microcanthum exhibits a wide range
of variation that lies sexual dimorphism and non-sexual polymorphism (Appendix 5, fig. 2, 3,
4). Heterochronic shifts in development occurred in microconchs, whereas macroconchs range
between two extreme morphological poles, related to Buckman's law of covariation. As was
discussed in Appendix 5, P. andreaei was derived from M. microcanthum at the top of the M.
microcanthum Zone, by changes in shell shape and the strength of the ornamentation.

Regarding the Neocomitidae, only B. busnardoi is reported at Charens, but its vertical range is
identical to that documented at Le Chouet (Appendix 5). New palaeontological evidence
suggests that B. busnardoi was derived from P. andreaei, by peramorphic change and

modifications of the whorl shape and ornamentation.

3.2.2. Biostratigraphy
Two zones were recognized (Appendix 5):

The M. microcanthum Zone: The lower boundary of this zone was fixed at the FAD of
its index species (bed 25), falling within the upper part of the Chitinoidella Zone: thus
confirming similar results achieved in Spain (Pruner et al., 2010) and Morocco (Benzaggagh et

al., 2010).
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The P. andreaei Zone: The vertical ranges of the age-diagnostic species P. andreaei, as
well as the associated faunal assemblage (Protacanthodiscus, Boughdiriella and

Pratumidiscus), are rather similar to those described at Le Chouet.
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3.3. Les Combes section

3.3.1. Distribution and systematics
A comprehensive work on the Perisphinctoidea from Les Combes is still to be published, and
only the ammonite distribution is provided in the systematic revision of the genus
Strambergella (Appendix 6). Three ammonite assemblages are recognized (Appendix 6), from
oldest to youngest (Fig. 3.4):

- an assemblage dominated by the group of D. delphinense;

- an assemblage dominated by the group of P. lorioli together with Retowskiceras
andrussowi (Retowksi, 1893) and Hegaratella paramacilenta (Mazenot, 1939);

- an assemblage dominated by Strambergella carpathica (Oppel in Zittel, 1868) and
Strambergella jacobi (Mazenot, 1939).

Above, the succession is poorly fossiliferous and it only contains a limited number of specimens
referable to Tirnovella subalpina (Pictet, 1867) and D. ellenica (Nikolov, 1960).

Based on historical material and newly collected specimens from Les Combes, the revision of
the index-species Berriasella jacobi shows that this taxon is dimorphic and its features
(umbilicus height, umbilical wall, ribbing style and aspect of the ventral area) do not compare
well with those of the genus Berriasella, but match closely the morphological features of the
genus Strambergella (see discussion in Appendix 6). The co-occurrence of the type species
Strambergella carpathica and S. jacobi documented for the first time in the uppermost part of
the B. jacobi Zone auctorum supports this view (Appendix 6, Fig. 4 and 5). Most records of S.
jacobi from the Mediterran-Caucasian Subrealm are based on the misinterpretation of
specimens that either belong to Pseudosubplanites, Pseudoneocomites, Berriasella or
Delphinella, but true sporadic occurrences are documented in southern Spain, Italy, Bulgaria,
Central Tunisia and Crimea (Appendix 6). The records from Tibet, Madagascar and Chile are
based on specimens that belong to Blandfordiceras or endemic Andean ammonites, which

remain of uncertain taxonomic assignment.
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Pending the forthcoming paper on the systematics of the other taxa, significant results are given
below:

- The latest occurrence of the Himalayitidae P. progenitor is reported at the base of the
Remaniella ferasini Subzone (Fig. 3.5A);

- Analysis of large Pseudosubplanites and Delphinella specimens shows that the species
of these genera most likely represent a limited number of dimorphic taxa, which, respectively,
are herein referred to the group of P. lorioli ( e.g. including P. grandis) and the group of D.
delphinense (Fig. 3.5G, H).

- Examination of the type specimens and our collection of H. paramacilenta shows that
their shells had no ventral groove. By its stratigraphic occurrence, it is clear that H.
paramacilenta was derived from P. gr. lorioli by minor changes in the width of the umbilicus,
and the density and pattern of the ribs (Fig. 3.51, J).

- Typical specimens of the little-studied R. andrussowi are documented for the first time
in South East France (Fig. 3.5K, L). The species originates from the lower part of the R. ferasini
Subzone.

- Examination of the type specimens of Malbosiceras nikolovi Le Hégarat, 1973 from Les
Combes, supplemented by a new collection of topotypes, leaves no doubt that the species is
dimorphic and belongs to Refowskiceras by its ontogenetic succession and the aspect of the
ventral area (Fig. 3.5K-N). Palacontological evidence (e.g. similar inner whorls, successive

stratigraphic occurrence) support a lineage between R. andrussowi and R. nikolovi.

3.3.2. Biostratigraphy
From the ammonite distribution given above, two zones were recognized: the B. jacobi and T.

occitanica zones.

The B. jacobi Zone auctorum (pro parte): By comparison with Le Chouet, the lowermost part
of the B. jacobi Zone auctorum at Les Combes cannot be characterized, since it corresponds to
a barren interval linked to the lithology. The first ammonite fauna, including D. gr. delphinense,
is reported at the base of the calpionellid C. alpina Subzone that seems to be less thick than it
is documented at Le Chouet. Interestingly, the age-diagnostic taxa P. gr. lorioli and S. jacobi
show a limited stratigraphical range within the B. jacobi Zone auctorum. Their precise vertical
range is for the first time compared to the calpionellid zonation, and this leads one to question
their use as index-species, becasue they occur in the middle and upper parts of the R. ferasini

Subzone.
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The T. occitanica Zone (pro parte): The index species T. subalpina marks the base of the middle
Berriasian (e.g. 7. subalpina Subzone sensu Le Hégarat 1973) in the current zonation.
However, precise characterization of the 7. subalpina Subzone cannot be undertaken since the

succession is characterized by a quasi-barren interval.

Figure 3.5 (next page). Selected undescribed Himalayitidae, Neocomitidae and
Olcostephanidae from Les Combes (Drome, France): Praedalmasiceras progenitor (Oppel in
Zittel, 1868): (A) plaster cast of MPP-LCB.158 [m] (bed -25); Delphinella ellenica (Nikolov,
1960): (B) MPP-LCB.290 [m] (bed 90) and (C) MPP-LCB.247 [m] (bed 96); Delphinella gr.
delphinense (Kilian, 1889): (D) plaster cast of MPP-LCB.156 [m] (bed -25), (E) plaster cast of
MPP-LCB.185 [m] (bed -25) and (F) MPP-LCB.188 [M] (bed -25); Pseudosubplanites gr.
lorioli (Oppel in Zittel, 1868): (G) MPP-LCB.285 [M] (bed -6) and (H) MPP-LCB.220 [m]
(bed -16); Hegaratella paramacilenta (Mazenot, 1939): (I) MPP-LCB.257 [M] (bed -7) and (J)
MPP-LCB.233 [m] (bed -7); Retowskiceras andrussowi (Retowski, 1893): (K) MPP-LCB.143
[M] (bed -25) and (L) MPP-LCB.274 [m] (bed -25); Retowskiceras nikolovi (Le Hégarat, 1973):
(M) MPP-LCB.54 [M] (bed 7) and (N) MPP-LCB.297 [m] (bed 10); Tirnovella subalpina
(Mazenot, 1939): (O) MPP-LCB.253 (bed 52); Proniceras pronum (Oppel in Zittel, 1868): (P)
MPP-LCB.164 [?m] (bed -25), (Q) MPP-LCB.174 [?m] (bed -27) and (R) plaster cast of MPP-
LCB.287 [?m] (bed -33). Scale bar is 10 mm. Scale bar is 10 mm. All specimens are coated

with ammonium chloride.
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Chapter 4 - Discussion

4.1. A refined integrated bio- and magnetostratigraphic scheme
The sections of Charens, Le Chouet and Les Combes embody a continuous composite
succession from the base of the upper Tithonian to the base of the middle Berriasian. Eight
successive ammonite assemblages are documented. These are, from bottom to top (Fig. 4.1):

- An assemblage dominated by Micracanthoceras microcanthum

- An assemblage dominated by Moravisphinctes fischeri,

- An assemblage dominated by Protacanthodiscus andreaei;

- An assemblage dominated by Elenaella cularense;

- An assemblage dominated by Praedalmasiceras progenitor;,

- An assemblage dominated by Delphinella spp.;

- An assemblage dominated by Pseudosubplanites spp.;

- An assemblage dominated by Strambergella spp.;

- An assemblage dominated by the basal Tirnovella.

The detailed analysis of the ammonite successions from the Charens, Le Chouet and Les
Combes sections provides a sound basis for a refined interpretation for T/B boundary interval
biostratigraphy (Fig. 4.1). The base of the upper Tithonian is fixed at the FAD of the index-
species Micracanthoceras microcanthum, which falls in the upper part of the Chitinoidella
Zone. The revision of “Mediterranean Durangites” supports the rejection of a Durangites spp.
Zone as part of the standard zonation for the upper Tithonian, and its replacement by the P.
andreaei Zone that encompasses the middle part of the C. intermedia Subzone of the
Crassicollaria Zone. The M. microcanthum and P. andreaei zones are defined as
biochronozones and could be retained as workable units at the scale of the Mediterran-
Caucasian Subrealm. The E. cularense biohorizon that typifies the base of the B. jacobi Zone
auctorum is documented for the first time in a basinal section, and it is confirmed that it is not
synchronous with the Crassicollaria/Calpionella turnover. It is clear that Strambergella jacobi
cannot be used as a primary marker for the T/B boundary, since the species has a limited range
in the uppermost part of the B. jacobi Zone auctorum. Its range is restricted, for it occurs across
the calpionellids C. ferasini and C. elliptica subzonal boundary. The systematic study of the
ammonites from Les Combes is needed in order to clarify the ammonite biostratigraphy at the

base of the Berriasian, and to provide an alternative to the B. jacobi Zone auctorum.
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The first occurrence of the index-species 7. subalpina, marking the base of the middle
Berriasian, is reported in the lower part of the C. elliptica Subzone of the Calpionella Zone. The

T. subalpina Subzone is marked by a barren interval.

For the time being, the comparison between ammonite and calpionellid zonations plotted
against magnetozones has be only achieved at Le Chouet (Fig. 4.1). The boundary between the
M. microcanthum Zone and P. andreaei zones falls in the lower part of the M19r. The lower
boundary of the B. jacobi Zone auctorum matches the base of the M19n.2n. However, the
grainstone-conglomerate-grainstone triplet (i.e. beds 86 to 88) that coincides with the base of
the B. jacobi Zone auctorum perhaps indicates some hiatus (see discussion in Appendix 1).

A comparison between the synthetic integrated biostratigraphic scheme of the Berriasian
Working Group (Wimbledon et al., 2011) and the refined one proposed in this thesis is given
below (Fig. 4.2).
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4.2. Comparison between the original integrated bio- and magnetostratigraphic scheme of the
Berriasian Working Group and the refined one proposed in this thesis for South East France.
Abbreviations indicate: Micr. = M. microcanthum Zone, Andr. = P. andreaei Zone, p.p. = pro

parte. Calibration is based on the reversed magnetozone M19r.
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4.2. Ammonite faunal turnover at T/B boundary, if any?

The age-old controversial debate of the J/K boundary has been traditionally explained as the
result of stratigraphic difficulties caused by the lack of faunal turnover across the T/B boundary
interval. The question of ammonite faunal turnovers at that time was first addressed by Tavera
(1985) and Tavera et al. (1986) based on a large dataset from the Betic Cordillera. Those authors
pointed out that the ammonite faunas experienced four main phases of 'renovation' between the
base of the upper Tithonian and the base of the Valanginian:

- The first ammonite 'renovation' occurs in the uppermost lower Tithonian, marked by
the first occurrence of Simoceratidae and basal Himalayitidae together with the last
Lithacoceratinae (sensu Tavera 1985). They are progressively replaced by the first ornamented
Himalayitidae in the lowermost upper Tithonian.

- The second 'renovation' comes in the P. andreaei Zone (e.g. Durangites Zone sensu
Tavera, 1985) where the ammonite assemblage is dominated by Protacanthodiscus together
with the last Paraulacosphinctinae (semsu  Tavera 1985) (Moravisphinctes,
Paraulacosphinctes), Aspidoceratidae and Physodoceratinae. The Olcostephanidaec become a
common element, while the first Neocomitidae appeared.

- The third phase of 'renovation' occurs at the base of the B jacobi Zone auctorum where
Ataxioceratidae disappear, the Himalayitidae are only represented by Praedalmasiceras, and
Neocomitidae and Olcostephanidae flourished as the more significant components.

- A gradual renewal is detected from the middle to upper Berriasian and the
Berriasian/Valanginian boundary record the last 'renovation' marked by a significant faunal

turnover at the generic level within the Neocomitidae and Olcostephanidae.

A compilation of the systematic and biostratigraphic data obtained from South East France,
plotted next to the ammonite and calpionellid zonations support the chart of total ranges
established for each genus (Fig. 4.3). Four phases of faunal change and two pinpoint events are
identifiable in the ammonite compositions. Their significance is discussed below, with respect
particularly to the 'renovations' recognized in southern Spain:

- The first phase of faunal change (R1 in Fig. 4.3) is characterized by the emergence of
the Himalayitidae Micracanthoceras that dominates the lower part of the upper Tithonian. At
that time, the ammonite assemblage was poorly-diversified. This fauna matches the first

'renovation' in the sense of Tavera et al. (1986). The genus Micracanthoceras is largely
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distributed across the Mediterran-Caucasian Subrealm (Appendix 5) and its phyletic origin still
remains unclear in the literature.

- The second phase of faunal change (R2 in Fig. 4.3) occurs at the base of the P. andreaei
Zone and corresponds to the second phase of 'renovation' sensu Tavera et al. (1986). At the
genus level, it is characterized by the FAD of Protacanthodiscus - evolved from
Micracanthoceras. This is a widespread bio-event across the Mediterran-Caucasian Subrealm
and it provides an obvious biostratigraphic datum. This phase is also marked by the emergence
of the Olcostephanidae Proniceras that will persist successfully up into the B. jacobi Zone
auctorum. This interval also records the sporadic occurrence of the Himalayitidae Toucasiella
and the Neocomitidae Pseudargentiniceras.

- Two successive steps characterize the third renovation. The first step (R3a in Fig. 4.3)

corresponds to an adaptative radiation of the Himalayitidae, marked by in situ appearance of
Boughdiriella, Ardesciella and Pratumidiscus evolving from Protacanthodiscus. This step is
also marked by the massive appearance of Busnardoiceras, the first true Neocomitidae, which
also evolved from Protacanthodiscus at the top of the P. andreaei Zone. This phyletic link
strongly questions the validity of the Neocomitidae from a cladistic point of view.
The second step (E. cularense biohorizon; R3b in Fig. 4.3) was marked by the complete
extinction affecting the Ataxioceratidae and Himalayitinae, but the Dalmasiceratinae appeared
and dominated the assemblage in the lowermost part of the B. jacobi Zone auctorum. This phase
also records an episode of speciation of the Neocomitidae, reflected the co-occurrence of
Elenaella, Berriasella and Pseudoneocomites that probably evolved from Busnardoiceras. The
second step thus corresponds to a fairly complex turnover that affected almost all taxonomic
categories - subfamilies, genera and species. This event corresponds to the third phase of
'renovation' sensu Tavera et al. (1986).

- The fourth renovation (R4 in Fig. 4.3) also corresponds to a complex turnover, this
time linked to the establishment of a rhythmic marlstone-limestone sedimentation. At the local
scale, the extinction of two genera (Praedalmasiceras and Pseudoneocomites) is balanced by
the appearance of three Neocomitidae (Pseudosubplanites, Hegaratella and Retowskiceras).
This phase is also marked by the collapse of Delphinella. As it was suggested above, this
renovation is not documented at Puerto Escafio because this interval probably corresponds to a

hiatus.
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Figure 4.3. Stratophenetic analysis of the Perisphinctoidea from the Tithonian/Berriasian

boundary interval in South East France with integrated biostratigraphy.

41



- The base of the middle Berriasian is marked by a period of collapse in the diversity
and abundance of ammonites even though no sharp lithological contrasts affect the lithological
succession (Barren interval in Fig. 4.3). Three Neocomitidae (Berriasella, Delphinella and
Tirnovella) as well as two subfamilies (Dalmasiceratinae and Spiticeratinae) are known to re-
appear above this barren interval (Le Hégarat, 1973). This gap in the ammonite record
exemplifies well the concept of "ghost lineage", but the taxonomy of the corresponding lineages
needs urgent revision. A critical review of the published Mediterran-Caucasian sections clearly
points to the fact that none shows a continuous palaecontological record for that time interval.
In this regard, this apparent faunal turnover was repeatedly proposed as an alternative for the
base of the Berriasian by Hoedemaeker (1979, 1982, 1987) based on Spanish successions.
However, this must be regarded with much caution since the ammonite low that apparently
characterizes this interval in South East France and Spain may be due to a combination of
collection failure, systematic misinterpretation and/or diagenetic problems that only affect
ammonite shells.

Beyond the main features of the evolution of the ammonite faunas described, two pinpoint
events whose significance could be important for inter-regional correlations can be reported:

- The first one (E1 in Fig. 4.3) is observed between Phases 3 and 4, at the base of the
Calpionella Zone. It is characterized by the emergence of the Neocomitidae Delphinella whose
stratigraphical range is restricted. The genus probably evolved from Berriasella and it has been
recorded from numerous settings of the Mediterran-Caucasian Subrealm, from Tunisia to
Crimea. However, the content, variability and dimorphism of Delphinella remain unclear as
no taxonomic revision has yet been undertaken, and the genus has often been confused with
other Neocomitidae. Its revision would strengthen its use as an age-diagnostic taxon (see
discussion in Reboulet et al., 2014) even more, as its FAD is almost co-eval with the bloom of
Calpionella alpina.

- The second event (E2 in Fig. 4.3) is situated at the boundary between the C. ferasini and
C. elliptica subzones. It is characterized by a diversification of the Neocomitidae
Strambergella, whose vertical range is also restricted and ends with the ammonite barren
interval in the lowermost middle Berriasian. The origin of the lineage S. carpathica and S.
Jjacobi remains unclear. At a larger scale, data in the literature hardly allows one to document
with certainty the second pinpoint event in other Mediterran-Caucasian settings, where we are

lacking sufficiently detailed successions that allow recognition of this adaptative radiation.
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Nevertheless, available data support its occurrence in the uppermost part of the B. jacobi Zone

auctorum in, for instance, southern Spain, Italy, Bulgaria, Central Tunisia and Crimea.

In summary, the phases of faunal changes recognized in South East France are synchronous
with those documented in southern Spain. These faunal changes probably also occurred in other
Mediterran-Caucasian regions, but there is a lack of integrated biostratigraphic-
sedimentological data for many reference areas. In any case, it is clear that none of these faunal
renovations is abrupt, and they can be compared with the major turnovers that characterize other
stages of the Mesozoic. Moreover, the evolution of Perisphinctoidea from the base of the upper
Tithonian to the base of the middle Berriasian was a gradual, small-scale process that mostly

affected specific and generic levels.

4.3. New insights into ammonite palaeobiogeography at the T/B boundary

As was mentioned at the opening of this thesis, T/B boundary ammonites demonstrate the
highest provincialism of the Mesozoic, due to the complete separation of Boreal and Tethyan
regions. Provincialism is also marked within the Tethyan Realm where Mediterran-Caucasian
and Indo-Pacific subrealms are distinguished by Westermann (2000a-b). But several authors
have repeatedly assumed that diverse Himalayitidae (Micracanthoceras, Protacanthodiscus,
Durangites, Himalayites, Tithopeltoceras), Neocomitidae (Berriasella, Delphinella,
Subthurmannia, Hegaratella) and Olcostephanidae (Proniceras, Spiticeras) genera were more
widely distributed, and that this allows long-distance correlation (e.g. Boughdiri, 1994; Bardhan
et al., 2007; Cantu-Chapa, 2012). From the taxonomic revision of certain of the taxa listed
above (Appendices 2, 3, 4, 5, 6), | assume that the provincialism of the Tethyan ammonites is
much higher than has been previously assumed in the literature, and that homeomorphy has led
to erroneous taxonomic interpretations (Appendix 7). New, challenging results are synthesized

below.

4.3.1. Faunal pattern of the Mediterran-Caucasian Province
Cecca (1999) and Cecca et al. (2005) made a distinction in the lower Tithonian between
mediterranean sensu stricto and sub-mediterranean assemblages in the Mediterran-Caucasian
Subrealm, since more diverse and homogenous faunas are to be found at its southern margin.
Those authors stated that this faunal divergence is not relevant in the T/B boundary interval,

but thus far no quantitative work on this has been undertaken. From the revised synonymies,
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the precise distribution of the studied Perisphinctoidea can be drawn across the Mediterran-
Caucasian Subrealm. I can thus present a quantitative analysis based on the abundance of
species (Fig. 4.4) and specimens (Fig. 4.5) for five intervals between the base of the upper
Tithonian and the base of the middle Berriasian from the three Dromois sections.

Diagrams of abundance of specimens and species show that widespread Mediterran-Caucasian
taxa (e.g. Micracanthoceras microcanthum, Protacanthodiscus andreaei, Praedalmasiceras
progenitor, Berriasella gr. oppeli-moreti) dominate the assemblages throughout the
corresponding interval. A limited increase of mediterranean taxa (e.g. Protacanthodiscus
hexagonum, Elenaella cularense, Toucasiella gerardi, Ardesciella rhodanica), as well as
endemic taxa (e.g. Pratumidiscus elsae, Retowskiceras nikolovi) occur during a short time
interval encompassing the top of the P. andreaei Zone and the lower part of the B. jacobi Zone
auctorum. The increase of the mediterranean and endemic taxa is recorded in the most
diversified and abundant assemblages that typify the P. andreaei Zone and the middle part of
the B. jacobi Zone auctorum. Thus, only one short time interval records a limited faunal
divergence. These results emphasize that assemblages from the M. microcanthum Zone to the
base of the T. occitanica Zone are rather homogenous between the northern and southern
margins of the Mediterranean, as well as the northern margin of Central Tethys (Crimea,
northern Iran), that form the Mediterran-Caucasian Province in the sense of Cecca (1999) (see
Fig. 4.6). Interestingly, ammonite assemblages from the eastern part (Caucasian and
Transcaspian areas) of the Mediterran-Caucasian Subrealm show a marked faunal divergence
during the mid and late Berriasian (Appendix 7 with references). Endemic forms such as
Riasanites, Transcaspiites, Tauricoceras and Gechiceras flourished in the Trans-Caucasian
areas and spread into the Polish Lowland and Russian Platform (i.e. southern part of the Boreal-
Atlantic Subrealm of the Boreal Realm sensu Westermann, 2000a-b). As a result, the T/B
boundary interval could be regarded as a period of homogenization of Mediterran-Caucasian
Perisphinctoidea between two intervals (i.e. lower Tithonian, and middle Berriasian) of marked

faunal divergence.
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Figure 4.4. Diagram of abundance of specimens from five interval across the T/B boundary
interval from the studied Dromois sections. Black line indicates the Crassicollaria/Calpionella

turnover.
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Figure 4.5. Diagram of abundance of species from five interval across the T/B boundary interval
from the studied Dromois sections. Black line indicates the Crassicollaria/Calpionella

turnover.

4.3.2. Palaeobiogeographic boundaries of the Mediterran-Caucasian Province
According to Cecca (1999) and Cecca et al. (2005), the ammonite assemblages were markedly

impoverished in the east, from the centre of the Mediterran-Caucasian Subrealm to Central
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Tethys. However, these authors assumed that the ammonites from South Primoriye (Russian
Far East) illustrated by Sey & Kalacheva (1999) are still of Mediterran-Caucasian affinities
(Fig. 4.6). A re-examination of this fauna leaves no doubt that the specific and generic
assignment should be re-considered because this fauna does not belong to Mediterran-
Caucasian Neocomitidae. According to Cecca (1999), wide areas of the northern margin of
Central and Eastern Tethys have been destroyed during the Alpino-Himalayian orogenesis and
no fauna has yet been reported from these regions. Therefore, the northeastern boundary of the
Mediterran-Caucasian Province cannot be drawn accurately with the current state of
knowledge, even if the boundary will be found in Trans-Caucasian areas.

On the other hand, T/B boundary ammonites from the southeastern margin of the Central Tethys
are known from southeastern Turkey and Kurdistan (Fig. 4.6). In southeastern Turkey, Enay et
al. (1971) reported Perisphinctoidea of Mediterran-Caucasian affinities but, for the time being,
no specimen has been yet illustrated and their age remains unclear. On the contrary, ammonites
(e.g. Chigaroceras, Groebericeras) from Kurdistan illustrated by Spath (1950) and Howarth
(1992) show strong affinities with those from the Indo-Pacific Province. As a result, the study
of the ammonites from southwest Turkey is urgent, so as to fix the southeastern boundary of
the Mediterran-Caucasian Province.

Numerous authors have previously assumed that Mediterran-Caucasian Himalayitidae
(Micracanthoceras,  Protacanthodiscus), — Neocomitidae  (Berriasella,  Delphinella,
Hegaratella), and Olcostephanidae (Proniceras) spread toward the Caribbean regions via the
Hispanic corridor (sensu Westermann, 1984), and vice versa (e.g. Corongoceras, Durangites,
Substeueroceras), during T/B boundary times (e.g. Imlay, 1942; Verma & Westermann, 1972;
Cantu-Chapa, 1963, 1967, 1976; Myczynski, 1989, 1994, 1999; Myczynski & Pszczotkowski,
1990; Adatte et al., 1994; Pszczétkowski & Myczynski, 2010). These authors have thus
regarded the Caribbean, and its adjacent areas, as a subprovince of the Mediterran-Caucasian
Province. Given the erroneous taxonomic interpretation documented in the present thesis (i.e.
Appendices 2, 3, 5 and 6), the occurrence of Caribbean genera in the Mediterran-Caucasian
Subrealm has to be ruled out. In this connection, Myczynski (1989) previously stated that the
proto-Atlantic connection was less of a migratory route during T/B boundary times. This is
supported by the observations of Oloriz et al. (1999) who documented an increasing endemism
of ammonites through the Tithonian and lowermost Berriasian in the Caribbean (e.g.
Dickersonia; "Lytohoplites"), Gulf of Mexico (e.g. Durangites, Suarites, Acevedites,
Wichmanniceras, "Kossmatia") and southern United States (e.g. "Blanfordiceras" gr.

californicum) that form the Caribbean Province in the sense of Myczynski (1989) (Fig. 4.6).
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In our current stage of understanding, early Olcostephanidae (i.e. Spiticeratinae) are the only
taxa which spread throughout the Tethyan Realm. They link the Mediterran-Caucasian and
Indo-Pacific provinces, with populations reported from the Pacific coast of the USA,
Madagascar and the shelf basins of South America and Antarctica (Appendix 7 with
references). However, the subfamily Spiticeratinae has suffered from extreme taxonomic
splitting, and a brief re-examination of the literature shows that homeomorphy has been
overlooked (Appendix 4). Following Enay (2009), I consider that the relationships between the
Spiticeratinae from the Mediterran-Caucasian Province and those from the Indo-Pacific are
considerably more complex than previously thought, and that they are in need a careful

revision.

4.2.3. Conclusions on the palaeobiogeography
As herein understood, the Mediterran-Caucasian and Caribbean provinces extend latitudinally
from 30°N to a little above the equator, and they are sandwiched by the Boreal and the Indo-
Pacific provinces, respectively of high-latitudes (60°N to 30°N) and low-latitudes (60°S to
15°S) (Fig. 4.6). Following Ross et al. (1992), albeit for different reasons, Central Tethys
probably acted as a physical barrier, for ammonites of Mediterran-Caucasian affinities are
restricted by a longitude 60°E. It could be argued that the Caribbean seaway to the West and
the Hispanic corridor to the East also acted as physical barriers that enhanced endemicity of
Caribbean Perisphinctoidea, following the late Tithonian lowering sea level (see Haq, 2014).
Interestingly, calpionellids are now well-documented among the Caribbean regions (e.g. Oloriz
et al., 2003; Cobiella-Reguera & Oloriz, 2009; Lopez-Martinez et al., 2013, 2015) and Pacific
margin of South America (e.g. Kietzmann et al., 2011, 2015; Vennari et al., 2013). As a matter
of fact, the recognition of the Chitinoidella and Crassicollaria zones is still imprecise because
of the scarcity and poor preservation of the microfaunas (e.g. Canti-Chapa, 1989; Adatte et al.,
1994; Lopez-Martinez et al., 2013, 2015), whereas the Calpionella Zone often records the first
massive occurrence of richer microfacies (Adatte et al., 1996; Pszczotkowski & Myczynski,
2010). These results thus confirm that the influence of western Tethys on the Caribbean
Province during the Crassicollaria Zone was sporadic, without a permanent connection and
probably became effective after Calpionella Zone times (see discussion in Zell et al., 2015). On
the contrary, the homogeneous faunal assemblages of the Indo-Pacific Province support an
effective connection through the Indo-Austral seaway. This is still not reflected by the
taxonomy and it corresponds to a "geographic bias" in the sense of Ifrim et al. (2015). Besides

the lack of a revised taxonomy for the Caribbean and Indo-Pacific assemblages, which prevents
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a clear distinction between the two provinces, these preliminary results mainly indicate that the
global distribution of Perisphinctoidea is marked by a progressive change from cosmopolitan
to latitudinally-restricted distribution across the T/B boundary. The driving factors of such a
distribution still remain poorly understood given the limited knowledge, whatever the province,

of palacoceanographic conditions and global sea temperatures in T/B boundary times.
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Figure 4.6. Palacogeographic map of the T/B boundary interval (modified after Cecca, 1999).
Acronyms indicate the Caribbean (C.P.), Mediterran-Caucasian (M-C.P.) and Indo-Pacific (I-
P.P.) provinces. Number indicate localities discussed in the text: 1= South East France (Study
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Chapter 5 - Conclusion

The present thesis focusses on the systematics and biostratigraphy of the Perisphinctoidea
across the Tithonian/Berriasian boundary in three key, basinal sections of the Subalpine Basin
(South East France). The palacontological contributions fulfil the main aims of this thesis, these
being the revision of the ammonite systematics and of the vertical ranges of taxa with high-
stratigraphic value, supporting the refinement of the ammonite zonation. All this is compared
and allied to calpionellid bio-events and, partly, to the magnetozones. The revised integrated
ammonite zonation is workable at the scale of the Mediterran-Caucasian Subrealm of the
Tethyan Realm, and it provides a solid working base for the Berriasian Working Group.

The provincialism of Tethyan Perisphinctoidea across the T/B boundary, at all systematic
levels, is much higher than has been previously assumed in the literature and no major faunal
turnover was documented in the Mediterran-Caucasian Subrealm. As a result, no ammonite
species can be considered as a consistent candidate as a primary marker for the base of the
Berriasian. Nevertheless, precise calibration of the ammonite scale with special respect to the
'explosive' appearance of the calpionellid Calpionella alpina should be continued, as it
corresponds to the most widespread bio-event in the Tethys. Preliminary results on the
stratophenetic and palaeobiogeography of T/B boundary ammonites show that they can serve
as a challenging model in many areas of macroevolutionary investigation. However, a global
revision of the taxonomy is required, and this could only be part of a long-term process.

At the scale of the Subalpine Basin:

The revision of the Neocomitidae from Les Combes is still to be published. New
investigations on the microfossil content and magnetostratigraphy are ongoing, and these will
constrain the FAD of age-diagnostic taxa from the B. jacobi Zone auctorum;

Much attention must be paid to the break in the Neocomitidae assemblages that occurs
from the base of the middle Berriasian. The sampling of new, continuous, ammonite-rich
sections that span the lower/middle Berriasian boundary is essential.

At the scale of the Tethyan Realm:

- A lack of integrated sedimentological-biostratigraphical analysis in many Mediterran-
Caucasian reference sections hampers high-resolution correlations. A revision based on
abundant and well-localised ammonite faunas from Ukraine and Turkey is necessary;

- A systematic revision of the Caribbean Perisphinctoidea is urgently needed to question

the faunal affinities the area has with the Mediterran-Caucasian and Indo-Pacific assemblages.
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Abstract: This paper discusses the results of a study of the Le Chouet section, its lithologies, facies, magnetic proper-
ties and fossil record (ammonites, calcareous nannofossils, calpionellids and calcareous dinoflagellates). Data obtained
have been applied to give a precise biostratigraphy for this carbonate sequence as well as a paleoenvironmental recon-
struction. Its relationship to magnetostratigraphy, based on a modern study of a French site, is important. Investigation
of the micro- and macrofossils shows that the site comprises a sedimentary sequence in the Microcanthum to Jacobi
ammonite Zones, and the Chitinoidella, Crassicollaria and Calpionella Zones. Several calpionellid and nannofossil
bioevents have been recorded on the basis of the distribution of stratigraphically important planktonic organisms. The
site allows us to calibrate the levels of various biomarkers and biozonal boundaries, and correlate them with the
magnetozones M20n, M19r and M 19n.

Key words: Tithonian, Berriasian, integrated biostratigraphy, magnetostratigraphy, microfacies, ammonites, calcareous

nannofossils, calcareous dinoflagellates, calpionellids.

Introduction

This study results from the decision of the Berriasian Working
Group (International Subcommission on Cretaceous Stratigra-
phy) to better document sequences at and close to the Jurassic/
Cretaceous (J/K) boundary, and it is our intention to publish
comparative accounts of the best-developed sections, in line
with the multidisciplinary standards exemplified by the studies
made by Michalik et al. and Housa et al. Simultaneously, work-
ing-group members are re-examining classical localities and
new sites to better assess and calibrate useful topmost Tithonian
to lowest Berriasian markers and their proxies (Wimbledon et
al. 2011). Significantly, though we commence work on the
classical European sites, we are extending detailed study out
from this core area to new sites in Africa, Asia and the
Americas to better constrain the J/K boundary.

As at the historical stratotype of Berrias fossiliferous units
do not extend low enough to reach the putative base for the
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Cretaceous, it is unsuitable for our purposes of stage and bio-
zonal definition. Therefore, a start has been made on exam-
ining other localities in southern France — seeking
‘templates’ for the top Tithonian (“Durangites Zone”), and
the Berriasella jacobi and Pseudosubplanites grandis zonal
intervals. These included the only locality that had been noted
with a relatively common latest Tithonian ammonite assem-
blage (Boughdiri 1994), and that is the section described in
this work. A first reconnaissance in 2008 located the site, but
also revealed the existence of common ammonite faunas
overlying the supposed Durangites-bearing levels, and
therefore the section was chosen for closer study; and it was
then additionally sampled for calpionellids, calcareous nan-
nofossils and, subsequently, magnetostratigraphy. Further
work at this productive site on geochemistry, magnetic sus-
ceptibility, refinement of results on magnetostratigraphy,
calpionellids and ammonites is still in progress and this will
form a basis for further publications.
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This paper is the first description of the locality, in the
Fournet Ravine, 10 km SE of Luc-en-Diois, Drome; a site
straddling the top Tithonian and lowest Berriasian stages.
Locally, well-bedded and massively bedded (averaging
0.20-1.00 m) Berriasian limestones form the upper slopes of
the steep valley sides. Massive breccias (Remane 1970) in
the Tithonian and Berriasian, sometimes tens of metres in
thickness, are a dominating element of the landscape, form-
ing inaccessible cliffs in local valleys.

Regionally, the Le Chouet and nearby Drome sections (see
Fig. 1) are part of the succession of the Domain vocontien or
Basin vocontien (the Fosse Vocontienne or Vocontian trough
of many earlier publications). This depositional basin occu-
pies an approximately triangular area, its base extending
across Languedoc and Provence, 250 km west to east, with a
prolongation northwards to a narrow apex which reaches as
far as Lake Geneva. Sedimentation was confined by older
basement massifs: in the west by the Cévennes (Massif Cen-
tral) and Les Maures in the south, with an opening eastwards
to the oceanic Tethys. In the Upper Jurassic to lowest Creta-
ceous transition, it contains a sequence of deeper-water pe-
lagic and hemipelagic sediments, whereas in some areas
there were marginal marine or even terrestrial Purbeck fa-
cies, including evaporites, notably in the north (Maillard
1884; Détraz & Mojon 1989, etc.).

Chomeérac/Broyon
Berrias LF  La Faurie
Vogiié LCH Le Chevallon
Privas Al Aizy
Charens Cl  LaCisterne
G Ginestous
LeChouet  Eyg Eygaileres
Moulin des Prés E Eyguiéres
Saut de la Drome
Font de St Bertrand (Les Combes)
o LCH
\g‘z Al Grenoble
Valence
Die
0’6’779 SB
o
SANcH &F D
C XLP Gap
S
G
o2
\
Q.
cl o :
G Avignon .
& 3 Couloi &
Q}Q\ N u Nimes &
> EYG Q
Q
L
& -
Arles
Fosse
Mediterranean Sea Vocontienne

Fig. 1. Locality map of the Fosse Vocontienne, SE France.
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The ‘trough’ thus includes classical areas and sites that
have figured in studies of the Late Tithonian-Berriasian
(Mazenot 1939; Le Hégarat 1971; Fig. 1 herein) — sites in
the SW in the valley of the Hérault, along the River Ardeche
(with the nominal type locality of Berrias), near Privas, in-
cluding Chomérac, and across the catchments of the Du-
rance, the Drome and ultimately the River Isere, near to
Grenoble. Putatively, the junction between the Tithonian and
Berriasian in the western Tethys has been placed in ammo-
nite schemes at the junction of the “Durangites Zone” and
the Berriasella jacobi Subzone, despite the absence of any
“Durangites” fauna. This has been the case among the clas-
sical French localities, many of which show abundant Berri-
asella jacobi assemblages, albeit often from breccia/
conglomerate horizons, though very few have yielded any
“Durangites”.

Three previous authors have made significant mention of
the Le Chouet site and its environs. Le Hégarat (1971) in his
seminal work figured a somewhat stylized section for “Le
Chouet” (as he did for other local sites). In that work he
showed higher stratigraphic levels than are seen in the road-
side section described here, and this seems to indicate another
or a composite profile; perhaps involving outcrops further
north, in the upper wooded reaches of the Fournet Valley (an
area currently being studied). Remane (1970) gave an account
of breccia developments in the Tithonian-Berriasian carbon-
ates of the Drome region, including both Le Chouet and the
nearby Charens gorge section (3 km to the SSW). Remane’s
column for Le Chouet relates well to the section presented
here: notably to eight useful marker beds up to his unit 1,
breccias and conglomerates, which provide obvious compara-
ble datums. Boughdiri (unpublished 1994) paid particular at-
tention to the middle part of the sequence at Le Chouet, where
he identified the Durangites Zone, illustrating several key
ammonites, and noting a numbers of species of Durangites
between our bed 78 and bed 85 (Fig. 11). Some of these am-
monites were subsequently figured by Enay et al. (1998).
Boughdiri also sampled seventeen levels for calpionellids,
fixing the top of subzone Al at the base of our bed 71 and
the base of the Calpionella Zone at the base of bed 100.

Setting and geological description

In Late Jurassic to Late Cretaceous times, alternating peri-
ods of marl and limestone deposition characterized the re-
gion: however, in most areas during the Tithonian and the
Berriasian, limestones were more common than marls: some
few nearby Lower Berriasian sites have well-developed marl
intervals (e.g. the sites of Saut de la Drome and Les Combes
(Fig. 1; Le Hégarat 1971)), but Le Chouet is more typical in
comprising limestones.

The locality lies in the cliffed upper valley of the River
Drome, in pine forest (Long 5°33733” E, Lat 44°32 32" N) off
the local road (D306) from Die to Valdrome. It comprises a
low mural section, 200 m-long, along a single-track road on
the north-west side of a precipitous gorge, the Ravin de Four-
net. The section extends around the slope from an altitude of
928 m to a little above 1000 m. The sequence dips 10 degrees
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(bed 123) with ‘floating’
pebbles (Fig. 11). The ma-
jority of it consists of well-
bedded micrite and
biomicrite mudstone,
wackestone and packstone.
Massive conglomerates and
breccias (both clast and ma-
trix supported) punctuate
the sequence, and a number
of intraclastic/microbreccia
beds (grainstones) (e.g.
beds 80, 108, 111; Fig. 11),
grey in colour, alternate with
the monotonous micrites.
Pebble, boulder and grain-
stone levels make useful
marker beds. These are vari-
able in their grain sizes and
textures, as noted in this re-
gion by Remane: units with
coarse bases (e.g. beds 64,
71), ‘floating’ larger clasts in
micrite (e.g. beds 71, 84,
104, 131), clast-supported
beds (bed 87), and graded
bedding (e.g. beds 52, 57,
64). Some of the thicker
coarse-grained units men-
tioned above may be relat-
able to NW-SE submarine
paleo-canyons that have
been mapped in this region
by Beaudoin and others (e.g.
Joseph et al. 1988). Both Le
Chouet and Charens lie in-
side one of the major can-
yons thus described, the
Canyon de Ceuse. A range of
slope and basinal settings
have been postulated for
Lower Berriasian sediments
in the region, and origins as

0 5 10% 0 5 10% 0 5

Fig. 2. Micropaleontological analysis — quantification of calpionellids and accompanying microfossils

sensu Bacelle & Bossellini (1965).

at 155. The name for this trackside section previously used in
the geological literature is that of the hamlet of Le Chouet (Le
Chuot on older maps), which lies about 400 metres to the
west of the section. Outcrops at supposed higher stratigraphic
levels along the road to Le Chouet are not in stratigraphic
continuity with the sequence here described, and tectonic dis-
locations are apparent between the broken exposures.

The succession exposed totals 43 metres, which includes,
topping the section, a 10 m-thick, partly obscured, massive

slumps, fans and channel
fills have been suggested
(e.g. Jan du Chene et al.
1993). Only the lower beds
(7-8 m) (not discussed in de-
tail in this account) here
show any appreciable argillaceous partings or thin beds, and
therefore detectable indications of sedimentary rhythmicity.

Body fossils, apart from ammonites and aptychi, are rare;
occasional isolated bivalves occur (common in a few beds),
pygopid brachiopods have been noted, and common belem-
nites are found at one level (bed 103). Ammonites are nu-
merous, excepting in the lowest ten metres, and most common
in the central part of the sequence. Derived, abraded ammo-
nites have been recorded in beds 64, 71, 87 and 123.

10% 0 5 10 15 20 25%
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crofossil markers and microfacies
were documented using a LEICA
DFC 290 HD camera. The thin
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tions of the Department of Geology
and Paleontology (Faculty of Nat-

ural Sciences) in Bratislava.
The sequence studied is com-
posed of biomicrite limestones
(mudstones to wackestones) inter-
calated with pelbiomicrite, pelbio-
microsparite  (packstones) and
biomicrobrecciated  limestones
(grainstones). Calpionellids, radio-
larians, saccocomids and residual
biodetrital fragments have been
quantitatively evaluated using the
| optical charts of Bacelle & Bosel-
lini (1965). Intraclast fragments
and saccocomids, crinoids, pellets
| ‘ and ooids were transported and
resedimented, influenced proba-
- bly by extensional pulses, synsed-
imentary erosion and/or eustatic
| fluctuations. Some intercalations
bear the marks of storm sedimen-
tation. Calpionellid and radiolarian
curves are plotted on graphs
(Figs. 2, 3), and they show a de-
crease in the abundance of calcar-
eous plankton correlated with an
increase of silica-producing organ-
isms, as previously documented
(Rehakova & Michalik 1994;

Michalik et al. 2009).

Calpionellids in the studied
samples are generally well-pre-
served. Hyaline forms dominate.
The calpionellid biostratigraphi-
cal scale (standard calpionellid
zones and subzones) as proposed

Fig. 3. Micropaleontological analysis — quantification of calpionellids and accompanying micro-

fossils sensu Bacelle & Bossellini (1965).

Calpionellids and calcareous dinoflagellates —
microfacies analysis

Samples used for microfacies analysis were collected in
several steps; an initial 60 samples were later augmented at
critical levels, to a total of 85 samples from an interval of 20
metres, between bed 65 and bed 122. (Higher and lower
stratigraphic levels have since been sampled and these are
currently being evaluated.) Allochems and micrite have been
studied under an optical microscope (LEICA DM 2500) and
the percentage rations of organic detrital grains, bioclasts
etc. calculated. The data obtained are shown in graphic form,
a representation of their relative changes (Figs. 2 and 3). Mi-
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by Remane et al. (1986) and Re-
hakova & Michalik (1997) and
the calcareous dinoflagellate suc-
cession sensu Rehakova (2000)
have been adopted. Two calpio-
nellid zones are well recognized,
the Crassicollaria Zone (with Re-
manei, Intermedia and Colomi
Subzones) and the Calpionella Zone (Alpina Subzone)
(Fig. 4), with a less defined Chitinoidella Zone (Boneti Sub-
zone) below.

Chitinoidella Zone, Boneti Subzone (sensu Borza 1984
and Grandesso 1977)

This zone has been identified on the basis of a few, spaced,
samples. In beds below the thick mass-flow unit of bed 64,
calpionellids are less common. The lowest Sm of the
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Fig. 4. Vertical ranges of calpionellid species. (Lithologies shown apply to all figures.)
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Fig. 5. 1 — Praetintinnopsella andrusovi Borza; Sample CH205. 2 — Tintinnopsella remanei Borza; Sample CH204. 3 — Tintinnopsella
carpathica (Murgeanu & Filipescu); Sample CH203. 4 — Crassicollaria massutiniana (Colom); Sample CH206. 5 — Crassicollaria aff.
intermedia (Durand Delga); Sample CH61. 6 — Calpionella elliptalpina Nagy; Sample CHSS. 7 — Crassicollaria brevis Remane; Sample
CHSS. 8 — Crassicollaria massutiniana (Colom), Crassicollaria parvula Remane; Sample CH47. 9 — Crassicollaria parvula Remane;
Sample CH47. 10 — Calpionella alpina Lorenz; Sample CH47. 11 — Crassicollaria brevis Remane; Sample CH110. 12 — Crassicollaria
colomi Doben; Sample CH109. Scale bars in Figs. 5-10 are 100 um.
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Le Chouet section have yet to be sampled for microfossils,
but the next 5.5 m (beds 33 to 63), mostly consisting of
biomicrites, yield rare benthic forams (Spirillina, beds 50
and 56), poorly preserved calcified radiolaria (mostly notice-
ably possible Spumellaria), Saccocoma ossicles, and a few
levels with chitinoidellids. Calcareous dinoflagellates are
practically absent from the interval. The majority of samples
demonstrate radiolarian-Saccocoma microfacies and lesser
radiolarian microfacies (13 of 19 samples), with a few occur-
rences of Saccocoma microfacies and one of radiolarian-Sac-
cocoma-Globochaete microfacies.

Chitinoidellids are scarce below bed 64, but they have
been identified in beds 33, 34 and 61, albeit with poor pres-
ervation. Bed 33 yields Chitinoidella cf. boneti Doben and
Carpathella rumanica, bed 34 has Longicollaria cf. dobeni,
and bed 59 Chitinoidella ex gr. boneti-elongata and indeter-
minate Chitinoidellidae. Their presence makes it possible to
assign at least beds 33 to 59 to the Chitinoidella Zone.

Crassicollaria Zone, Remanei Subzone (sensu Remane et
al. 1986) — samples CH201-CH205

Biomicrite limestones of globochaete-radiolarian microfa-
cies (wackestones): they contain calcified radiolarians,
sponges, globochaetes, ? Praetintinnopsella andrusovi Borza
(Fig. 5.1), Tintinnopsella remanei Borza (Fig. 5.2), Tintin-
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nopsella carpathica (Murgeanu & Filipescu), Crassicollaria
intermedia (Durand Delga), Crassicollaria massutiniana
(Colom), Crassicollaria parvula Remane, Calpionella alpina
Lorenz, cysts of Stomiosphaera moluccana Wanner
(Fig. 6.1), Stomiosphaerina proxima Rehanek, Colomi-
sphaera nagyi (Borza) (Fig. 6.2), Colomisphaera carpathica
(Borza), Colomisphaera pieniniensis (Borza) (Fig.5.3),
Schizosphaerella minutissima (Colom), filaments, ostracods,
crinoids, aptychi, Involutina sp., and rare Saccocoma sp. It is
noteworthy that some of the calpionellids and dinocysts
mentioned above (Colomisphaera pieniniensis and Stomio-
sphaera moluccana) have never previously been observed in
Upper Tithonian units (Rehakova 2000), and Praetintinnop-
sella andrusovi has only been seen rarely (in the lower Cras-
sicollaria Zone, with T. remanei and uncommon C. alpina).
We surmise that they were re-sedimented.

Crassicollaria Zone, Intermedia Subzone (sensu Remane
et al. 1986) — samples CH206-CH41

Biomicrite limestones have calpionellid-globochaete-radio-
larian, calpionellid-radiolarian, radiolarian-calpionellid-globo-
chaete, globochaete-calpionellid, calpionellid-globochaete
and radiolarian-calpionellid microfacies (wackestones) make-
ups. It contains calcified radiolarians, sponges, globochaetes
and diverse calpionellid associations including Calpionella

Fig. 6. 1 — Stomiosphaera moluccana Wanner; Sample CH202. 2 — Colomisphaera nagyi (Borza); Sample CH203. 3 — Colomisphaera
pieniniensis (Borza); Sample CH205. 4 — Schizosphaerella minutissima (Vogler); Sample CH50. 5 — Cadosina semiradiata fusca Wanner;
Sample CH47. 6 — Colomisphaera carpathica (Borza); Sample CH20. Scale bars in Figs. 4-6 are 50 um.
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alpina Lorenz, Calpionella grandalpina Nagy, Calpionella
elliptalpina Nagy, Crassicollaria massutiniana (Colom),
Crassicollaria parvula Remane, Crassicollaria brevis Re-
mane, Tintinnopsella carpathica (Murgeanu & Filipescu),
cysts of Stomiosphaerina proxima Rehének, Schizosphaerella
minutissima (Colom), Cadosina semiradiata fisca Wanner,
bivalve fragments, filaments, miliolid foraminifers, crinoids,
aptychi and rare planktonic crinoids — Saccocoma sp. Some
crassicollarian loricas are very thin and deformed.

Two limestone layers (samples CH33 and CH36) show
pelbiomicrite to pelbiomicrosparite/pelbiosparite structure
(packestones and grainstones, Fig. 8.6). They contain small
pellets, frequent globochaetes, fragments of planktonic
crinoids (Sacccoma sp.), crinoid columnals, less frequent
agglutinated and hyaline foraminifers, bivalves, ostracods,
calcified radiolarians and rare calpionellids and cysts men-
tioned above: Calpionella alpina Lorenz, Calpionella grand-
alpina Nagy, Crassicollaria intermedia (Durand Delga),
Crassicollaria parvula Remane, Crassicollaria massutiniana
(Colom), Crassicollaria brevis Remane, cysts of Cadosina
semiradiata fusca Wanner and Schizosphaerella minutissima
(Colom).

Crassicollaria Zone, Colomi Subzone (sensu Rehakova &
Michalik 1997) — samples CH42-CH46

Biomicrite limestones consist of calpionellid-globochaete,
globochaete-calpionellid, calpionellid-radiolarian, radiolaria-
calpionellid, and calpionellid-radiolarian-globochaete mi-
crofacies (wackestones to packstones). In some layers,
crassicollarians increase in abundance, and some of them
have thin and aberrant loricas (Fig. 8.5). Generally they con-
tain frequent Crassicollaria parvula Remane, less common
Crassicollaria massutiniana (Colom), rare Crassicollaria
brevis Remane, Crassicollaria colomi Doben, Calpionella
alpina Lorenz, Calpionella grandalpina Nagy, globochaetes,
calcified radiolarians, fragments of planktonic Saccocoma sp.,
bivalves, ostracods, aptychi and infrequent cysts — Cadosina
semiradiata fusca Wanner and Schizosphaerella minutissima
(Colom) (Fig. 6.4).

This interval also contains layers with marks of re-sedi-
mentation. Several of them (samples CH31, -59, -58, -56, -55
and -54) were investigated under the microscope. Some
have fragments of Saccocoma sp., and crinoids dominate
over foraminifers, ophiuroids, globochaetes, calpionellids
and dinoflagellate cysts. On the other hand, pelbioclastic
limestones (grainstones, Fig. 8.2) contain abundant pellets,
globochaetes and the “acme” of the calpionellids Calpio-
nella alpina Lorenz, Calpionella grandalpina Nagy,
Calpionella elliptalpina Nagy (Fig. 5.6), Tintinnopsella
carpathica (Murgeanu & Filipescu) (Fig. 8.3), Crassicol-
laria intermedia (Durand Delga) (Fig. 8.4), Crassicollaria
massutiniana (Colom), Crassicollaria parvula Remane and
Crassicollaria brevis Remane (Fig. 5.7). Many of the cras-
sicollarian loricas are thin and deformed. Cadosina semira-
diata fusca (Wanner), Schizosphaerella minutissima (Colom),
calcified radiolarians, ostracods, crinoids, ophiuroids, bi-
valves, aptychi, agglutinated foraminifers and Saccocoma
Sp. are rare.
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Calpionella Zone, Alpina Subzone (sensu Remane et al.
1986; Rehdkova & Michalik 1997; Lakova et al. 1999;
Boughdiri et al. 2006 and Andreini et al. 2007) —
samples CH101-CH1

Biomicrites (predominantly wackestones) in which the ratio
of calpionellids, radiolarians and globochaetes determines the
type of microfacies (calpionellid-globochaete-radiolarian,
calpionellid-radiolarian (Fig. 7.1), radiolarian-calpionellid, cal-
pionellid-globochaete and globochaete-calpionellid (Fig. 7.2)).
The Crassicollaria-Calpionella zonal boundary may be placed
between 101 and the next sample below. Sample CH101
contains predominantly spherical forms of Calpionella alpina
Lorenz (Fig. 8.1), two loricas of Crassicollaria parvula Re-
mane, calcified radiolarians and sponges, globochaetes and
very infrequent fragments of echinoids and ostracods. Higher
up, in the samples of biomicrite wackestone, there are infre-
quent Crassicollaria brevis Remane, Calpionella grandalpina
Nagy, cysts of Cadosina semiradiata fusca Wanner
(Fig. 6.5), Schizosphaerella minutissima (Colom), Colo-
misphaera carpathica (Borza) (Fig. 6.6), rare ostracods, bi-
valves, aptychi and filaments were observed. The
stratigraphical range of the above mentioned calpionellids has
thus far been seen as being limited to the Upper Tithonian
(Rehdkova 2000).

Crassicollaria parvula Remane increases in abundance in
samples CH113, -15, and -112. Here rare fragments of
planktonic crinoids, Saccocoma sp., were also identified.
Borza (1984), in a chart showing microfossil stratigraphic
ranges, indicated that saccocomids never cross the J/K
boundary. We confirm the same experience. Events of in-
creased abundance of crassicollarians visible in some sec-
tions (Housa et al. 2004; Pruner et al. 2010) were interpreted
as a Crassicollaria parvula “acme” zone (“CPAZ”) or a po-
tential “epibole”. We suppose that this assemblage repre-
sented the Alpina Subzone of the standard Calpionella Zone
of the Lower Berriasian (¢f. Rehakova & Michalik 1997),
but it occasionally contains some older Crassicollaria, from
Upper Tithonian limestones, incorporated into the micrite
matrix of the Alpina Subzone. A more dynamic, more agitated,
water-body regime in the Jurassic/Cretaceous boundary in-
terval was documented by Oldriz et al. (1995), and recently
also by Grabowski et al. (2010a), Michalik & Rehakova
(2011) and Rehakova et al. (2011).

Frequent intercalations composed of pelbiomicrites pass-
ing to pelbiomicrosparites/pelbiosparites and breccia layers
(packstones to grainstones) were observed also in this part
of the sequence (Fig.7.3). They usually contain abundant
pellets, bioclasts and intraclasts, which contain spectra of
typical Late Tithonian calpionellids (Fig. 6.6). The abun-
dance of calpionellids and globochaetes in some of these in-
tercalations is greater than the abundances visible in the
biomicrite layers described above. Calpionella alpina
Lorenz, Calpionella grandalpina Nagy, Tintinnopsella car-
pathica Murgeanu & Filipescu), Crassicollaria massutiniana
(Colom), Crassicollaria parvula Remane, Crassicollaria
colomi Doben, and cysts of Cadosina semiradiata fusca Wan-
ner, Schizosphaerella minutissima (Colom) and Colo-
misphaera sp. were recognized. Deformed crassicollarian
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Fig. 7. 1 — Calpionella-radiolarian microfacies with calcified radiolarians and Calpionella alpina Lorenz; Sample CH6. 2 — Globochaete-
Calpionella microfacies with Calpionella alpina and Crassicollaria parvula; Sample CH9. 3 — Microclastic limestone (grainstone) with
Calpionella alpina, Crassicollaria parvula, agglutinated foraminifers, crinoids and bivalves; Sample CH14. 4 — Crescentiella morronensis
(Crescenti) in biomicrite limestone (wackestone); Sample CH17. 5 — Microclastic limestone (grainstone) with the extraclasts of calpionellid
limestones, and biogenic fragments coming from shallow-water environments (ooids and bryozoans). 6 — Clast of biomicrite wackestones
with more abundant crassicollarians (Crassicollaria brevis, Crassicollaria parvula) in microbrecciated limestone; Sample CH23. Scale
bars in all figures are 100 um.
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Fig. 8. 1 — Biomicrite limestone (wackestone) dominated by spherical forms of Calpionella alpina; Sample CH101. 2 — Pelbioclastic lime-
stone (grainstone) with pellets, frequent calpionellids and rare benthic fragments (crinoids, bivalves, ophiuroids); Sample CH54. 3 — Tintin-
nopsella carpathica and common crassicollarians in pelbiomicrosparite limestone; Sample CH56. 4 — Crassicollaria intermedia in
pelbiosparitic limestone in which Saccocoma sp., and benthic fragments dominated over rare calpionellids and globochaetes; Sample CHS8.
5 — Biomicrite limestone of Calpionella-globochaete microfacies with common calpionellids. Some of the crassicollarian loricas are thin
and aberrant; Sample CH61. 6 — Pelbiomicrosparite limestone with common Saccocoma sp., fragments of foraminifers, bivalves, ostra-
cods and also rare calpionellids, cysts, radiolarians and globochaetes; Sample CH33. Scale bars in all figures are 100 pm.
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loricas are still present. Benthos is represented by crinoids,
ophiuroids, echinoid spines, agglutinated foraminifers,
Textularia sp., Lenticulina sp. and ostracods; there are also
uncommon Saccocoma sp. (Fig. 7.3). Bioclasts coming from
more shallow-water environments, such as Crescentiella
morronensis (Crescenti) (Fig. 7.4), Bacinella irregularis
Radoicié¢, ooids (Fig. 7.5), and fragments of bryozoans and
algae, have also been identified.

The sequence studied is composed of Upper Tithonian-
Lower Berriasian limestones (peloidal wackestone/pack-
stone, graded bioclastic grainstones, wackestones/packstones
with ramp-derived intraclasts and bioclasts, marly limestones
with intraclasts and limestone pebbles), sedimented in an
outer ramp environment periodically influenced by storms/
or small-scale sea-level fluctuations, reflected in inputs of
coarser materials.

447
Comments on calpionellid stratigraphy

Three calpionellid zones have been recognized: the Chiti-
noidella Zone, Crassicollaria Zone and Calpionella Zone.
The middle part of that interval contains Late Tithonian taxa:
Tintinnopsella remanei, Tintinnopsella carpathica, Crassi-
collaria intermedia, Crassicollaria massutiniana, Crassicol-
laria brevis, Crassicollaria parvula, Crassicollaria colomi,
Calpionella alpina, and Calpionella grandalpina. The pel-
biomicrites and microbreccia layers recognized there are
composed of abundant taxa typical of the Intermedia Sub-
zone (Crassicollaria Zone). The lowermost intercalations,
with abundant Saccocoma sp., show indications of storm
sedimentation, during which there were sudden inputs
of saccocomids — identifiable in the rock by their chaotic
orientation and intimate mixing with peloids.

Fig. 9. Selected nannofossil taxa. Scale bar represents 2 um. 1 — Nannoconus sp. Side view (SV); Sample CH47. 2 — Nannoconus erbae;
Sample CH45. 3 — Nannoconus globulus minor; Sample CH56. 4 — Nannoconus wintereri; Sample CH15. 5 — Nannoconus kamptneri
minor; Sample CH15. 6 — Conusphaera mexicana minor; Sample CH203. 7 — Conusphaera mexicana mexicana; Sample CH101. 8 — Co-
nusphaera mexicana mexicana; Sample CH37. 9 — Faviconus multicolumnatus; Sample CH204. 10 — Nannoconus steinmannii minor;
Sample CH1S. 11 — Pentalith; Sample CH45. 12 — Pentalith; Sample CH47. 13 — Hexalithus noeliae; Sample CH17. 14 — Microstaurus
chiastius; Sample CH37. 15 — Cruciellipsis cuvillieri; Sample CH45. 16 — Rhagodiscus asper; Sample CH25. 17 — Cyclagelosphaera
margerelii; Sample CH37. 18 — Watznaueria barnesiae; Sample CH37. 19 — Watznaueria britannica; Sample CH56. 20 — Watznaueria
manivitiae; Sample CH204.
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Fig. 10. Vertical ranges of selected calcareous nannofossils in beds 66-92.
Open circles denote an uncertain specific identification.

The approximate Jurassic/Cretaceous boundary, the onset
of the Alpina Subzone of the standard Calpionella Zone, is
located in sample CH101 (bed 100). There, globochaetes
and calcified radiolarians dominate over medium-sized
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spherical forms of Calpionella alpina (accompanied by
infrequent Crassicollaria parvula) in biomicrites of
the calpionellid-radiolaria-globochaete microfacies.
Thus, the base of the Alpina Subzone corresponds to
that described by Remane et al. (1986). Those authors
noticed (but did not explain) the sudden rapid decrease
in calpionellid abundance. A quantitative analysis of
bio-elements shows that their decrease coincided with
an increase of radiolarians. The upper part of the se-
quence, composed of wackestones, has yielded Early
Berriasian taxa (Calpionella alpina, Crassicollaria
parvula and Tintinnopsella carpathica). Pelbiomi-
crite/pelbiosparite and bioclastic intercalations show
different spectra of redeposited bio-fragments. If com-
pared with autochthonous deposits, their calpionellid
associations (with double or triple abundances) are
composed predominantly of spherical Calpionella al-
pina, with less frequent to common Crassicollaria
parvula. Thus, the “acme” of calpionellids in this sec-
tion represents a rather enriched taphocenosis, one
linked with depositional dynamics resulting in the re-
working and transport of sediments. This is also sup-
ported by the presence of ooids, agglutinated
foraminifers, Bacinella irregularis Radoici¢, Crescen-
tiella morronensis (Crescenti) — elements typical of
the shoals of inner ramp environments.

Microfacies, calpionellid associations and their distri-
bution at the J/K boundary allow some comparisons be-
tween key sites. For instance, the interval at Le Chouet
resembles those known from the Puerto Escafio section
(Pruner et al. 2010) and the Caravaca, Rio Argos section
(Michalik & Rehakova 2011). The calpionellids of the
Bosso Valley section (Housa et al. 2004) show similari-
ties with those at Brodno (Housa et al. 1999; Michalik
et al. 2009). On the other hand, microfacies as well as
calpionellid distribution at Torre de’Busi (Casellato et
al. 2008) are very similar to those known from the
Nutzhof section (Lukeneder et al. 2010).

Calcareous nannofossils

A total of 64 samples for calcareous nannofossil bio-
stratigraphic investigation have been examined. Bios-
tratigraphic analyses were performed on simple smear
slides, prepared as follows: a small amount of rock
material was powdered adding a few drops of bi-distil-
lated water; the obtained suspension was mounted
onto a microscope slide, covered with a slide cover
and fixed with Norland Optical Adhesive, without
centrifuging, ultrasonic cleaning or settling of the sedi-
ment — in order to retain the original composition.
The smear slides were then inspected using a light-
polarizing microscope, at 1250x magnification. Cal-
careous nannofossils were documented using a

MicroPublisher 5.0 RTV camera (Dept. Earth Sciences “A.
Desio”, Universita degli Studi di Milano, Milan) and a LEICA
DFC 290 HD camera (Dept. of Geology and Paleontology,
Comenius University, Bratislava).
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species  (principally the genera
Watznaueria, Cyclagelosphaera and
Conusphaera) (Roth 1986). Never-
theless, the events suggested as use-
ful in constraining the Jurassic/
Cretaceous boundary (Wimbledon et
al. 2011) have been detected, namely
the first occurrences of: N. wintereri
(in bed 91; Fig. 9.4), C. cuvillieri
(bed 99; Fig. 9.15) and N. steinman-
nii minor along with N. kamptneri
minor (bed 110; Fig. 9.10 and Fig.
9.5, respectively). A full list of the
calcareous nannofossil taxa found in
this study (genera, species and sub-
species) is given below in an Appen-
dix, in alphabetical order. The
distribution of stratigraphically use-
ful nannofossil taxa is shown in Fig-
ures 10 and 11.

Comments on calcareous nannofos-
sil biostratigraphy

Calcareous nannofossil associations
and their distribution in the J/K
boundary interval at Le Chouet are
consistent with calcareous nannofos-
sil data reported from other key sites,
such as Torre de’Busi, Brodno and
Lokut. In particular, even though cal-
careous nannofossils are badly pre-
served, a few events present here have
positions, relative to magnetozones
and calpionellid zones, that are com-
parable to those at other localities.
The first appearances of N. wintereri
and C. cuvilleri are in the lower and
lower-middle part of M19n, and the
Crassicollaria Zone, respectively, as
in the Torre de’Busi and Brodno sec-
tions. The first occurrences of N.
steinmannii minor and N. kamptneri
minor occur in the topmost part of the
section, the uppermost part of M19n
and Calpionella Zone, again consis-
tent with data from Torre de’Busi and
Lokut. Thus these events represent re-
liable data useful for long-range cor-
relations, at least in low-latitude
regions. The integrated results indi-
cate that the first occurrences of N.
wintereri, C. cuvillieri, N. steinmannii
minor and N. kamptneri minor all oc-
cur in the Berriasella jacobi Subzone,

a situation different to that previously reported by Bralower et
al. (1989), who showed N. wintereri and C. cuvillieri as first
appearing in the uppermost part of the Durangites Zone. The
nannofossil zonation of Casellato (2010) is applied in Fig. 18.

GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460
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Ammonites

The ammonite occurrences at Le Chouet are diverse. We
have collected abundant material bed by bed, with 22 genera
recognized, and our preliminary ammonite results provide a
new biostratigraphical record for the Tithonian-Berriasian
interval.

Figure 12 shows the vertical ranges of ammonite taxa,
with the exception of common haploceratid, lytoceratid
and phylloceratid species. A more detailed account of the
ammonite fauna (with new taxa) will be published later,
but as a synthesis of first results, the following may be re-
lated. In summary, four successive faunal assemblages can
be recognized.

Micracanthoceras microcanthum Zone

At Le Chouet, the Micracanthoceras microcanthum Zone
(Upper Tithonian) may be clearly recognized, though its
base cannot be fixed precisely due to the lack of specimens
below bed 50. Alongside the ammonite index, M. microcan-
thum, Phylloceratina and Lytoceratina predominate below,
but just above a thick breccia (bed 64), the assemblage is
composed essentially of Paraulacosphinctes senoides Tavera
and Moravisphinctes fischeri Kilian, whereas Micracantho-
ceras becomes scarce.

Our first results thus suggest a partition of the Microcan-
thum Zone, with the establishment of a Moravisphinctes
fischeri Subzone at the top, with its base at bed 66. This is
used as a replacement for the Transitorius Zone, as already
suggested (Cecca et al. 1989) in the type area for the Ardes-
cian, and by authors in other Mediterranean marginal areas
(Benzaggagh & Atrops 1997).

The last occurrence of the genus Moravisphinctes is located
below the top of the Crassicollaria intermedia calpionellid
Subzone. These results are in disagreement with findings
from Morocco (Benzaggagh & Atrops 1997), where
Moravisphinctes spp. last occurs in the Remanei Subzone.

Recognition of a fauna indicating the Simplisphinctes Sub-
zone at the base of M. microcanthum Zone has not been pos-
sible and this requires further study. Thus, the current
understanding of the Microcanthum Zone is an interval be-
tween the first occurrence of the index species (sensu Ben-
zaggagh & Atrops 1997) and the first appearance of the
genus Protacanthodiscus (in bed 79), which marks the next
ammonite biostratigraphic unit, a zonal boundary, in calpio-
nellid terms, still within the Intermedia Subzone.

Protacanthodiscus andreaei Zone

In its first appearances, specimens of Protacanthodiscus
gr. andreaei (Kilian) are few in number, and its acme is seen
in beds 83 to 85: a similar pattern of distribution to that
which has been observed in Spain (Olériz & Tavera 1989).
The Protacanthodiscus gr. andreaei interval is a short one,
whose top is affected by small-scale sedimentary reworking,
though all within the lower part of the C. colomi Subzone.

The much-quoted “Durangites Zone” of the topmost Ti-
thonian should be re-examined and perhaps abandoned be-
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cause of the possibility that this genus may be endemic to the
Mexican-Cuban region. Here we use a local index for the
zone, Protacanthodiscus andreaei. The peak for P. andreaei
coincides with the acme of Busnardoiceras, a common Lower
Berriasian genus (first occurrence in bed 83), previously re-
stricted by Le Hégarat to the B. jacobi and P. grandis Sub-
zones. A new genus, Bougdiriella (type species B.
chouetensis gen. and sp. nov., which we intend to describe
separately) also appears in bed 82. This species has in the past
usually been indentified as a Mediterranean “Durangites”.
We also intend to create a new genus, Ardesciella, for a
group of Mediterranean species formerly assigned to Coron-
goceras, as suggested by Parent et al. (2011). The richness of
the ammonite fauna of the Andreaei Zone at the genus level
is a good faunal marker for this interval on all the margins of
the Mediterranean Tethys.

?Riasanites sp. and ?Praetollia in the Andreaei Zone are
reported for the first time in southern France. Both have tra-
ditionally been seen as typical boreal genera (Mitta 2007).
The first, however, has been recorded in Tethyan Crimea
(apparently in an equivalent of the Berriasella picteti Sub-
zone: Kvantaliani & Lysenko 1979), in Yemen (M. micro-
canthum Zone: Howarth 1998) and in Argentina (Koeneni
Zone: Zeiss & Leanza 2011) — thus, levels that stratigraph-
ically bracket the Le Chouet occurrence. But the levels in
Argentina, Yemen and at Le Chouet are all much older than
the mid to Late Berriasian age of the type Riasanites zones in
the Russian Platform embayment (?=D. dalmasi Subzone-
B. picteti Subzone).

Berriasella jacobi Subzone

The first “Berriasian” ammonite assemblage appears here
one third of the way up the C. colomi calpionellid Subzone.
Though the index species has not been recognized yet, we
maintain a Berriasella jacobi Subzone, for stability of strati-
graphic nomenclature. The base of the B. jacobi Subzone at
Le Chouet is marked by an increase in the numbers of mor-
phospecies of Dalmasiceras (see Fig. 12), as observed by Le
Hégarat (1971). This work provides the first recognition of
the Eleanella cularensis horizon (Tavera et al. 1994) near
the base of the B. jacobi Subzone. It is established that the
base of the B. jacobi Subzone here does not correspond to
the base of the calpionellid Alpina Subzone. In fact, none of
the ammonite zonal boundaries correspond to any calpionellid
boundaries. The grainstone-conglomerate-grainstone triplet
that apparently coincides with the base of the Jacobi Sub-
zone (Fig. 12) perhaps indicates some hiatus. However, the
two massive breccias at lower levels, both with large angular
clasts and irregular bases, may indicate more significant
phases of erosion.

The boundary interval of the Tithonian-Berriasian gener-
ally shows clear losses at the family level, with the progres-
sive decline of Himalayitidae in the highest Tithonian,
replaced by berriasellids at the base of the Berriasian: what
Wiedmann (1973) called the “the Tethysian boundary”. As
stated, this turnover is not synchronous with the Crassicol-
laria/Calpionella turnover used to define the base of the Al-
pina Subzone. The gap in phylogenetic knowledge and the

GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460
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conglomerate bed (bed 87) complicate a perception of the
magnitude of the ammonite turnover at Le Chouet. It is worth
noting that other fossil groups pass this level with no change:
no taxon of calpionellid or calcareous nannofossil appears or
disappears in beds 86-88.

Magnetostratigraphy

The section at Le Chouet complies with our aims in three
fundamental criteria, it has: (a) essentially continuous sedi-
mentation, uninterrupted by marked diastems, (b) rich fossil
associations (calpionellids, ammonites) allowing its detailed
biostratigraphic division, and (c) rocks with magnetic prop-
erties that are favourable for reliable determination of paleo-
magnetic polarity.

WIMBLEDON et al.

Paleomagnetic properties of pilot samples

Our study has thus far concentrated on the pilot investiga-
tion of a 30 m-thick portion of the section of the limestone
strata near the J/K boundary (beds 1-121). The average sam-
pling density for the whole section is about three samples per
metre of true stratal thickness.

Paleomagnetic measurements were performed in the
Paleomagnetic Laboratory of the Institute of Geology, Prague.
Remanent magnetization (RM) of the rocks was measured us-
ing a Liquid helium-free Superconducting Rock Magnetome-
ter, type 755 4K SRM, and the magnetic susceptibility of the
samples was measured using a KLY-4 Kappabridge (Jelinek
1966, 1973). The samples were demagnetized by alternate
field (AF) in an Automatic Sample Degaussing System
2G600, reaching 100 mT. Thermal demagnetization (TD)
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Fig. 13. Thermal (A, B and D) and AF demagnetization (C) of typical specimens. Top left diagrams: stereographic projection of demagnetiza-
tion paths; full (open) symbols — lower (upper) hemisphere projection; top right diagrams: orthogonal projections of demagnetization paths
(Zijderveld diagrams) on horizontal and vertical planes; bottom left diagrams: NRM intensity decay during demagnetization (M/Mmax); bottom
right diagrams: susceptibility (k) changes during thermal treatment (A, B and D). Stereographic and orthogonal projections after tilt correction.
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Fig. 14. Stereographic projection of the component C (after tectonic
correction). Left — normal polarity directions, right — reversed
polarity directions.
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was performed in a non-magnetic oven placed in a Magnetic
Vacuum System (MAVACS). The ambient magnetic field in
the cooling chamber of the MAVACS demagnetizer did not
exceed 1 nT, owing to a built-in rotating-coil magnetometer
controlling the currents in its Helmholtz coil system (Piihoda
et al. 1989). Processing of the output data, including, for in-
stance, multicomponent analysis of the demagnetization
path, was carried out using Remasoft 3.0 software (Chadima
& Hrouda 2006).

Each of the 91 samples studied was subjected to TD or AF
demagnetization in 12-13 temperatures or fields. Of the 91
samples, 83 yielded reliable paleomagnetic directions. As a
result, the individual components could be precisely estab-
lished in the majority of samples using a multicomponent
analysis of remanence (Kirschvink 1980). Zijderveld dia-
grams and diagrams of normalized remanent values vs. labo-
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Fig. 15. Magnetostratigraphic profile through the Le Chouet section. M — remanent magnetization in natural state, k — volume magnetic suscep-
tibility in natural state, VP — virtual pole. Magnetic polarity: black — normal, white — reversed. Grey indicates uncertain or mixed polarity.
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ratory thermal demagnetizing field t (°C) were constructed
for all samples.

The results of thermal (TD) and alternating field (AF) de-
magnetization procedures are displayed in Figure 13. They
refer to two limestone samples with normal paleomagnetic
directions (samples CH25 and CH54, from level 20.71 m in
bed 89, and 31.18 m in bed 120, respectively) and two lime-
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stone samples with reverse paleomagnetic directions (sam-
ples CHI5 and CHIS8, 17.07m (bed79) and 17.49 m
(bed 82)). Analogous results were obtained for most samples
through the Le Chouet section. The RM directions shown in
the projections are corrected for the dip of the strata. The re-
sults of the multi-component analysis of remanence show
that the rock samples display a two or three-component rema-
nent magnetization. The A-component is un-
doubtedly of viscous origin and is demag-
netizable in the temperature range of
20-120 °C (or AF 0-10 mT); the B-compo-
nent is also of secondary origin, but shows
‘harder’ magnetic properties, being demagne-
tizable in a temperature range of 120-240 °C
(or AF 10-15 mT); the C-component is the
most stable, being demagnetizable in an un-
blocking temperature-range of ca. 400-520 °C
(or AF unblocking fields 20-60 mT).

The mean directions and dispersions of
components were calculated using Fisher’s
statistics (Fisher 1953) and were displayed on
a Wulf stereographic projection. They are
marked either by infilled or empty crossed
circles, with a confidence circle circum-
scribed around the mean direction at the 95%
probability level. Both magnetic polarities are
present in the C-component directions. Con-
sequently, after tectonic correction, the mean
direction for samples with ‘normal’ polarity
is D=317.7°, 1=48.1°, 05=2.5°, and for
those with reverse polarity it is D=132.6°,
1=-33.7°, 0g5=10.2° (Fig. 14). The paleolati-
tude (ca. 27°N) is in agreement with that ob-
tained from the Berriasian type section
(Galbrun 1985). Paleodeclination at Le Chouet
implies a counterclockwise rotation of ca.
20-30°, which must be attributed to a local
tectonic effect. The resulting magnetostrati-
graphic profile is shown in Fig. 15, display-
ing the following quantities: the modulus of
natural remanent magnetization (M), volume
magnetic susceptibility of samples in natural
state (k), co-ordinates of the virtual pole posi-
tion (VP longitude and VP latitude), and a
discriminant function defining the polarity.
Both the virtual pole position and the discrim-
inant function are functions of the direction of
the remanence C-component, and have been
inferred by means of a multi-component anal-
ysis. As indicated in Fig. 15, normal (N) and
reverse (R) polarity intervals, magnetozones
and submagnetozones, are clearly manifested
in the interpreted values of VP longitude and
VP latitude and a discriminant function defin-
ing the polarity (Man 2008).

Low-field magnetic susceptibility (k) ranges
from -12.0 to 5.6x 107° SI and the intensity of
the natural remanent magnetization (NRM)
varies between 0.018 and 1.145x1073 A/m.

M19n

M19r

M20n(1n?)

polarity
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These data given in the magnetostratigraphic profile indicate
a gradual decrease in magnetization, from the older to the
younger rocks (Fig. 15). An obvious decrease in these values
up sequence in the vicinity of the J/K boundary has also been
observed at Brodno, in the Bosso Valley and at Puerto Escafio
(Housa et al. 1999, 2004; Pruner et al. 2010) as well as in
sections from the Tatra (Central Carpathians — Grabowski
& Pszczotkowski 2006) and the Transdanubian mountains
(Lokut section — Grabowski et al. 2010b).

Discussion of the main magnetostratigraphic results

The preliminary magnetostratigraphic investigation of the
basal 30 m of the profile, the measurement of basic magnetic
properties and the results of multi-component analysis of re-
manence of the J/K boundary limestones have yielded new in-
formation on the correlation of paleomagnetic events with
biozones, and with events elsewhere in Tethys. Magnetozones
NO-N2 and R1-R2 (Fig. 15) might be roughly correlated to
the Global Polarity Time Scale (GPTS). The correlation be-
tween magnetostratigraphy and calpionellid zonation in the
J/K boundary interval is reliably tested in more than 20 land
sections (see Ogg & Lowrie 1986; Channell et al. 1987; Ogg
et al. 1991; Housa et al. 1999; Pruner et al. 2010; Grabowski
2011). Magnetozone N2, where the Crassicollaria/ Calpionella
zonal boundary is situated (see Fig. 16), must be correlated
with magnetozone M19n (magnetosubzone M19n.2n). Re-
versed magnetozone R2 falls within the Crassicollaria Zone
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and should be interpreted as M19r. The sedimentation rate
amounted to 10-15 m/Myr in the M19n-M19r interval. Mag-
netostratigraphic interpretation of the lower part of the section
poses some problems. Bed 33 and approximately bed 60 be-
long to the Chitinoidella Zone. Magnetozone N1 might corre-
spond to M20.1n, while NO might be taken to be the topmost
part of M20n.2n. However, interpretation of R1 as magneto-
subzone M20n.1r is not straightforward. Its biostratigraphic
position below the documented Chitinoidella Zone would de-
viate substantially from that in the Brodno and Puerto Escafo
sections (there in the lowermost part of the Crassicollaria
Zone — see Housa et al. 1999; Pruner et al. 2010). It might be
compared with the Bosso valley section, where M20n. 1r does
occur in the middle part of the Chitinoidella Zone (Housa et
al. 2004). However, interpretation of the R1 polarity interval
as M20n.1r would imply a very high sedimentation rate in the
Chitinoidella Zone and lower Crassicollaria Zone, at almost
50 m/Myr: a great contrast with sedimentation rates calculated
for the upper Crassicollaria and Alpina Zones. Alternatively,
the interval N1 might be interpreted as the whole of magneto-
zone M20n, and R1 as M20r. However, R1 is apparently too
thin to be M20r (ca. 1 m) and this would imply a dramatic de-
crease in the sedimentation rate — no more than 1.5 m/Myr.
The next step in the paleomagnetic investigation will be a
more refined determination of the magnetostratigraphic
boundaries, with special emphasis on documentation of the
short reversed magnetosubzones M20n.1r and M19n.1r. The
average sampling density for the whole section should be
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about 5-8 per metre, with 20 or more samples per metre at
critical levels such as zonal boundaries.

Rock magnetism

Basic rock magnetic investigations were performed for all
the horizons sampled for magnetostratigraphy. They were
carried out in the Paleomagnetic Laboratory of the Polish
Geological Institute-National Research Institute and included
measurements of mass normalized magnetic susceptibility
(MS) and isothermal remanent magnetization (IRM) ac-
quired in the field of 1 T along the Z-axis of the cylindrical
specimen and then anti-parallel in the field of 100 mT. The
S-ratio calculated as a ratio of IRM intensities acquired in
both fields was an indicator of proportions of low and high
coercivity minerals. Selected samples with contrasting S-ra-
tios were subjected to stepwise IRM acquisition and thermal
demagnetization of 3 axes IRM (acquired in the fields of
0.1T, 04T and 1.5T in three perpendicular directions) in
order to identify magnetic minerals by recognition of their
unblocking temperature spectra (Lowrie 1990). The detailed
results of a rock magnetic study will be presented in a future
paper, thus they are summarized here only briefly.

Both low- and high-coercivity minerals are present
throughout the section (Fig. 17). The low-coercivity mineral
is interpreted as magnetite, as its maximum unblocking tem-
perature is between 550° and 600 °C. A high-coercivity min-
eral with maximum unblocking temperatures between 600°
and 700 °C (hematite) is also present. Magnetite-dominated
samples (like CHO9PL in Fig. 17) contain the primary
component C. Hematite-dominated samples (like CH22AL
in Fig. 17) typically occur in brecciated and detrital horizons.
Hematite does not carry any natural remanence, therefore it is
most probably a product of secondary (diagenetic) oxidation.

Conclusion

We here calibrate calpionellid, nannofossil, ammonite and
magnetostratigraphic data in this interval (Fig. 18).

The base of the Calpionella Zone (Alpina Subzone) is located
within M19n.2n, which is consistent with its position rela-
tive to magnetostratigraphy at, for instance, Puerto Escafio
and Lokut, though not at Brodno (sensu Michalik et al.
2009). At Le Chouet, the base and top of the Andreaei Zone
are within M19r, whereas at Puerto Escafio the “Durangites
Zone” is reported as straddling M20n, M19r and the lowest
part of M19n.2n.

A series of nannofossil first-appearance datums has been
recognized (Fig. 18), as follows: Nannoconus globulus minor
(16.38 m), Cretarhabdus surirellus and Nannoconus erbae
(18.00 m), N. wintereri (21.80m), N. globulus globulus
(22.05 m), Cruciellipsis cuvillieri (25.00 m), N. steinmanni
minor and N. kamptneri minor (28.15 m). The base of the
Calpionella alpina Zone, with its predominance of small
globular C. alpina, is bracketed between the FADs of Nan-
noconus wintereri and N. globulus globulus and that of N.
steinmanni minor and N. kamptneri minor, and the FAD of
Cruciellipsis cuvillieri lies about half a metre below the zonal
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boundary. The Upper Jurassic to Lower Cretaceous sequence
at Le Chouet may be compared to other well-documented
sites with intervals that cross the J/K boundary (Fig. 19).
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Appendix: Calcareous nannofossils

Authors and date of the original description and, where appropriate, emendations are provided. See Perch-Nielsen (1985), Bralower
et al. (1989), Bown & Cooper (1998), Casellato (2010) and references therein for full information on taxonomy and authorships.

Conusphaera mexicana (Trejo, 1969) subsp. mexicana
Bralower in Bralower et al., 1989

Conusphaera mexicana (Trejo, 1969) subsp. minor (Bown &
Cooper, 1989) Bralower in Bralower et al., 1989

Cretarhabdus octofenestratus Bralower in Bralower et al.,
1989

Cretarhabdus surirellus (Deflandre in Deflandre & Fert,
1954) Reinhardt, 1970

Cruciellipsis cuvillieri (Manivit, 1956) Thierstein, 1971

Cyclagelosphaera argoensis Bown, 1992

Cyclagelosphaera deflandrei (Manivit, 1966) Roth, 1973

Cyclagelosphaera margerelii Noél, 1965

Cyclagelosphaera riyadhensis Varol, 2006

Cyclagelosphaera tubulata (Griin & Zweili, 1980) Cooper,
1987

Diazomatolithus lehmanii Noél, 1965

Faviconus multicolumnatus Bralower in Bralower et al.,
1989

Hexalithus geometricus Casellato, 2010

Hexalithus noeliae (Noél, 1956) Loeblich & Tappan, 1966

Manivitella pemmatoidea (Deflandre ex Manivit, 1965)
Thierstein, 1971

Microstaurus chiastius (Worsley, 1971) Bralower et al.,
1989

Microstaurus quadratus Black, 1971

Nannoconus erbae Casellato, 2010

Nannoconus globulus (Bronnimann, 1955) subsp. globulus
Bralower in Bralower et al., 1989

GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460

Nannoconus globulus (Bronnimann, 1955) subsp. minor
Bralower in Bralower et al., 1989

Nannoconus infans Bralower in Bralower et al., 1989

Nannoconus kamptneri (Bréonnimann, 1955) subsp. minor
Bralower in Bralower et al., 1989

Nannoconus puer Casellato, 2010

Nannoconus steinmannii (Kamptner, 1931) subsp. minor
Deres & Achéritéguy, 1980

Nannoconus wintereri Bralower & Thierstein in Bralower et
al., 1989

Polycostella beckmannii Thierstein, 1971

Polycostella senaria Thierstein, 1971

Rhagodiscus asper (Stradner, 1963) Reinhardt, 1967

Umbria granulosa subsp. granulosa Bralower & Thierstein
in Bralower et al., 1989

Watznaueria barnesiae (Black in Black & Barnes, 1959)
Perch-Nielsen, 1968

Watznaueria britannica (Stradner, 1963) Reinhardt, 1964

Watznaueria communis Reinhardt, 1964

Watznaueria fossacincta (Black, 1971a) Bown in Bown &
Cooper, 1989

Watznaueria manivitiae (Bukry, 1973) Moshkovitz & Ehrlich,
1987

Zeugrhabdotus cooperi Bown, 1992b

Zeugrhabdotus embergeri (Noél, 1958) Perch-Nielsen, 1984

Zeugrhabdotus erectus (Deflandre in Deflandre & Fert,
1954) Reinhardt, 1965

Zeugrhabdotus fluxus Casellato, 2010
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New and poorly known Perisphinctoidea (Ammonitina) from the Upper
Tithonian of Le Chouet (Drome, SE France)
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Abstract. The aim of this paper is to document the ammonite fauna of the upper part of the Late Tithonian collected at the key section of
Le Chouet (Drome, SE France). Emphasis is laid on new and poorly known Ataxioceratidae, Himalayitidae and Neocomitidae from the
upper part of the Tithonian. Among the Ataxioceratidae, a new account on the taxonomy and relationship between Paraulacosphinctes
Schindewolf and Moravisphinctes Tavera is presented. Regarding the Himalayitidae, the range and content of Micracanthoceras Spath is
discussed and two new genera are introduced: Ardesciella gen. nov., for a group of Mediterranean ammonites that is homoeomorphic with
the Andean genus Corongoceras Spath, and Pratumidiscus gen. nov. for a specimen that shows morphological similarities with the Boreal
genera Riasanites Spath and Riasanella Mitta. Finally, the occurrence of Neocomitidae in the uppermost Tithonian is documented by the
presence of the reputedly Berriasian genera Busnardoiceras Tavera and Pseudargentiniceras Spath.

INTRODUCTION

The unique character of the ammonite fauna of Le Chouet
(near Les Pres, Drome, France) (Fig. 1) has already been
outlined by Le Hégarat (1973), but, so far, only a handful of
specimens have been illustrated by Enay ef al. (1998a,
fig. 2). In recent years, new fieldwork has allowed us to sam-
ple the Chouet section bed by bed and to collect over 400
new specimens. A preliminary account on the ammonite dis-
tribution across the Tithonian-Berriasian boundary was pub-
lished by Wimbledon et a/. (2013), but in that paper we did
not illustrate the fauna. The aim of the present contribution
is to document the taxonomy and illustrate new and poorly

known Perisphinctoidea from the Upper Tithonian of this
reference section. Additional data on the Himalayitidae in-
cluding the description and discussion of Boughdiriella
chouetensis gen. nov. sp. nov. are to be published elsewhere
(Frau et al., 2014).

GEOLOGICAL SETTING

A detailed geological description of the Le Chouet sec-
tion, including lithostratigraphy, sedimentology, biostrati-
graphy (calpionellids, calcareous nannofossils and ammo-
nites) and magnetostratigraphy has been published by
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2 9bis, Chemin des Poissonniers, 13600 La Ciotat, France
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Fig. 1. Locality map of Le Chouet (Les Prés, Dréme, SE France)

The studied section is marked by a black line

Wimbledon et al. (2013). A revised version of the ammonite
distribution is presented herein (Fig. 2), as a contribution to-
ward the integrated stratigraphic scheme of Wimbledon et
al. (2013). From bottom to top, three biostratigraphic units
can be recognized: the upper part of the Micracanthoceras
microcanthum (= Microcanthum) Zone [Moravisphinctes fis-
cheri (= Fischeri) Subzone], the Protacanthodiscus andreaei
(= Andreaei) Zone (as a replacement for the Durangites spp.
Zone of the literature) and the lower part of the Berriasella ja-
cobi (= Jacobi) Zone (sensu Hoedemaeker, Bulot, 1990).

The minor discrepancies between figure 12 in Wimble-
don ef al. (2013) and Figure 2 of this paper concern the dis-
tribution of Micracanthoceras Spath, 1925 and the occur-
rence of supposed Boreal ammonites reported by Wimbledon
et al. (2013, p. 451). The range of Micracanthoceras will be
discussed below. The reported occurrence of Boreal ammo-
nites was based on the identification of ?Praetollia sp.
(a single specimen of complex interpretation whose identity
with true Praetollia Spath from Greenland is highly doubt-
ful) and ?Riasanites sp. (herein reinterpreted as Pratumidis-
cus elsae gen. nov. sp. nov.).

SYSTEMATIC PALAEONTOLOGY

At the suprageneric level, the taxonomy adopted herein
is conservative and follows the classification proposed by
Cecca et al. (1989) for the Ataxioceratidae; Tavera (1985)
for the Himalayitidae and Wright et al. (1996) for the Neo-
comitidae. As already pointed out by Donovan et al. (1981),
Company (1987) and Cecca ef al. (1989), the systematics of
these families are in a state of chaos and the understanding
of their phylogenetic relationships is still at a very prelimi-
nary stage. Unfortunately, the material at our disposal is
not yet sufficient for further considerations of these wider
issues.

Fig. 2. Integrated stratigraphy and distribution of the Ancyloceratina
and Ammonitina around the Tithonian-Berriasian boundary at Le Chouet
modified after Wimbledon ef al. (2013)
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Conventions: Preservation of our specimens as crushed
internal moulds prevents us from giving other measure-
ments than Dmax = larger measurable diameter and U/D ra-
tio (umbilical dimension as a percentage of the diameter at
the point of measurement).

Unless otherwise mentioned, all specimens are deposited
in the Frau/Bulot collection at the Musée Paléontologique
de Provence (MPP) of Aix-Marseille University (Saint-
Charles), France.

Order Ammonoidea Zittel, 1884
Suborder Ammonitina Hyatt, 1889
Superfamily Perisphinctoidea Steinmann, 1890
Family Ataxioceratidae Buckman, 1921

Subfamily Lithacoceratinae Zeiss, 1968

Genus Paraulacosphinctes Schindewolf, 1925

Type species: Ammonites senex Oppel in Zittel, 1868; by subse-
quent designation of Sapunov (1979, p. 126).

Remarks. — In its original conception, the genus Paraula-
cosphintes was based on perisphinctids with a ventral groove
from the classical Tithonian localities around Stramberg (=
Stramberk, Czech Republic). Tavera (1985) considerably ex-
panded the definition of the genus by the introduction of twelve
new typological species and of four allied genera (Zittelia Ta-
vera, 1985, Neoperisphinctes Tavera, 1985, Moravisphinctes
Tavera, 1985 and Andalusphinctes Tavera, 1985) that were
grouped in the new subfamily Paraulacosphinctinae Oloriz and
Tavera in Tavera, 1985. Lacking an exhaustive view of the con-
tent of this subfamily, we subscribe to the opinion of Cecca et
al. (1989) that the relationships between Lithacoceratinae and
Paraulacosphinctinae remains unclear and the use of the name
Paraulacosphinctinae is unnecessary. On the other hand, our
fairly abundant and well-preserved new material allows us to
comment on some of the views expressed by Cecca er al.
(1989) and Parent (2003) about the taxonomy of the Paraula-
cosphinctinae.

Paraulacosphinctes senoides Tavera, 1985
Fig. 3A-E

pars 1868. Ammonites senex Oppel in Zittel, p. 113, pl. 23: 1, 2;

non fig. 3 (= P. senex).
1985. Paraulacosphinctes senoides Tavera, p. 79, pl. 13: 1-5,

text-fig. 7E.

non 2011. Paraulacosphinctes cf. senoides Tavera: Arkadiev,
p. 242, pl. 1: 5 (= P. transitorius Oppel, 1865).

non 2012. Paraulacosphinctes cf. senoides Tavera: Arkadiev,
p. 141, pl. 1: 5 (= Arkadiev, 2011, pl. 1: 5).

Material. — MPP-CHT.2/1, MPP-CHT.4/2, MPP-CHT.9/7,
MPP-CHT.12/6, MPP-CHT.12/9, MPP-CHT.12/19, MPP-CHT.
12/25, MPP-CHT.12/26, MPP-CHT.12/29, MPP-CHT.12/30,
MPP-CHT.12/32, MPP-CHT.14/10, MPP-CHT.15/13, MPP-
CHT.15/15, MPP-CHT.15/17.

Description. — Middle-sized planulate ammonites (Dmax
<50 mm) that show rapid growth of the whorl height
throughout ontogeny. The whorl section is suboval with
convex flanks. Moderately open (0.30 < U/D < 0.33) and
relatively deep umbilicus with poorly marked umbilical
wall. The ornamentation is mainly composed of fine and
dense bifurcate ribs. The bifurcation occurs at, or just above,
the middle of the flank. On the inner whorls, the ribs are in-
terrupted on the venter by a smooth ventral band. On the
body chamber, the ribs cross the venter, and several speci-
mens exhibit a more complicated rib pattern with low bifur-
cations and irregular intercalatories (Fig. 3A).

Remarks. — Our material matches well the type series il-
lustrated by Tavera (1985), with special reference to the
specimens of pl. 13: 2, 5.

P. senex differs from P. senoides in its larger adult size,
wider umbilicus and complete loss of ornamentation on the
later ontogenic stages. According to Cecca et al. (1989, p.
59), there is no difference between the two species and the
loss of the ornamentation in P. senex would be an adult char-
acter not seen in P. senoides because that taxon is based on
incomplete specimens. This view is not supported by our
material, which does not show any fading of the ornamenta-
tion on the adult body chamber. It should be noted also that
the early whorls of the holotype of P. senex are not preserved
and do not allow comparison with those of P. senoides.

P. transitorius (Oppel, 1865) can easily be distinguished
by its wider umbilicus, steep umbilical wall, less com-
pressed whorl section and distinctive spaced ribs. The
twelve morphological taxa introduced by Tavera (1985) are
in need of revision in the light of the law of covariation of
characters. At first sight, the range of variability of the group
of species characterized by a suboval section suggests co-
variation — in U/D ratio, rigidity of ribbing and the position
of the furcation point. A biometric study would be necessary
for a better understanding of the spectrum of intra- and in-
terspecific variabilities within Paraulacosphinctes.

Stratigraphical and geographical distribution. — Upper
Tithonian, Le Chouet beds 66, 67, 68, 73, 76, 78 and 79,
Microcanthum Zone, Fischeri Subzone, and base of the An-
dreaei Zone (Crassicollaria calpionellid Zone, uppermost
part of the Remanei Subzone and Intermedia Subzone).
Even so, all illustrated specimens of P. senoides originate
from SE France and Spain, and the species is reported from
Morocco. Our observations confirm the range of the species
given by Tavera (1985) and Benzaggagh, Atrops (1997).
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Fig. 3. Paraulacosphinctes senoides Tavera
A. MPP-CHT.12/26. B. MPP-CHT.12/23. G. MPP-CHT.15/15. D. MPP-CHT.12/6. E. MPP-CHT.4/2. Bar scale is 1 cm

The occurrence in Ukraine (Crimea) is based on the mis-
identification of P. transitorius (Arkadiev, 2011, 2012).

Genus Moravisphinctes Tavera, 1985

Type species: Ammonites moravicus Oppel in Zittel, 1868, by
original designation.

Moravisphinctes fischeri (Kilian, 1889)
Fig. 4A-E

1889. Perisphinctes fischeri n. sp. Kilian, p. 655, pl. 28: 2a, b.

1985.

1985.

1985.

1985.

1989.

2000.
2005.

Moravisphinctes fischeri (Kilian): Tavera, p. 108. pl. 13:
6-8, text-fig. 8D.

Moravisphinctes moravicus (Oppel): Tavera, p. 104,
pl. 14: 1-5, text-fig. 8E.

Moravisphinctes flexuosus Tavera, p. 107, pl. 14: 6, 7,
text-fig. 8B.

Moravisphinctes sp. 1, Tavera, p. 113, pl. 14: 10,
text-fig. 8C.

Moravisphinctes fischeri (Kilian): Cecca et al., p. 61. pl.
2:2—-13; text-fig. 21a, c—.

Moravisphinctes fischeri (Kilian): Benzaggagh, pl. 3: 6.
Moravisphinctes sp. gr. fischeri (Kilian) — moravicus
(Oppel), Boughdiri ez al., pl. 2: 8.
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Fig. 4. Moravisphinctes fischeri (Kilian)
A. MPP-CHT.14/22. B-B”: MPP-CHT.14/8. C. MPP-CHT.14/14. D: MPP-CHT.17/9. E. MPP-CHT.14/25. Bar scale is 1 cm

Material. — MPP-CHT.3/2, MPP-CHT.9/6, MPP-CHT.
12/1, MPP-CHT.12/5, MPP-CHT.12/10, MPP-CHT.12/12,
MPP-CHT.14/14, MPP-CHT.14/7, MPP-CHT.14/23, MPP-
CHT.14/29, MPP-CHT.15/11, MPP-CHT.17/7, MPP-CHT.
17/9.

Description. — Small-sized planulate ammonites (Dmax
<56 mm) with a compressed and evolute shell (0.4 < U/D
<0.46). The whorl section is subelliptical with slightly con-
vex flanks and rounded venter. On the inner whorls, the or-
namentation is mainly composed of prominent, prorsiradiate
ribs that bifurcate on the upper third of the flanks. At a later
stage, the ornamentation is marked by a high number of vir-
gatotome ribs. On our most complete specimens, the orna-
mentation fades on the mid flank of the body chamber. All
ribs cross the venter.

Remarks. — Cecca et al. (1989, p. 61-62) provide a re-
vised diagnosis of M. fischeri based on a large population
from the historical area of the Ardescien (Ardéche, SE
France). Our material shows a similar morphological varia-
bility and the specimen MPP-CHT.14/14, characterized by
numerous virgatotome ribs, is close to the extreme morpho-
logy of M. fisheri figured by Cecca et al. (1989, pl. 2: 12—
13) and Tavera (1985, pl. 14: 10). When well preserved, M.
fischeri shows a distinct lappeted peristome, and at Le
Chouet, the stratigraphical distributions of Moravisphinctes
and Paraulacosphinctes are identical. This would support
the view of Cecca et al. (1989) and Parent (2003) who pro-
posed sexual dimorphism between the two genera. How-
ever, as already outlined by Cecca ef al. (1989), the bounda-
ry between Paraulacosphinctes and its allied microconch
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genera, such as Moravisphinctes and Andalusphinctes
Tavera, 1985, remains largely unclear. Unfortunately, the
material from Le Chouet is too fragmentary to allow us to
further discuss this problem.

Stratigraphical distribution. — Upper Tithonian, beds
66, 67, 68, 71, 73, 74, 76, 78 and 79, Microcanthum
Zone, Fischeri Subzone, and base of the Andreaei Zone
(Crassicollaria calpionellid Zone, uppermost part of the
Remanei Subzone and Intermedia Subzone). Besides SE
France, there is no doubt that M. fisheri also occurs in
Spain, Tunisia and Morroco, and the species has also
been reported from Italy (see synonymy in Cecca et al.,
1989).

Family Himalayitidae Spath, 1925
Genus Micracanthoceras Spath, 1925

Type species: Ammonites microcanthus Oppel in Zittel, 1868;
by original designation of Spath (1925, p. 144).

Remarks. — According to Nikolov (1982, p. 213), the
specimen illustrated by Zittel (1868, pl. 17: 3a, b) was
designated as the type specimen of Micracanthoceras mi-
crocanthus by Spath (1925). Even if the footnote in Spath
(1925, p. 144) is not fully explicit regarding the designa-
tion of a type specimen, the same author (Spath, 1931, p.
544) clearly refers to this specimen as the lectotype of M.
microcanthum. As a consequence the designation of a
different type specimen by Mazenot (1939, p. 233-234)
is invalid according to Art. 61 of the ICZN.

It should be noted that the original diagnosis and de-
scription of M. microcanthum is composite and based on
a juvenile (the lectotype), a large adult and a third speci-
men only known by its suture line. According to Spath
(1931, p. 544), Mazenot (1939, p. 233) and Cecca et al.
(1989, p. 65), all three specimens are conspecific, where-
as Tavera (1985, p. 169) considers that the larger speci-
men (Zittel, 1868, pl. 17: 1a, 2) is a Himalayites sp.

In recent years, Tavera’s opinion has prevailed (see
Cecca et al., 1989; Benzaggagh, Atrops, 1997; Benzag-
gag, 2000; Boughdiri et al., 2005) and the understanding
of M. microcanthum has been based on the juvenile mor-
phology of the lectotype and its accepted variability il-
lustrated by additional Spanish material. As a conse-
quence, the genus Micracanthoceras has been defined as
follows: “widely umbilicate forms, with fine and dense
ornamentation of single, bifurcate and sometimes trifur-
cate ribs, marked by a tubercle at the furcation point, and
there can be a second row of tubercles on the outer
flanks” (according to Tavera, 1985).

Most recently, the designation of the lectotype of Am-
monites koellikeri Oppel, 1865 by Parent et al. (2011,
p- 72: 32A) sheds new light on the content of Micracan-

thoceras and its relationships with the European taxa
most often referred to Corongoceras Spath, 1925. We
agree with those authors that the juvenile ontogenetic
stages of Ammonites koellikeri are very close to those of
M. microcanthum and that the two species should be
placed in the same genus. Moreover, as far as one can tell
from Mazenot’s illustration (1939, pl. 37: 12a, b), the on-
togenetic development of Oppel’s larger specimen of M.
microcanthum is very similar to that of the lectotype of
M. koellikeri. Another closely allied species is Ammo-
nites fraudator Zittel, 1868, attributed to Micracantho-
ceras by Spath (1931, p. 545). We accept this view, also
held by Sapunov (1979), who selected as lectotype the
specimen illustrated by Zittel (1868, pl. 21: 2a, b).

According to Tavera (1985, p. 176), Corongoceras is
a subgenus of Micracanthoceras, both taxa being linked
by intermediate forms, and the two morphological ex-
tremes within this group are represented by M. microcan-
thum and C. symbolum (Oppel, 1865). Most recently,
Parent et al. (2011) showed that Corongoceras should be
restricted to a limited number of Andean species (see also
discussion below in the Ardesciella paragraph). As a con-
sequence, the taxonomy of the European species of
Corongoceras is open again to discussion. Re-examina-
tion of the material illustrated by Tavera (1985) shows
that the great majority of the specimens that this author
includes in Corongoceras are characterized by typical
Micracanthoceras juvenile ornamentation. Moreover,
there is no significant difference between the adult orna-
mentation of the larger specimens (such as C. symbolum
in Tavera, 1985, pl. 24: 1a, b) and that of M. koellikeri, or
the larger specimens in the type series of M. microcan-
thum. In our opinion, with the exception of C. hispani-
cum Tavera, 1985 (that we include in Ardesciella), all
Corongoceras illustrated by Tavera should be transferred
to Micracanthoceras. This is reflected by the synonymy
of M. microcanthum given below.

It is most often assumed that Micracanthoceras is
a cosmopolitan genus (Cecca, 1999). We regard this view
as requiring reconsideration, since the South American
reports were reassigned by Parent ez al. (2011) to Blan-
fordiceras Cossmann, 1907, and Steueria Parent, Scher-
zinger and Schweigert, 2011. Similarly, the taxonomy of
Micracanthoceras from Mexico described by Imlay
(1939) remains unclear. In our opinion, only a limited
number of specimens from outside Europe truly belong
to Micracanthoceras, and we provisionally retain only
Micracanthoceras  brightoni Spath, 1931 (see also
Shome, Bardhan, 2009) and the closely related forms de-
scribed from Madagascar by Collignon (1960, pl. 175:
754-757) as members of the genus.
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Micracanthoceras sp. juv. gr. microcanthum
(Oppel, 1865)

1865. Ammonites microcanthus n. sp. Oppel, p. 155.

1868. Ammonites microcanthus Oppel in Zittel, p. 93, pl. 17: 1-5.

1890. Hoplites microcanthus (Oppel in Zittel): Toucas, p. 608,
pl. 18: 12.

1939. Himalayites (Micracanthoceras) microcanthum (Oppel in
Zittel): Mazenot, p. 233, pl. 37: 2 a, b (= Toucas, 1890, pl.
18:12), 3, 12a, b (= Zittel, 1868, pl. 17: 1a, 2).

1966. Himalayites (Micracanthoceras) microcanthus (Oppel in
Zittel): Linares et Vera, pl. 5: 2a, b (sol.).

1977. Himalayites (Micracanthoceras) microcanthus (Oppel in
Zittel): Sapunov, pl. 5: 3.

1979. Himalayites (Micracanthoceras) microcanthus (Oppel in
Zittel): Sapunov, p. 193, pl. 58: 4 (= Sapunov, 1977, pl. 5: 3).

1982. Himalayites (Micracanthoceras) microcanthus (Oppel in

Zittel): Nikolov, p. 213, pl. 77: 1 (= Sapunov, 1977, pl. 5: 3).

Micracanthoceras (Micracanthoceras) microcanthum

(Oppel in Zittel): Tavera, p. 169-174, pl. 21: 1-4; pl. 22:

1-6, text-fig. 13A-E, G.

Micracanthoceras (Micracanthoceras) cf. brightoni

(Spath): Tavera, p. 175, pl. 21: 5, text-fig. 13F.

1985. Micracanthoceras (Corongoceras) rhodanicum Mazenot:
Tavera, p. 180, pl. 22: 7, 8a, b, 9a, b, text-fig. 14D.

1985. Micracanthoceras (Corongoceras) flexuosum n. sp. Tave-
ra, p. 187, pl. 23: 6 (sol.).

1985. Micracanthoceras (Corongoceras) leanzai n. sp. Tavera,
p- 192, pl. 25: 5 (sol.).

1989. Micracanthoceras microcanthum (Oppel in Zittel): Cecca
etal,p.65, pl 1:3;4a,b.

1995. Micracanthoceras microcanthum (Oppel
Elias et Vasicek, pl. 1: 4.

1997. Micracanthoceras microcanthum (Oppel in Zittel): Ben-
zaggagh et Atrops, pl. 5: 3.

1997. Micracanthoceras microcanthum (Oppel in Zittel): Gey-
ssant in Cariou et Hantzpergue, pl. 26: 1 (= Zittel, 1868,
pl. 17: 3a, b).

2000. Micracanthoceras microcanthum (Oppel in Zittel): Ben-
zaggagh, pl. 4: 4.

2005. Micracanthoceras sp. gt. microcanthum (Oppel in Zittel):
Boughdiri et al., pl. 2: 9, 10.

1985.

1985.

in Zittel):

Material. — MPP-CHT.-12b/1, MPP-CHT.-12b/2, MPP-
CHT.-12b/3; MPP-CHT.-13/2, MPP-CHT.-13/3, MPP-CHT.
-13/4, and a loose specimen MPP-CHT-?10/1.

Description. — The poor quality of our material does not
allow the definite attribution of these specimens to M. mi-
crocanthum, even considering that the evolute coiling and
low umbilicus of our specimens matches the Spanish speci-
mens well. The whorl section is circular, with straight and
rigid ribs, bifurcate or sometimes simple. Tubercles at the
furcation point are sporadic from one specimen to another.
They are more regular on specimen MPP-CHT.-13/2 and oc-
cur at a smaller diameter. Specimen MPP-CHT.-12/1 shows

a weakly differentiated ventral band bordered by thin ribs on
the shoulders.

Stratigraphical distribution. — Upper Tithonian, spot oc-
currences from beds 50 to 73, Microcanthum Zone (Crassi-
collaria calpionellid Zone, Remanei Subzone to top of Inter-
media Subzone). The report from the Andreaei Zone by
Wimbledon et al. (2013, fig. 12) is based on the misidentifi-
cation of Toucasiella gerardi Enay et al., 1998b. The speci-
men will be illustrated in a forthcoming paper (Frau et al.,
submitted)

Genus Ardesciella gen. nov.

Derivation of name: from Ardeche, a French department, where
the historical Tithonian substage called the Ardescien was de-
fined by Toucas (1890), and since revised by Cecca et al.
(1989).

Type species:
Mazenot, 1939.

Himalayites  (?Corongoceras) rhodanicus

Diagnosis. — Small to middle-sized serpenticone ammo-
nite, with regular and slow increase of the Wh/D radio. Wide
and low umbilicus. Rounded whorl section at juvenile stag-
es, becoming subrectangulate to subquadrate at adult stages.
Strongly convex flanks, rounded umbilical shoulder with
a vertical and low umbilical wall. Ventral region character-
ized by a clear ventral furrow that is weakly attenuated in
the adult ontogenic stage. Ornamentation composite with
straight, rigid, slightly prorsiradiate, single or bifurcate ribs.
Bifurcations develop from punctiform tubercles situated on
the upper third of the whorl. On the adult stage, ornamenta-
tion tends to lose rigidity and to become slightly flexuose
and rursiradiate toward the umbilical margin. The angle of
bifurcation of the ribs is marked. On the ventral shoulder,
most ribs thicken radially into elongated bullae that delimit
the ventral furrow. Rarely ribs weaken where they cross the
ventral area. Suture line unknown.

Remarks. — Parent et al. (2011, p. 70) pointed out that
Corongoceras had been used to accommodate innumerable
ammonites from the Tethyan Realm. Considering the limita-
tions imposed by the type species, we accept a concept of
the genus that restricts Corongoceras to Andean, Mexican
and Caribbean forms such as C. lotenoense (Spath, 1925,
type species), C. mendozanum (Behrendsen), and, doubtful-
ly, C. steinmanni (Krantz) and C. filicostatum Imlay. We
also agree that, for the time being, the multitude of typologi-
cal names introduced by Collignon (1960) for the Madagas-
car forms, some of which are considered as synonyms of
C. mendozanum by Parent et al. (2011, p. 70), should be re-
tained in Corongoceras. As already discussed above, the
great majority of specimens referred to Corongoceras in Eu-
rope belongs to Micracanthoceras.
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The juvenile growth stages of Corongoceras sensu Par-
ent et al. (2011) is similar to those observed in Ardesciella,
but it can be easily distinguished by its lower number of
whorls, lower whorl height and more numerous rigid ribs at
the adult stage. Regularity of bifurcation and intercostal
spaces are more marked in Corongoceras than in Ardesciella.

Micracanthoceras and Ardesciella show strong affini-
ties. Nevertheless, Micracanthoceras is a homogeneous
group with well-expressed serpenticone coiling, a wide um-
bilicus and very dense ribbing — characters that never occur
in Ardesciella. The sub-circular and depressed whorl sec-
tion, the irregularity of tuberculation, and the lower point of
bifurcation on the flanks allow easy distinction from Ardes-
ciella. The ventral band is also always less marked in Micra-
canthoceras.

Generic content. — Ardesciella rhodanica (Mazenot,
1939) (type species) and Ardesciella hispanica (Tavera,
1985).

Stratigraphical and geographical distribution. — When
reliably dated the genus is restricted to the Late Tithonian
(Microcanthum and Andreaei Zones) of the Mediterranean
Tethys (SE Spain, SE France, Algeria, and Morocco).

Ardesciella cf. rhodanica (Mazenot, 1939)
Fig. SA-B

1890. Hoplites Koellikeri Oppel: Toucas, p. 607, pl. 18: 11a, b.

1936. Himalayites (Corongoceras) Kollikeri (Oppel): Roman,
p- 27, pl. 4: 19, 19a, 20.

1939. Himalayites (Corongoceras) rhodanicus n. sp. Mazenot,
p. 230, pl. 37: 1a, b, 5a, b (= Toucas, p. 607, pl. 18: 11a,
b), 7a—c, 8a—b, 9a-b.

1953. Himalayites (Corongoceras) rhodanicus Mazenot: Ar-
nould-Saget, p. 16, pl. 2: la—c, 2a—c.

? 1953. Himalayites (Corongoceras) cf. rhodanicus Mazenot:
Arnould-Saget, p. 16, pl. 2: 5a—c.

non 1966. Himalayites (Corongoceras) rhodanicus Mazenot:
Linares et Vera, pl. 6: 3.

1982. Corongoceras (Corongoceras) rhodanicum (Mazenot):
Nikolov, p. 214, pl. 78: la—c (=Mazenot, 1939, p. 230, pl.
37: Ta—c), 72.

non 1985. Corongoceras rhodanicus Mazenot: Cecca, p. 144,
pl. 1: 2. (= Protacanthodiscus sp.).

non 1985 Micracanthoceras (Corongoceras) rhodanicum Ma-
zenot: Tavera, p. 180, pl. 22: 7, 8a, b; 9a, b; text-fig. 14D.
(= Micracanthoceras microcanthum).

1997. Micracanthoceras (Corongoceras) rhodanicum (Ma-
zenot): Benzaggagh et Atrops, p. 153, pl. 6: 2, ?5.

2000. Micracanthoceras (Corongoceras) rhodanicum (Ma-
zenot): Benzaggagh, pl. 4: 3. (= Benzaggagh et Atrops,
1997, pl. 6: 2).

Material. — MPP-CHT.21/12 and MPP-CHT.21/68.
Description. — Specimen MPP-CHT.21/68 is an incom-
plete juvenile phragmocone that shows the typical charac-

Fig. 5. Ardesciella cf. rhodanica (Mazenot)
A. MPP-CHT.21/12. B. MPP-CHT.21/68. Bar scale is 1 cm

ters seen in the type specimen of Ardesciella. 1t matches
well Mazenot’s holotype (1939) in its small size and irregu-
lar ornament. The second specimen (MPP-CHT.21/12) is
a complete juvenile that shows perfectly two successive on-
togenetic stages. Compared to the first specimen, its rib den-
sity is higher, with rare single intercalatory ribs. Ornamenta-
tion is coarser and it rises sharply towards the venter, with
‘pinched’ ventro-lateral tubercles.

Stratigraphical and geographical distribution. — Our
specimens were collected from bed 85, Andreaei Zone
(Crassicollaria Zone, lower part of the Colomi Subzone).
The type series of A. rhodanica illustrated by Mazenot
(1939) originated from the “Breche d’Aizy” and the “Breche
de Chomérac”. The ammonite assemblage of these
lithostratigraphic units is dominated by Early Berriasian am-
monites, but also contains reworked material from older
strata (see discussion in Cecca et al., 1989, p. 56). In Mo-
rocco, the species has been reported as ranging throughout
the M. microcanthum Zone, where it co-occurs with A. his-
panica (see fig. 8 in Benzaggagh, Atrops, 1997). As the spe-
cies is understood herein, A. rhodanica is known to occur in
SE France, Algeria, Morocco and, questionably, in Bulgaria.

Genus Pratumidiscus nov. gen.

Derivation of name: From pratum, latin for Les Pres, near
where the Le Chouet section is located.

TBype species: Pratumidiscus elsae gen. nov., sp. nov.

Locus typicus: Le Chouet, Les Pres, Drome.

Diagnosis: Shell small, compressed with a wide and low um-
bilicus. Whorl section subquadrate to subrectangulate, with
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weakly convex flanks and tabulate venter. Complex and irregu-
lar ornamentation composed of single, bifurcate, intercalatory
and simplified virgatotome ribs. All ribs thicken on the ventral
shoulder in radially elongated bullae that delimit the ventral
groove. Suture line is unknown.

Stratigraphical and geographical distribution: Andreaei Zone
(Crassicollaria calpionellid Zone, top of the Intermedia Sub-
zone). For the time being, the genus is monotypic and known by
a single specimen from the type locality.

Pratumidiscus elsae gen. nov. sp. nov.

Derivation of name: Dedicated to Elsa Schnebelen-David for her
participation to our latest field trip at Le Chouet and continuous
support to one of us (LGB) during the preparation of this work.
Holotype: MPP-CHT.19/5.

Type locality: Le Chouet, commune de Les Pres, Drome.
Stratigraphical distribution: Bed 83, Andreaei Zone (Crassicol-
laria calpionellid Zone, top of the Intermedia Subzone), Upper
Tithonian.

Diagnosis: As for the genus.

Description. — The holotype is a small (Dmax <45mm),

Fig. 6 almost complete, specimen. The umbilicus is wide and open,
with a U/D ratio of 0.31. The whorl section of the inner

2013. ?Riasanites sp., Wimbledon et al., p. 451, fig. 12. whorls is subquadrate with prominent, distant primary ribs

Fig. 6. Pratumidiscus elsae gen. nov. sp. nov.

Lateral, ventral and whorl section of MPP-CHT.19/5. Bar scale is 1 cm
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that recall juvenile Himalayitidae morphology. At later shell
growth stages, the whorl section is almost subrectangular
with weakly convex flanks and a tabulate venter. The um-
bilical wall gets slightly steeper. The ornamentation is
marked by the complex and irregular alternation of simple,
bifurcate, intercalated and simplified virgatotome ribs. Bi-
furcations occur at different heights, but most often just
above the middle of the flank. The intercostal space varies
greatly. On the last whorl, the primary ribs are more promi-
nently developed above the umbilical shoulder. The venter
is marked by a ventral groove delimited by the interruption
and strengthening of the ribs.

Remarks. — Originally, Pratumidiscus elsae gen. nov. sp.
nov. was reported by Wimbledon et al. (2013) as a potential
representative of the Boreal genus Riasanites Spath. The ju-
venile ornamentation of Russian Riasanites, e.g. R. rjasa-
nensis (Nikitin) and R. swistowianus (Nikitin) (see Nikitin,
1888), is also complex and composed of irregular single, bi-
furcated, intercalatory, and tripartite ribs (see for example
Mitta, 2008, pl. 5: 5). However, P. elsae can easily be distin-
guished from the type species of Riasanites by its ventral
grove and the smaller umbilicus on the body chamber.

Mitta (2011) suggested that Riasanites originated from
closely related forms that he included in his new genus Ria-
sanella. The latter differs from Riasanites in its adult whorl
section, which converges strongly towards the venter. The gen-
eral morphology of Riasanella recalls that of Pratumidiscus in
having elevated ventral shoulders and a narrow ventral groove,
but differs in its subtrapezoidal whorl section, umbilical nodes
and ventral chevron on the body chamber. It should be noted
that Mitta (2007, 2011) proposed a western Tethyan origin for
the Riasanites — Riasanella plexus from an unknown Tithonian
taxon. Pratumidiscus gen. nov. could be considered as such
a potential ancestor.

Family Neocomitidae Salfeld, 1921

Remarks. — We fully agree with Company (1987, p. 103 and
fig. 42), that the subdivision of the Neocomitidae into three
subfamilies (e.g. Berriasellinae Spath, Neocomitinae Salfeld
and Endemoceratinae Schindewolf) is artificial and not sup-
ported by any phylogenetic arguments. As a consequence, we
consider that these subdivisions add to the state of chaos of the
Neocomitidae taxonomy and should be abandoned.

Genus Pseudargentiniceras Spath, 1925
TBype species. — Ammonites abscissus Oppel in Zittel, 1868;
by original designation of Spath (1925, p. 145).

Remarks. — 1t should be noted that Spath (1925, p. 145)
is not fully explicit regarding the designation of the speci-
men illustrated by Zittel (1868, pl. 19: 4a—c) as the lectotype

of Ammonites abscissus. As a consequence, Mazenot (1939,
see footnote 1, p. 35 and p. 105-106) formally designated as
lectotype the specimen figured by Zittel (1868, pl. 19: 1a—b)
on which the original diagnosis was based. Both specimens
were re-illustrated by Mazenot (1939, pl. 15: 1, 3) and seem
to be conspecific (Le Hégarat, 1973; Nikolov, 1982; Tavera,
1985).

Beside P. abscissum, the specific content of Pseudargentini-
ceras is composed of P. flandrini Le Hégarat, 1973 and P. be-
neckei (Mazenot, 1939). The general morphology of P. flan-
drini  perfectly matches Pseudargentiniceras. However,
according to Le Hégarat (1973), it can be distinguished by its
less angular section, finer and more sinuous ribbing, and early
disappearance of the ventral groove. Unfortunately, this last
feature has never been illustrated in the literature.

P beneckei is a species of difficult of interpretation
(Nikolov, 1982, p. 208). According to Le Hégarat (1973), attri-
bution of this taxon to Pseudargentiniceras is based on its
rounded section, moderately open umbilicus, fasciculate ribs
and ventral band. The cast of the type specimen before us
shows a narrow umbilicus (U/D = 0.20), a sub-rectangular sec-
tion overhanging umbilical wall and a high rib density. These
characters suggest that P. beneckei does not belong to Pseudar-
gentiniceras, but is closely allied to the plexus of Pseudoneo-
comites allobrogensis (Mazenot, 1939) — suprajurensis (Ma-
zenot, 1939), as already suggested by Sapunov (1979).

?Pseudargentiniceras sp.
Fig. 7

1985. Substeueroceras sp. Tavera, p. 327, pl. 33: 1, 2.
1989. Substeueroceras sp. Oloriz et Tavera, p. 232, fig. 2: 1a, b.

Material. — MPP-CHT.14/17

Description. — ?Pseudargentiniceras sp. is represented by
an almost complete specimen. It is a middle-sized planulate
ammonite (estimated Dmax = 70 mm) with a large and shallow
umbilicus (U/D = 0.39). The innermost whorls are not pre-
served. The whorl section is elevated and suboval, but its
exact shape is difficult to estimate due to the preservation.
On the visible part of the phragmocone, the ornamentation
is composed of fine, dense and radial bifurcate ribs which
cross the venter. The bifurcation occurs on the upper third of
the flank. On the body chamber, the pattern of the ornament
changes to an irregular alternation of long bifurcate and
short secondary ribs. All ribs are blunt, spaced and cross the
venter, and they develop long bullae above the umbilical
shoulder.

Remarks. — According to the literature (Le Hégarat,
1973; Tavera, 1985), Pseudargentiniceras is known from
the Upper Tithonian and Lower Berriasian (A and B calpi-
onellid Zones). The type material and the Spanish speci-
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Fig. 7. ?Pseudargentiniceras sp.
Lateral view of MPP-CHT.14/17. Bar scale is 1 cm

mens of P. abscissum illustrated by Tavera (1985, pl. 42: 1,
2) show the succession of ornamental stages observed on
our specimen. The only difference is the presence of
a smooth ventral band whose extension on the body cham-
ber seems to vary from one specimen to the other.

Moreover, the two incomplete specimens attributed to
Substeueroceras sp. and illustrated by Tavera (1985, p. 232,
fig. 2: 1a, b) and Olériz, Tavera (1989, fig. 2: la) from the
Late Tithonian of Spain perfectly match the phragmocone of
the Le Chouet specimen in their ornamentation and in the
absence of a ventral band.

Therefore, two groups of ammonites with Pseudargen-
tiniceras ornament occur at the Tithonian-Berriasian transi-
tion in the Mediterranean region. They can only be distin-
guished by the presence or absence of a smooth ventral
band, and its persistence on the phragmocone. Whether both
groups should be included in the same genus or be kept in
separate taxa depends on the taxonomic value one gives to
the ventral morphology.

This problem also addresses the origin of the Neocomiti-
dae. According to Tavera (1985, p. 78), the origin of the
Neocomitidae is to be found in Paraulacosphinctes and its
closely allied taxa. This is based on the fact that in its origi-

nal conception, Paraulacosphinctes is based on perisphinc-
tids with a smooth ventral band. However, the last Paraula-
cosphintes of the P. senoides group found at Le Chouet may
represent the direct ancestor of ?Pseudargentiniceras sp.,
since both forms are characterized by the absence of a ven-
tral band at late ontogenetic stages. This is also the case of
several specimens of the Paraulacosphinctes — Oloriziceras
plexus figured by Tavera (1985). As a consequence, the su-
prageneric attribution of Pseudargentiniceras abscissum, P.
flandrini and ?Pseudargentiniceras sp. remains unclear.

Stratigraphical distribution. — Upper Tithonian, bed 79
of the Andreaei Zone (Crassicollaria calpionellid Zone, top
of the Intermedia Subzone). This is consistent with the age
of the Spanish specimens which we feel have been misiden-
tified as Substeueroceras sp. by Tavera (1985) and Olériz,
Tavera (1989).

Genus Busnardoiceras Tavera, 1985

Type species: Parapallasiceras busnardoi Le Hégarat, 1973, by
original designation.

Remarks: Originally included in Parapallasiceras Spath, 1925
by Le Hégarat (1973), the species P. busnardoi Le Hégarat,
1973 and P. bochianensis (Mazenot, 1939) were transferred to
the new subgenus Berriasella (Busnardoiceras) by Tavera
(1985). In our opinion, Busnardoiceras is a member of the Neo-
comitidae that deserve the rank of a genus. It has no phyloge-
netic link with the Early Tithonian perisphinctid genus Parapal-
lasiceras sensu Zeiss (1968) and Cecca, Enay (1991).

Busnardoiceras busnardoi (Le Hégarat, 1973)
Fig. 8A-F

1939. Berriasella ciliata Schneid: Mazenot, p. 37, pl. 1: 1la, b
(sol.).

1973. Parapallasiceras busnardoi Le Hégarat, p. 47, pl. 3: 4, 5
(= Mazenot, 1939, pl. 1: 1a, b), ? pl. 38: 2.

2001. Parapallasiceras busnardoi Le Hégarat: Wippich, p. 78,
pl. 20: 2.

Material. — MPP-CHT.19/20, MPP-CHT.19/28, MPP-
CHT.19/32, MPP-CHT.19/36, MPP-CHT.21/14, MPP-CHT.
21/24, MPP-CHT.21/42, MPP-CHT.21/56, MPP-CHT.21/59,
MPP-CHT.21/60, MPP-CHT.21/66.

Description. — Middle-sized planulate ammonites (Dmax
<76 mm) with high and compressed whorl section, and
moderately evolute shallow umbilicus (0.37< U/D <0.40).
On the phragmocone, the ornamentation is mainly com-
posed of straight to slightly prorsiradiate, bifurcate ribs. The
bifurcation occurs on the upper third of the flanks. On the
body chamber, the ornamentation is composed of 55 to 60
slightly sinuous ribs and marked by the irregular intercala-
tion of virgatotome and simple ribs. Ribbing is interrupted
on the ventral shoulders, delimiting a shallow groove.
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Fig. 8. Busnardoiceras busnardoi (Le Hégarat)
A-A’. MPP-CHT.21/44. B. MPP-CHT.21/59. C~C’. MPP-CHT.19/28. D. MPP-CHT.21/66. E. MPP-CHT.21/60. F-F’. MPP-CHT.21/56. Bar scale is 1 cm

Remarks and stratigraphic implications. — According to
Le Hégarat (1973), B. busnardoi is strictly limited to the
Lower Berriasian (Jacobi Zone sensu Hoedemaeker, Bulot,
1990). Nevertheless, the exact stratigraphic position of the
four specimens used by Le Hégarat (1973, p. 47—48) is not
documented. Among them, the holotype was collected from
the “Breche d’Aizy”, as stated, a lithostratigraphic unit that
contains a mixture of reworked Tithonian elements in an as-
semblage dominated by ammonites from the Jacobi Zone.
Outside SE France, the only specimen ever attributed to B.
busnardoi is an isolated specimen from Morocco whose
stratigraphic position is not well calibrated. Therefore the
exact range of Busnardoiceras is not established.

At Le Chouet, B. busnardoi is represented by a large
population that co-occurs with P. andreaei. Within the Le
Chouet population, several larger complete specimens ex-

hibit body chambers with prominent ribs that cross the ven-
ter (see for example fig. 8C). These forms, herein considered
as the adult macroconchs, are almost identical to true
Pseudosubplanites, such as P. berriasensis Le Hégarat,
1973. In Pseudosubplanites, the ribs cross the venter
throughout ontogeny, whereas this character is restricted to
the body chamber on the macroconchs of Busnardoiceras.
In our opinion, Pseudosubplanites may have derived from
Busnardoiceras by a peramorphic change. New material
from Le Chouet and Les Combes (Glandage, Drome)
strongly suggests that this anagenetic speciation occurred in
the lower part of the Jacobi Zone (C. Frau, L. Bulot, W.A.P.
Wimbledon, unpublished data).

Stratigraphical distribution. — Upper Tithonian, beds 83,
84 and 85, Andreaei Zone (Crassicollaria calpionellid Zone,
Colomi Subzone). The Berriasian specimen figured by Le
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Hégarat (1973, pl. 38: 2) does not show the ventral area and
could either be a B. busnardoi or a P. berriasensis. Based on
the description of the specimen, the occurrence in Morocco
(Wippich, 2001) is accepted, even though the ventral area of
the specimen was not illustrated.

CONCLUSIONS

Based on bed by bed collections from the upper part of
the Late Tithonian at Le Chouet (Drome, SE France), the
high stratigraphic value and precise distribution of Paraula-
cosphinctes senoides, Moravisphinctes fisheri and Micra-
canthoceras microcanthum already documented in Spain
and Morocco are confirmed. In addition, the occurrence of
the reputedly Berriasian neocomitid genera Busnardoiceras
and Pseudargentiniceras in the Andreaei Zone (Late
Tithonian) is established for the first time.

Two new genera are introduced: Ardesciella gen. nov.,
for Mediterranean himalayitids that are homoeomorphic
with the Andean genus Corongoceras, and Pratumidiscus
gen. nov. for a taxon that may represent the rootstock of the
Boreal Berriasian genera Riasanites.
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Abstract: This contribution focuses on the late Tithonian ammonite faunas belonging to the Family Himalayitidae
Spath in the key-section of Le Chouet (Dréme, France). The great majority of specimens from the Mediterranean
Tethys, previously referred to Durangites Burckhardt, are now interpreted as juveniles and/or microconchs of the
highly variable species Protacanthodiscus andreaei (Kilian). Moreover, comparison between specimens from France,
Spain and Bulgaria formerly assigned to Durangites astillerensis Imlay and the type material of this species, supports
the introduction of Boughdiriella chouetensis gen. nov. et sp. nov. Further, the revision of the type specimens of
D. astillerensis and Durangites of the D. vulgaris group shows that the former species deserves a new generic status, for
which Parrasiella gen. nov. is erected. Toucasiella, previously only known from Spain and Tunisia, is also reported for
the first time from south east France. The revision of the “Mediterranean Durangites” supports the rejection of a
Durangites spp. Zone as part of the standard zonation for the upper Tithonian, and its replacement by the P. andreaei

Zone (=D. vulgaris Zone sensu Sarti, 1988).

Key words: Himalayitidae, late Tithonian, Mexico, ammonite faunas, taxonomy, Mediterranean Tethys.

Introduction

Within the activity of the Berriasian Working Group (Interna-
tional Subcommission on Cretaceous Stratigraphy — 1.S.C.S.),
macrofossil sampling in the upper Tithonian to lower
Berriasian interval has promoted the collection of new am-
monite faunas from southeast France. A first account of the
most significant late Tithonian Perisphinctoidea (Ammo-
nitina) from Le Chouet (Drome, France) highlighted several
taxonomic and biostratigraphic problems (Bulot et al.
2014). Regarding the family Himalayitidae Spath, 1925,
the genus Micracanthoceras Spath, 1925 was discussed and
the new genera Ardesciella and Pratumidiscus were intro-
duced for Mediterranean himalayitids that had previously
been attributed to Corongoceras Spath, 1925 or Riasanites
Spath, 1923.

A new biostratigraphic scheme was proposed for the upper
Tithonian of Le Chouet (Wimbledon et al. 2013; Bulot et al.
2014). A Moravisphinctes fischeri Subzone was introduced
for the upper part of the Micracanthoceras microcanthum
Zone that correlates with the uppermost part of the calpio-
nellid Tintinopsella remanei and Crassicolaria intermedia
Subzones (Crassicollaria Zone). In the uppermost upper
Tithonian, a Protacanthodiscus andreaei Zone (= D. vulgaris
Zone sensu Sarti, 1988) was defined on the first occurrence
of the genus Protacanthodiscus Spath, 1923. This zone coin-
cides in calpionellid terms with the uppermost part of the

www.geologicacarpathica.com

C. intermedia Subzone and lower part of the C. colomi
Subzone.

However, both papers lack description of the fauna that
supports rejection of the use of a Durangites spp. Zone in the
standard zonation of the upper Tithonian (Geyssant 1997).
Thus, in the present paper, special attention is given to
“Mediterranean Durangites”, that are either reinterpreted as
juvenile and microconch forms of Protacanthodiscus and/or
Boughdiriella gen. nov. Detailed examination of Durangites
Burckhardt, 1912 supports the introduction of Parrasiella
gen. nov. for the peculiar Durangites of the D. astillerensis
group Imlay, 1939. Finally, the first report of Toucasiella
Enay, Boughdiri & Le Hégarat, 1998a in southeastern France
sheds light on the phylogeny of late Tithonian himalayitids.

Geological setting

The reader is referred to the work of Wimbledon et al.
(2013) and Bulot et al. (2014) for further details about
the lithology, biostratigraphy (ammonites, calpionellids and
calcareous nannofossils) and magnetostratigraphy of the
Le Chouet section. To avoid redundancy, we chose to synthe-
size the data discussed herein on Fig. 1. A map of the Mexi-
can localities is presented on Fig.2 and their geological
descriptions are to be found in Burckhart (1912), Imlay
(1939), Verma & Westermann (1973) and Oloriz et al. (1999).
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Fig. 1. Locality map of Le Chouet (Les Pr¢s, Drome, SE France), integrated stratigraphy and distribution of the late Tithonian Himalayitidae
studied in this paper (modified after Wimbledon et al. (2013)).
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Fig. 2. Map of the Mexican type localities of Durangites Burck-
hardt, 1912 and Parrasiella gen. nov.

Systematic paleontology

All dimensions of specimens are given in millimetres:
Dmax = larger measurable diameter, D =diameter, Wh=whorl
height, U=umbilical diameter. Ratios such as Wh/D and U/D
are dimensions as a percentage of the diameter at the point of
measurement. The suture terminology is that of Korn et al.
(2003). The bed numbers for the Le Chouet section follow
that of Wimbledon et al. (2013) and Bulot et al. (2014) as
shown on Fig. 1.

Acronyms. Unless otherwise mentioned, all specimens are
deposited in the Frau/Bulot collection at the Musée Paléon-
tologique de Provence (MPP) of Aix-Marseille University.
Other specimens studied herein are deposited in the paleon-
tological collections of the Universidad Nacional Autonoma
de Mexico (UNAM), University of Michigan (U.M.) and
University of Lyon-1 (FSL).

Order: Ammonitida Fisher, 1882
Suborder: Ammonitina Fisher, 1882
Superfamily: Perisphinctoidea Steinmann, 1890
Family: Himalayitidae Spath, 1925
Genus: Durangites Burckhardt, 1912

Type species: Durangites vulgaris Burckhardt, 1912, by
subsequent designation of Cantu-Chapa (1968, p. 22).

When introducing his new genus, Burckhardt (1912) did not
designate a type species. The subsequent designation as type
species of Durangites acanthicus Burckhardt, 1912 by Roman
(1938, p. 323) is invalid under article 67.5 of the .C.Z.N. As
already pointed out by Canti-Chapa (1968, p. 22) and Verma
& Westermann (1973, p. 253-254), Durangites acanthicus is
a problematic species based on a single, incomplete and
poorly preserved specimen that only shows two of the four
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ornamental stages that characterize the genus Durangites as it
was originally defined by Burckhardt (1912, p. 144).

On the contrary, re-examination of the well-preserved type
series of Durangites vulgaris shows that this species exhibits
the four ornamental stages that were given in the original
definition. As a consequence, the designation of D. vulgaris
as type species of Durangites by Canti-Chapa (1968, p. 22)
should be considered as valid, albeit for the wrong reasons.

The lectotype (UNAM IGM 504) of D. vulgaris Burck-
hardt (1912, pl. 37, figs. 1, 2, 5, 18, refigured herein Fig. 3B)
by subsequent designation of Tavera (1985, p. 158) is unfor-
tunately lost (Moreno-Bedmar, personal communication,
2014). According to article 72.4 of the I.C.Z.N., the type se-
ries is composed by all the specimens figured by Burckhardt
(1912) on pl. 37, figs. 1-35 and pl. 38, figs. 1-4, as well as
any other specimen mentioned in the text. For the reasons
given above, we designate as neotype the specimen UNAM
IGM 504a of Burckhardt (1912, pl. 37, figs. 3, 4, 6, 9), re-il-
lustrated herein (Fig. 3B). This designation is in agreement
with article 75.3 of the I.C.Z.N.

Emended diagnosis: Small-sized planulate ammonites
with a compressed shell and a deep evolute umbilicus
(0.34<U/D<0.45). Rounded to sub-quadrate whorl section
with well-defined umbilical wall. When preserved, body
chamber generally occupies almost half of the last whorl.
Ornamentation varies through ontogeny and three different
stages can be recognized.

Primary stage (D<10 mm) characterized by straight and
fine ribs, simple or bifurcate on the upper third of the flank;
feeble lateral and small ventro-lateral tubercles; deep smooth
ventral sulcus (“stade microcanthus” and “stade Kollikeri”
of Burckhardt).

Secondary stage marked by straight simple and intercala-
tory ribs mostly divided on upper part of the flank; dis-

GEOLOGICA CARPATHICA, 2015, 66, 2, 117-132
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Fig. 3. Durangites vulgaris Burckhardt, 1912. A — the lost lectotype of D. vulgaris reproduced after Burckhardt (1912, pl. 37, figs. 1, 2, 5);
B — the neotype IGM 504a, MPIG; C — suture line (X2) of the lost lectotype reproduced after Burckhardt (1912, pl. 37, fig. 18); D — suture
line (x2) of the neotype reproduced after Burckhardt (1912, pl. 37, fig. 6). Bar scale is 10 mm.

appearance of lateral tubercles; development of prominent
radially elongated ventro-lateral tubercles; smooth ventral
furrow (“stade typique” of Burckhardt).

Final stage characterized by mostly divided radiate to rur-
siradiate ribs; progressive disappearance of the ventro-lateral
tubercles and replacement of smooth ventral furrow by a
flattened ventral band with weakened ribs that may curve
adorally (“stade adulte” of Burckhardt).

Suture line simple with bifid external lobe and trifid ad-
ventive lobe; large asymmetrical external saddle with higher
external branch (Fig. 3C and D).

Dimorphism: The existence of dimorphic pairs in Mexi-
can Durangites was suggested by Verma & Westermann
(1973, p. 254). A re-examination of the material illustrated by
Burckhardt (1912) allows us to distinguish two morphotypes.

GEOLOGICA CARPATHICA, 2015, 66, 2, 117-132

A first group of small-sized forms (Dmax <40 mm) match
perfectly the diagnosis of the genus given above. This group
includes: D. vulgaris pro parte, D. acanthicus, D. latesellatus
Burckhardt, 1912, D. incertus Burckhardt, 1912 and D. nodu-
latus Burckhardt, 1912.

The other morphotype encompasses larger forms (Dmax
>40 mm); it is characterized by distinctive secondary and fi-
nal growth stages marked by higher rib(s) densities, attenuated
tubercles, an individualized ventral band throughout onto-
geny, and by the scaphitoid shape to the outer whorls due to
the fast growth rate of the last whorl. This group includes: D.
vulgaris pro parte, D. humboldti Burckhardt, 1912, D. denses-
triatus Burckardt, 1912 and D. fusicostatus Burckhardt, 1912.
Additionally, D. coghlani (Aguilera in Castillo & Aguilera,
1895) and D. alencasteri Verma & Westermann, 1973 also
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belongs to this group. D. heilprini (Aguilera in Castillo &
Aguilera, 1895) merely corresponds to a juvenile of this
group.

Even if the features that suggest the distinction of the two
morphological variants strongly suggest intrageneric sexual
dimorphism, the preservation of Mexican specimens allows
no sign of a differentiated peristome that could support such
an interpretation. Moreover, even though the great majority
of the specimens were collected at Cerro de Las Liebres,
Burckhardt (1912, p. 220-221) clearly stated that the thick-
ness of the “couches a Durangites” of the San Pedro del Gallo
area (Durango State) exceeds 100 metres. It is therefore not
possible to assume that the taxa are synchronous, even
though Imlay (1939, p. 15 and 18) suggested that the speci-
mens collected by Burckhardt originated from a limited num-
ber of phosphatic limestone concretions. If so, the Mexican
taxa listed above may only represent typological morphotypes
of a single paleobiological species.

It should be noted that Enay et al. (1998b) proposed sexual
dimorphism between the genera Durangites and Protacan-
thodiscus. This view is not retained herein and will be dis-
cussed below.

Specific content: In our opinion, Durangites should be
strictly restricted in its scope to the species listed above, as
illustrated by Aguilera in Castillo & Aguilera (1895), Burck-
hardt (1912), Verma & Westermann (1973) and Olodriz et al.
(1999).

Durangites zigzagcostatus Cantu-Chapa, 2006 is based on
juvenile specimens with dense ribbing that forms a chevron
across the venter. These specimens most likely belong to the
group of “Kossmatia” victoris (Burckhardt, 1906).

Durangites astillerensis Imlay, 1939, and the species D.
Jjuanensis, D. latiumbilicatum and D. galeanense described
by Cantu-Chapa (1968) should be excluded from Durangites
because they do not show the succession of ontogenetic stages
which we describe above and which will be further discussed
in the description of Parrasiella gen. nov. section of this pa-
per. D. vulgaris and D. cf. D. acanthicus from Cuba illus-
trated by Imlay (1942, pl. 3, figs. 1, 5-7) belong to the same
group. Moreover, they belong to a very specific assemblage
dominated by Salinites Cantu-Chapa, 1968, a genus that
never occurs in the classical “Kossmatia”-Durangites-
“Corongoceras” assemblage of San Pedro del Gallo and
Sierra de Catorce. Durangites rarifurcatus Imlay, 1939 also
seems to be related to Parrasiella gen. nov.

Other records from Cuba (Myczynski, 1989) and California
(Anderson, 1945) are based on material too poorly preserved
for identification.

Outside the New World, Durangites has been reported
from the Mediterranean (Enay et al. 1971; Enay & Geyssant
1975; Cecca et al. 1983; Tavera 1985), Bulgaria (Ivanov et
al. 2010), India (Shome & Bardhan 2009), and the Russian
Pacific coast (Sey & Kalacheva 1983). In our opinion none
of these records truly belong to Durangites. The Mediterra-
nean occurrences will be addressed in detail in the Protacan-
thodiscus and Boughdiriella gen. nov. sections of this paper.
Durangites cf. heilprini, Durangites. sp. A and Durangites
sp. from Kutch (India, Shome & Bardham 2009) falls into
the range of variation of Micracanthoceras brightoni Spath,

1931. Finally, preservation of the Durangites sp. ind. from
Primorye (Sey & Kalacheva 1983, pl. 2, fig. 5) does not al-
low identification at the genus level.

Occurrence: Since the work of Enay et al. (1971) and
Enay & Geyssant (1975), Durangites has been considered as
a widespread key genus defining the top of the Tithonian
Stage. This view needs to be completely reconsidered in the
light of the taxonomic opinions presented herein.

As herein understood, Durangites is a strictly Mexican ge-
nus and is a major element of the “Kossmatia”~Durangites-
“Corongoceras” assemblage of Verma & Westermann
(1973): an assemblage that was originally considered to be a
late Tithonian fauna, based on the study of the Caja Forma-
tion (Sierra de Catorce). According to the preliminary revi-
sion of Oldriz et al. (1999), Durangites is restricted and
dominant in the upper part of the Caja Formation where it
co-occurs with less frequent Substeueroceras and rare “Kos-
smatia”. Calibration with calpionellids at this locality indi-
cates a late early to middle Berriasian age for this fauna
(Oldriz et al. 1999). A Substeueroceras-Durangites assem-
blage was also reported by Adatte et al. (1994a,b, 1996) just
below the Crassicollaria/Calpionella zones boundary sensu
Remane et al. (1986). Therefore, the first occurrence of Du-
rangites in the late late Tithonian cannot be ruled out. Never-
theless, it should be noted that the base of the Calpionella
Zone is ill defined in the sections studied (Adatte et al.,
1996, p. 679) and that with the exception of a single doubtful
specimen (Durangites sp. in Adatte et al. 1994b, pl. 2, fig. 5)
the fauna is still to be formally documented.

Genus Parrasiella gen. nov.

Type species: Durangites astillerensis Imlay, 1939.

Derivation of name: From Sierra de Parras, a north-
central region of Mexico.

Diagnosis: Small-sized discoidal ammonite with a shal-
low and wide open umbilicus (0.40<U/D<0.47). Sub-rounded
to ovate whorl section, with convex flank. Body chamber
generally occupies almost half of the last whorl. Highly dis-
tinctive ornamentation of bifurcated and parabolic ribs at the
end of the phragmocone. Posterior branches of bifurcate ribs
marked by radially elongated ventro-lateral tubercles that de-
limit a shallow ventral band. Body chamber ornamentation
composed of bifurcate and simple rursiradiate ribs that cross
the venter with a slightly weakening.

Specific content: Beside the type species, Parrasiella
gen. nov. comprises Durangites rarifurcatus Imlay, 1939;
Durangites galeanense Cantu-Chapa, 1968; Durangites la-
tiumbilicatum Canti-Chapa, 1968 and Durangites juanensis
Cantu-Chapa, 1968.

Remarks: The type species of Parrasiella gen. nov. has
previously been included in the genus Durangites following
the work of Imlay (1939, 1942) and Canti-Chapa (1968). As
herein understood, the genus Parrasiella differs by its evo-
lute coiling, shallow umbilicus, rounded whorl section
throughout ontogeny and the regular disposition of ventro-
lateral tubercles on the phragmocone. In the literature, the
type species of Parrasiella gen. nov. has been reported from
the western Tethys (Boughdiri 1994; Enay et al. 1998b;
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Fig. 4. Boughdiriella chouetensis gen. and sp. nov. from the late Tithonian (P. andreaei Zone) of Le Chouet. A — Holotype MPP-CHT.19/26 [m]
(bed 83); B — MPP-CHT.18/12 [m] (bed 82); C — MPP-CHT.21/94 [m] (bed 85); D — MPP-CHT.21/93 [m] (bed 85); E — MPP-
CHT.21/33 [m] (bed 85); F — MPP-CHT.19/29 [m] (bed 83); G — MPP-CHT.21/64 [m] (bed 85); H — MPP-CHT.21/23 [m] (bed 85);
I — MPP-CHT.19/16 [?m] (bed 83); J — Lateral and ventral views of the holotype (U.M. 17707) of Parrasiella astillerensis (Imlay 1939,
pl. 10, figs. 10-12) from Mexico (Sierra de Parras, Coahuila). Bar scale is 10 mm.
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Ivanov et al. 2010). In our view, none of the specimens illus-
trated are actually of the Mexican species: these will be dis-
cussed in the Boughdiriella gen. nov. section of this paper.

Occurrence: According to Imlay (1939, p. 5), Parrasiella
astillerensis co-occurs with Salinites grossicostatum (Imlay,
1939), Salinites ecarinatum (Imlay, 1939), and misidentified
Durangites cf. acanthicus. At locality K2, Imlay (1939) re-
ported Durangites rarifurcatus in association with Salinites.
In Mexico, D. galeanense, D. latiumbilicatum and D. juanen-
sis were also described in association with S. grossicostatum
by Cantu-Chapa (1968).

The age of the Salinites Cantu-Chapa, 1968 and Parrasiella
gen. nov. assemblage is unclear and the two genera are not
members of the classical “Kossmatia”-Durangites-“Coron-
goceras” assemblage of San Pedro del Gallo and Sierra de
Catorce (Mexico).

In Cuba, Myczynski (1999) reports Salinites at the base of
the upper part of the La Zarza member above the “Vinalesi-
tes-Protancyloceras” assemblage, and from the El Ameri-
cano member. According to Myczynski & Pszczoétkowski
(1994) and Myczynski (1999), both units are of late Titho-
nian age based on the presence of tintinnoids. However, this
age has been much debated (see Cobiella-Reguera & Oldriz
2009, with references). According to the last-cited authors,
the upper part of the El Americano member belongs to the
upper Crassicollaria andfor Calpionella zones, and that in-
dicates a late late Tithonian to early middle Berriasian age.

Parrasiella astillerensis (Imlay, 1939)
Fig. 4]

1939 Durangites astillerensis n. sp. — Imlay, p. 46, pl. 10, figs. 10-12

Types: by original designation, According to Imlay (1939,
p. 46), the holotype is the specimen U.M. 17707. 1t is herein
re-illustrated (Fig. 4J). Imlay (1939) designated as paratype
another specimen (U.M. 20008).

Type locality: Both specimens originate from locality 34
of Imlay (1939) in the Sierra de Parras (Coahuila, north-cen-
tral Mexico) from the La Casita formation.

Remarks: The type specimen of Parrasiella astillerensis
bears long lateral necked lappets. It should be noted that the
other species are only known from a few specimens with no
aperture visible. In our view, P. latiumbilicatum and P. juan-
ensis described by Canti-Chapa (1968) are closely related
to, if not synonyms of, Parrasiella astillerensis. It should be
noted that the ornamentation of the early whotls of P. astille-
rensis matches well that seen in P. rarifurcatus and P. galea-
nense. Both taxa are characterized by a larger adult size, but
their apertures are unknown. Pending new studies on the
Mexican faunas, these species could represent the macro-
conch of P. astillerensis.

Occurrence: Parrasiella astillerensis occurs in north-
central Mexico and western Cuba. As discussed above the
precise age of P. astillerensis is disputed.

Genus Boughdiriella gen. nov.

Type species: Boughdiriella chouetensis gen. et sp. nov.
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Derivation of name: Dedicated to Mabrouk Boughdiri,
Head of the Geological Sciences Department of Bizerte Uni-
versity (Tunisia), for his contribution to the systematics of
late Tithonian ammonites.

Diagnosis: Small-sized dimorphic ammonites with a dis-
coidal and evolute shell. Sub-circular whorl section in inner
whorls; compressed sub-oval whorl section in adult. Shallow
and moderately open umbilicus. Umbilical wall slightly con-
vex. Ornamentation of inner whorls (up to D~10 mm) com-
posed by rigid, straight, simple ribs. From D~ 15 mm to the
end of the body chamber, ribs flexuous, prominent and bifur-
cated on the upper third of the flanks. Scarce trifurcate, and
intercalated ribs. Venter marked by a shallow furrow. The
suture line is unknown.

Remarks: Understanding of the “Mediterranean Duran-
gites” has been based on a limited number of specimens il-
lustrated by Cecca et al. (1983), Tavera (1985), Boughdiri
(1994), Enay et al. (1998b), and Ivanov et al. (2010), speci-
mens that were referred to D. vulgaris andfor Parrasiella
astillerensis. Detailed examination of the important material
collected at Le Chouet shows that the similarities to Duran-
gites and Parrasiella gen. nov. are only superficial. Both
genera differ in their marked tuberculated stage on the ventral
area, distinctive whorl sections and steep umbilical margin.

Occurrence: P. andreaei Zone (base of the calpionellid
C. colomi Subzone), late Tithonian. Boughdiriella gen. nov.
is known from Spain (Tavera, 1985), South East France
(Boughdiri 1994; Enay et al. 1998b — this paper) and Bul-
garia (Ivanov et al. 2010). Potential occurrence in Tunisia
(Boughdiri et al. 1999), Turkey (Enay et al. 1971), Italy (Sarti,
1995) and Morocco (Benzaggagh & Atrops 1997, p. 158)
needs to be illustrated.

Boughdiriella chouetensis nov. sp.

Fig. 4A-1

1985  Durangites acanthicus Burckhardt — Tavera, p. 156, pl. 18, fig. 11

1994  Durangites (Durangites) n. sp. 5 — Boughdiri, p. 123-128, pl. 1,
figs. 24, 28-32

1994  Durangites (Durangites) astillerensis Imlay — Boughdiri, pl. 1,
figs. 20-23

1998b Durangites (Durangites) gr. astillerensis Imlay — Enay et al.,
fig. 2,n° 17

1998b Durangites (Durangites) astillerensis Imlay — Enay et al., fig. 2,
n® 12

1998b Durangites (Durangites) aff. astillerensis Imlay — Enay et al.,
fig. 2, n° 1-3

1998b Durangites (Durangites) vulgaris Burckhardt — Enay et al., fig. 2,
n® 4

1998  Durangites (Durangites) sp. — Enay et al., fig. 2,n° 5

2010 Durangites (Durangites) aff. astillerensis Imlay — Ivanov et al.,

pl. 3, fig. 5

Type: The holotype is the specimen MPP-CHT.21/65
herein illustrated on Fig. 2A.

Paratypes: MPP-CHT.18/12, MPP-CHT.21/17, MPP-
CHT.21/18, MPP-CHT.21/23, MPP-CHT.19/29, MPP-
CHT.21/28, MPP-CHT.21/29, MPP-CHT.21/33.

Derivation of name: After Le Chouet.

Type locality: Le Chouet, near Les Prés (Drome, France).

Diagnosis: Small-sized dimorphic ammonites with a dis-
coidal and evolute shell. Sub-circular whorl section in inner
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whorls; compressed sub-oval whorl section in adult. Shallow
and moderately open umbilicus. Umbilical wall slightly con-
vex. Ornamentation of inner whorls (up to D ~10 mm) com-
posed by rigid, straight, simple ribs. From D ~15 mm to the
end of the body chamber, ribs flexuous, prominent and bifur-
cated on the upper third of the flanks. Scarce trifurcate, and
intercalated ribs. Venter marked by a shallow furrow. The
suture line is unknown.

Measurements: See Table 1.

Remarks: Although there is no significant ornamental
and/or size difference between micro- and macroconchs,
sexual dimorphism is recognizable. Microconchs are charac-
terized by short lateral lappets (Fig. 4A,B,D and E) while
macroconchs show a collared aperture (Fig. 4F,G and H).

Compared to Durangites vulgaris, Boughdiriella choueten-
sis gen. et sp. nov. is easily distinguished by its compressed
sub-rectangular whorl section and the absence of a short
stage with tubercles on the venter.

Specimens of B. chouetensis illustrated in the literature have
generally been assigned to Parrasiella astillerensis. That spe-
cies differs in its open umbilicus, sub-oval whorl section, and
a phragmocone end that has a prominent and long tubercu-
lated section on its venter. The phragmocone — body cham-
ber transition is marked by ‘pinched’ ventro-lateral tubercles.

Hegaratia busnardoi Patrulius & Avram, 1976 shows
some superficial similarities to B. chouetensis, but it can be
easily distinguished by its higher U/D ratio, coarse bifurcate
ribs and lateral constrictions.

Berriasella (Picteticeras) jauberti (Mazenot, 1939) shows
morphological similarities with B. chouetensis, but differs in
its larger adult size (60 to 85 mm), evolute coiling, sub-rectan-
gular whorl section throughout ontogeny and higher rib density.

Occurrence: As for the genus. At Le Chouet, B. choue-
tensis occurs at the top (e.g. beds 82 to 85) of the P. andreaei
Zone (base of the calpionellid C. colomi Subzone), late Ti-
thonian.

Genus Protacanthodiscus Spath, 1923

Type species: Hoplites andreaei Kilian, 1889; by origi-
nal designation.

Emended diagnosis: Middle to large-sized (Dmax
<165 mm) dimorphic ammonites with an open (0.40<U/
D<0.50) and relatively deep umbilicus in the adult stage. Sub-
circular whorl section, with convex flanks on juveniles, which
become progressively sub-rectangular to sub-hexagonal on
adults. Ornamentation mainly composed of bifurcate, and tri-
furcate ribs with a tubercle at the furcation point. Some ribs
can be looped. On the body chamber, bifurcate ribs are ended
on the ventral shoulder by a latero-ventral tubercle on the first,
or occasionally the second, branch. Ventral area marked by a
more or less flattened ventral band, depending on the shape of
the whorl section. Suture line is simple with large trifid lateral
lobe, which is as deep as the external lobe.

Dimorphism: Roman (1936, p. 22) gave the first diagno-
sis of Protacanthodiscus, subsequently emended by Tavera
(1985, p. 197). In the opinion of the latter author, Protacan-
thodiscus is a dimorphic genus. In his unpublished thesis,
Boughdiri (1994) reconsidered the systematic content of
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Table 1: Measurements of Boughdiriella chouetensis gen. and sp.
nov. U/D and Wh/D ratios are dimensions as a percentage of the dia-
meter at the point of measurement.

Specimen D Wh U U/D Wh/D
CHT 19-26 28 9 11 0.39 0.32
CHT 19-16 29 11 12 041 0.38
CHT 19-19 / 12 18 / /
CHT 19-26 28 9 11 0.39 0.32
CHT 19-29 36 11 15 042 0.31
CHT 18-12 26 8.5 9.5 0.37 033
CHT 21-22 30 10 13 043 0.33
CHT 21-23 / 12 18 / /
CHT 2124 38 12 17 045 0.32
CHT 21-64 / 11 / / /
CHT 21-83 20 7 8 0.40 0.35
CHT 21-93 29 11 13 0.45 0.38
CHT 21-94 18.5 6 8 0.43 0.32

Protacanthodiscus and included it as a subgenus of Durangi-
tes accommodating macroconch forms. Subsequently, Bough-
diri (personal communication, 2011) suggested that the
“Mediterranean Durangites” figured by Tavera (1985) could
be: “inner whorls and/or juveniles of other species that
would belong to other closely allied genera” (english transla-
tion). The present study supports this opinion (see synonymy
list of Protacanthodiscus andreaei). Moreover, the compara-
tively expanded succession at Le Chouet shows that the first
occurrence of Protacanthodiscus occurs at a lower level than
that of Boughdiriella gen. nov., that was until now regarded
as a “Mediterranean Durangites”.

The hypothesis of sexual dimorphism between true Duran-
gites and Protacanthodiscus is also to be ruled out in Mexico,
where no Protacanthodiscus stricto sensu have been collected
in association with Durangites (see Verma & Westermann
1973). Contrary to the opinion of Boughdiri (1994) and Enay
et al. (1998b), we consider that Acanthodiscus euthymiformis
Burckhardt, 1912 and Acanthodiscus transatlanticus Burck-
hardt, 1912 cannot be included in Protacanthodiscus.

Remarks: Spath (1923, p.305) introduced the genus
Protacanthodiscus (based on Hoplites andreaei Kilian, 1889)
without diagnosis and specific content. When creating the
family Himalayitidae (Spath, 1925, p. 144), Spath included
Hoplites incompositus Retowski, 1893 in Protacanthodiscus.
This species has since been transferred to the Neocomitidae
(Bogdanova et al. 1984; Khimchiashvili 1989); and the de-
scription and the original figure leave no doubt that the
H. incompositus is a neocomitid species.

Tavera (1985), considered that Hoplites heterocosmus
Canavari, 1899 and Hoplites bonarellii Canavari, 1899 belong
to Protacanthodiscus, and he described four news species
from the Betic Cordilleras: Protacanthodiscus coronatus
Tavera, 1985; P. darwini Tavera, 1985; P. nodosus Tavera,
1985; and P. berriasensis Tavera, 1985.

The expanded conception of Protacanthodiscus of Bough-
diri (1994) was only partly accepted by Enay et al. (1998a,b)
and Boughdiri et al. (1999). Despite the introduction of
Kilianites by Enay et al. (1998c¢) (type species: P. canavarii
Enay, Boughdiri & Le Hégarat, 1998c) and Hegaratites
Boughdiri, Enay & Le Hégarat, 1999 (type species: Hegara-
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tites rheouisensis Boughdiri, Enay & Le Hégarat, 1999); the
exact content of Protacanthodiscus remained unclear for
those authors.

Based on the material at our disposal, we consider that P.
andreaei shows a large morphological intraspecific variab-
ility that encompass the typological species P. coronatus, P.
darwini and P. nodosus. Further, examination of Neoperi-
sphinctes falloti Tavera (non Kilian, 1889); Durangites sin-
gularis Tavera, 1985; Durangites sutneroides Tavera, 1985;
D. gigantis Tavera, 1985 and Durangites apertus Tavera,
1985, suggest that these species also fall in the range of vari-
ation of Protacanthodiscus andreaei.

Contrary to the opinions of Boughdiri (1994) and Enay et
al. (1998b), we consider that Hoplites macphersoni Kilian,
1889 and H. malladae Kilian, 1889 are in need of a proper
revision and cannot be included in Protacanthodiscus. This
is also the case for Hoplites heterocosmus and H. bonarellii,
originally described by Canavari (1899).

Occurrence of Protacanthodiscus in the New World is
based on material described by Steuer (1897), Anderson (1945),
Leanza (1945, 1968), Rivera (1951), Cantu-Chapa (1967) and
Imlay & Jones (1970). As already suggested by Klein (2005),
the taxonomy of those forms is doubtful. Examination of the
type material of Hoplites quadripartitus Steuer, 1897, Prota-
canthodiscus pacificum Rivera, 1951 and P. puenteingaensis
Rivera, 1951 has convinced us that these species are homeo-
morphic with true Protacanthodiscus and that they deserve a
generic status in their own right. This systematic problem will
be addressed elsewhere, as part of the revision of the fauna
from the Puente Inga formation (Lima Coast, Peru).

Specific content: Protacanthodiscus andreaei (and its
synonyms: Hoplites (Acanthodiscus) andreaei Kilian var.
punica Pervinquiere, 1907; Protacanthodiscus coronatus, P.
darwini, P. nodosus, Durangites singularis, D. sutneroides,
D. gigantis, and D. apertus), P. savornini (Roman, 1936),
Protacanthodiscus berriasensis and “Corongoceras” hexago-
nus Tavera, 1985.

Occurrence: At Le Chouet, Protacanthodiscus is re-
stricted to the uppermost Tithonian (top of the calpionellid
C. intermedia Subzone and lower part of the C. colomi Sub-
zone). In Spain, occurrence of P. berriasensis in the E. cula-
rensis horizon (base of the B. jacobi Zone) suggests that the
genus occurs as a rarity in the middle part of the C. colomi
Subzone. To our knowledge, the genus is reported from SE
France, Italy, Spain, Bulgaria, Morocco, Tunisia and Algeria.

Protacanthodiscus andreaei (Kilian, 1889)
Figs. 5A-L, 6A-E and 7A-C

1889 Hoplites Andreaei — Kilian, p. 670, pl. 32, fig. la,b

1889 Hoplites (Acanthodiscus) Andreaei Kilian var. Punica — Pervin-
quiére, p. 38, pl. 2, fig. 12a,b

pars 1939 Berriasella Andreaei (Kilian) — Mazenot, p.96, pl. 12,
fig. la,b, non fig. 4a,b

non 1960 Berriasella (Protacanthodiscus) aff. andreaei (Kilian) — Colli-
gnon, pl. CLXV, fig. 665

non 1960 Berriasella (Protacanthodiscus) aff. andreaei var. variabilis
Collignon, pl. CLXV, figs. 666, 667

71960 Protacanthodiscus andreaei (Kilian) — Christ, p. 125, pl. 9, fig. 5

1979 Protacanthodiscus andreaei (Kilian) — Sapunov, p. 1985, pl. LVII,
fig. 6
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1983  Durangites acanthicus Burckhardt — Cecca et al., p. 128, pl. 5,
fig. la,b

1985 Protacanthodiscus andreaei (Kilian) — Tavera, p. 198, pl. 26,
figs. 5a,b, 6, text-fig. 15H

1985 Protacanthodiscus sp. 1 gr. andreaei (Kilian) — Tavera, p. 199,
pl. 26, figs. la,b, 2, text-fig. 15E,I, text-fig. 12H

1985 Protacanthodiscus berriasensis n.sp. — Tavera, p.206, pl. 26,
fig. la,b, pl. 28, fig. la,b, text-fig. 15D

1985 Protacanthodiscus coronatus n.sp. — Tavera, p.200, pl. 27,

fig. la,b, text-fig. 15A

Protacanthodiscus darwini n. sp. — Tavera, p. 203, pl. 26, figs. 3, 4,

text-fig. 15B

Protacanthodiscus nodusus n. sp. — Tavera, p. 202, pl. 27, fig. 2,

text-fig. 15C

1985 Durangites singularis n. sp. — Tavera, p. 168, pl. 17, figs. 6-9, text-
fig. 12E

pars 1985 Durangites sutneroides n. sp. —Tavera, p. 168, pl. 18, figs. 1, 2,

3, 5, non fig. 4a,b

Durangites heilprini (Aguilera) — Tavera, p. 164, pl. 18, figs. 6, 7,

text-fig. 12G

1985

1985

1985

1985 Durangites gigantis n. sp. — Tavera, p. 162, pl. 18, figs. 8, 9, text-
fig. 12A,B
1985 Durangites acanthicus Burckhardt — Tavera, p. 156, pl. 18,

figs. 10a,b, 11, text-fig. 12C

Durangites vulgaris Burckhardt — Tavera, p. 157, pl. 18, figs. 12,
13a,b, text-fig. 121

Durangites apertus n. sp. — Tavera, p. 161, pl. 18, figs. 14, 15a,b,
text-fig. 12F

Durangites cf. astillerensis Imlay — Tavera, p. 166, pl. 18, fig. 16,
text-fig. 12D

Neoperisphinctes falloti (Kilian) — Tavera, p. 132, pl. 16, fig. 10a,b
Protacanthodiscus (Protacanthodiscus) andreaei (Kilian) — Bough-
diri, p. 147, pl. 3, figs. la,c, 3a,b, pl. 4, fig. 2

1985

1985

1985

1985
1994

1994 Protacanthodiscus (Protacanthodiscus) n.sp. A — Boughdiri,
p- 208, pl. 3, fig. 5

1994  Protacanthodiscus (Protacanthodiscus) n.sp.3 — Boughdiri,
p- 168, pl. 3, fig. 7

1994  Protacanthodiscus (Protacanthodiscus) mn.sp.4 — Boughdiri,
p- 170, pl. 2, fig. 17

1994  Protacanthodiscus (Protacanthodiscus) mn.sp.7 — Boughdiri,
p- 176, pl. 3, fig. 2

1994 Protacanthodiscus (Protacanthodiscus) n.sp. 11 — Boughdiri,
p- 186, pl. 3, fig. 6

1994 Protacanthodiscus (Protacanthodiscus) n.sp. 12 — Boughdiri,
p- 188, pl. 4, fig. 1

1994 Protacanthodiscus (Protacanthodiscus) coronatus (Tavera) —

Boughdiri, p. 151, pl. 4, figs. 6,7

Durangites (Durangites) humboldti (Burckhardt) — Boughdiri,

p- 99, pl. 1, figs. 33a,b, 34

1994 Durangites (Durangites) juanense (Canti-Chapa) — Boughdiri,
p. 106, pl. 1, fig. 34

1998b Durangites (Protacanthodiscus) andreaei (Kilian) — Enay et al.,
figs. 2, n° 16a,b (=Kilian, 1889, pl. 32, fig. la,b)

1998b Durangites (Durangites ) juanensis Cantu-Chapa — Enay et al.,
figs. 2, n° 6, 7 (= Boughdiri, 1994, pl. 1, fig. 35)

1998b Durangites (Durangites) humboldti Burckhardt — Enay et al.,
figs. 2, n° 8-10a,b

1998b Durangites (Protacanthodiscus) sp. — Enay et al., figs. 2, n° 11

1998b Durangites (Protacanthodiscus) apertus (Tavera) — Enay et al.,

figs. 2, n° 13-14

Protacanthodiscus cf. andreaei (Kilian) — Ivanov et al., pl. 3, fig. 3

Durangites aff. fusicostatus Burckhardt — Ivanov et al., pl. 3,

fig. la,b

Durangites cf. vulgaris Burckhardt — Ivanov et al., pl. 3, fig. 2a,b

Durangites singularis Tavera — Ivanov et al., pl. 3, fig. 4

2010 Protacanthodiscus apertus (Tavera) — Benzaggagh et al., fig. 51

2010 Durangites humboldti Burckhardt — Benzaggagh et al., fig. 5n

non 2013 Protacanthodiscus coronatus (Tavera) — Szives & Fozy, p. 301,
pl. 1, figs. 2, 4 (=Himalayitidae gen. nov. et sp. nov.)

non 2013 Protacanthodiscus andreaei (Kilian) — Szives & Fozy, p. 300,
pl. 5, fig. 4a,b, pl. 6, fig. 5a,b, pl. 8, fig. 10a,b (= Himalayitidae gen.
nov. et sp. nov.)

non 2013 Protacanthodiscus andreaei (Kilian) — Fozy & Scherzinger,
p- 257 (= Himalayitidae gen. nov. et sp. nov.)

1994

2010
2010

2010
2010
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Fig. 5. Adult/subadult microconchs of Protacanthodiscus andreaei (Kilian) from the late Tithonian (P. andreaei Zone) of Le Chouet.
A — MPP-CHT.21/57 (bed 85), B — MPP-CHT.21/87 (bed 85), C — MPP-CHT.19/13 (bed 83), D — MPP-CHT.21/25 (bed 85),
E — MPP-CHT.18/20 (bed 82), F — MPP-CHT.21/31 (bed 85), G — MPP-CHT.19/24 (bed 83), H — MPP-CHT.15/06 (bed 79),
I — MPP-CHT.21/19 (bed 85), J — MPP-CHT.21/96 (bed 85), K — MPP-CHT.19/34 (bed 83), L — MPP-CHT.15/21 (bed 79). Bar scale
is 10 mm.
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Holotype: The specimen illustrated by Kilian (1889, p. 670,
pl. 32, fig. la,b) from the De Verneuil collection (FSL.13056).
It was re-illustrated by Enay et al. (1998Db, figs. 2-16a,b).

Material: MPP-CHT.15/4, MPP-CHT.15/6, MPP-
CHT.15/21, MPP-CHT.18/1, MPP-CHT.18/20, MPP-
CHT.19/7, MPP-CHT.19/12, MPP-CHT.19/13, MPP-
CHT.19/14, MPP-CHT.19/15, MPP-CHT.19/24, MPP-
CHT.19/25, MPP-CHT.19/31, MPP-CHT.19/34, MPP-
CHT.19/35, MPP-CHT.21/5, MPP-CHT.21/7, MPP-
CHT.21/16, MPP-CHT.21/19, MPP-CHT.21/20, MPP-
CHT.21/25, MPP-CHT.21/26, MPP-CHT.21/27, MPP-
CHT.21/32, MPP-CHT.21/35, MPP-CHT.21/37, MPP-
CHT.21/38, MPP-CHT.21/39, MPP-CHT.21/40, MPP-
CHT.21/41, MPP-CHT.21/57, MPP-CHT.21/62.

Measurements: See Table 2.

Description: A detailed examination of the material at
our disposal reveals marked sexual dimorphism. Microconchs
(Dmax <50 mm) exhibit three ontogenetic stages:

» On inner whorls (D<15 mm), the ornamentation is com-
posed of straight, rigid, prosiradiate ribs marked by small
punctiform shoulders at the furcation point;

» To D~30 mm, ornamentation is irregular, composed of
rigid bifurcate ribs. The furcation point is higher on the
flank. The umbilical wall and margin are more abrupt. The
whorls section is sub-circular;

Table 2: Measurements of Protacanthodiscus andreaei (Kilian).
U=umbilical diameter, Wh=whorl height, D=diameter. U/D and
Wh/D ratios are dimensions as a percentage of the diameter at the
point of measurement.

Specimen D Wh U u/D Wh/D
CHT 15-04 / 17.5 / / /
CHT 15-06 40 17 15 0.38 0.43
CHT 15-21 40 15 16 0.40 0.38
CHT 18-01 / / / / /
CHT 18-20 / 15 / / /
CHT 19-07 17 6 8.5 / 0.35
CHT 19-12 19 6 7 037 0.32
CHT 19-13 36 14.5 15 042 0.40
CHT 19-14 31 12 / / 0.39
CHT 19-15 37 13 18 0.49 0.35
CHT 19-24 38 12.5 13 0.34 033
CHT 19-25 55 21 24 0.44 0.38
CHT 19-31 22 7 10 0.45 0.32
CHT 19-34 28.5 10.5 10 0.35 0.37
CHT 19-35 62 22 26 0.42 0.35
CHT 21-05 / 20 / / /
CHT 21-07 32 11 12 0.38 0.34
CHT 21-16 / / / / /
CHT 21-19 16 6 7 0.44 0.38
CHT 2120 22 8.5 8 0.36 0.39
CHT 21-25 24 8 8.5 0.35 0.33
CHT 21-26 21 8 8 0.38 0.38
CHT 2127 36 12 15 0.42 033
CHT 21-32 / 14 15.5 / /
CHT 21-35 29.5 10.5 10 0.34 0.36
CHT 21-37 / / / / /
CHT 21-38 37 23 22 0.59 0.62
CHT 21-39 / / / / /
CHT 2140 / / / / /
CHT 21-41 70 28 28 0.40 0.40
CHT 21-57 34 13 12.5 0.37 0.38
CHT 21-62 41 14 17 041 0.34
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» On the adult stage (D >30 mm), ornamentation is charac-
terized by marked irregular ribbing. Most of the ribs bifur-
cate on the mid flank with more or less strong lateral
tubercles at the furcation point. Generally, on bifurcate ribs,
the adoral branch is ended by a pinched ventro-lateral tuber-
cle on the axis of the coiling. At that stage, ribs can also be
simple, trifurcate, intercalated or looped. Several specimens
possess regular prosiradiate and flexuous bifurcate ribs on
the body chamber. At the mouth of the shell, the whorl sec-
tion is more or less sub-oval to sub-rectangular.

Macroconchs (Dmax up to 165 mm) also show three onto-
genetic stages:

» The juvenile stage is similar to that of the microconchs;

» The intermediate stage can reach D~50 mm. Compared to
the microconchs, this stage is marked by dense and flexuous
ribs. The furcation point is lower on the flank;

» At the adult stage, two marked morphotypes can be distin-
guished. (1) A slender group characterized by a dense ribbing
and a sub-rectangular whorl section, higher than wide. The ribs
are mainly bifurcated and the tubercles are feeble or absent. The
ventral band is attenuated and the ribs can cross the venter with
a shallow weakening. (2) A robust group characterized by larger
size, an irregular and coarse ribbing pattern and a marked sub-
hexagonal whorl section with a flattened ventral area. Trifurcate
ribs are common, with massive tubercles at the furcation point.

Occurrence: Beds 79 to 85, P. andreaei Zone (top of
calpionellid C. intermedia Subzone and lower part of the C.
colomi Subzone), upper Tithonian. As outlined by Tavera
(1985), the appearance and increase in abundance of the spe-
cies is gradual. P. andreaei is reported from South East
Spain and France, Italy, Bulgaria, Tunisia and Morocco.
Since D. vulgaris Tavera non Burckhardt is herein consid-
ered as a microconch of P. andreaei, the D. vulgaris Zone of
Sarti (1988) is a junior subjective synonym of the P. andreaei
Zone introduced by Wimbledon et al. (2013).

Protacanthodiscus hexagonus (Tavera, 1985)
Fig. 7D

1985 “Corongoceras” hexagonus Tavera, p. 195, pl. 28, figs. 3a,b, 4a,b,
text-fig. 17H

2010 Protacanthodiscus hexagonus Tavera — Benzaggagh et al., p. 309,
figs. 5, 1-m

Type: The holotype is specimen T.Co.3.1. from the Tavera
collection, deposited in the collections of the University of
Granada.

Material: MPP-CHT.21/7.

Description: The single specimen shows the first onto-
genetic stage of the type-species of Protacanthodiscus. By
comparison to P. andreaei, the intermediate stage is very re-
duced and the morphology that characterizes the adult stage
of the robust macroconch occurs at a diameter similar to that
seen in small adult microconchs. Trifurcations and lateral
and ventral tubercles are prominent. The whorl section is al-
most sub-hexagonal.

Remarks: Tavera (1985) separated a group of “Corongo-
ceras”, based on “C.” hexagonus, seen as the phyletic link
between Corongoceras sensu lato (=Ardesciella Bulot et al.
2014) and Protacanthodiscus. This view is not supported by
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Fig. 6. Adult macroconchs of Protacanthodiscus andreaei (Kilian) from the late Tithonian (P. andreaei Zone) of Le Chouet. A — MPP-
CHT.21/41 (bed 85), B — MPP-CHT.21/5 (bed 85), C — MPP-CHT.21/54 (bed 85), D — MPP-CHT.21/5 (bed 85), E — MPP-CHT.21/27

(bed 85). Bar scale is 10 mm.

the observed stratigraphical fossil distribution at Le Chouet,
where P. hexagonus co-occurs with the last P. andreaei at
the top of the upper Tithonian. In our opinion, P. hexagonus
present a peramorphic change combined with miniaturiza-
tion. Such forms have already been documented in several

GEOLOGICA CARPATHICA, 2015, 66, 2, 117-132

perisphinctid lineages and have been called miniconchs (see
discussion in Davis et al. 1996).

Occurrence: Bed 85, top of P. andreaei Zone (middle part
of the calpionellid C. colomi Subzone), upper Tithonian. P. hexa-
gonus is only known in southeast France, Spain and Morocco.
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Fig. 7. Lateral (A), ventral (B) views, and whorl section at about D =131 mm (C) of complete macroconch of Protacanthodiscus andreaei
(Kilian) from the late Tithonian (P. andreaei Zone) of Le Chouet: MPP-CHT.21/95 (bed 85). D — Protacanthodiscus hexagonus (Tavera)
from the P. andreaei Zone (bed 85) of Le Chouet: MPP-CHT.21/7. Toucasiella gerardi Enay et al., from the P. andreaei Zone of Le Chouet:
E — MPP-CHT.15/9 [m] (bed 79), F — MPP-CHT.15t/14 [m] (bed 79). Bar scale is 10 mm.

Genus Toucasiella Enay, Boughdiri & Le Hégarat, 1998a

Type species: Toucasiella gerardi Enay, Boughdiri, Le
Hégarat, 1998b; by original designation.

Toucasiella gerardi Enay, Boughdiri & Le Hégarat, 1998a
Fig. 7E-F

1994 Durangites (Durangites) mazenoti (Mazenot, 1939) non (Breistroffer,
1937) — Boughdiri, pl. 1, figs. 7, 8a,b, 11, 12
1998a Toucasiella gerardi n. sp. Enay et al., p. 471, figs. 1-21

Holotype: the unnumbered specimen illustrated by Enay
et al. (1998a, fig. 4) from Cabra (Spain).

Material: MPP-CHT.15t/14 and MPP-CHT.15/9.

Description: The specimen MPP-CHT.15/9 is an incom-
plete body-chamber of a typical microconch form. It shows
the extreme adult ornamental pattern of T. gerardi, with
strong and spaced simple ribs, ended by externo-lateral and
ventro-lateral tubercles (compare with fig. 18a-b in Enay et
al. 1998a). At the end of the body chamber, the whorl section
is sub-rectangular, the ventral furrow is weak and it is
crossed by the ribs.
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The specimen MPP-CHT.15t/14 perfectly matches the
morphological and ornamental pattern of the adult macro-
conch of T. gerardi, in its middling size, compressed section,
single and bifurcate ribs with lateral tubercles at the furca-
tion points (compare with fig. 8 in Enay et al. 1998a).

Remarks: According to Enay et al. (1998a), Toucasiella
gerardi is based on small-sized himalayitids from the M. mi-
crocanthum Zone (Chitinoidella Zone) of south east Spain
and central Tunisia. Our specimens originate from a higher
level at the base of the P. andreaei Zone (Crassicollaria
Zone, top of the C. intermedia Subzone).

However, it should be noted that Boughdiri et al. (1999,
p- 107) reported Toucasiella gerardi from bed RHS-4 in the
Sidi Khalif Formation (Tunisia). Due to the dolomitization
of the lower part of that formation, there is no consensus on
the calpionellid biostratigraphic scheme at the base of the
upper Tithonian (see Boughdiri et al. 1999, fig. 2). Thus,
there is no counter-argument to consider an expansion of the
C. intermedia Subzone in the Sidi Khalif Formation. This
hypothesis is more consistent with the calpionellids data at
Le Chouet (Wimbledon et al. 2013; Bulot et al. 2014).

Occurrence: Bed 79, P. andreaei Zone (top of the C. in-
termedia Subzone), upper Tithonian. Beside the well-docu-
mented occurrences in SE Spain and Tunisia, this is the first
report of the species in SE France.

Conclusion

Due to morphological convergence and misdated strati-
graphic occurrences, the taxonomy of himalayitid genera is
still at a very preliminary stage. The overlooked late Titho-
nian endemism of the family at the genus level is much higher
than was previously assumed in the literature. This is reflected
by our introduction of Parrasiella gen. nov. for Mexican and
Cuban species hitherto considered to be true Durangites. Evi-
dence suggests that the latter genus only occurs in the lower
to lower middle Berriasian of Mexico. As a consequence, the
use of Durangites as a marker for the late Tithonian should
be abandoned.

Also, none of the records of the genus in the Mediterranean
Tethys belong to Durangites: the great majority of these re-
ports refer to inner whorls and/or juveniles of Protacanthodis-
cus or to Boughdiriella chouetensis gen. et sp. nov. The record
of the himalayitids is very homogenous across the regions of
the Mediterranean and it is dominated by the highly variable
species Protacanthodiscus andreaei. As a result, the geo-
graphical and stratigraphical pattern of the species is very use-
ful in defining a zone at the top of the upper Tithonian.
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ABSTRACT:

Frau, C., Bulot, L.G., Wimbledon, W.A.P. and Ifrim, C. 2016. Systematic palacontology of the Perisphinctoidea
in the Jurassic/Cretaceous boundary interval at Le Chouet (Drome, France), and its implications for biostratigraphy
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This study describes ammonite taxa of the Perisphinctoidea in the Jurassic/Cretaceous boundary interval at Le Chouet
(Droéme, France). Emphasis is placed on new and poorly known Himalayitidae, Neocomitidae and Olcostephanidae
from the lower part of the Jacobi Zone auctorum. Significant results relate the introduction of Lopeziceras gen. nov.,
grouping himalayitid-like forms with two rows of tubercles, and Praedalmasiceras gen. nov., grouping the early Berri-
asian Dalmasiceras taxa. Study of the ontogenetic sequences of both genera show that they were derived from late
Tithonian Himalayitidae. This supports the distinction between the subfamilies Himalayitinae and Dalmasiceratidae
subfam. nov. Content, variation, dimorphism and vertical range of the Neocomitidae Berriasella, Pseudoneocomites,
Elenaella and Delphinella are discussed. A conservative use of the Olcostephanidae Proniceras is followed herein.

Keywords: Ammonites; Berriasian; Cretaceous; Biostratigraphy; Le Chouet; France.

INTRODUCTION

This contribution completes the systematic descrip-
tion of the ammonite faunas collected across the Juras-
sic/Cretaceous boundary at Le Chouet (Les Prés, Drome,
southeast France) as part of the work of the Berriasian
Working Group of the International Subcommission on
Cretaceous Stratigraphy (I.S.C.S, LU.G.S.). Previous ar-
ticles (Bulot et al. 2014; Frau et al. 2015) concentrated
on the families Ataxioceratidae Buckman, 1921, Hi-
malayitidae Spath, 1925 and the first representatives of
the Neocomitidae Salfeld, 1921 from the upper Tithon-

ian. Herein we focus on the Perisphinctoidea taxa that
were originally reported by Wimbledon et al. (2013)
from the Jacobi Zone auctorum.

GEOLOGICAL SETTING

The reader is referred to the work of Wimbledon et
al. (2013) for further details about the lithology, bios-
tratigraphy (ammonites, calpionellids and calcareous
nannofossils) and magnetostratigraphy documented
at Le Chouet. To avoid redundancy, we chose to syn-
thesize the data discussed herein on Text-fig. 1. The
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bed numbers used herein follow those in Wimbledon
et al. (2013).

By comparison with the original ammonite distri-
bution published by Wimbledon et al. (2013, fig. 12),
several changes have been made by Bulot ez al. (2014)
and Frau et al. (2015), to which the reader is referred.
It should be noted that the previous report of Dalma-
siceras cf. crassicostatum Djanélidz¢, 1922a in bed 97
was based on a poorly preserved specimen, that is herein
referred to Praedalmasiceras gen. nov. progenitor (Op-
pel in Zittel, 1868). A re-investigation in the upper part
of the section allowed the first representatives of the
genus Delphinella Le Hégarat, 1971 to be found, in
beds 113 to 120, and of Berriasella of the oppeli (Kil-
ian, 1889) — moreti Mazenot, 1939 group in bed 120.
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REPOSITORIES OF SPECIMENS

All specimens studied are deposited in the Frau/Bu-
lot collection at the Musée Paléontologique de
Provence (MPP) of Aix-Marseille Université. The fol-
lowing abbreviations indicate the repository of speci-
mens mentioned in the text:

FSL: University of Claude Bernard; Lyon-I.

UJF-ID: University of Grenoble.

MNHN.F: Muséum National d’Histoire Naturelles de
Paris.

BSPM: Bayerische Staatssammlung fiir Paldontologie
und Geologie, Miinich.

CNIGR: F.N. Chernyshev Central Research Geologi-
cal Museum, St. Petersburg.
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Text-fig. 1. Locality map of Le Chouet (Les Prés, Drome, SE France) and integrated stratigraphy and vertical range of the Perisphinctoidea taxa studied in this work.

Grey line indicates the E. cularense biohorizon sensu Tavera et al. (1994)
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SYSTEMATIC PALAEONTOLOGY

All dimensions of specimens are given in mil-
limetres: Dmax = larger measurable diameter, D =
adult diameter, U = umbilical diameter; Wh = whorl
height, Wb = Whorl breath. Ratios such as U/D, Wh/D
and Wb/D are dimensions as a percentage of the adult
diameter. In synonymy, we distinguished the macro-
conch and microconch specimens.

All specimens are coated with ammonium chloride.

Order Ammonoidea Zittel, 1884
Suborder Ammonitina Hyatt, 1889
Family Himalayitidae Spath, 1925
Family Himalayitinae Spath, 1925
Genus Lopeziceras gen. nov.
(= Chapericeras Hoedemaceker, 1981 nomen nudum)

DERIVATION OF THE NAME: Named in honour of
Jean-Pierre, Martine and Emmanuel Lopez, the owner
of the Le Chouet hameau, for their hospitality and
friendship during our fieldwork seasons.

TYPES SPECIES: Ammonites chaperi Pictet, 1868. It
should be noted that Chapericeras was introduced by
Hoedemaceker (1981) with 4. chaperi as the type
species. As pointed out by Klein (2005), Chapericeras
is a nomen nudum since it does not fulfil article 13.1.1
of the I.C.Z.N. Code.

DIAGNOSIS: Small to medium size, dimorphic Hi-
malayitidae with compressed planulate shell. Whorl
section subrectangular with flat or flattened venter at
all stages of ontogeny. Deep ventral groove on phrag-
mocone evolving towards a ventral band in adult. Or-
namentation composed of up to four stages: (i) Ai-
malayitid stage (with prorsiradiate, simple, rigid ribs
which sometimes bear minute lateral tubercles on the
innermost whorls) (D < 20 mm); (ii) intermediate
stage (with rigid to dense, straight to prorsiradiate, bi-
furcate ribs at diameters between 20 mm and 50 mm.
Branches of ribs projected forward on upper flank and
ending as pinched tubercles on ventral shoulder, some-
times denser with sporadic single and fasciculate ribs);
(iii) subadult stage (with alternating bi- and trifurcate
primary ribs connected, more or less, to variable num-
ber of intercalatories. Primary ribs thicken on umbili-
cal shoulder and at the furcation point, forming pro-
gressively lateral tubercles) (D < 70 mm); (iv)
macroconch stage (with ribbing stronger on body
chamber, ribs spaced with attenuation at mid flank.
Ribs thickening on ventral shoulder, with some de-

velopment of prominent tubercles. Umbilical tubercles
radially elongated. Microconchs smaller than macro-
conchs and never developing a macroconch stage. Su-
ture line markedly dissected with dissymmetric lateral
lobe.

DISCUSSION: Mazenot (1939, p. 33) referred Am-
monites chaperi Pictet, 1868 to the genus Berriasella
Uhlig, 1905, and more specifically to his group of
“Berriaselles a deux rangs de tubercules”. Recent lit-
erature is highly confusing regarding the generic treat-
ment of A. chaperi. Following Le Hégarat (1973),
most authors included A. chaperi in Malbosiceras
Grigorieva, 1928 (type species: 4. malbosi Pictet,
1867); a view that is consistent with Mazenot’s origi-
nal opinion. Besides, it should be noted that some au-
thors regarded A. chaperi as a Protacanthodiscus
Spath, 1925 (Patrulius 1969; Lefeld 1974; Boughdiri
1994).

Hoedemaeker (1981, p. 245) introduced a new
genus Chapericeras for early Berriasian berriasellids
with two rows of tubercles (4. chaperi, Hoplites tarini
Kilian, 1889, Berriasella aizyensis Mazenot, 1939 and
Berriasella aspera Mazenot, 1939) that were placed in
Malbosiceras and Mazenoticeras Nikolov, 1966, by Le
Hégarat (1973, table 5). Ammonites chaperi was des-
ignated as the type species, but the genus lacks a for-
mal description and therefore is a nomen nudum
(I.C.Z.N. Code article 13.1.1). Nevertheless, it is ob-
vious that the ontogenetic sequence of the early Berri-
asian forms with lateral and umbilical tubercles, gen-
erally included in Malbosiceras and Mazenoticeras, do
not match that of the type species of these genera, e.g.
Malbosiceras malbosi (Pictet, 1867) and Mazeno-
ticeras broussei (Mazenot, 1939). The same is true for
Protacanthodiscus and its type species Protacan-
thodiscus andreaei (Kilian, 1889), recently revised by
Frau et al. (2015).

The re-examination of the type material supple-
mented by the detailed analysis of the material col-
lected at Le Chouet (see discussion below) showed us
that Hoplites tarini, Hoplites macphersoni Kilian,
1889, Hoplites vasseuri Kilian, 1889, Hoplites castroi
Kilian, 1889, Berriasella aspera and Berriasella
aizyensis are junior subjective synonyms of Ammonites
chaperi. and this motivates us to introduce Lopez-
iceras gen. nov.

Dalmasiceras aristidis Mazenot, 1939 should also
be included in Lopeziceras gen. nov., since it shares
great affinities with L. chaperi, from which it can only
be distinguished by the occurrence of minute lateral tu-
bercles on the juvenile whorls (e.g. himalayitid stage).
This feature has never been observed on the material
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from Le Chouet nor on the type specimens of L. chaperi
and its synonyms. We believe that this ornamental fea-
ture supports a link with Protacanthodiscus, confirm-
ing hypothesis already made by Boughdiri (1994).

CONTENT: Lopeziceras gen. nov. includes C. chaperi
(and its junior subjective synonyms L. farini, L.
macphersoni, L. vasseuri, L. castroi, L. aspera and L.
aizyensis) and L. aristidis. In southern Spain and south-
cast France, the genus is restricted to the E. cularense
biohorizon, at the base of the Jacobi Zone auctorum
(upper part of the C. intermedia Subzone, Crassicol-
laria Zone). The genus also occurs in Hungary, Poland
and Bulgaria.

Lopeziceras chaperi (Pictet, 1868)
(Text-fig. 2A-K)

Microconchs

1889. Hoplites vasseuri Kilian, p. 663, pl. 30, fig. 2a, b.

1889. Hoplites castroi Kilian, p. 665, pl. 32, fig. 2.

1889. Hoplites chaperi (Pictet); Kilian, p. 666, pl. 30, fig. 5.

1889. Hoplites macphersoni Kilian, p. 668, pl. 31, fig. 2a, b.

1939. Berriasella vasseuri (Kilian); Mazenot, p. 76, pl. 7,
fig. 5a, b (= Kilian, 1889, pl. 30, fig. 2b).

1939. Berriasella sp. ind. gr. de B. chaperi (Pictet); Mazenot,
pl. 11, fig. 5a, b.

1939. Berriasella aspera Mazenot, p. 84, pl. 9, fig. 2a—c.

1939. Berriasella aizyensis Mazenot, p. 86, pl. 9, fig. 4a—q,
Sa, b, 6a, b; pl. 10, fig. la—c.

1939. Berriasella macphersoni (Kilian); Mazenot, p. 102, pl.
10, fig. 2a—c (= Kilian, 1889, pl. 31, fig. 2a, b).

1960. Dalmasiceras aristidis Mazenot; Nikolov, p. 171, pl.
14, fig. 2.

1973. Malbosiceras asper (Mazenot); Le Hégarat, p. 84, pl.
9, figs 1, 2 (= Mazenot, 1939, pl. 9, fig. 2b).

1973. Subalpinites aristides (Mazenot); Le Hégarat, p. 221,
pl. 34, figs 1, 2; pl. 53, fig. 10.

1976. Subalpinites aristides (Mazenot); Filop, pl. 35, fig. 6.

1977. Malbosiceras chaperi (Pictet); Sapunov, pl. 6, fig. 2.

1979. Malbosiceras asper (Mazenot); Sapunov, p. 183, pl.
57, fig. 1a, b (= Sapunov, 1977, pl. 6, fig. 3).

1979. Malbosiceras chaperi (Pictet); Sapunov, p. 184, pl. 57,
figs 2, 4, 5 (= Sapunov, 1977, pl. 6, fig. 2).

1979. Subalpinites aristides (Mazenot); Sapunov, p. 186,
pl. 59, fig. 5 (= Nikolov, 1960, pl. 14, fig. 2).

1982. Dalmasiceras (Elenaella) vasseuri (Kilian); Nikolov,
p- 106, pl. 26, fig. 3a, b (= Kilian, 1889, pl. 30, fig. 2a,
b).

1982. Malbosiceras asper (Mazenot); Nikolov, p. 126, pl.
42, fig. 3 (= Mazenot, 1939, pl. 9, fig. 2b), 4a, b (= Sa-
punov 1979, pl. 57, fig. 1a).

1982. Malbosiceras chaperi (Pictet); Nikolov, p. 128, pl.
42, fig. 5 (= Sapunov 1979, pl. 57, fig. 2), 6 (= Sa-
punov 1979, pl. 57, fig. 4).

1982. Subalpinites aristides (Mazenot); Nikolov, p. 200, pl.
70, fig. 2 (= Le Hégarat 1973, pl. 53, fig. 10), 3 (=
Nikolov 1960, pl. 14, fig. 2).

1985. Malbosiceras chaperi (Pictet); Tavera, p. 271, pl. 39,
fig. 3a, b, text-fig. 20D.

1985. Malbosiceras tarini (Kilian); Tavera, p. 273, pl. 39,
fig. 4, 5a, b, text-fig. 20E.

Macroconchs

1868. Ammonites chaperi Pictet, p. 242, pl. 37, figs 1a—c, 2, 3.

1889. Hoplites chaperi (Pictet); Kilian, p. 666, pl. 31, fig. 1.

1889. Hoplites tarini Kilian, p. 667, pl. 30, fig. 4a, b.

1890. Hoplites chaperi (Pictet); Toucas, p. 606, pl. 18,
fig. 8.

1939. Berriasella chaperi (Pictet); Mazenot, p. 80, pl. 8,
fig. 5a, b, 6a—c, 7a—c, (= Pictet 1868, pl. 37, fig. la—
), 8,9;pl. 9, fig. 1a, b.

1939. Berriasella aspera n. sp. Mazenot, p. 84, pl. 9, fig. 3a, b.

1939. Berriasella tarini (Kilian); Mazenot, p. 89, pl. 10, fig.
3a—c (= Kilian 1889, pl. 30, fig. 4a, b).

1969. Protacanthodiscus chaperi (Pictet); Patrulius, pl. 3,
fig. 2.

1973. Malbosiceras aizyensis (Mazenot); Le Hégarat, p. 82,
pl. 9, fig. 3 (= Mazenot 1939, pl. 10, fig. 1b).

1973. Malbosiceras chaperi (Pictet); Le Hégarat, p. 86, pl.
9, fig. 6 (= Mazenot 1939, pl. §, fig. 8), 7.

1974. Protacanthodiscus chaperi (Pictet); Lefeld, p. 347,
pl. 9, fig. 4.

1977. Malbosiceras asper (Mazenot); Sapunov, pl. 6, fig. 3.

1982. Malbosiceras chaperi (Pictet); Nikolov, p. 128, pl.
43, fig. la—c (= Pictet 1868, pl. 37, fig. 1la—c).

1982. Pomeliceras (Mazenoticeras) tarini (Kilian); Nikolov,
p. 154, pl. 53, fig. 1 (=Kilian 1889, pl. 30, fig. 4a).

1994. Durangites (Protacanthodiscus) sp. aff. macphersoni
(Kilian); Boughdiri, p. 161, pl. 4, fig. 3; pl. 5, fig. 4.

1995. Durangites (Protacanthodiscus) chaperi (Pictet);
Boughdiri, p. 154, pl. 5, figs 1, 2a, b, 3, 5, 6a, b, 7.

TYPE: The lectotype, from the Bréche d’Aizy (Isere,
France), designated and re-illustrated by Mazenot
(1939, p. 81, pl. 8, 7a—c,), is specimen FSL. 35807 in
the Kilian collection.

MATERIAL: Seventeen specimens MPP-CHT.26/12,
MPP-CHT.26/4, MPP-CHT.26/14, MPP-CHT.26/9,
MPP-CHT.26/27/0, MPP-CHT.27/10, MPP-CHT.27/14,
MPP-CHT.27/19, MPP-CHT.27/22, MPP-CHT.27/24,
MPP-CHT.27/26, MPP-CHT.27/27, MPP-CHT.27/31,
MPP-CHT.27/32, MPP-CHT.27/35, MPP-CHT.27/37
and MPP-CHT.27/38.
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DIMENSIONS (mm):

Specimens D U Wh Wb
MPP-CHT.26/12 — - 314 172
MPP-CHT.26/4 186 59 7.5 6.2
MPP-CHT.26/14 - - 22.7 -
MPP-CHT.26/27/0 - - ¢273 -
MPP-CHT.27/10 - - 21.9 -
MPP-CHT.27/14 - 16.5 4.9 -
MPP-CHT.27/24 659 21.7 237
MPP-CHT.27/31 — - 11.1 -
MPP-CHT.27/32 - - 144 95
MPP-CHT.27/35 c204 62 c¢c96 -
MPP-CHT.27/38 - - ¢243 113

DESCRIPTION: This is a small to medium size, com-
pressed planulate ammonite. The whorl section is sub-
rounded on the innermost whorl, becoming subrec-
tangular on the rest of the shell. The umbilicus is open
and moderately deep. The flanks and the venter are
flattened at all ontogenetic stages. A deep ventral
groove occurs on the phragmocone and evolves into a
ventral band in the adult. The body chamber occupies
half of the last whorl.

MPP-CHT.26/4 and MPP-CHT.27/35 are small,
juvenile specimens characterized by an involute coil-
ing, subrounded whorl section with absent himalayitid
stage. The intermediate stage is well expressed by
dense, prorsiradiate, bifurcate and sporadic single ribs.

MPP-CHT.26/14 and MPP-CHT.27/31 are small,
incomplete specimens that exhibit typical intermediate
and subadult stages. The ribs are markedly denser in
MPP-CHT.26/14 compared to MPP-CHT.27/31, and
sporadic fasciculate ribs occur. The venter could not be
studied.

MPP-CHT.26-27/0, MPP-CHT.27/10 MPP-
CHT.27/19 are fragments of body chamber. They show
the transition between the subadult stage and the adult
stage. Umbilical and lateral tubercles are irregularly
disposed on primary ribs.

MPP-CHT.27/24 is a large, almost complete speci-
men, but the inner whorls are not preserved. It shows a
rigid intermediate stage followed by a long subadult stage.

MPP-CHT.26/12 is a large fragment of body cham-
ber with a well-expressed adult stage.

DISCUSSION: The material at our disposal encom-
passes the morphological and ornamental features of
several typological species originally included in
Chapericeras in the sense of Hoedemaeker (1981).
The most diagnostic specimen, MPP-CHT.26/14,
matches well the holotype of L. aizyensis. These forms
are medium size, are moderately evolute and have not
developed the adult stage. They are almost identical to

L. vasseuri, L. castroi and L. macphersoni, that only
differ in their robust shell shape and rigid intermedi-
ate and subadult stages. From the type material illus-
trated by Mazenot (1939), we believe that these fea-
tures fall within the scope of intraspecific variation.
The specimen MPP-CHT.27/24 closely resembles L.
aspera, which is herein considered as a juvenile macro-
conch form. The specimens MPP-CHT.26/12, MPP-
CHT.26-27/0 and MPP-CHT.27/10 perfectly match
the type series of L. chaperi and L. tarini — charac-
terized by medium to large size and the addition of the
adult stage on the body chamber.

The distinction of two morphological groups, based
on the ontogenetic sequence, strongly suggests in-
traspecific dimorphism, as already documented in Pro-
tacanthodiscus andreaei by Frau et al. (2015). How-
ever, none of the specimens at our disposal, or
illustrated in the literature, show the structure of the
peristome. Since our new collection originates from
only two successive beds, we believe that the adult size
and ontogenetic sequence support the interpretation
that the taxa discussed above represent typological
morphotypes of a single dimorphic species.

OCCURRENCE: Lopeziceras chaperi gen. nov. oc-
curs in beds 90 and 91, in the E. cularense biohorizon,
at the base of the Jacobi Zone auctorum (upper part of
the C. intermedia Subzone, of the Crassicollaria Zone).

Subfamily Dalmasiceratinae subfam. nov.
TYPE GENUS: Dalmasiceras Djanélidzé, 1922a.

DIAGNOSIS: Small to large size, dimorphic, dis-
coidal, compressed Himalayitidae with at least two of
the four following ornamental stages: (i) juvenile stage
(with spaced, prorsiradiate, single ribs; (ii) himalayi-
tid stage (Protacanthodiscus-like stage composed of
straight, rigid, prorsiradiate ribs with small puncti-
form tubercles at the furcation point; adoral branch of
bifurcated ribs ending in pinched tubercles on the ven-
tral shoulder; depressed whorl section with marked
ventral groove; (iii) fasciculate stage (with flexuous,
spaced primary ribs that fasciculate at mid-flank; um-
bilical tubercles becoming stronger, with more or less
marked retrocurvature; (iv) adult stage: fading of ribs
at mid-flank or their complete loss. Tubercles become
stronger on the umbilical shoulder, forming slight
retrocurvature. Microconch smaller than macroconch,
with small lateral lappets possessing a small ventral ex-
tension. Suture line composed of long, more or less
dissymmetric lateral lobe.
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REMARKS: Hypotheses on the origin of Dalmasiceras
are diverse. Originally, Mazenot (1939, p. 144, fig. 6)
considered Dalmasiceras as a derivative of Berriasella
and therefore placed it in the Neocomitidae Salfeld,
1921. It has been established since then, that his opin-
ion was based on an inaccurate understanding of the am-
monite distribution across the Tithonian/Berriasian
boundary (Le Hégarat 1973). Subsequently, Le Hégarat
(1973, p. 206) outlined the morphological similarities
between Dalmasiceras and Ammonites moravicus Op-
pel, 1865. This latter species was diversely interpreted
by authors until the introduction of Moravisphinctes by
Tavera (1985) and its placement in the Ataxioceratidae
by Cecca et al. (1989). The paraphyletic origin of Dal-
masiceras from Moravisphinctes and Paraula-
cosphinctes Schindewolf, 1925 was assumed by Tavera
(1985, p. 330, table 1a). In our opinion Dalmasiceras,
Moravisphinctes and Paraulacosphinctes only have in
common the convergent attenuation of the ornamenta-
tion and thickened ribs on the umbilical shoulder in the
adult. Moreover, Moravisphinctes is now considered a
morphological genus that groups the microconch forms
of Paraulacosphinctes of the senex (Oppel in Zittel,
1868) group (Parent 2003).

In our opinion, the origin of Dalmasiceras lies in
the Himalayitidae. This view was already suggested by
Boughdiri ef al. (1999), who outlined the similarities
and potential phyletic links between the late Tithonian
himalayitid Hegaratites Boughdiri, Enay, Le Hégarat,
Memmi, 1999 and Dalmasiceras. Whether there is a
link between Dalmasiceras and Hegaratites or not,
those authors overlooked the fact that the early onto-
genetic stage of the Dalmasiceras of the spiticeroides
(Djanélidzé, 1922a) group is almost identical to that of
Protacanthodiscus. As already pointed out by Le Hé-
garat (1973, p. 219), this is the case with both the topo-
type specimen of D. spiticeroides of Mazenot (1939, pl.
24, fig. 21) and the juvenile paratype of D. foucasi
Mazenot, 1939, illustrated by the same author on pl. 24,
fig. 10. Our new data show that those morphologies oc-
cur only at the base of the Jacobi Zone auctorum (E. cu-
larense biohorizon) and are similar to those described
in Protacanthodiscus hexagonum (Tavera, 1985). The
occurrence of P. hexagonum at the top of the Andreaei
Zone (Frau et al. 2015) strongly supports the idea that
Dalmasiceras spiticeroides, for which Praedalma-
siceras gen nov. is introduced below, evolved from

Protacanthodiscus by a peramorphic developmental
shift combined with a deep modification (i.e. long,
more or less dissymmetric lateral lobe) of the suture line
(see discussion in Mazenot, 1939, p. 145). In our view,
Praedalmasiceras gen. nov. and its descendant Dal-
masiceras should be excluded from the Neocomitidae,
and referred to a new subfamily, Dalmasiceratinae sub-
fam nov. of the family Himalayitidae.

CONTENT: The new subfamily Dalmasiceratinae sub-
fam. nov. includes Praedalmasiceras gen. nov. and its
descendant genus Dalmasiceras Djanélidzé, 1922a.

Praedalmasiceras gen. nov.

DERIVATION OF THE NAME: Prae (latin): before;
Dalmasiceras: ammonite genus named by Djanélidzé
(1922a) in honour of the French geologist J.B. Dalmas
(1811-1881).

TYPE SPECIES: Dalmasiceras spiticeroides Djanélidz¢é,
1922a.

DIAGNOSIS: Small to large size, discoidal, compressed
Himalayitidae, with moderately involute coiling and a
narrow umbilicus. Whorl section suboval, higher than
wide, with flat to slightly convex flanks. Ventral band of
the phragmocone disappearing progressively. Four or-
namental stages: (i) juvenile stage (with spaced, pror-
siradiate, single ribs); (ii) himalayitid stage (Protacan-
thodiscus-like stage with straight, rigid, prorsiradiate ribs
with small punctiform tubercles at furcation point; ado-
ral branch of bifurcated ribs ended by pinched tubercles
on ventral shoulder; depressed whorl section with
marked ventral groove); (iii) fasciculate stage (with
flexuous, spaced primary ribs branching on the mid-
flank; umbilical tubercles becoming stronger, with more
or less marked retrocurvature; (iv) adult stage (with
fading of ribs on the mid-flank, or completely lost). Tu-
bercles on umbilical shoulder becoming stronger, form-
ing slight retrocurvature. Suture line composed of long,
more or less dissymmetric lateral lobe.

REMARK: Dalmasiceras was introduced as a sub-
genus of Hoplites by Djanélidzé (1922a), but no type
species was designated by this author. Subsequently,

Text-fig. 2. A-K — Lopeziceras chaperi (Pictet, 1868) gen. nov.; A-B — MPP-CHT.26/12 [M]; C - MPP-CHT.27/24 [M]; D — plaster cast of MPP-CHT.26-27/0 [M];

E—-MPP-CHT.27/10 [M]; F-G — MPP-CHT.27/32 [?m]; H— MPP-CHT.26/14 [m]; I — plaster cast of MPP-CHT.27/31 [m]; J — MPP-CHT.26/4 [juvenile]; K — MPP-

CHT.27/35 [juvenile]. L-S — Praedalmasiceras spiticeroides (Djanélidzé, 1922a) gen. nov.; L-M — MPP-CHT.27/41 [m]; N: MPP-CHT.26/5 [m]; O — MPP-

CHT.276/18 [m]; P-Q — MPP-CHT.276/40 [m]; R — plaster cast of MPP-CHT.27/13 [m]; S — MPP-CHT.27-29/0 [?M]. T-AA — Praedalmasiceras progenitor (Oppel

in Zittel, 1868) gen. nov.; T— MPP-CHT.47/3 [M]; U: MPP-CHT.31/1 [M]; V-W — MPP-CHT.35/4 [m]; X - MPP-CHT.52/1 [m]; Y — MPP-CHT.54/1 [m]; Z: MPP-
CHT.47/2 [m]; AA — plaster cast of MPP-CHT.33/1 [m]. Scale bar is 10 mm
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Roman (1938, p. 337) designated Ammonites dalmasi
Pictet, 1867 as the type species of Dalmasiceras.
Beacause most of the Djanélidzé’s taxa were intro-
duced as subspecies of A. dalmasi, Mazenot (1939)
stated that this was an unfortunate choice and that the
diagnosis of Dalmasiceras was based on numerous ty-
pological species from the Bréche de Chomérac and
Bréche d’Aizy. Le Hégarat and Remane (1968) and
Le Hégarat (1973) showed that D. dalmasi and its sup-
posed macroconch, D. punctatum Djanélidzé, 1922a,
characterize the upper part of the Tirnovella occitan-
ica Zone (middle Berriasian). These forms are char-
acterized by a peramorphic developmental shift of
the adult stage that extends through most ontogenetic
stages, compared to D. spiticeroides and D. progeni-
tor.

Le Hégarat (1973, table 14) noticed, that there
exists a significant stratigraphic gap between Dal-
masiceras of the dalmasi group and the taxa from
the Jacobi Zone auctorum, included herein in
Praedalmasiceras gen. nov. This gap encompasses
the top of the Jacobi Zone auctorum and the T.
subalpina Subzone of the lower part of the Occi-
tanica Zone. Only a limited number of specimens
referred to D. djanelidzei and D. gigas were re-
ported by Le Hégarat (1973, pl. 52, fig. 1, table 14)
from the B. privasensis Subzone (e.g. middle part
of the Occitanica Zone). Re-examination of these
specimens leaves no doubt that they are closely al-
lied to Dalmasiceras of the dalmasi group and link
Praedalmasiceras gen. nov. to the middle Berri-
asian group of D. dalmasi. In any case, the per-
amorphic morphology of D. dalmasi and its allied
species is distinctive.

CONTENT: As discussed by Cecca et al. (1989), many
of the typological taxa from the Bréche de Chomérac
and Bréche d’Aizy may fit into a limited number of
palaeobiological species. Examination of the type ma-
terial, based on literature, reveals that three groups of
morphological species can be distinguished:

Praedalmasiceras spiticeroides; characterized by
small and medium forms with a marked himalayitid
stage in the inner whorls. This species includes the ty-
pological taxa: Hoplites (Dalmasiceras) spiticeroides
Djanélidzé, 1922a, Hoplites (Dalmasiceras) sub-
spiticeroides Djanélidz¢, 1922a and Hoplites (Dalma-
siceras) dalmasi var. nana Djanélidz¢é, 1922a.

Praedalmasiceras progenitor; characterized by small
to large forms with a reduced or absent himalyitid
stage that includes: Ammonites progenitor Oppel,

1865, Hoplites (Dalmasiceras) subprogenitor Jacob (in
coll.) in Djanélidz¢, 1922a, Hoplites (Dalmasiceras)
dalmasi var. gigas Djanélidz¢, 1922a, Dalmasiceras
toucasi Mazenot, 1939, Dalmasiceras subloevis
Mazenot, 1939, Dalmasiceras subloevis var. praecox
Jacob (in coll.) in Mazenot, 1939, Dalmasiceras
djanelidzei Mazenot, 1939, Dalmasiceras djanelidzei
var. gigas Mazenot, 1939, Dalmasiceras biplanum
Mazenot, 1939, and Dalmasiceras pseudoprogenitor
Nikolov, 1982.

Praedalmasiceras botellae; characterized by medium
to large forms, with a long fasciculate stage combined
with a row of lateral tubercles, that include: Hoplites
botellae Kilian, 1889, Hoplites (Dalmasiceras) kil-
iani Djanélidzé, 1922a, Dalmasiceras gevreyi
Mazenot, 1939 and Dalmasiceras sayniforme Tavera,
1985.

The material collected at Le Chouet clearly shows
that P. spiticeroides occurs only in the E. cularense bio-
horizon, at the base of the Jacobi Zone auctorum,
whereas P. progenitor occurs at a slightly younger
level of the same zone. No specimens from Le Chouet
can be referred to P. botellae. Cecca et al. (1989, pp.
67, 68) mentioned that the addition of lateral tubercles
in the fasciculate stage could have resulted from a co-
variation between whorl section and density of ribs.
However, our material does not confirm this hypoth-
esis. The group of P, botellae is thus kept separate, un-
til new material is available.

Praedalmasiceras spiticeroides (Djanélidzé, 1922a)
(Text-fig. 2L-S)

Microconchs
1922a. Hoplites (Dalmasiceras) dalmasi (Pictet) var. nana
Djanélidzé, p. 268, pl. 13, fig. 2a—.

1939. Dalmasiceras nanum (Djanélidz¢); Mazenot, p. 151,
pl. 24, fig. 20a— (= Djanélidz¢, 1922a, pl. 13, fig.
2a—c.

1939. Dalmasiceras toucasi Mazenot, p. 152, pl. 24, fig. 9a,
b, 10a, b, 11a, b, 12a, b.

1953. Dalmasiceras toucasi Mazenot; Arnould-Saget, p.
68, pl. 7, fig. 1a, b, 2a—; text-fig. 25.

1973. Dalmasiceras spiticeroides (Djanélidz¢); Le Hégarat,
p- 219, pl. 53, fig. 6.

1985. Dalmasiceras nanum (Djanélidzé); Tavera, p. 320, pl.
49, fig. 9.

1985. Dalmasiceras toucasi Mazenot; Tavera, p. 321,
pl. 49, fig. 10, 11, 12.

1989. Dalmasiceras spiticeroides (Djanélidz¢); Cecca et
al., p. 69, pl. 3, fig. 6,7, 8, 9; pl. 4, fig. 5.
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1989. Dalmasiceras sublaevis Mazenot; Cecca et al., p. 72,
pl. 4, fig. 3 (sol.).
?1997. “Corongoceras” kollikeri (Oppel in Zittel); Ben-
zaggagh and Atrops, p. 158, pl. 7, fig. 3.

Macroconchs
1922a. Hoplites (Dalmasiceras) spiticeroides Djanélidzé, p.
262, pl. 12, fig. 1, text-fig. 1.

1922a. Hoplites (Dalmasiceras) subspiticeroides Djanélidzé,
p.264,pl. 12, fig. 2.

1939. Dalmasiceras spiticeroides (Djanélidz¢); Mazenot, p.
154, pl. 24, fig. 21a—d, 22a— (= Djanélidz¢é 1922a,
pl. 12, fig. 1).

1939. Dalmasiceras  subspiticeroides  (Djanélidzé);
Mazenot, p. 155, pl. 24, fig. 23a—c (= Djanélidz¢é
1922a, pl. 12, fig. 2).

1979. Dalmasiceras djanelidzei Mazenot; Sapunov, p. 180,
pl. 58, fig. 1.

?1979. Malbosiceras chaperi (Pictet); Sapunov, p. 184, pl.
57, fig. 3a, b (sol.).

1982. Dalmasiceras djanelidzei Mazenot; Nikolov, p. 95,
pl. 24, fig. 1 (= Sapunov 1979, pl. 58, fig. 1).

1982. Dalmasiceras (Dalmasiceras) toucasi Mazenot;
Nikolov, p. 99, pl. 24, fig. 11.

1985. Jabronella companyi Tavera, p. 302, pl. 46, fig. 2, 3;
text-fig. 23D.

TYPE: The holotype, from the Breche de Chomérac
(Ardeche, France), illustrated by Djanélidzé (1922a, pl.
12, figs 2, 3), is specimen UJF-ID.679 in the collec-
tions of the Dolomieu Institute.

MATERIAL: Nine specimens: MPP-CHT.26/5, MPP-
CHT.27/11, MPP.CHT.27/13, MPP.CHT.27/16,
MPP.CHT.27/18, MPP.CHT.27/20, MPP-CHT.27/40,
MPP.CHT.27/41, and MPP.CHT.27-29/0.

DIMENSIONS (mm):
Specimens D U Wh Wb
MPP-CHT.26/5 - c22.7 150 8.3

MPP-CHT.27/11 c22.5 8.5 9.9 c7.0
MPP.CHT.27/13 40.4 18.0 15.8 -
MPP.CHT.27/16 - - 143 -
MPP.CHT.27/18 - 13.7 - -
MPP-CHT.27/40 c40.0 16.1 7.3 -
MPP.CHT.27/41 42.0 15.6 149 c64
MPP.CHT.27-29/0 - - 485 ¢22.0

DESCRIPTION: MPP-CHT.27/40 is a small speci-
men with a moderately evolute coiling. Its whorl sec-
tion is subrounded in innermost whorls and becomes
subrectangular, with slightly convex flank, on the
phragmocone. The innermost whorls show the dense,

fine, single ribs of the juvenile stage. The himalayitid
stage is poorly-preserved, but shows straight, rigid, bi-
furcate and single ribs. Small punctiform tubercles oc-
cur at the furcation point. Some adoral branches of bi-
furcate ribs are ended by pinched tubercles on the
ventral shoulder. The venter could not be studied.
The transition to the fasciculate stage is not preserved.
The body chamber develops a compressed, subrec-
tangular, higher-than-wide whorl section, with flat
flanks and rounded venter. The adult stage is com-
posed of smooth ribs that are attenuated in mid-flank.
The ribs originate in small, spaced bullae on the um-
bilical shoulder.

MPP.CHT.27/13 is a fragment of the phragmo-
cone and of the body chamber. The phragmocone
shows the end of the himalyitid stage, with rigid sim-
ple and bifurcate ribs. No tubercles occur at the fur-
cation points, but the branches of the ribs are ended by
pinched tubercles on the ventral shoulder. The whorl
section is subrectangular, with convex flanks. The
body chamber exhibits well the adult stage, with nu-
merous umbilical bullae marked by a slight retrovur-
cature. The ribs are strongly attenuated above the mid-
flank.

MPP-CHT.26/5 and MPP-CHT./11 are juvenile
specimens that match well the ornamental and mor-
phological features of the juvenile and himalayitid
stages. Both specimens indicate a fast growth rate and
have a depressed, subrounded whorl section.

MPP-CHT.27/41 is an incomplete phragmocone
with the innermost whorls not preserved. Its gracile 4i-
malayitid stage is ornamented with spaced, single and
bifurcate ribs. The ends of branches are slightly en-
larged on the upper flank and delimit a ventral groove.
The transition to the fasciculate stage is poorly-pre-
served.

MPP-CHT.27/16, MPP-CHT.27/18 and MPP-
CHT.27/20 are three fragments of body chamber. Their
whorl sections are subrectangular, higher than wide,
with rounded venter. The peristome of MPP-
CHT.27/18 is preserved and shows a small lappet com-
bined with a small ventral extension.

MPP-CHT.27-29/0 is a large fragment of body
chamber with a subrectangular, higher- than-wide
whorl section, with flat flanks and a markedly rounded
venter. The adult stage is characterised by strong tu-
bercles on the umbilical shoulder and a complete fad-
ing of the ribs. The umbilical wall is steep.

In summary, the specimens collected at Le Chouet
match well the morphological and ornamental fea-
tures of P. spiticeroides as defined above. The hi-
malayitid stage, that typifies the species, extends
through most of the phragmocone. The fasciculate
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stage is strongly reduced and occurs at the transition
between the phragmocone and the body chamber. A
ventral groove occurs in the inner whorls and gradu-
ally changes to a flat ventral band at the end of the
phragmocone. The adult stage is limited to the body
chamber.

DISCUSSION: Based on the re-examination of the
type material and our own material, we believe that P
spiticeroides is a dimorphic species. The microconchs
match the morphology of P. nanum, that is character-
ized by its small size, depressed whorl section, and
strong juvenile and himalyitid stages. The fasciculate
and adult stages are limited to the end of the last
whorl. Ornamentation is characterized by radially elon-
gated tubercles, with a more or less marked retrocur-
vature on the umbilical shoulder, and the complete fad-
ing of ribs. The peristome bears short lateral lappets
with a small ventral extension.

The morphology of the holotypes of P
spiticeroides and of P. subspiticeroides corresponds to
that of macroconchs. They are characterized by a larger
size than those of microconchs, less involute coiling,
short juvenile stage, moderately long himalyitid stage
and fasciculate stage on the phragmocone. The adult
stage is also limited to the body chamber, but it de-
velops stronger tubercles on the umbilical shoulder.
The peristome is unknown.

As herein understood, the type material of
Jabronella companyi Tavera, 1985, from the Jacobi
Zone auctorum of the Betic Cordillera, corresponds to
juvenile macroconchs of P, spiticeroides. Praedalma-
siceras spiticeroides differs from P. pseudoprogenitor
in having evolute coiling, depressed juvenile mor-
phology with a strong himalayitid stage and a
markedly reduced fasciculate stage.

OCCURRENCE: Praedalmasiceras spiticeroides oc-
curs in beds 90 and 91 of the E. cularense biohorizon,
at the base of the B. jacobi Zone auctorum (upper
part of the C. intermedia Subzone, of the Crassicollaria
Zone).

Praedalmasiceras progenitor (Oppel in Zittel, 1868)
(Text-fig. 2T-AA)

Microconch

1865. Ammonites progenitor Oppel, p. 554.

1868. Ammonites progenitor Oppel in Zittel, p. 99, pl. 18,
fig. 3a—d.

1889. Hoplites? dalmasi (Pictet); Kilian, p. 420(184), figs
57, 58.

1890. Hoplites botellae Kilian; Toucas, p. 606, pl. 18, fig.
10A, B (sol.).

1890. Hoplites boissieri (Pictet); Toucas, p. 6023, pl. 18, fig.
1A, B.

1890. Hoplites progenitor (Oppel in Zittel); Toucas, p. 603,
pl. 18, figs 3A, B, 4.

1890. Hoplites occitanicus (Pictet); Toucas, p. 603, pl. 18,
fig. 5A, B.

1890. Hoplites dalmasi (Pictet); Toucas, p. 604, pl. 18, fig.
6A, B.

1922a. Hoplites (Dalmasiceras) subspiticeroides n. sp.
Djanélidze, p. 264, pl. 12, fig. 3a, b (sol.).

1922a. Hoplites (Dalmasiceras) dalmasi (Pictet); Djanéli-
dzé, p. 266, pl. 12, fig. 4a—c; pl. 13, fig. 1a, b.

1922a. Hoplites (Dalmasiceras) n. sp. aff. dalmasi (Pictet);
Djanélidzé, p. 269, pl. 12, fig. 5.

1939. Dalmasiceras toucasi n. sp. Mazenot, p. 152, pl. 24,
fig. 6a, b, 7a, b, 8a—c (s0l.).

1939. Dalmasiceras subprogenitor (Jacob in Djanélidzé);
Mazenot, p. 157, pl. 24, fig. 19a-b (= Toucas 1890, pl.
18, fig. 1A, B).

1939. Dalmasiceras progenitor (Oppel in Zittel); Mazenot,
p. 158, pl. 24, fig. 13a, b, 14a—c (= Zittel 1868, pl. 18,
fig. 3a), 15a—, 16a-b (= Toucas, 1890, pl. 28, fig. 3A,
B), 17a, b, 18a, b.

1939. Dalmasiceras djanelidzei n. sp. Mazenot, p. 161, pl.
25, fig. 1a—d, 2a, b, 3a—c, 4.

1939. Dalmasiceras n. sp. aff. dalmasi (Pictet); Mazenot, p.
163, pl. 25, fig. 5a— (= Djanélidz¢é, 1922a, pl. 12, fig. 5).

1939. Dalmasiceras sublaevis n. sp. Mazenot, p. 169, pl. 26,
figs Sa, b, 7a—c; pl. 27, fig. 2a, b, 3a, b.

1939. Dalmasiceras sublaevis var. praecox Jacob in coll.
Mazenot, p. 170, pl. 26, fig. 6a, b.

1953. Dalmasiceras progenitor (Oppel in Zittel); Arnould-
Saget, p. 70, pl. 7, fig. 3a—c.

1953. Dalmasiceras sublaevis Mazenot; Arnould-Saget, p.
71, pl. 7, fig. 4a—, Sa—c.

1967. Dalmasiceras sublaevis Mazenot; Dimitrova, p. 103,
pl. 50, fig. 1 (sol.).

1973. Dalmasiceras djanelidzei Mazenot; Le Hégarat, p.
209, pl. 53, fig. 2 (= Mazenot 1939, pl. 25, fig. 1a).

1973. Dalmasiceras progenitor (Oppel in Zittel); Le Hé-
garat, p. 217, pl. 33, fig. 3 (= Zittel 1868, pl. 18, fig.
3a).

1979. Dalmasiceras subprogenitor (Jacob in Djanélidzé);
Sapunov, p. 182, pl. 58, fig. 3.

1979. Dalmasiceras subloevis Mazenot; Sapunov, p. 182, pl.
58, fig. 2 (= Dimitrova 1967, pl. 50, fig. 1).

1979. Dalmasiceras subprogenitor (Jacob in Djanélidzé),
Nikolov, p. 98, pl. 24, figs 5, 6, 7 (= Sapunov 1979,
pl. 58, fig. 3), 8.

1982. Dalmasiceras subloevis Mazenot; Nikolov, p. 98, pl.
24, fig. 3 (= Dimitrova 1967, pl. 50, fig. 1), 4.
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1982. Dalmasiceras (Dalmasiceras) gevreyi (Djanélidzé);
Nikolov, p. 96, pl. 24, fig. 2.

1982. Dalmasiceras (Dalmasiceras) pseudoprogenitor sp. n.
Nikolov, p. 99, pl. 24, figs 9, 10.

1985. Dalmasiceras djanelidzei Mazenot; Tavera, p. 312, pl.
47, figs 1, 2; text-fig. 24A, B.

1985. Dalmasiceras gigas (Djanélidzé); Tavera, p. 314,
pl. 47, fig. 3; text-fig. 231.

1985. Dalmasiceras progenitor (Oppel in Zittel); Tavera,
p- 315, pl. 49, figs 2, 3; text-fig. 23G.

1985. Dalmasiceras subloevis Mazenot; Tavera, p. 317,
pl. 49, figs 4, 5, 6; text-fig. 23H.

1985. Dalmasiceras praecox Jacob in Mazenot, 1939;
Tavera, p. 318, pl. 49, figs 7, 8; text-fig. 23F.

1989. Dalmasiceras djanelidzei Mazenot; Cecca et al.,
p- 70, pl. 3, fig. 1 (= Mazenot 1939, pl. 25, fig. 1a), 2a,
b, 3,4, 5.

1989. Dalmasiceras sublaevis Mazenot; Cecca et al., p. 72,
pl. 4, figs 1, 2, 4.

1989. Dalmasiceras (?Elenaella) aff. cularense? (Mazenot);
Ceccaetal.,p. 75, pl. 4, figs 6, 7a, b.

1989. Dalmasiceras sublaevis Mazenot; Fozy, p. 144, pl. 4,
fig. 4; pl. 5, fig. 1.

1989. Dalmasiceras cf. sublaevis Mazenot; Fozy, p. 329,
pl. 4, fig. 4 (= Fozy 1989, pl. 5, fig. 1), 5.

Macroconchs

1922a. Hoplites (Dalmasiceras) dalmasi (Pictet) var. gigas
Djanélidzé, p. 268, pl. 13, fig. 1a,b; text-fig. 3.

1939. Dalmasiceras djanelidzei var. gigas (Djanélidzé);
Mazenot, p. 161, pl. 25, figs 2a, b, 3a, ¢ (= Djanélidzé
1922, text-fig. 3).

1939. Dalmasiceras biplanum Mazenot, p. 170, pl. 26, fig.
8a, b.

1989. Dalmasiceras djanelidzei morph gigas (Djanélidzé);
Ceccaetal., p. 71, pl. 3, fig. 5.

1989. Dalmasiceras cft. biplanum Mazenot; Cecca et al., p.
73, pl. 5, figs 1, 2.

1997. Dalmasiceras cf. djanelidzei Mazenot; Benzaggagh
and Atrops, p. 157, pl. 6, fig. 4.

TYPE: The specimen drawned by Zittel (1868, pl. 18,
fig. 3a—d) from Stramberg (Stramberk, Czech Repub-
lic) was designated as the holotype and properly il-
lustrated by Mazenot (1939, pl. 24, fig. 14a—c). A cast
of the holotype, FSL.13224, is deposited in the col-
lection of the Université Claude-Bernard—Lyon-1.

MATERIAL: Nine specimens: MPP-CHT.31/1,
MPP-CHT.33/1, MPP-CHT.35/3, MPP-CHT.35/4,
MPP-CHT.47/2, MPP-CHT.47/3, MPP-CHT.47/5,
MPP-CHT.52/1, MPP-CHT.54/1.

DIMENSIONS (mm):

Specimens D U Wh Wb
MPP-CHT.31/1 - c36 - -
MPP-CHT.35/3 - - 183 c¢6.3
MPP-CHT.35/4 - - 23.4 -
MPP-CHT.47/2 c32.6 12.6 126 -
MPP-CHT.47/3 - c21.7 ¢377 -
MPP-CHT.47/5 - - 14.3 -
MPP-CHT.52/1 - - 19.6 c9.2
MPP-CHT.54/1 - - 15.9 -

DESCRIPTION: MPP-CHT.47/2 is a small, almost
complete, specimen characterized by moderately in-
volute coiling, subrectangular, higher-than-wide whorl,
with flat flanks. Its juvenile stage is poorly-preserved
and limited to the innermost whorls. A gracile Ai-
malayitid stage occurs at the beginning of the last
whorl. No lateral tubercles occur on the bifurcate ribs,
but ribs branches end with small pinched tubercles on
the ventral shoulder. A fasciculate stage extends over
the adult whorl. The ribs are rursiradiate, and branch
from strong tubercles on the umbilical shoulder. The
umbilical wall is moderately steep. The venter could
not be studied.

MPP-CHT.35/3 and MPP-CHT.47/5 are two small
phragmocone fragments that exhibit a dense fascicu-
late stage. The ribs are joined to umbilical bullae char-
acterised by a marked retrocurvature. The ribs
branches end on the ventral shoulder in small thick-
enings that delimit a thin groove. The venter is flat.

MPP-CHT.52/1 and MPP-CHT.54/1 are two
medium-sized fragments of the body chamber, and
have a subrectangular, higher-than-wide whorl sec-
tion, with flat flanks and rounded venter. The orna-
mentation is marked by numerous bullae on the um-
bilical shoulder and the complete fading of ribs.

MPP-CHT.35/4 is a medium-size phragmocone
fragment, with a whorl section that is subrectangular,
higher than wide, with slightly convex flanks and sub-
rounded venter. A thin ventral groove occurs. The or-
namentation is that of the fasciculate stage, with three
to four ribs that branch on spaced umbilical bullae. The
ribs are slightly attenuated at the mid-flank. The um-
bilical wall is steep.

MPP-CHT.33/1 is a poorly-preserved fragment
of body chamber, with regular thickenings on the ven-
tral shoulder. The venter seems to be markedly flat-
tened.

MPP-CHT.31/1 is a large fragment of body cham-
ber with a whorl section that is subrectangular, higher
than wide, and with slightly convex flanks. The flex-
uous, flattened fasciculate ribs branch at strong um-
bilical tubercles, characterised by marked retrocurva-
ture. The ribs fade on the upper flanks. The umbilical
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wall is steep. The venter seems to be markedly
rounded.

MPP-CHT.47/3 is a large, almost complete speci-
men with a compressed, subrectangular, higher-than-
wide, whorl section, shallow umbilicus, and a typical
adult stage.

DISCUSSION: The material at our disposal matches
the morphological and ornamental features of several
typological species included in the synonymy of P, pro-
genitor.

MPP-CHT.35/3, MPP-CHT.47/2 and MPP-
CHT.47/5 match well the size, shell shape and orna-
mentation of P. toucasi, P. progenitor, P. subprogeni-
tor and P. pseudoprogenitor. MPP-CHT.35/4 is a
medium-sized form that matches the inner whorl of P,
djanelidzei, whereas MPP-CHT.52/1 and MPP-
CHT.54/1 are identical to the adult features of its
closely allied species P. gigas.

The taxa included herein in D. progenitor form
ahomogenous group marked by shells with a small
adult size, exhibiting fast growth rate, and a subrec-
tangular, higher-than-wide whorl section with
markedly flat flank and tabulate venter at almost all on-
togenetic stages. The succession of ornamental stages
is rather similar to reduced juvenile and himalayitid
stages. The ventral groove is deep on the innermost
whorls and progressively forms a flat ventral band in
the adult. The umbilicus is deep and the umbilical wall
is steep. As already outlined by Cecca et al. (1989), the
Jasciculate and adult stages are variable in length, but
in certain specimens the adult stage appears to extend
through ontogeny in its entirety. It should be noted,
that numerous specimens referred to these species
bear short lateral lappets with strong ventral extension
(see for example Mazenot 1939, pl. 25, fig. 3a). These
forms have repeatedly been considered as micro-
conchs.

MPP-CHT.31/1, MPP-CHT.33/1 and specifically

MPP-CHT.47/3 perfectly match P. biplanum, P. sub-
laevis and large specimens of P. djanelidzei (such as
those illustrated by Tavera 1985, pl. 47, fig. 2), that
were interpreted as macroconchs by Cecca et al.
(1989). These authors also suggested that there exists
variation of the umbilicus width and rib density be-
tween these forms, that could support their distinction
at the species level.
Based on close examination of the type material and of
our own collection, we believe that all these taxa fall
within the intraspecific variation of a single, dimorphic
species.

As herein understood, the microconchs are small to
medium size and share strongly reduced juvenile and

himalayitid stages, whereas the fasciculate and adult
stages are variable in length. The macroconchs are
markedly larger, with a more or less involute coiling
and their adult stage may extend throughout ontogeny.

OCCURRENCE: Praedalmasiceras progenitor oc-
curs in beds 95, 97, 100, 113, 118 and 120, in the lower
part of the Jacobi Zone auctorum (upper part of the
Crassicollaria Zone and lower part of the C. alpina
Subzone of the Calpionella Zone).

Family Neocomitidae Salfeld, 1921 emend. Com-
pany (1987)
Genus Berriasella Uhlig, 1905
(= pars Picteticeras Le Hégarat, 1971)

TYPE SPECIES: Berriasella privasensis (Pictet,
1867); by subsequent designation of Roman (1938).

REMARKS: Our understanding of Berriasella is far
more conservative than that of Wright et al. (1996, p.
50), since we consider Picteticeras Le Hégarat, 1971,
Parodontoceras Spath, 1923 and Hegaratella Nikolov
and Sapunov, 1977, to be distinct genera. It should be
noted that Picteticeras is not a nomen nudum, as as-
sumed by Wright ef al. (1996) and Klein (2005), since
it was published with the designation of a formal type
species and diagnosis by Le Hégarat (1971, p. 851-
852). Moreover, we share the opinion of Tavera
(1985), who gave full generic status to Elenaella
Nikolov, 1966, and did not regard it as a subgenus of
Berriasella, as Wright et al. (1996, p. 50) did. This is
also the case with Delphinella Le Hégarat, 1971, which
was suspected of being a subjective synonym of Ele-
naella by Wright et al. (1996).

The genus Berriasella was introduced by Uhlig
(1905, p. 601) without formal designation of a type
species. The original list of taxa included by Uhlig
(1905) in the taxonomic content of Berriasella in-
cludes species that have since been transferred to other
taxa, such as Strambergella Nikolov, Pseudargen-
tiniceras Spath, Delphinella Le Hégarat, Pseudosub-
planites Nikolov, and Riasanites Spath. Only four
species originally listed by Uhlig are still included in
Berriasella: B. privasensis (Pictet, 1867), B. calisto
(d’Orbigny, 1847), B. subcalisto (Toucas, 1890) and B.
oppeli (Kilian, 1889). The type species of the genus (B.
privasensis) was designated subsequently by Roman
(1938).

The original description of Berriasella privasen-
sis by Pictet (1867) was based on two specimens from
the Calcaire a Terebratula diphyoides at Berrias
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(Ardeche, France). Following Jacob’s unpublished
opinion, Mazenot (1939, pp. 45, 46) showed that the
two specimens were not conspecific, and the lectotype
is the specimen illustrated by Pictet (1867, pl. 18,
fig. 1a, b), and already designated by Roman (1938,
p- 324) as the type specimen of B. privasensis. The
lectotype was re-illustrated by Mazenot (1939, pl. 2,
fig. 3a, b).

Following the views of Mazenot (1939), recent
views (Le Hégarat 1973; Nikolov 1982; Tavera 1985;
Arkadiev et al. 2012) restrict Berriasella sensu stricto
to a limited number of species of topmost Tithonian
to upper Berriasian age in a Western Tethyan am-
monite realm. It is now established that B. privasen-
sis is a typical middle Berriasian ammonite (Le Hé-
garat and Remane 1968; Le Hégarat 1973). The
general features of B. privasensis are unique among
the species currently regarded as Berriasella sensu
stricto. Berriasella can easily be characterized, by
its: (1) ogival whorl section that is slightly convex on
the body-chamber; (2) flexuous ribs throughout on-
togeny; (3) low point of bifurcation of the primary
ribs. The only other species that share these characters
is the late Berriasian B. calisto, but it is characterised
by its smaller umbilicus and higher whorl section, flat
venter and even lower point of bifurcation of the pri-
mary ribs. Early Berriasian Berriasella, that includes
B. moreti Mazenot, 1939, B. oppeli (Kilian, 1889), B.
subcalisto (Toucas, 1890) and B. sabatasi Le Hé-
garat, 1973, are characterized by medium to large
forms whose inner whorls match well those of several
species of Picteticeras Le Hégarat, 1973, including P,
aurousei Le Hégarat, 1973, P. elmii Le Hégarat,
1973, and P. enayi Le Hégarat, 1973. Due to the pres-
ence of lappets, these Picteticeras species were con-
sidered as the potential microconchs of Berriasella of
the same age (Le Hégarat 1973). This view is ac-
cepted herein and the Picteticeras species listed above
are transferred to Berriasella. All these species are
characterized by: (1) suboval whorl section in the in-
ner whorls, (2) an abrupt umbilical wall, and (3) rigid,
straight to prorsiradiate ribs. These morphological
features allow the distinction at the specific level be-
tween the Berriasella privasensis—calisto and the B.
oppeli—-moreti groups.

CONTENT: A detailed discussion on the specific con-
tent of Beriasella will be given in a forthcoming paper
devoted to the revision of the type species of B. pri-
vasensis. That notwithstanding, the following species
are here included in Berriasella: B. privasensis, B.
calisto, B. of the oppeli-moreti group (including B.
sabatasi, B. subcalisto, B. elmii, B. aurousei and B.

enayi, and, possibly, B. oxycostata Mazenot, 1939, B.
moesica Nikolov and Mandov, 1967 and B. nas-
taseanui Avram, 1990.

As already pointed out by Enay et al. (1998, p.
476), Hoplites calisto (d’Orbigny) var. chomeracensis
Toucas, 1890 and Berriasella subvetusta (Steuer) var.
mazenoti Breistroffer, 1937, are problematic species
that are provisionally maintained in Berriasella be-
cause of their superficial similarities to B. aurousei.

We recently assumed (Frau ez al. 2016) that Berri-
asella jacobi Mazenot, 1939 is a microconch that be-
longs to Strambergella Nikolov, 1966. Re-examina-
tion of the type material of Berriasella tithonica
Tavera, 1985 showed us, however, that it is a junior
subjective synonym of Busnardoiceras busnardoi (Le
Hégarat, 1973).

As herein understood, Berriasella is restricted to
the Berriasian of the Mediterran-Caucasian Subrealm
of the Tethyan Realm. It has also been reported from
northern Iran, the Caucasus, Crimea, southern and
central Europe, and northern Africa. The records of the
genus from Arabia, Madagascar and the Pacific coast
of the North and South America are based on endemic
neocomitids that do not compare with the Mediter-
ranean-Caucasian species, and should better be re-
ferred to as “Berriasella”.

Berriasella gr. oppeli (Kilian, 1889) — moreti (Le
Hégarat, 1973)
(Text-fig. 3A—E)

Microconchs

1868. Ammonites Calisto Zittel, p. 100, pl. 20, fig. la—
c,2,3a—c, 4 (sol.).

1889. Perisphinctes oppeli Kilian, p. 662.

1890. Hoplites Calisto var. subcalisto Toucas, p. 601,
pl. 17, fig. 4A, B, 5A, B .

1939. Berriasella praecox Schneid; Mazenot, p. 41, pl.
1, fig. 11a—c, 12a, b.

1939. Berriasella oppeli (Kilian); Mazenot, p. 49, pl. 3,
fig. la—c (= Zittel 1868, pl. 20, fig. la—), 2a—c,
3a, b, 4a, b, 6a, b, 8a—c (sol.).

1939 Berriasella subcallisto (Toucas); Mazenot, p. 53,
pl. 3, fig. I1a, b, 14a, b (sol.).

non 1939. Berriasellla aff. subcallisto (Toucas); Mazenot, p.
53, pl. 3, fig. 12a—c (= Toucas 1890, pl. 17, fig.
5A, B).

1968. Berriasella subcallisto (Toucas); Le Hégarat and
Remane, p. 24, pl. 5, fig. 4.

1973. Berriasella (Berriasella) oppeli (Kilian); Le Hé-
garat, p. 58, pl. 5, figs 1, 2 (= Zittel 1868, pl. 20,
fig. 1); pl. 38, figs 4, 5.
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1973. Berriasella (Berriasella) jacobi Mazenot; Le Hé-
garat, pl. 6, fig. 12; pl. 38, fig. 3 (= Toucas 1890,
pl. 17, fig. 3a, b) .

1973. Berriasella (Berriasella) subcallisto (Toucas);
Le Hégarat, p. 66, pl. 6, figs 3, 4 (= Mazenot
1939, pl. 3, fig. 14a), 5, 6; pl. 39, fig. 2.

1973. Berriasella (Picteticeras) aurousei Le Hégarat, p.
67, pl. 7, figs 1, 2; pl. 39, figs 3, 6.

pars 1973. Berriasella (Picteticeras) elmii Le Hégarat, p. 71,
pl. 39, fig. 4 (sol.).

1973. Berriasella (Picteticeras) enayi Le Hégarat, p. 72,
pl. 7, fig. 10, fig. 11 (= Mazenot, 1939, pl. 1, fig.
12a-b), 12 (= Mazenot, 1939, pl. 1, fig. 11a—c).

1988. Berriasella oppeli (Kilian); Klein, pl. 1, fig. 11.

1989. Berriasella sp. ind. cf. oppeli (Kilian); Cecca et
al.,p. 66, pl. 1, figs 5, 6, 7.

Macroconchs

1939. Berriasella moreti Mazenot, p. 61, pl. 5, fig. 1a,
b, 2a, b, 3a—c.

1973. Berriasella (Berriasella) moreti Mazenot; Le Hé-
garat, p. 57, pl. 4, figs 4, 5 (= Mazenot 1939, pl.
5, fig. 3a), 6.

1973. Berriasella (Berriasella) sabatasi Le Hégarat,
p- 63, pl. 6, fig. 7; pl. 38, fig. 10 (= Mazenot
1939, pl. 5, fig. 1a).

TYPES: The holotype of B. oppeli is the specimen
drawned by Zittel (1868, pl. 20, fig. 1b) from Koni-
akow (Czech Republic). A plaster cast of the holotype
(FSL.131118) was illustrated by Mazenot (1939, pl. 3,
fig. la—c). The holotype of B. moreti is specimen
MNHN.F/R03215 from Fuente de los Frailes (Cabra,
Spain), illustrated by Mazenot (1939, pl. 5, fig. a—c).

MATERIAL: Sixteen specimens MPP-CHT.25/1,
MPP-CHT.25/2, MPP-CHT.26/3, MPP-CHT.26/6,
MPP-CHT.26/7, MPP-CHT.26/11, MPP-CHT.26/13a
and b, MPP-CHT.26/15, MPP-CHT.26/10, MPP-
CHT.26/27.1, MPP-CHT.27/30, MPP-CHT.27/33,
MPP-CHT.27/36, MPP-CHT.35/2 and MPP-CHT.54/2.

DIMENSIONS (mm):
Specimens D U Wh Wb
MPP-CHT.25/2 - 34.9 14 14.2
MPP-CHT.26/6 - - - 13.6
MPP-CHT.26/7 - 35.1 12.5 13.8

MPP-CHT.26/13b ¢ 40 13.7  c¢l5 59
MPP-CHT.26/15 c32.6 c129 12 -
MPP-CHT.26/27.1  c 44 199 c144 -

MPP-CHT.27/33 - - 13.4 -
MPP-CHT.35/2 - c32 - 10.8
MPP-CHT.54/2 - c36.4 163 109

DESCRIPTION: The material at our disposal com-
prises small (D < 50 mm), planulate, moderately, evo-
lute (U/D ~ 0.40) neocomitids with shallow umbilicus.
The whorl section is subrectangular, higher-than-wide,
with a low umbilical wall, slightly convex to flat flanks
and a flattened venter. A more-or-less, deep ventral
groove at all stages of ontogeny that could be attenu-
ated in the adult. The ornamentation is composed of
uniform, straight to prorsiradiate, mostly bifurcate
ribs, and sporadic single ribs. The furcation point oc-
curs on the upper part of the flank. Two morphotypes
are recognized, based on adult size and ribs density:
The first comprise small forms with spaced (30 to 40
ribs on the last whorl) and rigid ribs. Ends of rib
branches are slightly projected forward on the upper
flanks, and they rarely thicken on the ventral shoulder.
This morphotype matches the typological species B.
aurousei and B. enayi.

The second comprise small to middle-sized forms with
dense (more than 40 ribs on the last whorl), prorsira-
diate to slightly flexuous ribs. Ends of branches proj-
ect slightly forward on the upper flanks, and are rare
thickened on the ventral shoulder. This morphotype
matches the species B. oppeli and B. subcalisto.

DISCUSSION: The re-examination of the type speci-
mens of early Berriasian Berriasella shows that the
morphological and ornamental features noted by Le
Hégarat (1973) are not relevant in differentiating be-
tween the species known from the literature. We rec-
ommend here the use of the Berriasella oppeli —moreti
group for those forms. The type material and our new
collection shows that the B. aurousei — oxycostata mor-
photype on the one hand, and the B. oppeli — subcalisto
morphotype on the other, respectively, correspond to the
robust and a slender morphologies of a single species,
resulting from Buckman’s first law of covariation. B.
elmii links these two morphologies.

Among these taxa, several specimens bear short
lateral lappets and have been previously considered to
be microconchs by Le Hégarat (1973). In this context,
Le Hégarat suggested that B. moreti and B. sabatasi
might correspond to the macroconchs of B. oppeli and
B. subcalisto.

No specimen from Le Chouet can yet be referred
with certainty to B. moreti and B. sabatasi, but we
strongly support the interpretation that both species are
macroconchs. They can be distinguished by their larger
adult size (90 mm <D < 180 mm vs. 20 mm <D < 80
mm in microconchs), smaller umbilicus (U/D ~ 0.35
vs. U/D ~ 0.43 in microconchs), more compressed
whorl section (Wb/Wh ~ 0.68 vs. Wh/Wh ~ 0.72 in mi-
croconchs) and steep umbilical wall. The ornamenta-
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tion of macroconchs matches well that of the slender
microconchs as discussed above.

Finally, it should be noted that specimen MPP-
CHT.26-27/1 from the base of the Jacobi Zone aucto-
rum shows sporadic polygyrate ribs on the inner
whorls like those observed throughout the ontogeny of
B. busnardoi, but its morphological and ornamental
features perfectly match those of B. subcalisto. Bulot
et al. (2014) showed that B. busnardoi is one of the

oldest Neocomitidae, since it occurs in the topmost An-
dreaei Zone. In our view, there is little doubt that B.
busnardoi and B. oppeli — moreti are phyletically
linked. B. busnardoi can easily be distinguished by the
discrete tubercles on the ventral shoulder of its phrag-
mocone, the absence of a ventral groove in macro-
conchs and the complex ribbing at all ontogenetic
stages in both micro- and macroconchs.

Text-fig. 3. A-E — Berriasella gr. oppeli (Kilian, 1889) — moreti (Mazenot, 1939); A— MPP-CHT.26/13b [m]; B — plaster cast of MPP-CHT.26-27/1 [m]; C — MPP-

CHT.54/2 [m]; D — MPP-CHT.26/15 [m]; E — MPP-CHT.35/2 [m]. F-G — Pseudoneocomites retowskyi (Sarasin and Schondelmayer, 1901); F — plaster cast of

MPP-CHT.27/12 [m]; G — plaster cast of MPP-CHT.27/17 [m]; H-J — Elenaella cularense (Mazenot, 1939); H-I - MPP-CHT.26/9x; J — MPP-CHT.27/34. K-O —

Delphinella delphinense (Kilian, 1889); K-L — MPP-CHT.47/8; M — MPP-CHT.120/2 (bed 120); N-O — MPP-CHT.47/4. P — Delphinella consanguinea (Retowski,

1893); MPP-CHT.47/6. Q-W — Proniceras pronum (Oppel in Zittel, 1868); Q-R — MPP-CHT.33/4; R — MPP-CHT.21/67; T— MPP-CHT.48/1; U — MPP-CHT.19/2;
V-W — MPP-CHT.19/9; W — MPP-CHT.26/8. Scale bar is 10 mm
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OCCURRENCE: Berriasella of the oppeli — moreti
group is found between bed 89 and bed 120, in the
lower part of the Jacobi auctorum Zone (upper part of
the Crassicollaria Zone and the lower part of the C.
alpina Subzone of the Calpionella Zone). Check C A

Genus Pseudoneocomites Hoedemaeker, 1982

TYPE SPECIES: Hoplites retowskyi Sarasin and
Schondelmayer, 1901 [= Hoplites occitanicus Re-
towski, 1893 non Pictet (1867)]; by subsequent des-
ignation of Mazenot (1939).

REMARKS: As already outlined by Vasicek and
Skupien (2013, p. 338), there is great confusion in re-
cent literature regarding the taxonomic value of
Pseudoneocomites and its relationship to Tirnovella
Nikolov, 1966 (type species: Berriasella alpillensis
Mazenot, 1939). This issue is crucial because it has di-
rect implications for the biostratigraphy of the middle
Berriasian and the identification of the index species,
T. occitanica (Pictet, 1867).

In recent years, Bogdanova et al. (1999) and
Arkadiev et al. (2008) have assumed that 7. occitanica
occurs in Crimea, based on the re-description of all the
historical specimens described as Hoplites occitani-
cus by Retowski (1893, pl. 12, figs 7-9). In their dis-
cussion of the specimens, they noticed that Hoplites oc-
citanicus Retowski non (Pictet) were selected by
Sarasin and Schondelmayer (1901) to define their new
species Neocomites retowskyi. Confusion arose over the
definition of the species, since Sarasin and Schondel-
mayer (1901) did not designated a holotype for their
new taxon and illustrated a Swiss specimen from Crét
Mory, a specimen that is not conspecific with Re-
towski’s original material. This background misled
Busnardo ef al. (2003), who designated the Swiss spec-
imen (Sarasin and Schondelmayer, 1901, pl. 9, fig. 4)
as the lectotype of Neocomites retowskyi and included
it in the genus Teschenites Thieuloy, 1971. Busnardo et
al. failed to take into account the comments of Bulot et
al. (1993, p. 26) who showed that the original descrip-
tion of Sarasin and Schondelmayer (1901, p. 72) un-
ambiguously state that they created a separate species
for the described and figured specimen by Retowski,
under the name Hoplites occitanicus; and that Mazenot
(1939, p. 218) designated the specimen illustrated by
Retowski (1893, pl. 11, fig. 8) as the lectotype. In our
view, the lectotype designation by Mazenot fulfils the
rules of the I.C.Z.N. Tt was with this historical back-
drop that Hoedemaceker (1982) introduced the genus
Pseudoneocomites based on Hoplites retowskyi.

CONTENT: The type species and its synonyms (Neo-
comites suprajurensis Mazenot, 1939; N. allobrogen-
sis Mazenot, 1939, Neocomites beneckei Roman and
Mazenot, 1937 and Delphinella tresannensis Le Hé-
garat, 1973; see discussion below).

Tirnovella davidi Le Hégarat, 1973 was originally
included in Pseudoneocomites by Hoedemacker
(1982). The species is poorly known, since it is based
on a single specimen. In our opinion, and despite its
narrow umbilicus and high whorl section, it should be
provisionally retained in 7irnovella, since it shows
the well-developed umbilical bullae that characterize
Tirnovella of the subalpina — occitanica group.

Despite superficial similarities to Pseudoneo-
comites retowskyi, Neocomites neocomiensis (d’Or-
bigny) in Sayn (1907, pl. 3, fig. 14), from the early late
Valanginian of Beaumugne (Hautes-Alpes, France),
falls in the range of variation of N. neocomiensis as has
been understood in recent literature (Reboulet 1996, pl.
4 and 5).

Pseudoneocomites retowskyi (Sarasin and Schondel-
mayer, 1901)
(Text-fig. 3F-G)

Microconch

1868. Ammonites transitorius Oppel in Zittel; Pictet, p. 246,
pl. 38, fig. S5a, b.

1890. Hoplites carpathicus (Zittel); Toucas, p. 602, pl. 17,
fig. 11.

1939. Neocomites beneckei Mazenot, p. 208, pl. 32, fig. 9a,
b, 10a, b, 11a, b, 12a, ¢, 13, 14.

1953. Neocomites beneckei Mazenot; Arnould-Saget, p. 73,
pl. 7, fig. 6a—c, 7a—c, 9a—c; text-

fig. 27.

1953. Neocomites occitanicus (Pictet); Arnould-Saget, p.
78, pl. 7, tig. 8a—c.

1953. Neocomites suprajurensis Mazenot; Arnould-Saget, p.
76, pl. 7, tigs 10a—, 11a—c.

1953. Neocomites cf. suprajurensis Mazenot; Arnould-Saget,
p. 76, pl. 7, fig. 12a—c.

1960. Neocomites beneckei Mazenot; Drushchits, p. 282,
pl. 26, fig. 1.

1968. Neocomites (?) beneckei Mazenot; Le Hégarat and
Remane, p. 23, pl. 5, fig. 3.

1973. Pseudargentiniceras beneckei (Mazenot); Le Hégarat,
p- 172, pl. 26, figs 2, 3, 4 (= Mazenot 1939, pl. 32, fig.
10a, 11a, 12a), 5, 6.

1973. Delphinella tresannensis Le Hégarat, p. 113, pl. 13,
fig. 15; pl. 42, fig. 1, 2

1974. Neocomites beneckei Mazenot; Lefeld, p. 348, pl. 9,
figs 2, 73.



1978.

1979.

1979.

1982.

1982.

?1982.

non 1982.

1984.

1984.

1984.

?1988.

1999.

1999.

2001.

2005.

2011.

2011.

2011.

2011.

non 2011.

2012.

2012.
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Tirnovella retowskyi (Sarasin and Schondel-
mayer); Kvantaliani and Kvernadze, p. 34, pl. 1,
fig. 1.

Tirnovella allobrogensis (Mazenot); Sapunov, p.
196, pl. 59, fig. 3.

Tirnovella beneckei (Mazenot); Sapunov, p. 197,
pl. 59, fig. 4.

Substeueroceras beneckei (Mazenot); Nikolov, p.
208, pl. 72, fig. 3a, b (= Mazenot 1939, pl. 32, fig.
12a,b),4,5,6,7,8,9.

Tirnovella allobrogensis (Mazenot); Nikolov, p.
228, pl. 82, figs 3a, b (= Mazenot 1939, pl. 33, fig.
4a,b),4, 5, 6.

Berriasella (Delphinella) tresannensis (Le Hé-
garat); Hoedemaeker, pl. 1, fig. 4.
Pseudoneocomites retowskyi (Sarasin and Schon-
delmayer); Hoedemaceker, p. 68, pl. 2, fig. 7 (=
Tirnovella sp.).

Delphinella crimense (Burckhardt); Bogdanova et
al., pl. 2, fig. 6.

Delphinella tresannensis Le Hégarat; Bogdanova
etal., pl. 2, fig. 8.

Fauriella shipkovensis (Nikolov and Mandov);
Bogdanova et al., pl. 4, fig. 3.

Neocomites retowskyi (Sarasin and Schondel-
mayer); Khalilov, p. 350, pl. 10, fig. 2.
Berriasella (Tirnovella) retowskyi (Sarasin and
Schondelmayer); Kvantaliani, p. 94, pl. 11, figs
6a, b (= Kvantaliani and Kvernadze, 1978, pl. 1,
fig. 1), 7.

Berriasella (Tirnovella) cf. allobrogensis
(Mazenot); Kvantaliani, p. 95, pl. 12, fig. 1a, b.
Substeueroceras beneckei (Mazenot); Wippich,
p- 79, pl. 6, tigs 4, 6.

Delphinella tresannensis Le Hégarat; Arkadiev
and Bogdanova, p. 493, pl. 5, figs 6, 7 (= Bog-
danova et al. 1984, pl. 2, fig. 8) .

Fauriella aft . carpathica (Zittel); Arkadiev, p. 9,
pl. 3, fig. 6a, b .

Fauriella shipkovensis (Nikolov and Mandov);
Arkadiev, p. 8, pl. 3, figs 2, 3.

Tirnovella allobrogensis (Mazenot); Arkadiev, p.
11, pl. 3, figs 3,4, 5 (= Bogdanova et al. 1984, pl.
4, fig. 3).

Fauriella aff. shipkovensis (Nikolov and Man-
dov); Arkadiev, p. 9, pl. 3, figs 6, 7.

Fauriella aff. shipkovensis (Nikolov and Man-
dov); Arkadiev, p. 9, pl. 3, fig. 7 (= Strambergella
Jjacobi).

Fauriella shipkovensis (Nikolov and Mandov);
Arkadiev et al., p. 154, pl. 7, figs 3, 4 (= Arkadiev
2011, pl. 3, fig. 2, 3).

Fauriella aff. carpathica (Zittel); Arkadiev et al.,

2012.

2012.

2012.

2012.

2013.

p. 155,pl. 7, fig. 5 (= Arkadiev 2011, pl. 3, fig. 6).
Tirnovella allobrogensis (Mazenot); Arkadiev et
al.,p. 159, pl. 7, figs 7, 8 (= Arkadiev 2011, pl. 3,
fig. 3,4), 9 (= Bogdanova ez al., 1984, pl. 4, fig. 3).
Delphinella crimensis (Burckhardt); Arkadiev et
al.,p. 161, pl. 10, fig. 7 (sol.).

Delphinella tresannensis Le Hégarat; Arkadiev et
al., p. 163, pl. 11, fig. 4, (= Arkadiev and Bog-
danova 2005, pl. 5, fig. 4), 5 (= Bogdanova ez al.,
1984, pl. 2, fig. 8).

Delphinella cf. tresannensis Le Hégarat;
Guzhikov et al., p. 278, pl. 2, fig. 7 .

Berriasella jacobi Mazenot; Vasicek and Skupien,
p- 335, fig. 5SD-I (s0l.).

Macroconchs

1893.

non 1901.

1939.

1939.

1960.

1973.

1973.

1982.

non 1985.

non 1986.

? 1986.

1989.

1989.

1990.

1999.

Hoplites occitanicus Retowski, p. 265, pl. 11,
figs 7, 8, 9.

Hoplites Retowskyi Sarasin and Schéndelmayer,
p. 72, pl. 9, fig. 4 (= Teschenites rebouleti).
Neocomites allobrogensis Mazenot, p. 210, pl.
33, fig. 4a, b.

Neocomites suprajurensis Mazenot, p. 211, pl.
33, fig. Sa—c.

Neocomites retowskyi (Sarasin and Schondel-
mayer); Drushchits, p. 282, pl. 25, fig. 5 (= Re-
towski 1893, pl. 11, fig. 9).

Tirnovella suprajurensis (Mazenot); Le Hégarat,
p. 88, pl. 28, fig. 3 (= Mazenot, 1939, pl. 33, fig.
Sa—c).

Tirnovella allobrogensis (Mazenot); Le Hégarat,
p- 177, pl. 27, fig. 6 (= Mazenot 1939, pl. 32, fig.
9a, b).

Tirnovella allobrogensis (Mazenot); Hoede-
maeker, pl. 1, fig. 2.

Tirnovella allobrogensis (Mazenot); Tavera, p.
296, pl. 45, fig. 22C (= Strambergella jacobi).
Tirnovella sp. cf. suprajurensis (Mazenot); De
Wever et al., p. 182, pl. 1, fig. 5 (= Strambergella
Jacobi).

Tirnovella  gr.  allobrogensis-suprajurensis
(Mazenot); Clavel et al., p. 326, pl. 1, fig. 6.
Tirnovella allobrogensis (Mazenot); Khimchi-
ashvili, p. 16, pl. 1, fig. 2; pl. 6, fig. 1.
Tirnovella suprajurensis (Mazenot); Khimchi-
ashvili, p. 16, pl. 6, fig. 2.

Tirnovella allobrogensis (Mazenot); Khimchi-
ashvili, p. 375, pl. 1, fig. 7 (= Khimchiashvili,
1989, pl. 1, fig. 2).

Tirnovella occitanica (Pictet); Bogdanova et al.,
p.31,pl. 1, fig. 1a, b, 2a, b (= Retowski, 1893, pl.
11, fig. 9); pl. 2, fig. 1, 2a, b, 3a, b (= Retowski
1893, pl. 11, fig. 8).



174

CAMILLE FRAU ET AL.

non 2003. Teschenites retowskyi (Sarasin and Schondel-
mayer); Busnardo ez al., p. 45, pl. 2, fig. 2,3, 4 (=
Sarasin and Schondelmayer 1901, pl. 9, fig. 4).
2004. Tirnovella allobrogensis (Mazenot); Ettachfini,
p. 103, pl. 1, fig. 4a, b.
2012. Tirnovella occitanicus (Pictet); Arkadiev et al., p.
157, pl. 9, fig. 1a, b (= Retowski 1893, pl. 11, fig.
9), 2a,b (= Bogdanova et al., 1999, pl. 1, fig. 1a,
b).

TYPE: As designated by Mazenot (1939), the lectotype
is the Retowski’s specimen CNIGR.39/10916 from
Theodosia (Feodosiya, Crimea, Ukraine), first illus-
trated by Retowski (1897, pl. 11, fig. 8).

MATERIAL: MPP.CHT.27/12 and MPP.CHT.27/17.

DIMENSIONS (mm):
Specimens D U Wh Wb
MPP.CHT.27/12 - - 144 -
MPP.CHT.27/17 - cld6 - —

DESCRIPTION: The material at our disposal consists
of two involute fragments of body chamber. The flanks
are slightly rounded. The umbilical wall is low in in-
ner whorls and becomes markedly recurved and over-
hanging in the adult. The ornamentation is composed
of dense, thin, bifurcate and single ribs. Ribs some-
times branch from the umbilical shoulder and they
are attenuated near the aperture.

REMARKS: Bulot et al. (2014, p. 123) and Vasicek
and Skupien (2013, p. 337) suggested that the taxa
Neocomites beneckei Mazenot, 1939, Neocomites al-
lobrogensis Mazenot, 1939, Neocomites suprajurensis
Mazenot, 1939 form a homogenous group, to which
should be added the crushed holotype of Delphinella
tresannensis Le Hégarat, 1973 from the Jacobi Zone
auctorum of Trésanne (Isére, France). Excepting their
adult size, none of their ornamental or morphological
features allows us to distinguish these taxa from the
type series of P. retowskyi.

Even though the material collected at Le Chouet is
too limited to allow a definitive conclusion, a thorough
re-examination of the literature convinces us that the
difference between the adult size of P. refowskyi and its
allied species reflects intraspecific dimorphism. There-
fore, we support the view that P. retowskyi is merely
the macroconch, and therefore the senior subjective
synonym, of the typological species listed above.

As shown by the synonymy list, P retowskyi has
been repeatedly confused with the middle Berriasian
index species Tirnovella occitanica. As herein de-

fined, P. retowskyi can be easily distinguished from 7
occitanica by its inflated, involute shell, deep umbili-
cus, its adult recurved umbilical wall, dense and fine
ribs that are progressively attenuated on the body-
chamber, and the lack of umbilical tubercles at all
stages of ontogeny.

OCCURRENCE: P. retowskyi was found in bed 91, E.
cularense Biohorizon, base of the Jacobi auctorum
Zone (upper part of the C. intermedia Subzone of the
Crassicollaria Zone).

Genus Elenaella Nikolov, 1966

TYPE SPECIES: Berriasella cularensis Mazenot,
1939; by original designation.

REMARKS: Mazenot (1939, p. 76) originally noticed
a convergence between the adult stage of Berriasella
cularense and those of the genus Dalmasiceras. How-
ever, Nikolov (1966) designated B. cularense as the
type species of Elenaella (referred to as subgenus of
Berriasella). The same author (Nikolov 1982) subse-
quently rectified this, since Elenaella was considered
a subgenus of Dalmasiceras, because of its ontogenetic
succession and the strong relationships of the suture
line, despite ,,some specific details* (English transla-
tion). According to Cecca et al. (1989), this is not
supportable because the type material of £. cularense
does not show the strong dissymmetric lateral lobe that
typifies Dalmasiceras. Tavera (1985) used Elenaella
as a distinct neocomitid genus because its inner whorls
showed great ornamental affinities with those of the
earliest Berriasella sensu lato. Elenaella is used herein
in the sense of Tavera.

CONTENT: As here understood, Elenaella is mono-
specific. In our view, other species formerly referred
to Elenaella in the literature should be transferred to
other genera.

Dalmasiceras (Elenaella) collignoni Nikolov, 1982
is a junior objective synonym of Delphinella seve-
nieri Le Hégarat, 1973. Confusion with Elenaella was
due to the fading of ornamentation on it body chamber,
which is a convergent adult character among the Neo-
comitidae.

Dalmasiceras (Elenaella) subcularense Nikolov,
1982, is a late Berriasian species that is closely allied
to Jabronella subisaris (Mazenot, 1939). A revision of
the genus Jabronella is needed before there can further
discussion of this matter.

Dalmasiceras (Elenaella) prorsiradiatum Howarth,
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1992, from northern Iraq, is an endemic species of
poorly constrained age. General coiling and ribbing
style on the venter area suggest that it should rather be
placed in Groebericeras Leanza, 1945, as interpreted by
Howarth (1992).

The generic status of the poorly-understood Del-
phinella auzonensis Le Hégarat, 1973, that was in-
cluded (with no discussion) in Elenaella by Klein
(2005), remains unclear, even if its type specimen
shows some affinities with D. sevenieri.

Elenaella cularense (Mazenot, 1939)
(Text-fig. 3H-J)

1939. Berriasella cularensis Mazenot, 1939, p. 75, pl. 8,
fig. la—c, 2.

1939. Berriasella sp. ind. aff. B. cularensis aff. B.
vasseuri Mazenot, p. 77, pl. 7, fig. 3Ab.

1985. Elenaella cularensis (Mazenot); Tavera, p. 262,
pl. 38, fig. 1; text-fig. 20F.

non 1989. Dalmasiceras (?Elenaella) aff. cularense?

(Mazenot); Cecca et al., p. 75, pl. 4, fig. 6, 7a, b
(= Praedalmasiceras progenitor).

TYPE: As designated by Mazenot (1939, p. 75, pl. 8,
fig. la—c), the holotype is specimen 1D.632 from the
Bréche d’Aizy (Isére, France), in the Gevrey collec-
tion.

MATERIAL: MPP-CHT.26/9x and MPP.CHT.27-34.

DIMENSIONS (mm):
Specimens D U Wh Wb
MPP-CHT.26/9x c44.1 - 16.1 9.1
MPP.CHT.27-34 c204 5.7 7.8 -

DESCRIPTION: This is a small neocomitid ammonite
with moderately involute coiling. The sub-rounded
whorl section of the inner whorl passes towards a sub-
oval whorl section, higher than wide, with flattened
flanks. The umbilical wall is low and obliquely in-
clined. The ornamentation of the phragmocone consists
of fine, prorsiradiate, bifurcate ribs, and scarce single
ribs. On the body-chamber, the ornamentation is pro-
gressively attenuated at the mid-flank. Some ribs re-
main on the external shoulder as well as regular bul-
lac on the umbilical shoulder. The change between
these two types of ornamentation is abrupt.

REMARKS: The understanding of E. cularense is
based on a limited number of specimens, but the ma-
terial at our disposal matches the holotype well. It

should be noted that the holotype originates from the
Bréche d’Aizy and its age remains unclear at its type
locality, since this level contains reworked ammonites
from the Andreaei Zone and most of the Jacobi Zone
auctorum. The specimen illustrated by Cecca et al.
(1989) from Le Pouzin (Ardéche, France) clearly be-
longs to Praedalmasiceras gen. nov. on the basis of its
fasciculate ribs on its inner whorls and its dissymmet-
ric lateral lobe. Tavera (1985) illustrated a single spec-
imen of E. cularense from the Betic Cordillera (south-
ern Spain) that perfectly matches the E. cularense
holotype.

OCCURRENCE: E. cularense was found in beds 89
and 90, E. cularense Biohorizon, from the base of the
Jacobi Zone auctorum (upper part of the C. interme-
dia Subzone of the Crassicollaria Zone).

Genus Delphinella Le Hégarat, 1971

TYPE SPECIES: Hoplites delphinensis Kilian, 1889;
by original designation.

REMARKS: Le Hégarat (1973) showed that two mor-
phological groups co-occur throughout the strati-
graphic range of the genus. The first group is distin-
guished by its small adult size and attenuation of the
ornament on the body chamber. The second group is
characterized by larger forms with more or less marked
tubercles at the rib furcation points on the body cham-
ber.

In the Jacobi Zone auctorum, D. delphinense (Kil-
ian, 1889), D. berthei (Toucas, 1890), D. garnieri
(Mazenot, 1939), D. janus (Retowski, 1893), D. ob-
tusenodosa (Retowski, 1893) and D. pectinata
Arkadiev and Bogdanova, 2005 belong to the first
group. D. subchaperi (Retowski, 1893) and D. con-
sanguinea (Retowski, 1893) belong to the second
group. Both groups are recognized in our collection
from Le Chouet, but the material is too scarce and frag-
mentary to determine sexual dimorphs. Pending the de-
scription of a large collection of well-preserved spec-
imens made by us at Les Combes (Glandage, Drome,
France), we here follow a [fairly] conservative taxo-
nomic treatment of Delphinella.

As already discussed above, the holotype and sin-
gle specimen of Delphinella tresannensis Le Hégarat,
1973 is a crushed Pseudoneocomites retowskyi.

Delphinella delphinense (Kilian, 1889) nom. correct
(Text-fig. 3K-0)
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1889. Hoplites delphinensis Kilian, p. 662, text-fig. 1.

1893. Hoplites calisto d’Orbigny; Retowski, p. 55, pl.
12, fig. 1.

1939. Berriasella delphinensis (Kilian); Mazenot, p.
67, pl. 6, fig. 14a, b, 15a— (= Kilian 1889, text-
fig. 1).

1939. Berriasella garnieri Mazenot, p. 69, pl. 6, fig. 13a—
C.

1939. Berriasella Garnieri Mazenot, p. 69, pl. 6, fig.
13a—c.

1939. Berriasella moravica (Oppel); Mazenot, p. 71, pl.
6, fig. 18a, b (sol.).

1953. Berriasella delphinensis (Kilian); Arnould-Saget,
p. 67, pl. 4, fig. 10a—c, 11a, b.

1956. Berriasella delphinensis (Kilian); Arkell, pl. 44,
fig. 3a, b (= Mazenot 1939, pl. 6, tfig. 15a, b).

non 1957. Berriasella aft. delphinensis (Kilian); Biirgl, pl. 2,
fig. 4 (= Perisphinctoidea indet.).

1961. Berriasella delphinensis (Kilian); Eristavi, p. 91,
pl. 3, fig. 3.

1973. Delphinella delphinensis (Kilian); Le Hégarat, p.
104, pl. 13, fig. 7 (= Mazenot 1939, pl. 6, fig. 15),
fig. 8; pl. 42, figs 3, 9.

1973. Delphinella garnieri (Mazenot); Le Hégarat, p.
107, pl. 13, fig. 9 (= Mazenot, 1939, pl. 6, fig.
13a—c); pl. 42, fig. 5 (= Mazenot 1939, pl. 6, fig.
13).

non 1977. Berriasella (Delphinella) cf. delphinensis (Kil-
ian); Sapunov, pl. 6, fig. 5 (= Moravisphinctes
mollovi).

non 1979. Berriasella (Delphinella) cf. delphinensis (Kil-
ian); Sapunov, p. 177, pl. 56, fig. 7 (= Sapunov
1977, pl. 6, fig. 5).

1982. Delphinella delphinensis (Kilian); Nikolov, p. 86,
pl. 20, fig. 2a, b (= Kilian, 1889, text-fig. 1), 3, 4
(= Le Hégarat 1973, pl. 42, fig. 9).

1984. Berriasella delphinensis (Kilian); Bogdanova et
al., p. 32, pl. 2, fig. 3a, b; pl. 3, fig. 5.

1992. Berriasella (Delphinella) cf. delphinensis (Kil-
ian); Wierzbowski and Remane, p. 874, pl. 2, figs
3,4 .

1999. Delphinella cf. delphinensis (Kilian); Kvantaliani,
p. 96, pl. 12, fig. 2a, b.

1999. Delphinella garnieri (Mazenot); Kvantaliani, p.
97, pl. 12, fig. 3a, b.

2005. Delphinella delphinensis (Kilian); Arkadiev and
Bogdanova, p. 494, pl. 6, fig. 5.

2012 Delphinella delphinensis (Kilian); Arkadiev et
al., p. 164, pl. 10, fig. 4 (= Arkadiev and Bog-
danova 2005, pl. 6, fig. 5).

TYPE: Mazenot (1939, p. 67, pl. 6, fig. 15a—) desig-
nated specimen FSL.127337 from Claps-de-Luc

(Drome, France), Sorbonne collection, as the holo-
type of D. delphinense. Kilian (1889), however, did not
designate a type and consequently, specimen
FSL.127337 is the lectotype.

MATERIAL: Eight specimens: MPP-CHT.47/4, MPP-
CHT.47/7, MPP-CHT.47/8, MPP-CHT.53/1, MPP-
CHT.120/1, MPP-CHT.120/2, MPP-CHT.120/3, MPP-
CHT.120/4 and MPP-CHT.123/1.

DIMENSIONS (mm):
Specimens D U Wh Wb
MPP-CHT.47/4 - - — c6.0

MPP-CHT.120/2 28.9 9.4 14.7 -

DESCRIPTION: The species is represented in our
collections by several poorly-preserved fragments of
small, discoidal Neocomitidae with a moderately in-
volute coiling, shallow umbilicus and subrectangular,
higher-than-wide, whorl section. All specimens show
a tabulate venter. The early ontogeny of our specimens
is poorly preserved, but they show a ventral groove that
changes to a flat ventral band in the adult. The flanks
are flattened or slightly convex. The umbilical wall is
low. The ornamentation is composed of rigid to dense,
straight to prorsiradiate bifurcating ribs on the inner
whorls. On the body chamber, bifurcate ribs are flat-
tened on the upper flank and they are attenuated at
mid-flank at the end of the adult whorl.

REMARKS: The material at our disposal is poorly-
preserved, but can be referred to D. delphinense based
on its small size, its subrectangular, higher-than-wide
whorl section with a tabulate venter, rigid to dense bi-
furcate ribs that flatten on the upper flank and are in-
terrupted on the venter. The type series of D. garnieri
(Mazenot, 1939) cannot be distinguished from D. del-
phinense, and we thus assume that the latter species is
a senior subjective synonym.

D. obtusenodosa (Retowski, 1893) differs from D.
delphinense by its larger adult size, denser ribbing
and the occurrence on the body chamber of thickenings
at the furcation points. It is clear that D. crimense
(Retowski, 1893) and D. janus (Retowski, 1893) cor-
respond to juveniles or smaller forms of D. obtuseno-
dosa.

D. berthei differs from D. delphinense by its rigid
bifurcate ribs on the inner whorls and the absence of
the fading of ribs on the body chamber.

A re-examination of Delphinella mollovi
Nikolov, 1982 leaves no doubt that the species belongs
to Moravisphinctes Tavera, 1985, based on its evolute
coiling and trifurcate ribs on the body chamber.
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OCCURRENCE: D. delphinense occurs in beds 113,
119, 120 and 123, lower part of the Jacobi Zone auc-
torum (lower part of the C. alpina Subzone, Calpi-
onella Zone).

Delphinella consanguinea (Retowski, 1893)
(Text-fig. 3P)

1893. Hoplites consanguineus Retowski, p. 268, pl. 12,
fig. 1a, b, 2.

1939. Berriasella consanguinea (Retowski); Mazenot,
p. 79, pl. 7, fig. 4a—c.

1960. Berriasella consanguinea (Retowski); Drushchits,
p. 276, pl. 20, fig. 5a, b (= Retowski 1893, pl. 12,
fig. 1a, b).

non 1962. Berriasella sp. cf. consanguinea (Retowski); Col-

lignon, p. 6, pl. 178, figs 774, 775, 776 (= Neo-
comitidae gen. et sp. indet.).

TYPE: As designated by Mazenot (1939, p. 79), the
lectotype is the (?) unnumbered Retowski’s specimen
from Feodosiya (Crimea). It was first illustrated by
Retowski (1893, pl. 12, fig. la, b).

MATERIAL: A single specimen MPP-CHT.47/6.

DIMENSIONS (mm):
Specimen D U Wh Wb
MPP-CHT.47/6  54.6 21.8 20.5 -

DESCRIPTION: MPP-CHT.47/6 is a medium size,
discoidal member of the Neocomitidae with moder-
ately involute coiling, shallow umbilicus and subrec-
tangular, higher-than-wide whorl section with a tabu-
late venter. The flanks are flat. The umbilical wall is
low. The early ontogenic stage is poorly preserved, but
its ornament is composed of rigid, straight, single ribs
on the innermost whorls. On the body chamber, the
ribs are spaced, prorsiradiate and bifurcate on the mid-
flank. They are thickened on the umbilical shoulder. At
the end of the whorl, tubercles appear on the umbili-
cal shoulder and at the furcation point. The rib
branches are flattened on the upper flanks and they de-
limit a flat ventral band.

DISCUSSION: D. consanguinea and D. subchaperi
belong to the group of Delphinella with two rows of tu-
bercles on the adult whorl. D. subchaperi can easily be
distinguished from D. consanguinea by its more in-
volute coiling and denser ribbing at all stages of on-
togeny. It is possible that D. subchaperi could repre-
sent an extreme morphology of D. consanguinea

resulting from a covariation of the shell shape and
density of ribs.

It should be noted that D. consanguinea and D.
subchaperi are markedly larger than D. delphinense, D.
berthei and D. gr. obtusenodosa, which were consid-
ered microconch forms since they had lateral lappets
(Le Hégarat 1973). Therefore, it seems obvious that the
tuberculate Delphinella probably corresponds to the
macroconch form. A biometric study based on suffi-
cient material is necessary for a better understanding
of the intra- and interspecific variation within Del-
phinella.

OCCURRENCE: D. consanguinea occurs in bed 113,
lower part of the Jacobi Zone auctorum (lower part of
the C. alpina Subzone, Calpionella Zone).

Family Olcostephanidae Haug, 1910
Subfamily Spiticeratinae Spath, 1924

REMARKS: The subfamily Spiticeratinae has suf-
fered from extreme taxonomic splitting and Spiticer-
atinae actually encompasses more than one hundred
species and subspecies referred to eleven genera (see
Klein 2005). Among this subfamily, Proniceras Bur-
ckhardt, 1919, Spiticeras Uhlig, 1903, Negreliceras
Djanélidz¢, 1922b and Kilianiceras Djanélidz¢, 1922b
include the great majority of the species and are con-
sidered to be distributed worldwide (except in boreal
regions) across the Tithonian/Berriasian boundary in-
terval, despite strong provincialism among Tethyan
ammonite faunas at that time (Lehmann et al. 2015).

With the excpetion of the recently re-illustrated
type of Ammonites pronus by Parent et al. (2011), the
type species of Spiticeras, Kilianiceras and Negre-
liceras are still poorly documented and no other illus-
trations apart from the original hand-drawings are
available. Since the monographic work of Djanélidzé
(1922b), no modern revision of the subfamily based on
new and stratigraphically well-located collecting has
been undertaken. As a consequence, no precise de-
scription of the morphological and ornamental features
that could help define the boundary using these genera
and species is available. Even if most authors agree
that there is a marked sexual dimorphism among the
Spiticeratinae, the recognition of the dimorphic pairs
remains unclear.

It should be noted that Parent et al. (2011, p. 62, 63)
considered Spiticeras as a major synonym of the other
genera listed above. This view is based on the re-ex-
amination of the holotype of P. pronus which shows
that the hand-drawn illustration by Zittel (1868, pl. 15,
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fig. 8a, b) overlooked morphological characters that
show affinities with the original illustration of
Spiticeras spitiensis (Blanford, 1864).

Our efforts to locate the type specimen of S. spi-
tiense have been unsuccessful and direct comparison
with the holotype of P. pronus remains impossible. Ex-
amination of the available literature suggests that S.
spitiense and the many typological species from the
Spiti Shales (Oppel 1863; Blanford 1864; Uhlig 1903,
1910; Djanélidzé 1922b; Spath 1939; Liu 1988) and
Malagasy faunas (Collignon 1960, 1962) are charac-
terised by a larger adult size, subtriangular adult whorl
section and strong tubercles on the umbilical shoulder.
Following Enay (2009), we agree that the relationships
between the Spiticeratinae taxa of the eastern and
western areas of the Tethys are considerably more
complex than has been thought. As a consequence, we
follow the conservative views of Wright et al. (1996)
regarding the systematics of the Spiticeratinae.

Genus Proniceras Burckhardt, 1919

TYPE SPECIES: Ammonites pronus Oppel in Zittel,
1868; by subsequent designation of Roman (1938).

REMARK: The type specimen of Ammonites pronus
originates from the Stramberk limestone (Outer West-
ern Carpathians of Moravia, Czech Republic) that
constitutes base-of-slope conglomerates and slump
bodies within the Cretaceous part of the Hradisté
Formation (Elia$ and EliaSova 1986; Picha et al.
2006). Therefore, the precise age of 4. pronus in its
type locality remains unclear, even if a late Tithonian
age has long been assigned. Toucas (1890) and
Djanélidzé (1922b) reported Ammonites pronus in
the reworked ammonite assemblage of the Bréche de
Chomérac and the Bréche d’Aizy. Additional works
reported and introduced new Proniceras species from
the Tithonian/Berriasian boundary interval in Crimea
(Retowski 1893; Kilian 1910) and Tunisia (Arnould-
Saget 1953). The many typological Proniceras
species could be distributed between a limited num-
ber of morphological groups that merely reflect in-
traspecific variation and sexual dimorphism. Unfor-
tunately the material at our disposal is not sufficient
to allow a proper revision of the content of Pron-
iceras. Pending new detailed investigation we refer
our specimens to P. pronum.

Proniceras pronum (Oppel in Zittel, 1868)
(Text-fig. 3Q-X)

1865. Ammonites pronus Oppel, p. 554.
1868. Ammonites pronus Oppel in Zittel, p. 91, pl. 15,
fig. 8a, b, 9a—c, 11a-b (sol.).
? 1880. Ammonites (Olcostephanus) pronus (Oppel in Zit-
tel); Favre, p. 40, pl. 3, fig. 9a, b.
non 1890. Holcostephanus pronus (Oppel in Zittel); Toucas,
p. 596, pl. 15, fig. 14a, b, 15a, b,
16a, b (= Proniceras toucasi).
non 1897. Holcostephanus cf. pronus (Oppel in Zittel); Bo-
goslovsky, p. 72, pl. 4, fig. Sa—d (= Proniceras sp.)
1922b. Spiticeras (Proniceras) pronum (Oppel in Zittel);
Djanélidzé, p. 70, pl. 2, fig. 2a, b, 3a-b; pl. 4, fig.
7; text-fig. 10.
1938. Spiticeras (Proniceras) pronum (Oppel in Zittel);
Roman, p. 381, pl. 38, figs 361, 361a (= Zittel
1868, pl. 15, fig. 8a, b); text-fig. 361 (= Djanélidzé
1922b, text-fig. 10).
non 1939. Proniceras aff. pronum (Oppel in Zittel); Imlay,
p. 57, pl. 1, fig. 8, 9 (= Spiticeratinae gen. nov.).
1952. Proniceras pronum (Oppel in Zittel); Basse, p.
647, pl. 15, fig. 15, 15a (= Zittel, 1868, pl. 15, fig.
8a, b).
1953. Proniceras pronum (Oppel in Zittel); Arnould-
Saget, p. 87, pl. 9, fig. 6a—c; text-fig. 37.
non 1960. Proniceras pronum (Oppel in Zittel); Collignon,
pl. 162, fig. 655 (= Spiticeras sp. juv.).
1996. Proniceras pronus (Oppel in Zittel); Wright et al.,
p. 43, fig. 30.2-2a (= Zittel, 1868, pl. 15, fig. 8a, b).

TYPE: As designated by Roman (1938, p. 381), the
lectotype is specimen BSPG-AS/I11/211 drawned by
Zittel (1868, pl. 15, fig. 8) from Koniakow (Czech Re-
public). It was properly illustrated by Parent et al.
(2011, fig. 28A1-3).

MATERIAL: Eight specimens MPP-CHT.14/19,
MPP-CHT.19/2, MPP-CHT.19/9, MPP-CHT.21/67,
MPP-CHT.26/8, MPP-CHT.27/28 , MPP-CHT.35/4
and MPP-CHT.48/1.

DIMENSIONS (mm):

Specimens D U Wh Wb
MPP-CHT.14/19 - - cll2 107
MPP-CHT.19/2 29.9 138 87 ¢S54
MPP-CHT.19/9 c253 - 8.1 6.5
MPP-CHT.21/67 c4l.l 164 13.7 c¢7.6
MPP-CHT.26/8 46.5 c¢17.5 17 -
MPP-CHT.27/28 14.4 — — -
MPP-CHT.35/4 - - 141 ¢ 164
MPP-CHT.48/1 24.6 10 9.5 c¢43

DESCRIPTION: MPP-CHT.19/9 is a small fragment
of a juvenile whorl characterized by evolute coiling,
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compressed, sub-rounded whorl section. Umbilical
wall is low. It exhibits well a thin, ventral groove.
Two approximated constrictions occur.

MPP-CHT.21/67 is a almost complete specimen
characterized by its small adult size, moderately evolute
coiling and deep umbilicus. Whorl section is depressed,
sub-rounded in the innermost whorls and becoming
compressed and sub-oval in the adult. The venter is
rounded at all stages of ontogeny. The ornamentation is
composed of strong, prorsiradiate, single ribs that form
primary fasciculate ribs deriving from umbilical bullae
in the adult. The number of secondary branches in-
creases progressively. The peristome is incomplete.

MPP-CHT.33/4 is a fragment of an adult body
chamber. The whorl section is markedly depressed,
quasi-trapezoidal. There are almost 22 ribs that fasci-
culate on four strong umbilical tubercles — that is,
about five ribs per tubercle. Ribs cross the venter
forming a marked chevron. Peristome seems to be
preceded by a deep constriction.

MPP-CHT.48/1 is a small, adult specimen charac-
terized by a subtrapezoidal whorl section, moderately
involute coiling, and with a deep umbilicus. The um-
bilical wall is steep. The ornamentation is composed of
strong, straight, single ribs that form primary fascicu-
late ribs from umbilical bullae in the adult. The num-
ber of secondary ribs seems to be lower than the other
specimens. A deep constriction occurs on the adult
whorl. The peristome could not be studied.

MPP-CHT.26/8 is small complete specimen, but
the inner whorls are not preserved. It is characterized
by moderately involute coiling, markedly compressed
subrectangular, higher- than-wide whorl section, with
a rounded venter. The ornamentation is strongly at-
tenuated on the flank. Three constrictions occur on the
adult whorl. The peristome could not be studied.

DISCUSSION: Among the material collected at Le
Chouet, specimen MPP-CHT.21/67 matches well the ju-
venile morphological and ornamental features of the lec-
totype of . pronum, as illustrated on Fig. 28.A 4 in Par-
entetal. (2011). Specimen MPP-CHT. 33/4 matches the
adult whorl of P. pronus and its closely allied forms P,
orientale (Kilian, 1910) and P. pseudogroteanum
(Djanélidz¢é, 1922b), that only differ by their more evo-
lute coiling. Specimen MPP-CHT.48/1 could be easily
compared with P. celsum (Oppel, 1865) and P.
pseudogroteanum var. blancheti (Djanélidzé, 1922b),
since they share a small adult size, depressed whorl sec-
tion and deep umbilicus. Specimen MPP-CHT.19/9
has great affinities with the microconch forms P. mirum
(Retowski, 1893) and P. proteus (Retowski, 1893).

The morphological and ornamental features of MPP-

CHT.26/8 encompass those of P. gracile (Djanélidzé,
1922b) and P, simplex (Djanélidzé, 1922b).

Our new collection shows that the ontogenetic se-
quence between Proniceras specimens is rather simi-
lar, but the length of ornamental stages and pattern of
fasciculate ribs are strongly related to the adult shell
shape. Two distinct morphologies co-occur: with small,
compressed, evolute forms and larger, more or less de-
pressed, involute forms — which may support a dis-
tinction between two antidimorphs. Unfortunately, as
was discussed above, the material at our disposal is not
sufficient to carry out a proper analysis of sexual di-
morphism in Proniceras.

It should be noted that the occurrence of a thin ven-
tral groove in the inner whorl of P. pronum distin-
guishes it from the Mexican taxa included in Pron-
iceras by Burckhardt (1919). A re-examination of the
illustrations of the taxa P, aguilerae Burckhardt, 1919,
P, idoceroides Burckhardt, 1919, P. victoris Burck-
hardt, 1919, P. torresense Burckhardt, 1919, P. sub-
pronum Burckhardt, 1919, P. neohispanicum Burck-
hardt, 1919 as well as P. scorpionum Imaly, 1939 and
P. jimulcense Imaly, 1939 indicates that they do not
compare with true Proniceras of the pronum group and
deserve the introduction of a new generic name.

OCCURRENCE: P. pronum occurs between bed 78
and bed 114, topmost Microcanthum Zone to lower
part of the Jacobi Zone auctorum (C. intermedia and
C. colomi subzones of the Crassicollaria to the C.
alpina Subzone of the Calpionella Zone). A similar
range was reported from southern Spain by Enay and
Geyssant (1975) and Tavera et al. (1986) but, thus far,
this has not been documented.

BIOSTRATIGRAPHIC IMPLICATIONS

The original conception of the Berriasian, intro-
duced by Coquand (1869, 1875) at the locality of
Berrias-et-Casteljau (Ardeche, France) was entirely
ammonite-based, and the ammonite biostratigraphy
still has much to contribute to the definition of the J/K
boundary (Wimbledon et al. 2011). However, it was
previously assumed that the historical fossiliferous
section did not extend low enough to reach the puta-
tive base of the Cretaceous (Le Hégarat 1973; Wim-
bledon et al. 2011, 2013). Also, thick and complex
carbonate breccia systems strongly affected the am-
monite-bearing, basinal succession of southeast
France to such an extent that it is difficult to recon-
struct a virtual complete succession across the Tithon-
ian/Berriasian boundary (Courjault 2011).
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In this connection, the section of Le Chouet, in east-
ern Drome, is one of the best-developed successions, al-
most free of reworked facies, where it has proved
possible to integrate, for the first time in southeast
France, the macro- (ammonite) and microfossil (calpi-
onellids, nannofossils) contents with magnetostratigra-
phy (Wimbledon ez al. 2013). Investigation of the
microfossils shows that the site comprises a sedimen-
tary sequence in the Chitinoidella, Crassicollaria and
Calpionella Zones that correlate with the magnetozones
M20n, M19r and M19n. Wimbledon et al. (2013) con-
firmed that representatives of the Ataxioceratidae, Hi-
malayitidae and Neocomitidae dominate the ammonite
assemblage. The vertical range of age-diagnostic taxa
allowed the recognition of the upper part of the Micro-
canthum Zone (= M. fischeri Subzone sensu Wimble-
don et al. 2013) and the introduction of the Andreaei
Zone to replace the Durangites Zone (sensu Enay and
Geyssant, 1975), since that the genus Durangites Bur-
ckhardt, 1912 was considered to be endemic of Mexico
(Frau et al. 2015).

At Le Chouet, the boundary between the Andreaei
Zone and the Jacobi auctorum Zone falls within the cal-
pionellid Crassicollaria intermedia Subzone, which
confirms similar results achieved in the Rosso Am-
monitico succession of Puerto Escafio, southern Spain
(Tavera et al. 1994; Pruner et al. 2010). The diachro-
nism between the base of the Jacobi Zone auctorum and
those of the Calpionella Zone notably alters the defini-
tion of the base of the Berriasian in the sense of the 1975
colloquium on Jurassic/Cretaceous boundary based on
the view of Enay and Geyssant (1975).

Bulot et al. (2014) and Frau et al. (2015) described
and illustrated Perisphinctoidea taxa from the Micro-
canthum and Andreaei zones at Le Chouet. The pres-
ent contribution ends the systematic description by the
revision of the rest of the taxa of the Jacobi Zone auc-
torum. It should be noted that an additional account
on the nearby Charens locality was undertaken (Frau
et al. accepted); investigation of the macrofossils
shows that that section comprises a complete Micro-
canthum Zone. Useful lithological and biological
markers can be correlated between the Charens and
Le Chouet sections and confirm that the former ex-
tends into the Andreaei Zone. A composite section
may be drawn between the Charens and Le Chouet
sections (Text-fig. 4). From the Microcanthum Zone
to Jacobi Zone auctorum, four successive ammonites
assemblages can be identified during this interval.
From bottom to top:

An assemblage dominated by Micracanthoceras micro-
canthumi

An assemblage dominated by Paraulacosphinctes and
Moravisphinctes;

An assemblage dominated by Protacanthodiscus an-
dreaei;

An assemblage dominated by Elenaella cularense,
Lopeziceras chaperi gen. nov. and Praedalma-
siceras spiticeroides gen. nov.;

An assemblage dominated by Praedalmasiceras pro-
genitor gen. nov.;

An assemblage dominated by Delphinella.

The preliminary results on the ammonite distribution
in the nearby section of Les Combes (Glandage, Drome)
published by Frau ez al. (2016) show that the assemblage
dominated by Delphinella of the delphinense group ap-
pear at the lower boundary of the Calpionella Zone. This
occurrence is slightly older than those herein documented
at Le Chouet. Two distinct ammonite assemblages above
the one dominated by Delphinella are documented at Les
Combes; these are, from bottom to top:

An assemblage dominated by Pseudosubplanites;
An assemblage dominated by Strambergella

In this regard, our recent revision of the index
species Berriasella jacobi Mazenot, 1939 convinced us
that most of specimens illustrated as B. jacobi have been
misidentified (Frau et al., 2016). New collection at Les
Combes showed us that the type series corresponds to
the microconch form of a dimorphic pair that belong to
the genus Strambergella Nikolov, 1966. As a conse-
quence, the vertical range of the species lead us to ques-
tion its value as an index species for a lowest Berriasian
biozone. Pending the description of the ammonite fau-
nas from Les Combes, we herein follow a conservative
use of the Jacobi Zone auctorum.
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Abstract: This contribution focuses on the Perisphinctoidea ammonite taxa from the Upper Tithonian at Charens (Drome,
south-east France). Emphasis is laid on five genera that belong to the families Himalayitidae and Neocomitidae.
We document the precise vertical range of the index-species Micracanthoceras microcanthum, and a comparative
ontogenetic-biometric analysis sheds new light on its range of variation and dimorphism as compared to the best-
known Spanish populations. As herein understood. the lower boundary of the M. microcanthum Zone (base of the Upper
Tithonian) is fixed at the FAD of its index species. The faunal assemblages and species distribution of the
P. andreaei Zone are rather similar to those described at the key-section of Le Chouet as confirmed by the co-occurrence
of the genera Protacanthodiscus, Boughdiriella and Pratumidiscus. New palacontological evidence supports the view
that the basal Neocomitidae Busnardoiceras busnardoi was derived from Protacanthodiscus andreaei in the upper part

of the P. andreaei Zone.

Key words: Ammonoidea, Tithonian, Jurassic, biostratigraphy, Drome, France.

Introduction

Within the activity of the Berriasian Working Group (BWG) of
the International Subcommission for Cretaceous Stratigraphy
(ISCS/IUGS), Bulot et al. (2014) and Frau et al. (2015)
focused on the systematics ofthe late Tithonian Perisphinctoidea
(Ammonitina, Ammonoidea) from Le Chouet (Drome); a sec-
tion that stands as a reference for the definition of the Jurassic/
Cretaceous boundary in south-east France (Wimbledon et al.
2013). However, we failed to characterize the exact range and
intraspecific variation of the late Tithonian index species
Micracanthoceras microcanthum (Oppel, 1865) due to its
sporadic occurrence and the poor preservation of the specimens
collected (Bulot et al. 2014). A new survey of the sections
of the Drome river valley already documented by Remane
(1970) led us to sample in detail the Charens section where
the lower part of the Upper Tithonian is better exposed than
at Le Chouet and it has yielded rich ammonite faunas. The aim
of the present contribution is to discuss the taxonomy and
illustrate the Himalayitidae and Neocomitidae in this new
collection.

Geological setting
The Charens section is located about three kilometres to the

west of Le Chouet (Drome, France, Fig. 1). This section is part
of the late Kimmeridgian to early Berriasian “turbiditic”

system of the Subalpine Basin deposited along the northern
Tethys margin (Ferry & Grosheny 2013). The locality lies in
the upper valley of the Drome River (Long 5°31°08”E,
Lat 44°32°42”N) off the local road (D93) from Die to
Beauriéres. It comprises a low mural section, 250 m-long,
along a single-track road (D145) on the east side of the Charens
gorge. The section extends around the slope from an altitude
of 756 m to 768 m and dips 10 degrees to the North.

The studied part of the succession consists of 41 metres of
well-bedded limestone autochthonous intervals intercalated
between conglomeratic, clast or matrix-supported breccias
(Fig. 1). The bottom part of the section corresponds to thin-
bedded biocalcarenites (beds 5 to 12) above a thick conglo-
meratic breccia (bed 1 to 5), that pass into a 12m-long,
ammonite-bearing, biomicrite succession (beds 13 to 67).
The first occurrence of ammonites is reported in bed 17 and
contains Burckhardticeras ponti (Fallot & Termier, 1923) and
Lemencia sp. This assemblage is indicative of the Burckhardti-
ceras ponti Zone sensu Enay & Geyssant (1975) that marks
the uppermost Lower Tithonian. The First Appearance Datum
of M. microcanthum is herein reported at the base of the bed 25
in association with Lemencia sp. and poorly-preserved frag-
ments of Cordubiceras cf. cordubae (Olériz & Tavera, 1979)
(Fig. 1). As herein understood, the FAD of M. microcanthum
marks the lower boundary of the Upper Tithonian (see
discussion in the Conclusion). Above, thick massive, clast-
and matrix supported breccias affect the succession. The bio-
micrite interval (beds 79 to 98) that crops out above the

www.geologicacarpathica.com
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Fig. 1. Locality map of Le Chouet and Charens sections (Drome, SE France),
biostratigraphy and vertical range of the late Tithonian Himalayitidae and
Neocomitidae studied in this paper.
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brecciated interval can be correlated with certainty to beds 72
to 89 at Le Chouet section. This is supported by ammonite
occurrences [Moravisphinctes fischeri (Kilian, 1889), Parau-
lacosphinctes senoides Tavera, 1985, Protacanthodiscus
andreaei (Kilian, 1889) etc.] and useful lithological markers
such as the intraclastic/microbreccia bed 88 (=bed 80 of
Le Chouet section) and the clast-supported breccia bed 95—-97
that correspond to the grainstone-conglomerate-grainstone
triplet of Le Chouet (= beds 86 to 88).

The calpionellid assemblages of the Charens section were
previously described by Remane (1970, fig. 6) but the reso-
lution of the drawing prevents us from a bed-by-bed correlation.
A detailed study of the calpionellids and calcareous nanno-
fossils, is currently in progress in the BWG.

Systematic palaeontology

Preservation of our specimens as crushed internal moulds
prevents us from giving other measurements than Dmax=1larger
measurable diameter, U=adult width of the umbilicus and
Wh=adult whorl height. The ratios U/D, Wh/D and Wb/D
(umbilical dimension, whorl height and whorl breath as a per-
centage of the adult diameter), are discussed in systematic
descriptions. In synonymies, we distinguished the macroconch
[M] and microconch [m] specimens.

All studied specimens are deposited in the Frau/Bulot
collection at the Musée Paléontologique de Provence (MPP)
of the Aix-Marseille Université, France. All specimens from
Charens were coated with ammonium chloride prior to photo-
graphy. The following abbreviations indicate the repository of
specimens mentioned in the text:

FSL and EM: University of Claude Bernard — Lyon-I.

UJF-ID: University of Grenoble.

BSPM: Bayerische Staatssammlung fiir Paldontologie und

Geologie, Munich.

Order Ammonoidea Zittel, 1884
Suborder Ammonitina Hyatt, 1889
Superfamily Perisphinctoidea Steinmann, 1890
Family Himalayitidae Spath, 1925
Subfamily Himalayitinae Spath, 1925
Genus Micracanthoceras Spath, 1925

Type species. Ammonites microcanthus Oppel in Zittel,
1868, by original designation of Spath (1925, p. 144).

Remarks. Bulot et al. (2014) recently shed new light on the
content of Micracanthoceras to which the reader is referred.
However, this revision was not supported by palacontological
evidence due to the poorly-preserved specimens collected at
Le Chouet. New collections from Charens allow the study of
intraspecific variation in Micracanthoceras microcanthum
(Oppel in Zittel, 1868) throughout its range. A biometric com-
parison with the many species introduced by Tavera (1985)
from the Betic Cordillera (Spain) is provided ) (see Table 1 in
Supplementary data).
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Micracanthoceras microcanthum (Oppel in Zittel, 1868)
Figs. 2A—-C, 3A,B and 4A,U

Macroconchs [M]

1865 Ammonites Symbolus — Oppel, p. 555

1865 Ammonites Kollikeri — Oppel, p. 555

1868 Ammonites microcanthus — Oppel in Zittel, p. 93, pl. 17,
figs. la-b,2

1868 Ammonites Symbolus — Oppel in Zittel, p. 96, pl. 16, figs. 6a,c,
Ta,c

1868 Ammonites Kollikeri — Oppel in Zittel, p. 95, pl. 18, fig. la,c

non 1868 Ammonites Kollikeri— Oppel in Zittel, p. 95, pl. 18, fig. 2a,c
|= Ardesciella rhodanica (Mazenot)|

non 1886 Perisphinctes Kollikeri (Oppel) — Nicolis & Parona, p. 77,
pl. 4, fig. 6 (= ?Simoceratidae gen. et sp. indet.)

non 1890 Hoplites Koellikeri (Oppel) — Toucas, p. 607, pl. 18,
fig. 11A,B [= Ardesciella rhodanica (Mazenot)]

1897 Hoplites microcanthus (Oppel) — Roman, p. 284, pl. 1, fig. 10a,b

non 1897 Reineckeia Koellikeri (Oppel) — Steuer, p. 31, pl. 32(8),
fig. 5 [= Corongoceras mendozanum (Behrendsen)], 6

non 1900 Reineckeia Koellikeri (Oppel) — Burckhardt, p. 16, pl. 20,
figs. 14, 15, pl. 21, fig. 1 [= Steueria alternans (Gerth)]

non 1922 Reineckeia Koellikeri (Oppel) — Steuer, p. 57 pl. 8, figs. 5,
6 (= Steuer, 1897, pl. 32(8). figs. 5, 6)

1928 Ammonites Koellikeri (Oppel) — Krantz, pl. 28, pl. 3, fig. 1a,b

non 1931 Berriasella Koellikeri (Oppel) — Windhausen, pl. 29,
figs. 4a,b, 7

1931 Micracanthoceras aff. microcanthum (Oppel) — Yin, p. 33, pl. 2,
fig. 1,1a (= Roman, 1897, pl. 1, fig. 10a,b)

1936 Himalayites (Corongoceras) lamberti — Roman, p. 21, pl. 3,
fig. 5,5a

non 1936 Himalayites (Corongoceras) Kollikeri (Oppel) — Roman,
p. 27, pl. 4, figs. 19,19a, 20 (= ?Protacanthodiscus sp. juv.)

1939 Himalayites (Micracanthoceras) microcanthum (Oppel in
Zittel) — Mazenot, p. 233, pl. 37, fig. 12a,b (= Zittel, 1868,
pl. 17, fig. 1a, 2)

non 1960 Corongoceras Lamberti Roman — Collignon, pl. 167,
fig. 756 [= ?Micracanthoceras brightoni (Spath)]

non 1960 Micracanthoceras cf. symbolus (Oppel) — Collignon,
pl. 175, fig. 753 [= ?Micracanthoceras brightoni (Spath)]

1966 Micracanthoceras (Corongoceras) lamberti Roman — Linares &
Vera, pl. 6, fig. 4, pl. 7. figs. 2, 4

non 1976 Himalayites cf. kollikeri (Oppel) — Khimchiashvili, p. 118,
pl. 11, fig. 3 (= Neocomitidae gen. et sp. indet.)

1985 Djurjuriceras mutari — Tavera, p. 150, pl. 19, fig. 2, pl. 20,
fig. 1, text-fig. 11B

1985 Djurjuriceras mediterraneum — Tavera, p. 152, pl. 19, fig. 1,
text-fig. 11A

1985 Djurjuriceras sinuosum — Tavera, p. 154, pl. 20, fig. 2,
text-fig. 11C

1985 Micracanthoceras (Corongoceras) symbolum (Oppel) — Tavera,
p. 189, pl. 24, fig. 1a,b, text-fig. 14A

1985 Micracanthoceras (Corongoceras) ornatum —Tavera, p. 191,
pl. 25, fig. 8, text-fig. 14E

non 1985 “Corongoceras™ kollikeri (Oppel) — Tavera, p. 194, pl. 28,
fig. 2ab, text-fig. 17G [= Protacanthodiscus hexagonum
(Tavera)]

non 1986 Corongoceras symbolum (Oppel) — De Wever et al., p. 166,
pl. 3. fig. 4 (= Himalayitidae gen. et sp. indet.)

1990 Micracanthoceras microcanthum (Oppel) — Fozy, p. 329, pl. 3,
fig. 4

1990 Corongoceras symbolum (Oppel) — Fozy, p. 328, pl. 5, fig. 2

non 1997 “Corongoceras” kollikeri (Oppel) — Benzaggagh & Atrops,
p. 158, pl. 7, fig. 3 [= Dalmasiceras spiticeroides (Djanélidzé)]

GEOLOGICA CARPATHICA, 2016, 67, 6, 543—559
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Fig. 2. Micracanthoceras microcanthum (Oppel in Zittel, 1868): A1-2 — plaster cast FSL.136039 of the lectotype of Ammonites microcanthus
Oppel in Zittel, 1868 [m]; B1-2 — plaster cast FSL.13049 of Ammonites symbolus Oppel in Zittel, 1868 [M]; C1-3 — MPP-CHR.37/3 [M]
bed 37. Scale bar is 10 mm.

GEOLOGICA CARPATHICA, 2016, 67, 6, 543—559
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Al A2 A3
I

Fig. 3. Micracanthoceras microcanthum (Oppel in Zittel, 1868): A1-4 — plaster cast FSL. FSL. 13086 of the paratype of Ammonites
microcanthus Oppel in Zittel, 1868 [M]; B1-2 — re-illustration of the holotype of Ammonites koellikeri Oppel in Zittel, 1868
(BSPG-AS/111/468) from Parent et al. (2011, fig. 32) [M]. Scale bar is 10 mm.
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1997 Micracanthoceras (Corongoceras) rhodanicum (Mazenot) —
Benzaggagh & Atrops, p. pl. 6, fig. 2

2000 Micracanthoceras (Corongoceras) rhodanicum (Mazenot) —
Benzaggagh, pl. 4, fig. 3 (= Benzaggagh & Atrops 1997, pl. 6,
fig. 2)

non 2010 Corongoceras cf. symbolum (Oppel) — Benzaggagh et al.,
figs. 5j,k, l,m [= [m] Protacanthodiscus andreaei (Kilian)]

2013 ?Djurjuriceras sp. — Bujtor et al., Fig. 4F

non 2013 Micracanthoceras (Corongoceras) koellikeri (Oppel) —
Szives & Fozy, p. 300, pl. 4, fig. 1 [= [m] Protacanthodiscus
andreaei (Kilian)], pl. 6, fig. 7 (= Protacanthodiscus juv.), pl. 8,
figs. 3 |= [m] Protacanthodiscus andreaei (Kilian)], 4a,b
(= Perisphinctoidea indet. juv.), 9 (= Perisphinctoidea indet.)

2016 Micracanthoceras (Corongoceras) sp. — Bahrouni et al.,
figs. 5.7,5.12

Microconchs [m]

1865 Ammonites microcanthus — Oppel, p. 155

1868 Ammonites microcanthus — Oppel in Zittel, p. 93, pl. 17,
figs. 3a,b, 4, Sa,c

1868 Ammonites fraudator — Zittel, p. 110, pl. 21, figs. 1a,b, 2a,b, 3

1890 Hoplites microcanthus (Oppel) — Toucas, p. 608, pl. 18, fig. 12

non 1897 Reineckeia microcantha (Oppel) — Steuer, p. 156(30),
pl. 31(7), fig. 3.5 [= ?Corongoceras steinmanni (Krantz)]

non 1900 Reineckeia microcantha (Oppel) — Burckhardt, p. 16, pl. 20,
fig. 16,17 (Perisphinctoidea indet.)

non 1903 Hoplites microcanthus Péron sp. non Oppel— Burckhardt,
p- 38, pl. 10, fig. 12,16 [= ?Corongoceras mendozanum
(Behrendsen)]

non 1921 Hoplites aff. microcanthus (Oppel) — Burckhardt, pl. 18,
fig. 5,9 (= Perisphinctoidea gen et sp. nov.)

non 1922 Reineckeia microcantha (Oppel) — Steuer, p. 56, pl. 7,
fig. 3,5 (= Steuer, 1897, pl. 31(7), fig. 3-5)

non 1931 Micracanthoceras aft. microcanthum (Oppel) — Spath,
p. 543, pl. 92, fig. 3ab [= Micracanthoceras brightoni
(Spath)]

non 1931 Micracanthoceras sp. nov. aff. fraudator (Zittel) — Spath,
p. 545, pl. 109, fig. 15 [= Micracanthoceras brightoni (Spath)]

1934 Himalayites (Micracanthoceras) microcanthus (Oppel) —
Dacqué, pl. 46, fig. 6, 6a (= Zittel, 1868, pl. 17, fig. 3a,b)

1936 Himalayites (Micracanthoceras) microcanthus (Oppel) —
Roman, p. 22, pl. 4, fig. 6,6a

1936 Himalayites (Micracanthoceras) microcanthus (Oppel) var.
marocana nov. var. — Roman, p. 24, pl. 4, fig. 8,8a

non 1936 Himalayites (Micracanthoceras) microcanthus (Oppel)
var. marocana nov. var. — Roman, p. 24, pl. 4, fig. 9,9a
(= Burckhardticeras sp.)

1938 Himalayites (Micracanthoceras) microcanthus (Oppel) —
Roman, p. 321, pl. 31, fig. 302,302a (= Zittel, 1868, pl. 17,
fig. 3a,b), text-fig. 302 (= Zittel, 1868, pl. 17, fig. 1b)

non 1939 Micracanthoceras n. sp. aff. koellikeri (Oppel) — Imlay,
p. 44, pl. 17, figs. 2, 3, 4 [= Parrasiella astillerense (Imlay)
nom. correct. |

1939  Himalayites (Micracanthoceras) microcanthum (Oppel in
Zittel) — Mazenot, p. 233, pl. 37, fig. 2 a,b (= Toucas, 1890,
pl. 18, fig. 12). 3

non 1956 Himalayites (Micracanthoceras) cf. microcanthus? (Oppel)
— Ksiazkiewicz, p. 214, pl. 25, fig. 3 (= Perisphinctoidea indet.)

1957 Micracanthoceras microcanthus (Oppel) — Arkell et al. ,
p. L356, fig. 468.1a,b (= Zittel, 1868, pl. 17, fig. 3a,b)

non 1960 Micracanthoceras microcanthus (Oppel) — Collignon,
pl. 65, figs. 754, 755 [= Micracanthoceras aff. brightoni
(Spath)]

1966 Himalayites (Micracanthoceras) microcanthus (Oppel) —
Linares & Vera, pl. 5, fig. 2a,b, pl. 6, fig. 5, pl. 7, fig. 3
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1977 Himalayites (Micracanthoceras) microcanthus (Oppel) —
Sapunov, pl. 5, fig. 3

1977 Himalayites (Micracanthoceras) fraudator (Oppel) — Sapunov,
pl. 5, fig. 5

1977 Aulacosphinctes linoptychus (Uhlig) — Sapunov, pl. 6, fig. 1

1979 Himalayites (Micracanthoceras) microcanthus (Oppel) —
Sapunov, p. 193, pl. 58, fig. 4 (= Sapunov, 1977, pl. 5, fig. 3)

1979 Himalayites (Micracanthoceras) fraudator (Zittel) — Sapunov,
p. 194, pl. 58, fig. 5

1979 Aulacosphinctes linoptychus (Uhlig) — Sapunov, p. 195, pl. 59,
fig. 1 (= Sapunov, 1977, pl. 6, fig. 1)

1979 Aulacosphinctes venustus Collignon — Sapunov, p. 195, pl. 59,
fig. 2a,b

1982  Himalayites (Micracanthoceras) microcanthus (Oppel) —
Nikolov, p. 213, pl. 77, fig. 1 (= Sapunov, 1977, pl. 5, fig. 3)

1982 Himalayites (Micracanthoceras) fraudator (Zittel) — Nikolov,
p. 213, pl. 77, fig. 2 (= Zittel, 1868, pl. 21, fig. 2a)

1982 Berriasella (Picteticeras) subeudichotoma — Nikolov, p. 64,
pl. 13, fig. 8

1982 Aulacosphinctes linoptychus (Uhlig) — Nikolov, p. 218, pl. 78,
fig. 5

non 1982 Aulacosphinctes linoptychus (Uhlig) — Nikolov, p. 218,
pl. 78, fig. 4a, b, ¢ [= Aulacosphinctes linoptychus (Uhlig)]

1985 Himalayites (Micracanthoceras) microcanthus (Oppel) — Haas
etal., pl. 20, fig. 7

1984 Micracanthoceras (Micracanthoceras) microcanthus (Oppel)
densecostatus nov. ssp. — Vigh, p. 76, pl. 3, fig. 3a,b

1985 Micracanthoceras (Micracanthoceras) microcanthum (Oppel)
—Tavera, p. 169, pl. 21, figs. la,b, 2, 3, 4, text-figs. 13A, E, G

1985 Micracanthoceras (Micracanthoceras) cf. brightoni (Spath) —
Tavera, p. 175, pl. 21, fig. 5, text-fig. 13F

1985 Micracanthoceras (Corongoceras) rhodanicum Mazenot —
Tavera, p. 180, pl. 22, figs. 7, 8a,b, 9a,b, text-fig. 14D

1985 Micracanthoceras (Corongoceras) flexuosum — Tavera, p. 187,
pl. 23, figs. Sa,b, 6, 7, text-fig. 14C

1985 Micracanthoceras (Corongoceras) radians — Tavera, p. 178,
pl. 23, figs. 1, 2, 3a,b, 4a,b, text-fig. 141

1985 Micracanthoceras (Corongoceras) lotenoense (Spath) — Tavera,
p. 176, pl. 23, figs. 11, 12, 13a,b, text-figs. 14J, K

1985 Micracanthoceras (Corongoceras) minor — Tavera, p. 182,
pl. 23, figs. 8a,b, 9, 10, text-fig. 14H

1985 Micracanthoceras (Corongoceras) mendozanum (Behrendsen)
— Tavera, p. 186, pl. 25, fig. 3a,b, text-fig. 14G

1985 Micracanthoceras (Corongoceras) leanzai — Tavera, p. 192,
pl. 25, figs. 4, 5, text-fig. 14F

1985 Himalayitidae gen. y sp. indeterminados — Tavera, p. 233, pl. 28,
figs. 5, 6, text-fig. 17F

1985 Aulacosphinctes parvulus (Uhlig) — Tavera, p. 144, pl. 17, fig. 4,
text-fig. 10G

1985 Aulacosphinctes macer (Collignon) — Tavera, p. 146, pl. 17,
fig. 3

1985 Aulacosphinctes sulcatus — Tavera, p. 146, pl. 17, figs. la,b,
2a,b, text-figs. 10E, H

1985 Aulacosphinctes venustus Collignon — Tavera, p. 147, pl. 17,
fig. 5, text-fig. 10F

1985 Micracanthoceras (Corongoceras) symbolum (Oppel) — Tavera,
p- 189, pl. 24, figs. 2, 3, pl. 25, figs. la,b, 2, 3, text-fig. 14B

1985 Corongoceras symbolum (Oppel) — Cecca, p. 143, pl. 1, fig. 3

1989 Micracanthoceras microcanthum (Oppel) — Cecca et al., p. 65,
pl. 1, figs. 3, 4a,b

1989 Micracanthoceras aff. microcanthum (Oppel) — Kaiser-Weidich
& Schaier, p. 363, pl. 4, fig. 3a,b

1995 Micracanthoceras microcanthum (Oppel) — Fozy, p. 138, pl. 21,
fig. 7

1995 Micracanthoceras microcanthum (Oppel) — Elia§ & Vasicek,
pl. 1, fig. 4
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Fig. 4. Micracanthoceras microcanthum (Oppel in Zittel, 1868): A1-2 — MPP—CHR.54/1a [?m] bed 25 (top); B— MPP-CHR.34/2 [m]
bed 25 (top); C1-2 — plaster cast of MPP—-CHR.29/1 [m] bed 29; D1-2 — MPP—CHR.50/3 [m] bed 25 (base); E — MPP—CHR.34/1 [?M]
bed 25 (top); F — MPP—CHR.60/6 [m] bed 28 (base); G — MPP—CHR.54/1b [m] bed 25 (top); H — MPP—CHR.50/1 [m] bed 25 (base);
I — MPP-CHR.53/2 [m] bed 31; J1-2 — MPP—CHR.60/7 [m] bed 25 (base); K1-3 — MPP—CHR.67/4 [m] bed 35 (base); L. — MPP—
CHR.51/2 [m] bed 29 (top); M — MPP—CHR.67/9 [m] bed 35; N1-2 — MPP-CHR.82/1 [m] bed 53; O — MPP—CHR.45/1 [M] bed 45;
P—MPP—CHR.92/11 [m] bed 64; Q — MPP—CHR.92/28 [m] bed 64; R — plaster cast of MPP—CHR.87/1 [m] bed 66; S — MPP—-CHR.92/13
[m] bed 64; T — MPP—CHR.92/10 [m] bed 64; U1-2 — MPP—CHR.98/1 [m] bed 76. Scale bar is 10 mm.
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1997 Micracanthoceras microcanthum (Oppel) — Benzaggagh &
Atrops, pl. 5, fig. 4

1997 Micracanthoceras microcanthum (Oppel) — Geyssant in Cariou
& Hantzpergue, pl. 26, fig. 1 (= Zittel, 1868, pl. 17, fig. 3a,b)

non 1998 Micracanthoceras fraudator (Zittel) — Howarth, p. 79,
pl. 15, fig. 2a,b (= Perisphinctoidea indet.)

non 1999 Micracanthoceras fraudator (Zittel) — Fatmi & Zeiss, p. 97,
pl. 45, fig. 3a,b, pl. 55, fig. Sa,b [= Micracanthoceras brightoni

(Spath)]

2000 Micracanthoceras microcanthum (Oppel) — Benzaggagh, pl. 4,
fig. 4 (= Benzaggagh & Atrops, 1997, pl. 5, fig. 4)

non 2009 Micracanthoceras ct. microcanthum (Oppel) — Shome &
Bardhan, p. 199, pl. 4, figs. a,g [= Micracanthoceras brightoni
(Spath)]

2004 Micracanthoceras microcanthum (Oppel) — Marino et al., pl. 2,
fig. 7

2005 Micracanthoceras sp. gr. microcanthum (Oppel) — Boughdiri et
al., pl. 2, fig. 9, 10

2005 Aulacosphinctes sp. gr. sulcatus Tavera — Boughdiri et al., pl. 2,
fig. 7

non 2012 Micracanthoceras microcanthum (Oppel) — Salazar, p. 90,
figs. 4.13a,m (= Steueria sp.)

2010 Aulacosphinctes sp. — Benzaggagh et al., fig. 5d.e

non 2015 Micracanthoceras microcanthum (Oppel) — Salazar &
Stinnesbeck., p. 19, figs. 15a,m (= Salazar, 2012, figs. 13a,m)

Types: The lectotype is the specimen drawn by Zittel (1868,
pl. 17, fig. 3a,b). A plaster cast of the lectotype (FSL.136039)
and the large (FSL. 13086) Zittel’s paratype (see Zittel, pl. 17,
fig. 1a,2) are herein illustrated in Fig. 2A and Fig. 3A. For
comparison, we re-illustrate the lectotype BSPM-AS/I11/468
of Ammonites kéllikeri Zittel, 1868 in Fig. 3B, that was desig-
nated and illustrated by Parent et al. (2011, fig. 32A1). A plaster
cast (FSL.13049) of the lectotype of Ammonites symbolus
illustrated by Zittel (1868, pl. 16, fig. 6a,c) is herein illustrated
for the first time on Fig. 2B.

Emended diagnosis: Small to large, widely umbilicate,
dimorphic Himalayitidae. Small, lappeted microconchs with
two ornamental stages composed of (i) a perisphinctid stage in
juvenile whorls with rigid, straight to prorsiradiate, bifurcate
ribs — subrounded whorl section with convex flanks — ribs
cross the venter but a ventral groove progressively appears and
form a shallow or deep sulcus — (ii) a microcanthum stage
in intermediate and adult whorls characterized by regular and/
or irregular, rigid or dense, alternation of variable number of
single, bifurcate and sporadically trifurcate, ribs — greater or
lesser thickenings, punctiform tubercles at the furcation point
— narrow venter with a ventral groove or deep sulcus bor-
dered by more or less thickenings on latero-ventral ends of
ribs — subrectangular to laterally compressed subhexagonal
whorl section. Macroconchs are large and develop (ii7) an
adult ornamental stage. Two extreme morphotypes are recog-
nized (7) koellikeri morphotype characterized by compressed,
subrectangular, higher than wide, whorl section — flat venter
covered by a more or less attenuated ventral band — micro-
canthum stage with enlarged ribs on the umbilical shoulder
combined with more or less numerous trifurcate primary ribs
— (ii) symbolum morphotype characterized by a depressed
subhexagonal whorl section — rigid microcanthum stage with
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strong lateral tubercles and thickenings on the ventral shoulder
delimiting a narrow sulcus. Himalayitid suture line marked by
large trifid lateral lobe.

Material: Forty-one specimens MPP-CHR.29/1, MPP-
CHR.34/1, MPP-CHR.34/2,  MPP-CHR.37/1, = MPP-
CHR.37/2, MPP-CHR.37/3, MPP-CHR.45/1, MPP-CHR.50/1,
MPP-CHR.50/2, MPP-CHR.50/3, MPP-CHR.51/1, MPP-
CHR.51/2, MPP-CHR.53/2, MPP-CHR.53/4a and b, MPP-
CHR.54/1a and b, MPP-CHR.60/3, MPP-CHR.60/4,
MPP-CHR.60/6, MPP-CHR.60/7, MPP-CHR.60/1, MPP-
CHR.60/2, MPP-CHR.62/1, MPP-CHR.63/1, MPP-
CHR.67/4, MPP-CHR.67/7, MPP-CHR.67/9, MPP-CHR.68/1,
MPP-CHR.68/2, MPP-CHR.82/1, MPP-CHR.92/2, MPP-
CHR.92/4, MPP-CHR.92/5, MPP-CHR.92/10, MPP-
CHR.92/11, MPP-CHR.92/13, MPP-CHR.92/28, MPP-
CHR.87/1, MPP-CHR.98/1, MPP-CHR.R100/6.

Measurements (mm): See Table 2 in Supplementary data.

Description: Specimens MPP-CHR.67/4 (Fig. 4K), MPP-
CHR.82/1 (Fig. 4N), MPP-CHR.87/1 (Fig. 4R), MPP-
CHR.92/11, MPP-CHR.92/28 (Fig. 4Q), MPP-CHR.98/1
(Fig. 4U) and MPP-CHR.R100/6 perfectly match the morpho-
logical and ornamental features of the lectotype of
M. microcanthum.

MPP-CHR.29/1 (Fig. 4C) and MPP-CHR.50/3 (Fig. 4D)
differ from the lectotype by their smaller size and less evolute
coiling. These specimens show a long perisphinctid stage that
extends over the phragmocone with a ventral groove or sulcus.
The microcanthum stage is attenuated and limited to the end of
the body chamber.

Specimens MPP-CHR.34/1 and MPP-CHR.45/1 are frag-
ments of medium size body chambers characterized by a rigid
microcanthum stage.

Specimen MPP-CHR.37/3 is a large size, subcomplete
specimen characterized by a suboval whorl section. The orna-
mentation of the inner whorls matches the morphological and
ornamental features of the lectotype. The ornamentation of the
body chamber is composed of spaced, sharp, single, some-
times bifurcate ribs with smooth interspaces. Lateral tubercles
occur at the furcation point.

Bivariate diagrams of the dimensional growth parameters of
the shell (U, Wh in function of D) of the well-preserved
specimens show homogeneous scatters around the mean curve
with R?still high >0.9 in every case (see Figs. S1-S4 in Sup-
plementary data). The growth of those parameters is isometric
and harmonic, and corresponds to the relationship Y=5bD.
Preservation of our specimens as crushed internal moulds
prevent us from studying Wb/D and Wb/Wh ratios.

Dimorphism (Fig. 5): Bulot et al. (2014) outlined that the
understanding of M. microcanthum was limited to the mor-
phology of the lectotype and its accepted variability illustrated
by Spanish material. In this regard, M. fraudator (Zittel) as
well as Berriasella (Picteticeras) subeudichotoma Nikolov
perfectly match the lectotype of M. microcanthum. Bulot et al.
(2014) also assumed that the great majority of specimens
referred to Corongoceras from the Betic Cordillera by Tavera
(1985) belongs to Micracanthoceras. The biometric analysis
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investigated on Tavera’s measurements strengthen the conten-
tion that the many typological Corongoceras species from the
Betic Cordillera fit into a homogeneous sample similar to that
of M. microcanthum (see Supplementary data). Bivariate
diagrams of the dimensional growth parameters of the shell
(D, U, Wh and Wb in function of D) show homogeneous

Tachymorphic [m] M. microcanthum
= lectotype

—==I

—_—

=

v —
\ N

TR

US>

Bradymorphic [m] M. microcanthum

Perisphinctid stage
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scatters around the mean curve and the growth of those para-
meters is isometric and harmonic. We therefore consider that
M. microcanthum is the senior subjective synonym of M. (C.)
flexuosum Tavera, M. (C.) radians Tavera, M. (C.) minor
Tavera and M. (C.) leanzai Tavera. Since several specimens
illustrated by Tavera (1985), such as the one on pl. 22, fig. 2,

Typical [M] M. microcanthum

Microcanthum stage - Adult stage

(%

koellikeri [M] morphotype

Symbolum [M] morphotype

Fig. 5. Supposed dimorphism and intraspecific variations observed in Micracanthoceras microcanthum (Oppel, 1865). Note that microconchs
show different rates of shell morphogenesis (tachymorphic versus bradymorphic variants), while macroconchs range between two extreme
(robust versus slender) morphologies related to the Buckman’s first law of covariation.
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bear short lateral lappets, it seems obvious that the morpho-
logy of the lectotype of M. microcanthum corresponds to
a microconch form.

From a re-examination of the literature and the material
collected at Charens (see for example MPP-CHR.37/3 on
Fig. 2C), we consider that the macroconchs of M. micro-
canthum match the morphology of Zittel’s paratype of
M. microcanthum and the lectotype of M. koellikeri. Both
forms show similar inner whorls to that of microconchs of
M. microcanthum, but differ by their large size and the addi-
tion of an adult ornamental stage. We support the supposition
that both morphotypes range between two extreme morpholo-
gies, namely robust and slender poles, related to the Buck-
man’s first law of covariation between shell shape and
ornamentation. The macroconch koellikeri morphotype is
characterized by large size, moderately evolute coiling, com-
pressed, subrectangular, higher than wide, whorl section —
with a flat venter covered by a more or less attenuated ventral
band — and develops a robust microcanthum stage in the
adult. The other macroconch morphotype corresponds to the
typological species Micracanthoceras —symbolum and
M. lamberti. This morphotype is characterized by a smaller
size than the other one, evolute coiling, robust ornamentation,
depressed subhexagonal whorl section and spaced, rigid
microcanthum stage in the adult. As herein understood, the
species Djurjuriceras mutari Tavera, Djurjuriceras mediter-
raneum Tavera and Djurjuriceras sinuosum Tavera link the
two macroconch poles of M. microcanthum by their elevated,
sub-hexagonal adult whorl section with simplified micro-
canthum stage (see for example specimen MPP-CHR.37/3
on Fig. 2C).

The co-occurrence of the two micro- and macroconch
morphologies on the northern (Czech Republic, Hungary,
Austria, south-east France) and southern (Morocco, Algeria,
Sicily) margins of the Mediterranean-Caucasian Subrealm sup-
port the dimorphism observed in M. microcanthum.

Remarks: A close examination of the literature convinced
us that great confusions exist between M. microcanthum and
the many Mediterranean-Caucasian forms referred to Aulaco-
sphinctes Uhlig, 1910 by Sapunov (1979), Nikolov (1982),
Tavera (1985), Boughdiri et al. (2005) and Benzaggagh et al.
(2010). In these works, the specimens referred to Aulaco-
sphinctes either belong to:

* juveniles of M. microcanthum (compare Tavera 1985, pl.
17, fig. 3, 4a,b and Benzaggagh et al. 2010, fig. 5d,e with
MPP-CHR.50/3 on Fig. 4D) or;

« gracile microconchs of M. microcanthum (compare
Nikolov 1982, pl. 78, fig. 5 and Sapunov 1979, pl. 59, fig. 1,
2a,b with MPP-CHT.92/13 and MPP-CHR.92/10 on Fig. 4S
and 4T).

The type specimens of Aulacosphinctes sulcatus from the
Betic Cordillera differs from the lectotype of M. microcanthum
by its long perisphinctid stage with deep ventral sulcus, and
a limited Microcanthum stage at the end of the adult whorl.
The general features of A. sulcatus therefore coincide with
adelayed shift of the ontogenetic sequence of M. microcanthum.
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This form co-occurs with the typical M. microcanthum at the
base of the Microcanthum Zone in southern Spain as well as at
Charens where similar specimens were collected (see for
example MPP-CHT.29/1 on Fig. 4C). We therefore assume
that A. sulcatus is a bradymorphic variant of M. microcanthum
in the sense of Beznosov & Mitta (1995) (see also fig. 5). In
this regard, the morphological and ornamental features of the
Spanish Aulacosphinctes specimens described by Tavera
(1985) fall well into the range of variation of the Spanish
M. microcanthum (see Supplementary data).

Olériz (1978) previously introduced new Aulacosphinctes
species from the Betic Cordillera that are A. trifidus, A. quadri
and A. berriaselliformis. As pointed out by that author, these
species co-occur in the uppermost Lower Tithonian, and
closely resemble Burckhardticeras peroni (Roman, 1936), but
they could be distinguished by the presence of a ventral groove
at the sub-adult and adult stages. Olériz (1978) pointed out
that B. peroni is a microconch form that develops a thin ven-
tral groove at the end of the adult whorl. Olériz noticed that
the species shows a wide range of intraspecific variation, but
that it had, unfortunately, never been evaluated. One may won-
der if the presence of a ventral groove might not result from
extreme intraspecific variation of B. peroni or reflect a phy-
letic link with M. microcanthum. In any case, it is clear that the
genus Aulacosphinctes should be limited to its type species
Ammonites mérikeanus Oppel, 1863 and those closely allied
Indian and Malagasy taxa described by Oppel (1863), Uhlig
(1910), Besairie (1936), Collignon (1960) and Fatmi (1973).

Occurrence: M. microcanthum occurs between beds 25 and
76, M. microcanthum Zone, Upper Tithonian. The species has
been reported from the Czech Republic, Austria, Hungary,
Germany, Bulgaria, Italy (Umbria, Sicily), South East France,
southern Spain, Morocco, Tunisia and Algeria.

Genus Protacanthodiscus Spath, 1923

Type species: Hoplites andreaei Kilian, 1889, by original
designation.

Remarks: A detailed revision of the ontogeny, variability,
dimorphism and age of the type species Protacanthodiscus
andreaei was recently given by the authors of the present
paper and the reader is referred to it (see Frau et al. 2015).

Protacanthodiscus andreaei (Kilian, 1889)
Fig. 6A,C

Macroconchs [M]

1889 Hoplites Andreaei — Kilian, p. 670, pl. 32, fig. la,b

1907 Hoplites (Acanthodiscus) Andreaei var. punica — Pervinquiére,
p- 38, pl. 2, fig. 12a,b

1939 Berriasella Andreaei (Kilian) — Mazenot, p. 96, pl. 12, fig. la,b
(= Kilian, 1889, pl. 32, fig. la,b)

non 1939 Berriasella Andreaei (Kilian) — Mazenot, p. 96, pl. 13,
fig. 4a,b [=Jabronella (Erdenella) isare (Pomel) nom. correct. |

non 1960 Berriasella (Protacanthodiscus) aff. andreaei (Kilian) —
Collignon, pl. 165, fig. 665 (=Himalayitidae gen. et sp. indet. juv.)
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Fig. 6. Protacanthodiscus andreaei (Kilian, 1889): A1-2 — Plaster cast of the holotype (FSL.13056); B — MPP—CHR.79/4 [M] bed 89;
C — MPP-CHR.21/25 [m] bed 92. Boughdiriella chouetense Frau, Bulot & Wimbledon, 2015 nom. correct.: D — MPP—-CHR.21/24 [m]
bed 92; E— plaster cast of MPP-CHR.21/33 [?M] bed 92; F — MPP—CHR.19/1 [m] bed 90; G — MPP—-CHR.21/35 [m] bed 92. Pratumidiscus
elsae Bulot, Frau & Wimbledon, 2014: H1-2 — MPP-CHR.21/43 [?m] bed 92. Busnardoiceras busnardoi (Le Hégarat, 1973):
I — MPP-CHR.19/1 [m] bed 90; J — MPP—CHR.21/2 [m] bed 92; K — MPP—-CHR.21/16 [m] bed 92; L. — MPP-CHR.21/14 [m];
M — MPP—CHR.19/3 [m] bed 90; N — MPP—CHR.21/15 [m] bed 92; O1-2 — MPP—CHR.21/42 [m] bed 92; P1-2 — MPP—CHR.19/4 [M]
bed 90; Q — plaster cast of MPP—CHR.21/38 [M] bed 92; R — plaster cast of MPP-CHR.21/12 [M] bed 92; S — MPP-CHR.21/36 [M]
bed 92; T1-2 — MPP—CHR.21/26 [M] bed 92; U — MPP—CHR.21/18 [M] bed 92; V— MPP—CHR.21/7 [M] bed 92. Scale bar is 10 mm.
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non 1960 Berriasella (Protacanthodiscus) aff. andreaei var. varia-
bilis — Collignon, pl. 165, figs. 666, 667 (=Himalayitidae gen.
et sp. indet. juv.)

? 1960 Protacanthodiscus andreaei (Kilian) — Christ, p. 125, pl. 9,
fig. 5

1979 Protacanthodiscus andreaei (Kilian) — Sapunov, pl. 57, fig. 6

1982 Protacanthodiscus andreaei (Kilian) — Nikolov, p. 211, pl. 73,
fig. 2a,b (= Kilian, 1889, pl. 32, fig. 1ab), pl. 74, fig. 2
(= Sapunov, 1973, pl. 57, fig. 6)

1985 Neoperisphinctes falloti (Kilian) — Tavera, p. 132, pl. 16,
fig. 10a.b

1985 Durangites gigantis — Tavera, p. 162, pl. 18, figs. 8, 9,
text-fig. 12A, B

1985 Protacanthodiscus andreaei (Kilian) — Tavera, p. 198, pl. 26,
figs. Sa,b, 6, text-fig. 15H

1985 Protacanthodiscus sp. 1 gr. andreaei (Kilian) — Tavera, p. 199,
pl. 26, figs. la,b, 2, text-figs. 12H, 15E, 1

1985 Protacanthodiscus berriasensis — Tavera, p. 206, pl. 28,
fig. la,b, text-fig. 15D

1985 Protacanthodiscus coronatus — Tavera, p. 200, pl. 27, fig. 1a,b,
text-fig. 15A

1985 Protacanthodiscus darwini — Tavera, p. 203, pl. 26, figs. 3, 4,
text-fig. 15B

1985 Protacanthodiscus nodusus — Tavera, p. 202, pl. 27, fig. 2,
text-fig. 15C

1994 Protacanthodiscus (Protacanthodiscus) andreaei (Kilian) —
Boughdiri, p. 147, pl. 3, figs. la,c (= Kilian, 1889, pl. 32,
fig. la,b), 3a,b, pl. 4, fig. 2

1994 Protacanthodiscus (Protacanthodiscus) n. sp. A — Boughdiri,
p- 208, pl. 3, fig. 5

1994 Protacanthodiscus (Protacanthodiscus) n. sp. 7 — Boughdiri,
p- 176, pl. 3, fig. 2

1994 Protacanthodiscus (Protacanthodiscus) n. sp. 11 — Boughdiri,
p. 186, pl. 3, fig. 6

1994 Protacanthodiscus (Protacanthodiscus) n. sp. 12 — Boughdiri,
p- 188, pl. 4, fig. 1

1994 Protacanthodiscus (Protacanthodiscus) coronatus (Tavera) —
Boughdiri, p. 151, pl. 4, figs. 6, 7

1998 Durangites (Protacanthodiscus) andreaei (Kilian) — Enay et al.,
figs. 2.16a,b (= Kilian, 1889, pl. 32, fig. la,b)

1998 Durangites (Protacanthodiscus) apertus (Tavera) — Enay et al.,
figs. 2.13, 14

2010 Protacanthodiscus apertus (Tavera) — Benzaggagh et al., fig. 5i

2010 Durangites humboldti Burckhardt — Benzaggagh et al., fig. 5n

non 2013 Protacanthodiscus coronatus (Tavera) — Szives & Fozy,
p. 301, pl. 1, figs. 2, 4 (= Himalayitidae gen. nov. et sp. nov.)

non 2013 Protacanthodiscus andreaei (Kilian) — Szives & Fozy,
p. 300, pl. 5, fig. 4a,b, pl. 6, fig. 5ab, pl. 8, fig. 10a,b
(=Himalayitidae gen. nov. et sp. nov.)

2015 Protacanthodiscus andreaei (Kilian, 1889) — Frau et al., p. 125,
figs. 7A,C

Microconchs [m]

1983 Durangites acanthicus Burckhardt — Cecca et al., p. 128, pl. 5,
fig. la.b

1985 Durangites singularis — Tavera, p. 168, pl. 17, figs. 6, 7, 8a,b,
9a,b, text-fig. 12E

1985 Durangites sutneroides — Tavera, p. 168, pl. 18, figs. 1,2, 3,5

non 1985 Durangites sutneroides — Tavera, p. 168, pl. 18, figs. 4
(= Spiticeratinae indet. juv.)

1985 Durangites heilprini (Aguilera) — Tavera, p. 164, pl. 18, figs. 6,
7, text-fig. 12G

1985 Durangites acanthicus Burckhardt — Tavera, p. 156, pl. 18,
figs. 10a,b, 11, text-fig. 12C
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1985 Durangites vulgaris Burckhardt — Tavera, p. 157, pl. 18,
figs. 12, 13a,b, text-fig. 121

1985 Durangites apertus —Tavera, p. 161, pl. 18, figs. 14, 15a,b,
text-fig. 12F

1985 Durangites cf. astillerensis Imlay — Tavera, p. 166, pl. 18,
fig. 16, text-fig. 12D

1994 Protacanthodiscus (Protacanthodiscus) n. sp. 3 — Boughdiri,
p. 168, pl. 3. fig. 7

1994 Protacanthodiscus (Protacanthodiscus) n. sp. 4 — Boughdiri,
p. 170, pl. 2, fig. 17

1994 Durangites (Durangites) humboldti (Burckhardt) — Boughdiri,
p- 99, pl. 1, figs. 33a,b, 34

1994 Durangites (Durangites) juanense (Cantu-Chapa) — Boughdiri,
p. 106, pl. 1, fig. 35

1998 Durangites (Durangites) juanensis Canti-Chapa — Enay et al.,
figs. 2-6, 7 ( = Boughdiri, 1994, pl. 1, fig. 35)

1998 Durangites (Durangites) humboldti Burckhardt — Enay et al.,
figs. 2.8, 9, 10a,b

1998 Durangites (Protacanthodiscus) sp. — Enay et al., figs. 2.11

2010 Protacanthodiscus cf. andreaei (Kilian) — Ivanov et al., pl. 3,
fig. 3

2010 Durangites aff. fusicostatus Burckhardt — Ivanov et al., pl. 3,
fig. la,b

2010 Durangites cf. vulgaris Burckhardt — Ivanov et al., pl. 3, fig. 2a,b

2010 Durangites singularis Tavera— Ivanov et al., pl. 3, fig. 4

2010 Corongoceras cf. symbolum (Oppel) — Benzaggagh et al., Figs.
5j.m

2013 Micracanthoceras (Corongoceras) koellikeri (Oppel) — Szives
& Fozy, p. 300, pl. 4, fig. 1, ? pl. 6, fig. 7, pl. 8, fig. 3

2015 Protacanthodiscus andreaei (Kilian, 1889) — Frau et al., p. 125,
figs. 5A.L, 6A.E

Type: The holotype is specimen no. EM.1930 from the
De Verneuil collection, originally drawned by Kilian (1889,
pl. 32, fig. la,b). A plaster cast (FSL.13056) is herein illus-
trated in Fig. 6A.

Material: Eleven specimens MPP-CHR.79/4, MPP-
CHR.19/1, MPP-CHR.19/5, MPP-CHR.21/2, MPP-CHR .21/3,
MPP-CHR.21/6, MPP-CHR.21/19, MPP-CHR.21/29, MPP-
CHR.21/32, MPP-CHR.21/33, MPP-CHR.21/39.

Measurements (mm): See Table 3 in Supplementary data.

Description: The material collected at Charens is identical
to specimens described at Le Chouet (Frau et al. 2015).
P. andreaei corresponds to medium to large size Himalayitidae
with a moderately open and deep umbilicus. The whorl section
is subcircular with convex flanks on juveniles that become
progressively subrectangular to subhexagonal on the adults.
Ornamentation is composed of bifurcate and trifurcate ribs
with a tubercle at the furcation point. Some ribs can be looped
on the ventral shoulder. On the body chamber, bifurcate ribs
end on the ventral shoulder with a latero-ventral tubercle on
the first, or occasionally the second, branch. The venter is
marked by a flattened band or a shallow sulcus depending on
the shape of the whorl section.

Remarks: The koellikeri macroconch morphotype of
M. microcanthum share great affinities with macroconchs of
Protacanthodiscus andreaei (Kilian, 1889) (see for example
Frau et al. 2015, fig. 7a,c). P. andreaei can be distinguished by
its more involute coiling and the occurrence of strong tuber-
cles at the furcation point and on the end of the posterior
branches of the bifurcate ribs. Following the revision of
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P. andreaei by Frau et al. (2015), it seems obvious that
P andreaei was derived from M. microcanthum in the upper
part of the M. microcanthum Zone (=M. fischeri Subzone
sensu Wimbledon et al. 2013).

Occurrence: The first occurrence of P. andreaei is found in
bed 89 at Charens. This occurrence is identical to that docu-
mented at Le Chouet (Wimbledon et al. 2013; Frau et al.
2015). P. andreaei has been reported from south-east Spain
and France, Italy, Bulgaria, Tunisia and Morocco.

Genus Boughdiriella Frau, Bulot & Wimbledon, 2015

Type species: Boughdiriella chouetensis Frau, Bulot &
Wimbledon, 2015, by original designation

Remarks: The genus was recently introduced by the authors
of the present contribution to distinguish small Himalayitidae
forms which had previously been referred to the “Medi-
terranean Durangites” (see discussion in Frau et al. 2015).

Boughdiriella chouetense Frau, Bulot & Wimbledon, 2015
nom. correct.
Figs. 6D-G

2015 Boughdiriella chouetensis — Frau, Bulot & Wimbledon, p. 123,
figs. 4A,1 [cum. syn.].

Type: The holotype is specimen no. MPP-CHT.21/65 from
the Frau/Bulot collection. It was illustrated by Frau et al.
(2015, fig. 4A).

Material: Seven specimens MPP-CHR.21/4, MPP-
CHR.21/8, MPP-CHR.21/11, MPP-CHR.21/24, MPP-
CHR.21/27, MPP-CHR.21/35, MPP-CHR.21/40.

Measurements (mm): See Table 4 in Supplementary data.

Description: The material collected at Charens is identical
to that described from Le Chouet (Frau et al. 2015). B. choue-
tense is composed of small-sized Himalayitidae with a dis-
coidal and moderately evolute shell. The whorl section is
sub-circular in inner whorls and compressed, sub-oval whorl
section in adult. The umbilical wall is low. The ornamentation
is composed of rigid, straight, simple ribs in the inner whorls.
From D~15 mm to the end of the body chamber, ribs are
flexuous, prominent and bifurcated on the upper third of the
flanks. Sporadic trifurcate and intercalated ribs occur. Ribs
delimit a shallow furrow on the venter that is progressively
attenuated at the end of the adult whorl.

Remarks: As discussed by Frau et al. (2015), Boughdiriella
and Protacanthodiscus share strong affinities but the latter
genus can be distinguished by its subrectangular to subhexa-
gonal whorl section combined with tuberculation at almost all
ontogenetic stages in both micro- and macroconch forms.
R. Enay (comm. pers. 2015) expressed doubt about the inter-
pretation of the peristome in Boughdiriella. He suggested that
the genus may group only microconchs. Therefore, one may
wonder if B. chouetense might not correspond to an extreme
microconch morphology of P. andreaei. A detailed biometric
analysis is currently in progress to decipher the range of
variability of both species.
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Occurrence: B. chouetense only occurs in bed 92 at Charens,
topmost Andreaei Zone, Upper Tithonian. The vertical range
of the species is shorter than at Le Chouet. B. chouetense is
reported from south-east France and Bulgaria but its occur-
rence in Tunisia, Turkey, Italy and Morocco cannot be
excluded (see discussion in Frau et al. 2015).

Genus Pratumidiscus Bulot, Frau & Wimbledon, 2014

Type species: Pratumidiscus elsae Bulot, Frau &
Wimbledon, 2014, by original designation.

Remarks: The genus Pratumidiscus was introduced by
Bulot et al. (2014) based on a single specimen from the upper-
most Tithonian of Le Chouet. The genus was considered to be
endemic in South East France but its general features closely
resemble those of the Boreal lineage Riasanella Mitta, 2011—
Riasanites Spath, 1923 and therefore it was considered as the
probable Tethyan rootstock.

On the other hand, P. elsae shares strong affinities with the
gracile morphotype of P. andreaei that was recently described
by Frau et al. (2015). P. elsae can be distinguished by its more
evolute coiling, irregular ribbing and loss of the lateral tubercles
on the body chamber. In this regard, we assume that P. elsae
was derived from the gracile morphotype of P. andreaei such
as those illustrated by Frau et al. (2015, Fig. 6C and D).

Pratumidiscus elsae Bulot, Frau & Wimbledon, 2014
Fig. 6H

2014 Pratumidiscus elsae — Bulot, Frau & Wimbledon, p. 122, fig. 6

Type: The holotype is specimen no. MPP-CHT.19/5 from
the Frau/Bulot collection. It was illustrated by Bulot et al.
(2014, fig. 6).

Material: A single specimen MPP-CHR.21/43.

Measurements (mm): See Table 5 in Supplementary data.

Description: Small fragment of a body chamber with a sub-
rectangular whorl section and tabulate venter. Ribbing com-
posed of irregular single, bifurcate and intercalate ribs. All ribs
thicken on the ventral shoulder into radially elongated bullae
that delimit a ventral groove.

Remarks: The specimen at our disposal matches well the
adult features of P elsae. It differs in its smaller size and
slightly rursiradiate ribs. These features suggest that this
specimen corresponds to a microconch form. New specimens
are urgently needed to document the range of variation and
dimorphism of P. elsae.

Occurrence: P. elsae is found in bed 92 at Charens, topmost
P andreaei Zone, Upper Tithonian. This matches the occur-
rence of the holotype found at Le Chouet (Bulot et al. 2014).
P elsae is endemic to south-east France.

Family Neocomitidae Salfeld, 1921
Genus Busnardoiceras Tavera, 1985

Type species: Parapallasiceras busnardoi Le Hégarat,
1973, by original designation.
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Remarks: A revised account of the genus Busnardoiceras
and its type species was recently provided by the authors of
the present contribution to which the reader is referred (Bulot
etal 2014).

Busnardoiceras busnardoi (Le Hégarat, 1973)
Figs. 61-V

Macroconchs [M]

1939 Berriasella ciliata Schneid — Mazenot, p. 37, pl. 1, fig. 1a,b

1973 Parapallasiceras busnardoi — Le Hégarat, p. 47, pl. 3, figs. 4, 5
(= Mazenot, 1939, pl. 1, fig. 1a,b), ? pl. 38, fig. 2

2014 Busnardoiceras busnardoi (Le Hégarat) — Bulot et al., p. 124,
fig. 8EF

Microconchs [m]

1982 Fauriella shipkovensis (Nikolov & Mandov) — Nikolov, p. 109,
pl. 31, fig. 1

1985 Berriasella (Berriasella) tithonica — Tavera, p. 237, pl. 33,
figs. 4a,b, 5, 6

? 2001 Parapallasiceras busnardoi Le Hégarat — Wippich, p. 78,
pl. 20, fig. 2

2014 Busnardoiceras busnardoi (Le Hégarat) — Bulot et al., p. 124,
figs. 8ALE

Type: The holotype is specimen no. UJF-ID.563 from the
Mazenot collection. It was illustrated by Mazenot (1939, pl. 1,
fig. la,b).

Material: Nineteen specimens MPP-CHR.19/1, MPP-
CHR.19/3, MPP-CHR.19/4, MPP-CHR.21/2,  MPP-
CHR.21/7, MPP-CHR.21/10, MPP-CHR.21/12,
MPP-CHR.21/13,  MPP-CHR.21/14,  MPP-CHR.21/15,
MPP-CHR.21/16,  MPP-CHR.21/17,  MPP-CHR.21/18,
MPP-CHR.21/26, =~ MPP-CHR.21/28, = MPP-CHR.21/36,
MPP-CHR.21/37, MPP-CHR.21/38, MPP-CHR.21/42.

Measurements (mm): See Table 6 in Supplementary data.

Description: The material collected at Charens is similar to
that from Le Chouet recently described by Bulot et al. (2014).
B. busnardoi comprises small to medium size, planulate neo-
comitid forms with high and compressed, subrectangular
whorl section and moderately evolute shallow umbilicus.
The ornamentation is composed of straight to slightly prorsi-
radiate, bifurcate ribs on the phragmocone. Ribs bifurcate on
the upper third of the flanks. The ornamentation of the body
chamber is composed of dense slightly sinuous, irregular,
bifurcate and intercalate rib. Sporadic virgatotome and simple
ribs occur. Ribs are interrupted on the ventral shoulder by
small punctiform tubercles delimiting a shallow groove on
the inner whorls. In macroconchs, ribs cross the venter.

Remarks: The newly collected material from Charens
shows that the innermost whorls of B. busnardoi match well
the juvenile and intermediate ornamental stages of microconchs
of P andreaei as described by Frau et al. (2015).
B. busnardoi can easily be distinguished since the species
never develops lateral tubercle at the furcation point.
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B. busnardoi is further characterized by its adult neocomitid
morphology. We therefore believe that B. busnardoi
was derived from P. andreaei since both species co-occur in
the topmost P. andreaei Zone in the Le Chouet and Charens
sections.

Occurrence: B. busnardoi occurs between beds 90 and 92,
topmost P. andreaei Zone, Upper Tithonian. This occurrence
matches well the vertical range documented at Le Chouet by
Wimbledon et al. (2013) and Bulot et al. (2014). The revised
synonymy list of B. busnardoi shows that representatives
of the species are more widespread than it was previously
thought. Examination of the type specimen of Berriasella
tithonica Tavera, 1985 shows that it is a junior subjective
synonym of B. busnardoi. Therefore, the species occurs in
Bulgaria, SE France, southern Spain and probably in Morocco.

Conclusion

Based on bed-by-bed sampling, we document the precise
distribution of Micracanthoceras microcanthum at Charens.
This confirms its high stratigraphic value for defining the base
of the Upper Tithonian. As herein understood, the lower
boundary of the M. microcanthum Zone is fixed at the FAD of
the index species at Charens (i.e. bed 25). According to the
preliminary calpionellid zonation from Charens (Wimbledon
& Rehakova unpublished data), the FAD of M. microcanthum
falls within the upper part of the Chitinoidella Standard Zone,
thus confirming similar result achieved in Spain (Pruner et al.
2010) and Morocco (Benzaggagh et al. 2010). A comparative
analysis of the ammonite and calpionellid zonation is still
ongoing and will shed new light on this problem. In this
regard, the occurrence of ammonites below the FAD of
M. microcanthum is confirmed at Charens which indicates the
B. ponti Zone sensu Enay & Geyssant (1975). This fauna will
be described elsewhere (Frau et al. in prep.).

From our detailed ontogenetic and biometric studies, we
assume that M. microcanthum shows a wide range of variation
that represents sexual and non-sexual polymorphism. Hetero-
chronic shifts in development are documented in microconchs
while macroconchs range between two extreme morpho-
logical poles related to the Buckman’s first law of covariation
(Fig. 5).

The vertical range of the age-diagnostic species Protacantho-
discus andreaei is rather similar to that described at Le Chouet
(Frau et al. 2015). The FAD of this species typifies the lower
boundary of the P. andreaei Zone sensu Wimbledon et al.
(2013). The radiation of the Himalayitidae in the P. andreaei
Zone is confirmed by the co-occurrence of the genera
Protacanthodiscus, Boughdiriella and Pratumidiscus. As
a result, the M. microcanthum Zone and the P. andreaei Zone
are two biochronozones in the sense of Callomon (1985) since
they are defined by the FAD of their index-species and charac-
terized by their faunal assemblages. The two zones could
be retained as workable on a larger geographical scale
since both index species are widespread across the
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Mediterranean-Caucasian Subrealm of the Tethyan Realm
sensu Westermann (2000) (Fig. 7).

A close examination of a new collection of the basal
Neocomitidae Busnardoiceras busnardoi shows that its inner
whorls closely resemble those described by Frau et al. (2015)
in P. andreaei. An ongoing revision of the early Berriasian
Perisphinctoidea taxa originally reported at Le Chouet by
Wimbledon et al. (2013) will shed new light on the relation-
ships between B. busnardoi and other basal Neocomitidae.
Nevertheless, there is no doubt that B. busnardoi represents an
important element that links the radiation of the Neocomitidae
from the Himalayitidae at the base of the B. jacobi Zone
auctorum.
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SUPPLEMENTARY DATA

Table 1: Dimensions of the type specimens and Spanish species referred to M. microcanthum. * indicates that the measurements of type
specimens were performed on plaster cast.

species no. Specimen D U Wh Wb u/D Wh/D Wb/D | Wb/Wh
D. mutari F.Gl.12.1 170 85 472 46.6 0.5 0.28 0.27 0.99
129.2 61.7 39.2 42.1 0.48 0.3 0.33 1.07
T.G1.12.67 118.2 54.7 36.2 39 0.46 0.31 0.33 1.08
87.6 39.7 28 29 0.45 0.32 0.33 1.04
T.G1.12.70 127.5 64 36.2 36.5 0.5 0.28 0.29 1.01
97.9 474 28.6 29.1 0.48 0.29 0.3 1.02
D. mediterraneum T.GA1.1.1 148 77 39.8 372 0.52 0.27 0.25 0.93
126 69 32 29 0.55 0.25 023 091
F.G1.12.64 131.3 64.6 37 37 0.49 0.28 0.28 1
D. sinuosum W.GA10.3.15 156 77 46.5 45 0.49 0.3 0.29 0.97
1144 573 335 29 0.5 0.29 0.25 0.87
H. gen. et sp. Indet T.GA6b.1.45 98.1 514 28.8 27 0.52 0.29 0.28 0.94
T.GA8.-3.5 112 56.9 31.3 31.6 0.51 0.28 0.28 1.01
M. (M.) microcanthum Al-29 88.4 48 23.5 26 0.54 0.27 0.29 1.11
70.3 39.2 17.8 20.4 0.56 0.25 0.29 1.15
T.G23a.R.5.82 80.5 39.7 24 23 0.49 0.3 0.29 0.96
61.9 30.6 17.9 18 0.49 0.29 0.29 1.01
T.Gax 109 61.2 26.9 293 0.56 0.25 0.27 1.09
85.8 48 225 22.4 0.56 0.26 0.26 1
T.G23a.4.5 85.8 48 225 224 0.56 0.26 0.26 1
52.5 293 13.7 14.2 0.56 0.26 0.27 1.04
T.GA10.2.1. 44.7 23.8 11.3 12.3 0.53 0.25 0.28 1.09
823 47.7 21.1 25 0.58 0.26 0.3 1.18
T.G23a.4.120 64.3 38 14.1 18 0.59 0.22 0.28 1.28
29.9 14.8 8.9 10.2 0.49 0.3 0.34 1.15
25 124 7.5 9 0.5 0.3 0.36 1.2
T.G23a.R.5.113 32.8 17.3 9.5 12 0.53 0.29 0.37 1.26
26.6 13.4 7 10 0.5 0.26 0.38 1.43
T.GA6.4.28 30 16.2 9.3 10.6 0.54 0.31 0.35 1.14
T.GA6b.4.28 37.3 20.4 9.6 124 0.55 0.26 0.33 1.29
T.A2¢.10.1 452 25 13.2 12 0.55 0.29 0.27 0.91
353 18.6 9.4 0.53 0.27 0 0
T.G23a.R.5.97 65.8 38.7 15 17 0.59 0.23 0.26 1.13
T.G23a.5.19 43.6 26 10.4 10.6 0.6 0.24 0.24 1.02
35.7 21.4 83 92 0.6 0.23 0.26 1.11
M. (M.) cf. brightoni W.G19b.5.1 69.3 37 17 22 0.53 0.25 0.32 1.29
50.4 274 12.7 15.9 0.54 0.25 0.32 1.25
M. (C.) lotenoense HOLOTYPE 27.7 10.6 10.4 11.5 0.38 0.38 0.42 1.11
F.G1.12.3 31.9 14.3 10.1 10.2 0.45 0.32 0.32 1.01
F.G1.12.64 26.9 12.3 8.7 9.2 0.46 0.32 0.34 1.06
22 9.6 7.9 82 0.44 0.36 0.37 1.04
F.Gl1.12.21 40.5 20 12.7 13.4 0.49 0.31 0.33 1.06
29.6 13.8 9 11 0.47 0.3 0.37 1.22
M. (C.) radians W.GA10.3.32 48.7 229 15.1 152 0.47 0.31 0.31 1.01
37.7 17.4 12 11.6 0.46 0.32 0.31 0.97
T.Co.R:3 404 18.5 12.8 12.6 0.46 0.32 0.31 0.98
334 14.5 11 10 0.43 0.33 0.3 0.91
W.PR.8.1 49.1 225 153 16.2 0.46 0.31 0.33 1.06
38.7 18 12.9 12.7 0.47 0.33 0.33 0.98
W.PR.8.4 36.3 16.5 11.6 11.2 0.45 0.32 0.31 0.97
28.3 12.2 9.3 9.4 0.43 0.33 0.33 1.01
M. (C.) rhodanicum NS-22 63.4 35 16 18 0.55 0.25 0.28 1.13
50.9 28 13 13.7 0.55 0.26 0.27 1.05
T.G23a.R.5.100 623 334 15.8 16.9 0.54 0.25 0.27 1.07
50.3 25.7 14.2 14.4 0.51 0.28 0.29 1.01
T.G1.11.49 49 25.6 132 13.9 0.52 027 0.28 1.05
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Table 1 (continuation): Dimensions of the type specimens and Spanish species referred to M. microcanthum. * indicates that the measurements
of type specimens were performed on plaster cast.

species no. Specimen D U Wh Wb u/D Wh/D Wb/D | Wb/Wh
M. (C.) minor T.GAl.1.4 23 114 7.1 8 0.5 0.31 0.35 1.13
20 9.8 6 7 0.49 0.3 0.35 1.17
T.GAS8.-3.7 30 13.5 10.4 10.6 0.45 0.35 0.35 1.02
23.1 9.9 8.1 94 0.43 0.35 0.41 1.16
M. (C.) mendozanum T.GAG6D.1.52 35 17 10.9 9.5 0.49 0.31 0.27 0.87
31.6 15.2 9.9 8.1 0.48 0.31 0.26 0.82
M. (C.) flexuosum T.GAL.1.2 60 323 152 16.2 0.54 0.25 0.27 1.07
50.5 27 133 12.6 0.53 0.26 0.25 0.95
T.GA1.1.5 75.7 375 21.5 19 0.5 0.28 0.25 0.88
64.4 339 16.3 16.6 0.53 0.25 0.26 1.02
T.GA6b.1.40 722 36.5 20.9 19.6 0.51 0.29 0.27 0.94
573 28.6 16.5 15.4 0.5 0.29 0.27 0.93
W.GA10.3.21 76.4 388 21.8 21.5 0.51 0.29 0.28 0.99
52.5 27 14.5 13.6 0.51 0.28 0.26 0.94
W.GA10.3.22 58.5 303 16.8 15.2 0.52 0.29 0.26 0.9
53 27.1 14.5 13.8 0.51 0.27 0.26 0.95
W.GA10.3.25 59.5 30 17.5 17 0.5 0.29 0.29 0.97
46.1 22.6 13.2 15 0.49 0.29 0.33 1.14
W.GA10.3.36 71.6 355 20.7 18.8 0.5 0.29 0.26 0.91
54.3 26.8 15.2 14.7 0.49 0.28 0.27 0.97
T.G1.12.66 67.9 355 20.1 17.8 0.52 0.3 0.26 0.89
52.8 273 14.1 12.8 0.52 0.27 0.24 0.91
M. (C.) koellikeri T.GA7.26.30 63 29.8 20 18.4 0.47 0.32 0.29 0.92
47 223 14.8 13.2 0.47 0.31 0.28 0.89
M. (C.) ornatum T.GA8.-3.4 77 383 22.1 24.4 0.5 0.29 0.32 1.1
W.GA10.3.18 75.6 37 23 25 0.49 0.3 0.33 1.09
522 25.6 15.2 17.2 0.49 0.29 0.33 1.13
M. (C.) symbolum T.G1.11.47 36.2 19 9.7 13 0.52 0.27 0.36 1.34
T.G23a.R.5.77 58 34.1 14 18.6 0.59 0.24 0.32 1.33
47.6 27 11.1 16.6 0.57 0.23 0.35 1.5
T.Ce.R.6 81.3 492 17.8 224 0.61 0.22 0.28 1.26
67.7 38.6 17 21.8 0.57 0.25 0.32 1.28
65.8 404 139 19.6 0.61 0.21 0.3 1.41
W.GA10.3.17 85 46.8 21.2 25.4 0.55 0.25 0.3 1.2
M. (C.) leanzai T.GA6b.1.46 70.7 36 19.7 0.51 0.28 0 0
T.GAG6b.1.47 77.8 382 22.6 242 0.49 0.29 0.31 1.07
577 28.6 17.1 18.2 0.5 0.3 0.32 1.06
T.GA8.-3.2 108 55.5 30.2 334 0.51 0.28 0.31 1.11
89.3 44.7 24.7 0.5 0.28 0 0
T.GAS8.-3.3 80 42 21.7 22.8 0.53 0.27 0.29 1.05
A. parvulus T.G23a.R.5.90 33.6 17.6 9.5 9 0.52 0.28 0.27 0.95
272 13.8 8 8.8 0.51 0.29 0.32 1.1
A. sulcatus T.GAL.1.8 78.5 355 25 21 0.45 0.32 0.27 0.84
T.GA6.1.8 78.1 37.4 243 20 0.48 0.31 0.26 0.82
T.GA10.3.3 81.1 385 24.7 21.4 0.47 0.3 0.26 0.87
T.G223 64.3 31.1 19.1 16 0.48 0.3 0.25 0.84
T.G223 73 355 224 20 0.49 0.31 027 0.89
T.G23a.R.13 64.5 30.5 19.2 18.5 0.47 0.3 0.29 0.96
512 235 15.8 15.7 0.46 0.31 0.31 0.99
A. venustus W.PR8.5 43.8 18.5 14.6 15.4 0.42 0.33 0.35 1.05
363 15.8 12.2 13.4 0.44 0.34 0.37 1.1
85 42.5 253 23.5 0.5 0.3 0.28 0.93
A. microcanthus Lectototype* 60.7 27.85 20.9 20.6 0.46 0.34 0.34 0.99
A. microcanthus Paratype* 140.1 653 45.15 355 0.47 0.32 0.25 0.79
A. symbolus Lectotype* 79.25 445 21.45 264 0.56 0.27 0.33 1.23
A. koellikeri Lectotype* 160 83 43 42 0.52 0.27 0.26 0.98
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Table 3: Dimensions of Protacanthodiscus andreaei (Kilian, 1889)
from Charens. Yellow squares indicate approximated dimensions.

Table 2: Dimensions of Micracanthoceras microcanthum (Oppel in
Zittel, 1868) from Charens. Yellow squares indicate approximated

dimensions. no. Specimens D U Wh U/D | Wh/D

no. Specimens D U Wh UD | Wh/D MPP-CHR.79/4 5246 19.03| 192 0.4 0.4

MPP-CHT.29/1 41 18.9 14.25 0.46 0.35 MPP-CHR.19/5 12.8 4.6 45 0.4 04

MPP-CHR .34/1 28.6 MPP-CHR.21/3 41 18.2 13.6 0.4 0.3

MPP-CHR.34/2 17.7 MPP-CHR.21/6 27.48 11.7 11.11 0.4 04

MPP-CHR.37/1 MPP-CHR.21/19 43 20.5 15 0.5 0.3

MPP-CHR.37/2 MPP-CHR.21/20 17.4

MPP-CHR.37/3 190 882 55 0.46 0.29 MPP-CHR .21/25 28.7 13.35 9.2 0.5 0.3

MPP-CHR.45/1 26.3 MPP-CHR.21/29 24.26 8.4 10 0.3 0.4

MPP-CHR.50/1 MPP-CHR.21/32 13.84 5.14 4.57 0.4 0.3

MPP-CHR.50/2 12.9 MPP-CHR .21/34 6

MPP-CHR.50/3 28.42 11.94 9.8 0.42 0.34 MPP-CHR.21/42 255 12.9 6.4 0.5 0.3

MPP-CHR.50/3x

MPP-CHR.51/2 27 11.5 9.7 0.43 0.36

MPP-CHR.53/2 Table 4: Dimensions of Boughdiriella chouetense Frau, Bulot &

MPP-CHR.53/4a-c 10.17 7.96 Wimbledon, 2015 from Charens. Yellow squares indicate approxi-

MPP-CHR .54/1a 51 17.5 0.34 | mated dimensions.

MPP-CHR.54/1b 14.2 no. Specimens D U Wh u/D Wh/D

MPP-CHR.60/1 18.8 MPP-CHR.19/1 233 7.2 11.7 0.3 0.5

MPP-CHR.60/2 25 16 MPP-CHR.21/4 352 14.5 11.5 0.4 0.3

MPP-CHR.60/3 153 MPP-CHR.21/8 31.64 12.8 11.03 0.4 0.3

MPP-CHR.60/4 50.6 155 031 MPP-CHR.21/11 26.07 9.7 99 0.4 0.4

MPP-CHR.60/6 39.3 18.3 12 0.47 0.31 MPP-CHR.21/24 27.96 11.36 92 0.4 0.3

MPP-CHR.60/7 MPP-CHR.21/27 29 14.9 9.5 0.5 0.3

MPP-CHR.62/1 11.2 MPP-CHR.21/33 31.7 15.57 13.61 0.5 04

MPP-CHR.63/1 9 MPP-CHR 21/35 12.5 12.1 8 1 0.6

MPP-CHR.67/4 33.4 15.4 12.26 0.46 0.37 MPP-CHR .21/40 8.7

MPP-CHR.67/7

MPP-CHR.67/9 38 17.2 11.5 0.45 0.3

MPP-CHR.68/1 16.25 Table 5: Dimensions of Pratumidiscus elsae Bulot, Frau & Wimble-

MPP-CHR.68/2 20.95 9.22 7.26 0.44 0.35 don, 2014 from Charens.

MPP-CHR.82/1 56.5 26.8 16.2 no. Specimens D U Wh U/D| Wh/D

MPP-CHR.87/1 413 20.7 10.7 MPP-CHR.21/43 9.8

MPP-CHR.92/2 26.5

MPP-CHR.92/4 514 24.8 14.5 0.48 0.28

MPP-CHR.92/5 28.7 Table 6: Dimensions of Busnardoiceras busnardoi (Le Hégarat,

MPP-CHR.92/10 27.5 10.9 84 0.4 0.31 1973) from Charens. Yellow squares indicate approximated

MPP-CHR .92/11 514 | 252 15.75 049 | 031 | dimensions.

MPP-CHR.92/13 324 15.56 10.8 0.48 033 no. Specimens D U Wh U/D| Wh/D

MPP-CHR.92/28 18.07 cl4.5 MPP-CHR.19/1x 36.98 15.6 14.6 0.4 0.4

MPP-CHR.98/1 58 30.7 18.3 0.53 0.32 MPP-CHR.19/3 32.24 10.63 12.57 0.3 0.4

MPP-CHR.R100/6 57.4 26.7 18.3 0.47 0.32 MPP-CHR.21/7 66.3 23.94 24.25 0.4 0.4
MPP-CHR.21/10 48 16.8 152 0.4 0.3
MPP-CHR.21/12 53.35 20.5 18.3 0.4 0.3
MPP-CHR.21/13 27.717 9.84 10.05 0.4 0.4
MPP-CHR.21/14 322 11.85 11.8 0.4 0.4
MPP-CHR 21/15 3943 14.35 143 0.4 04
MPP-CHR 21/16 23.65 9.42 8.83 0.4 0.4
MPP-CHR.21/17 22.59 7.8 7.95 0.3 0.4
MPP-CHR.21/18
MPP-CHR .21/26 60.37 20.97 0.3
MPP-CHR .21/28 25.61 11.1 9.6 0.4 0.4
MPP-CHR.21/36 94.7 37.87 34 0.4 0.4
MPP-CHR.21/37 28.4 11.7 11 0.4 0.4
MPP-CHR .21/38 53.6 20.7 19 0.4 04
MPP-CHR.21/42 40.5 15 14.8 0.4 0.4
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Berriasella jacobi is a key ammonite taxon that has been widely used for the definition of the Tithonian/
Berriasian boundary and has been widely quoted in the literature as the index species for the lowest zone
of the Berriasian Stage. The taxonomic revision of B. jacobi shows that it should be excluded from the
genus Berriasella and transferred to the genus Strambergella. Analysis of the literature has convinced us
that most specimens illustrated as B. jacobi have been misidentified. New collection at Le Font de Saint

Bertrand (Les Combes, Glandage, Drome, France) shows us the type series corresponds to the microconch
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form of a dimorphic pair. New integrated data on its stratigraphic distribution causes us to question its
value as an index species for the base of the Berriasian.
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1. Introduction

The latest Jurassic to earliest Cretaceous time interval is a
critical period for marine biota including ammonite faunas which
were affected by a global sea—level lowstand and developments
of episodic, or permanent, dys— to anaerobic conditions in sea-
ways and marginal seas (Follmi, 2012 with references). These
conditions led to high provincialism in both species and genera
due to the separation of the Tethyan and boreal regions
(Lehmann et al., 2015). Despite these considerations, Berriasella
Uhlig, 1905 is still considered as a cosmopolitan genus since its
supposed recognition in southern and central Europe, North

* Corresponding author.
E-mail addresses: camille_frau@hotmail.fr (C. Frau), bulot@cerege.fr (L.G. Bulot),
rehakova@fns.uniba.sk (D. Rehakova), mishenkal@yahoo.co.uk
(W.A.P. Wimbledon), christina.ifrim@geow.uni-heidelberg.de (C. Ifrim).
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Africa, Madagascar, Turkey, Crimea, Iran, the Himalayas, New
Caledonia, New Zealand, California, Mexico and Argentina
(Wright et al., 1996).

Among the many species of the genus, Berriasella jacobi
Mazenot, 1939 has been widely quoted throughout the Tethyan
Realm and its first occurrence has been assumed to mark the base
of the Berriasian (base of the Jacobi Zone sensu Le Hégarat, 1973 or
base of the Euxinus Zone sensu Hoedemaeker, 1982 - see discus-
sion in Wimbledon et al., 2011). This level was also assumed to
correlate with the base of the calpionellid Calpionella Standard
Zone (Enay and Geyssant, 1975; Remane et al., 1986; Cecca et al,,
1989; Griin and Blau, 1997; Boughdiri et al., 2009; Benzaggagh
et al., 2010). However, this view has been altered by recent in-
vestigations in southeast Spain (Tavera et al., 1994; Pruner et al.,
2010) and France (Wimbledon et al., 2013) that showed that a
distinctive ammonite assemblage that includes Elenaella cularense
(Mazenot, 1939) and Lopeziceras chaperi (Pictet, 1868)
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characterizes the E. cularense biohorizon at the base of the Jacobi
Zone auctorum. In both areas, this assemblage occurs in the upper
part of the Crassicollaria intermedia Subzone of the Crassicollaria
Standard Zone.

According to Tavera et al. (1994), B. jacobi does not occur at this
level in Spain and this view is confirmed by our own observations
in southeast France (Wimbledon et al., 2013; Bulot et al., 2014). As a
consequence, the base of the Jacobi Zone auctorum is ill defined and
the exact range of B. jacobi remains poorly understood.

Therefore B. jacobi is a critical taxon for the definition of the
Tithonian/Berriasian boundary, and one that needs careful exami-
nation to settle taxonomic disputes and biostratigraphic un-
certainties. This paper presents a revision of all available material of
B. jacobi described in the French literature and new collection made
at Les Combes. The re—evaluation of the systematics and strati-
graphic position of B. jacobi leads us to question its value as an
index species.

2. Origin of the material studied
2.1. Origin of the type material

Berriasella jacobi Mazenot, 1939 is based on four specimens from
the Gevrey collection, whose source was Chomérac (Ardeche,
France) (CHO in Fig. 1). The lithostratigraphic level from which
these ammonites were collected is the Breche de Chomérac. This
unit was first described and named as the “pseudo breche de la
Boissiere, pres Chomérac” by Toucas (1890) who gave the first ac-
count of its palaeontological content. As already outlined by Roman
and Mazenot (1937, p. 179), the great majority of the historical
collections (late 19th and early 20th) centuries made at Chomérac
(La Boissiere and Sabatas) was collected ex situ, from dry stone
walls and loose in cultivated fields. This is the case with the holo-
type and paratypes in the Gevrey collection.

Recent attempts to find a well exposed succession of the
Jurassic/Cretaceous transition near La Boissiere and Sabatas have
failed due to faulting and poor exposure (Cecca et al., 1989, p. 41). In
the course of the revision of the upper Tithonian (‘Ardescien’) of
Ardeche, Cecca et al. (1989, p. 41) stated that when it crops out in
good condition the Breche de Chomérac is poorly fossiliferous and
the ammonite faunas are ill preserved. This is the case at such lo-
calities as the Broyon Quarry (Le Pouzin, Ardeche) (BRO in Fig. 1)
and the Fontasse section (Chomérac, Ardeche) (FON in Fig. 1).

It should be noted that beside typical taxa from the Jacobi Zone
auctorum such as Berriasella of the oppeli — moreti Mazenot, 1939
group, Dalmasiceras progenitor (Oppel in Zittel, 1868), Pseudoneo-
comites beneckei (Mazenot, 1939) and Pseudosubplanites lorioli
(Oppel, 1865), the fauna from the Breche de Chomérac yielded late
Tithonian ammonites such as Micracanthoceras microcanthum
(Oppel, 1865) and Ardesciella rhodanica (Toucas, 1890) (Cecca et al.,
1989; Bulot et al., 2014). By comparison with the expanded suc-
cessions of the Vocontian Basin such as Le Chouet, it is now clear
that the fauna from the Breche de Chomérac includes reworked
Tithonian elements from the Microcanthum and Andreaei zones in
an assemblage dominated by ammonites from the lower and
middle part of the Jacobi Zone auctorum (e.g. Cecca et al., 1989;
Wimbledon et al., 2013; Bulot et al.,, 2014; Frau et al., 2015). As a
consequence, at its type locality the precise age of B. jacobi cannot
be established.

2.2. Additional specimens from the Le Hégarat collection
Following Mazenot's original description, Le Hégarat (1973) was

the only author to present new data regarding the taxonomy and
stratigraphic distribution of B. jacobi in southeast France. It should

be noted that the taxonomic treatment of B. jacobi by that author
was based on a limited number of specimens. Among them, a new
collection from the Breche de Chomérac made near Aurouse
(Chomérac, Ardeche) (AUR in Fig. 1) included a single true B. jacobi
(FSL.140452). The two other specimens of B. jacobi reported from
this locality belong to Berriasella oppeli (Kilian, 1889) (FSL.127368)
and Delphinella of the D. delphinense (Kilian, 1889) group
(FSL.127371) (see discussion below). Cecca et al. (1989, p. 41)
pointed out that those specimens were collected from cultivated
fields.

Additional specimens from Champ Blanc (Saint—Laurent—
sur—Coirons, Ardéche) (CB in Fig. 1), Les Combes (Glandage, Drome)
and Saut de la Drome (Luc—en—Diois, Drome) were used by Le
Hégarat (1973) for his reappraisal of B. jacobi. Search in the Le
Hégarat collection housed at Lyon—I University failed to find the
specimens from Les Combes and showed that the specimens from
Saut de la Drome (FSL 127946, 127970 and 127972) are not relevant
to an understanding of B. jacobi since they belong to Delphinella of
the D. delphinense (Kilian, 1889) group (see below).

At Champ Blanc (Fig. 2), Le Hégarat (1973, p. 329) reported
ammonites from the “Calcaires et marnes du Berriasien”, occurring
above the hard ground surface at the top of the “Calcaires Blancs”.
The poor quality of the exposures was indicated by Cecca et al.
(1989, p. 54) and a recent visit to this locality by one of us (C.F.)
failed to recognize the succession described by Cecca et al. (1989,
fig. 18) since the outcrops are covered by vegetation and affected by
faults. The matrix of the specimens collected by Le Hégarat at
Champ Blanc (FSL 127389, 127398, 127401 and 141240) is a micritic
limestone that does not show any trace of reworking. The microf-
acies is typical of the “Calcaires et marnes du Berriasien”. We made
sediment thin sections in order to clarify the stratigraphic position
of the ammonites by identifying the calpionellid assemblages
present (see below).

2.3. New collection from Les Combes

After extensive collecting by the authors of the present contri-
bution, new specimens that match perfectly the type series of
B. jacobi were discovered near Les Combes. This locality lies in the
cliffed upper valley of the Grimone stream, in pine forest (Long
5°37'00"E, Lat 44°42’09”N) off the local road (D539) from Glandage
to Lus—la—Croix—Haute (Fig. 3). The section comprises a partially
overgrown section, 60 m—long, along a single—track road on the
north side of the Ravin de Font Bertrand.

The section contains three different lithological parts. The
lower part (beds —52 to —29) is composed of stacked — mud— to
wackestone — limestone beds characterized by the occurrence of
small chert nodules that overly a thick clast—supported breccia
(bed —56 and —55). The middle part (beds —28 to 30) contains
well-bedded, ammonite—bearing, limestone beds and thin
marly interbeds ranging in thickness from 0.05 m to 1 m. This
interval displays a thin clast—supported breccia (bed —10). A
part of this interval is overgrown to a depth of about 3—4 m. The
third part (beds 31 to 111) is composed of a continuous
marl—limestone alternations and it is marked by a recessive
interval at its top that is more argillaceous than the rest of the
section (beds 83 to 92).

Ammonite are abundant and diverse except for the
chert—rich part of the section. A detailed ammonite distribution
is given below together with the preliminary results on the
calpionellids zonation (Fig. 3). The vertical range of B. jacobi
extends between bed 22 and bed 30 in association with common
Strambergella carpathica (Zittel, 1868) and rare Retowskiceras
nikolovi (Le Hégarat, 1973), Bochianites sp. and Proniceras sp. that
mark the upper part of the Jacobi Zone auctorum. The vertical
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Fig. 1. Locality map of the historical sections of Gard and Ardéche (Southeast France) discussed in the text: BRO — Broyon, CHO — Chomérac, AUR — Aurouse, FON — Fontasse and

CB — Champ Blanc.

range of B. jacobi encompasses the uppermost part of the
Remaniella ferasini Subzone and the lowermost part of the Cal-
pionella elliptica Zone of the Calpionella Zone. The occurrence of
the age—diagnostic Tirnovella subalpina (Mazenot, 1939), index-
—species of the first subzone of the middle Berriasian (see Le
Hégarat, 1973), is reported four metres above the last occur-
rence of B. jacobi.

The description of the ammonite and calpionellid assemblages
from Les Combes will be addressed in full elsewhere, but the study

of the new ammonite population shows that B. jacobi is closely
related to Strambergella carpathica (Zittel, 1868). This new sys-
tematic treatment is discussed below.

3. Systematic palaeontology
Abbreviations: All dimensions of specimen are given in milli-

metres: D = diameter, Wb = whorl breadth, Wh = whorl
height, U = umbilical diameter. Figures in parentheses are
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Hégarat (1973) originates from the “Calcaires et marnes du Berriasien” (= bed 11).

dimensions as a percentage of the diameter at the point of
measurement.

The following abbreviation are used to indicate the repository of
specimens mentioned in the text: BSPM — Bayerische Staats-
sammlung fiir Palaontologie und Geologie, Munich; FSL — Fac-
ulté des Sciences de Lyon, Université Claude Bernard — Lyon—I;
MPP — Musée de Paléontologie de Provence, Aix—Marseille
Université; UJF—ID —Université Joseph Fourier — Institut Dolo-
mieu. All specimens from Les Combes (MPP—LCB) are deposited
in the Frau/Bulot collection in Musée de Paléontologie de
Provence.

Order Ammonitida Fisher, 1882

Suborder Ammonitina Fisher, 1882
Superfamily Perisphinctoidea Steinmann, 1890
Family Neocomitidae Salfeld, 1921

Genus Strambergella Nikolov, 1966
Type species: Ammonites carpathicus Zittel, 1868; by original
designation.

Remarks. Strambergella was originally introduced as a subgenus of
Berriasella by Nikolov (1966), a view that was subsequently
maintained by this author (Nikolov, 1982). This view was dis-
missed by Le Hégarat (1973, p. 147) who clearly substantiated the
relationship between S. carpathica and the type species of Faur-
iella Nikolov, 1966, e. g. Fauriella gallica (Mazenot, 1939), and
considered Strambergella as a subgenus of Fauriella.
Hoedemaeker (1982) considered that Fauriella is a junior subjec-
tive synonym of Subthurmannia from which Strambergella is a
distinct subgenus. Tavera (1985) and Wright et al. (1996, p. 50),
respectively, considered this taxon as a junior subjective synonym
of Fauriella Nikolov, 1966 and Subthurmannia Spath, 1939.

It is therefore admitted that whatever is the status of Stram-
bergella, its type species cannot be maintained in Berriasella
since it differs clearly from the typical Berriasella of the
B. privasensis (Pictet, 1867) group in its development of
fasciculate ribs from umbilical bullae on the body chamber. As
already outlined by Le Hégarat (1973), this ornamental feature
is also expressed in Fauriella gallica and its allied species such
as F. boissieri (Pictet, 1867). We therefore support the view that
Strambergella cannot be maintained as a subgenus of
Berriasella.

On the other hand, we do not support the view that Fauriella is a
junior synonym of Subthurmannia. This later genus was intro-
duced by Spath (1939) to accommodate a group of Neocomitidae
from the Belemnite Beds of the Salt Range (Pakistan) that in-
cludes Suthurmannia fermori Spath, 1939 (type species), Sub-
thurmannia filosa Spath, 1939 and Subthurmannia transitoria
Spath, 1939. Fatmi (1972) clearly established the Berriasian age
of the Subthurmannia assemblage, including several species of
Spiticeras. According to Fatmi (1977, p. 273), all Subthurmannia
described by Spath (1939) originate from the same stratigraphic
level, but its exact position in the Berriasian remains unknown.
Even if Fauriella and Subthurmannia share superficial similarities,
neither E gallica nor any other Fauriella of the Medi-
terranean—Caucasian Subrealm show the subquadratic whorl
section with marked flat venter and virgatotome ribbing that
characterize S. fermori and allied species.

Strambergella can easily be distinguished from Fauriella by its
typical Berriasella—like ornamentation that marks the early and
middle ontogenetic stages. As a consequence and following Klein
(2005), we consider Strambergella as a separate genus.

Emended diagnosis. Small to medium—sized dimorphic com-
pressed neocomitids. Fairly open umbilicus. Subrectangular
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whorl section throughout ontogeny with slightly rounded to
flattened flanks. Flat ventral area with a smooth band in inner
whorls that weakens in the adult. Berriasella—like ornamenta-
tion in inner whorls that progressively fasciculates on the um-
bilical margin from bullae or weak tubercles. Neocomitid suture
line marked by narrow and bifid external lobe.

Specific content. As herein understood, Strambergella is strictly
restricted to Strambergella carpathica (including its junior subjec-
tive synonym Fauriella floquinensis Le Hégarat, 1973), Strambergella
jacobi (including its junior subjective synonym Fauriella shipko-
vensis Le Hégarat, 1973 non Nikolov & Mandov, 1967) and Stram-
bergella clareti (Le Hégarat, 1973).

In our opinion, among the other species transferred to Stramber-
gella by Hoedemaeker (1982), Neocomites cabrensis Fallot, 1922 and
Hoplites (Berriasella) carpathicus var. gracilis Pervinquiere, 1907 may
correspond to inner whorls of Lopeziceras chaperi (Pictet, 1868);
Jabronella cisternensis Le Hégarat, 1973 is a Malbosiceras of the
malbosi (Pictet, 1867) group; and Jabronella patruliusi Le Hégarat,
1973 belongs to Tirnovella of the alpillensis (Mazenot, 1939) group.
Contrary to the view of Hoedemaeker (1982) and in agreement
with Le Hégarat (1973) and Tavera (1985), we maintain Neocomites
subalpinus Mazenot, 1939 and Ammonites occitanicus Pictet, 1867 in
the genus Tirnovella Nikolov, 1966. The late Berriasian Berriasella
tzankovi Nikolov & Mandov, 1967, Berriasella (Strambergella)
catrafilovi Nikolov, 1982 and B. (S.) costelensis Nikolov, 1982 are
juvenile and/or microconchs of Fauriella of the boissieri (Pictet,
1867) group.

Occurrences. As herein understood, Strambergella ranges from the
upper part of the Jacobi Zone auctorum to the middle part of the
Occitanica Zone (B. privasensis Subzone sensu Le Hégarat, 1973). The
genus is known to occur in the Mediterranean—Caucasian Sub-
realm of the Tethyan Realm sensu Westermann (2000) [France,
Spain, Czech Republic (type locality — Koniakau), Hungary,
Bulgaria, Crimea, Tunisia and ? Morocco].

Strambergella carpathica (Zittel, 1868)
Fig. 4A—G andE

v 1868 Ammonites carpathicus Zittel, p. 107, pl. 18,
fig. 4A—d, ? 5.
non 1880 Ammonites carpathicus Zittel: Favre, p. 39, pl. 3, fig. 8
(= Neocomitidae gen. sp. indet.).
non 1889 Hoplites carpathicus (Zittel): Kilian, p. 660, pl. 30, fig.
la—b (= ?Lopeziceras gr. chaperi).
non 1890 Hoplites carpathicus (Zittel): Toucas, p. 602, pl. 17, fig.
10a—b (= Strambergella jacobi).
non 1907 Hoplites  (Berriasella) carpathicus var.  gracilis
Pervinquiere, p. 37, pl. 2, fig. 13 (= ?Lopeziceras gr.
chaperi).
1939 Berriasella carpathicus (Zittel): Mazenot, p. 103, pl. 13,
fig. 4a—d (= Zittel, 1868, pl. 18, fig. 4c—d).
non 1939 Berriasella carpathicus (Zittel): Mazenot, p. 103, pl. 13,
fig. 2a—b, 7a—b (= Fauriella donzei)
non 1939 Berriasella carpathicus (Zittel): Mazenot, p. 103, pl. 13,
fig. 3a—b, ?6 (= Fauriella berriasensis)
non 1939 Berriasella carpathicus (Zittel): Mazenot, p. 103, pl. 13,
fig. 5a—b (= Erdenella subisaris).
1939 Berriasella cf. callistoides (Behrendsen): Mazenot, p. 59,
pl. 4, fig. 13a—b.
1953 Berriasella cf. carpathica (Zittel): Arnould—Saget, p. 54,
pl. 5, fig. 5a—c, text—fig.18.
non 1957 Berriasella carpathica (Zittel): Sapunov, p. 155, pl. 2, fig.
1 (= Neocomitidae gen. sp. indet.).

non 1960 Berriasella carpathica (Zittel): Nikolov, p. 163, pl. 7, fig. 1,
2,3, 4, 5 (= Fauriella sp.).
non 1967 Subthurmannia carpathica (Zittel): Dimitrova, p. 105, pl.
50, fig. 4 (= Fauriella sp.).
non 1968 Berriasella aff. carpathica (Zittel): Le Hégarat & Remane,
p. 23, pl. 1, fig. 6 (= Fauriella sp.).
v 1973 Fauriella (Strambergella) aff. carpathica (Zittel): Le
Hégarat, p. 152, pl. 21, fig. 4, 5, 6 (= Zittel, 1868, pl. 18,
fig. 4b, 5), pl. 46, fig. 2.
v non 1973 Fauriella (Strambergella) aff. carpathica (Zittel): Le
Hégarat, p. 152, pl. 46, fig. 3 (= Strambergella jacobi).
v 1973 Fauriella floquinensis n. sp. Le Hégarat, p. 156, pl. 23, fig.
1, 2, pl. 47, fig. 4, 5.
1979 Berriasella (Strambergella) carpathica (Zittel): Sapunov,
p. 179, pl. 56, fig. 6.
1982 Berriasella (Strambergella) carpathica (Zittel): Nikolov,
p. 82, pl. 19, fig. 1a—b (= Zittel, 1868, pl. 18, fig. 4b—c),
fig. 2 (= Sapunov, 1979, pl. 56, fig. 6).
1982 Fauriella floquinensis Le Hégarat: Nikolov, p. 109, pl. 28,
fig. 1a—b (= Le Hégarat, 1973, pl. 23, fig. 1, pl. 47, fig. 5),
2, pl. 29, fig. 1, 2.
non 1982 Fauriella floquinensis Le Hégarat: Nikolov, p. 109, pl. 29,
fig. 2 (= Strambergella clareti).
1982 Berriasella (Berriasella)
Hoedemaeker, pl. 2, fig. 2.
1985 Fauriella (Strambergella) aff. carpathica (Zittel): Cecca,
p- 151, pl. 3, fig. 1.
non 1985 Fauriella floquinensis Le Hégarat: Tavera, p. 284, pl. 43,
fig. 1, 2 (= Strambergella clareti).
non 1985 Fauriella floquinensis Le Hégarat: Tavera, p. 284, pl. 43,
fig. 3, text—fig. 22E (= Strambergella jacobi).
non 1986 Subthurmannia (Strambergella) aff. carpathica (Zittel):
Horvdth & Knauer, p. 68, pl. 1, fig. 2 (= Neocomitidae
gen. sp. indet.).
non 1987 Subthurmannia (Strambergella) aff. carpathica (Zittel):
Horvath & Knauer, p. 410, pl. 1, fig. 2 (Horvath &
Knauer, 1986, pl. 1, fig. 2).
non 1989 Fauriella carpathica (Zittel): Khimchiashvili, p. 11, pl. 2,
fig. 1 (= Neocomitidae gen. sp. indet.).
non 1990 Fauriella (Strambergella) cf. carpathica (Zittel): Cecca
et al,, pl. 6, fig. 6 (= Neocomitidae gen. sp. indet.).
non 1999a Fauriella ex. gr. floquinensis Le Hégarat: Sey &
Kalacheva, p. 85, pl. 1, fig. 3a—6 (= Neocomitidae gen
and sp. indet.).
non 2001 Fauriella ex. gr. floquinensis Le Hégarat: Sey &
Kalacheva, p. 1096, pl. 1, fig. 3a—b (= Sey &
Kalacheva, 1999a, pl. 1, fig. 3a—06).
non 2004 Fauriella ex. gr. floquinensis Le Hégarat: Sey &
Kalacheva, p. 90, pl. 82, fig. 2 (= Sey & Kalacheva,
19994, pl. 1, fig. 3a—06).
non 2011 Fauriella aff. carpathica (Zittel): Arkadiev, p. 9, pl. 3, fig.
6a—8 (= Pseudoneocomites benecket).
non 2011 Fauriella aff. carpathica (Zittel): Arkadiev, p. 9, pl. 3, fig.
7 (= Strambergella jacobi).
non 2012 Fauriella cf. floquinensis Le Hégarat: Arkadiev et al., p.
156, pl. 7, fig. 2 (= Neocomitidae gen. sp. indet.).
non 2012 Fauriella aff. carpathica (Zittel): Arkadiev et al, p.
155, pl. 7, fig. 5a—8, 6 (= Arkadiev, 2011, pl. 1, fig.
6a—s, 7).
non 2012 Fauriella cf. floquinensis Le Hégarat: Arkadiev et al., p.
156, pl. 7, fig. 2 (= Arkadiev, 2011, pl. 1, fig. 3).
? 2013 Fauriella carpathica (Zittel): Szives & Fozy, p. 308, pl. 3,
fig. 1.

privasensis (Pictet):



Fig. 4. Strambergella carpathica (Oppel in Zittel, 1868): (A) cast (FSL.13058) of the lectotype; (B) MPP—LCB.190 [m]; (C) MPP—LCB.191 [M]; (D) MPP—LCB.293 [M]; (E) MPP—LCB.237
[m]; (F) MPP—LCB.269 [juvenile M]; (G) MPP—LCB.264 [M]. Specimens MPP—LCB from les Combes (Glandage, Drome) (Frau/Bulot collection) are coated with ammonium chloride.
Scale bar is 10 mm.
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Fig. 6. The ammonite specimens originally reported to Berriasella jacobi Mazenot, 1939 by Le Hégarat (1973) that are herein referred to the Delphinella of the delphinense (Kilian,
1889) group [(A) FSL.127972, (B) FSL.127970, (C) FSL.127973 and (D) FSL.127946 from Saut de la Drome; (E) FSL.127371 from Aurouse; (F) FSL.127589 from Peyrol]; Pseudosubplanites
sp. indet. [(G) FSL.127368 from Aurouse|; and Berriasella oppeli (Kilian, 1889) [(H) FSL.127905 from Floquin and (I) FSL.127764 from Marignac en Diois]. Scale bar is 10 mm.

2013 Fauriella floquinensis Le Hégarat: Szives & Fozy, p. 308,
pl. 9, fig. 1.
non 2013 Fauriella floquinensis Le Hégarat: Szives & Fozy, p. 308,
pl. 9, fig. 4 (= Jabronella sp.).
non 2013 Fauriella cf. floquinensis Le Hégarat: Szives & Fozy, p.
309, pl. 7, fig. 8 (= Lopeziceras sp.).

Type. BSPM—AS.II1.91, the lectotype, a subcomplete specimen
(Oppel collection) (Zittel, 1868, pl. 18, fig. 4a—d). We illustrate a cast

of the lectotype deposited in the collections of the Faculté des
Sciences de Lyon—I (FSL.13058) (Fig. 4A).

Additional material. FSL.129357 and FSL.127854 (the holotype and
paratype of Fauriella floquinensis); MPP—LCB.176, MPP—LCB.181,
MPP-LCB.190, MPP-LCB.191, MPP—-LCB.199, MPP—-LCB.237,
MPP—-LCB.253, MPP—-LCB.263, MPP—LCB.264, MPP—LCB.269,
MPP—LCB.293. Most diagnostic specimens from Les Combes are
illustrated on Fig. 4B—G.

Dimensions (mm).

Fig. 5. Strambergella jacobi (Mazenot, 1939): (A) cast of paratype UJF—ID.618 [m] (Gevrey coll.); (B) Cast of holotype UJF—ID.572 [m] (Gevrey coll.); (C) Cast of paratype UJF—ID.616
[m] (Gevrey coll.); (D) FSL.127161 [m] from Champ Blanc (Le Hégarat coll.); (E) cast of FSL.140542 from Aurouse [m] (Le Hégarat coll.); (F) FSL.140343 [m] from Champ Blanc (Le
Hégarat coll.); (G) MPP—LCB.201 [m] (bed 26); (H) MPP—LCB.56 [m] (bed 28); (1) MPP—LCB.213 [m] (bed 30); (J) MPP—LCB.298 [m] (bed 25); (K) MPP—LCB.36 [M] (bed 22); (L)
MPP—LCB.195 [M] (bed 28); (M) MPP—LCB.56 [M] (bed 30). Specimens MPP—LCB from les Combes (Glandage, Drome) (Frau/Bulot collection) are coated with ammonium chloride.

Scale bar is 10 mm.
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Fig. 7. Ammonites from Champ Blanc (Le Hégarat collection): (A) Delphinella sevenieri Le Hégarat, 1973, FSL.127401a [M]; (B) Delphinella sevenieri Le Hégarat, 1973, FSL.127398 [m]
(= Delphinella ellenica (Nikolov, 1960) in Le Hégarat, 1973, p. 106); (C) Pseudoneocomites gr. retowskyi (Sarasin & Schondelmayer, 1901), FSL.127389 [?M] (= Fauriella shipkovensis
Nikolov & Mandov, 1967 in Le Hégarat, 1973, p. 166); (D) Strambergella sp., FSL.141240 [M] (= Fauriella shipkovensis Nikolov & Mandov, 1967 in Le Hégarat, 1973, p.166); (E)
Strambergella carpathica (Zittel, 1868), FSL.127394 [m] (= Parapallasiceras busnardoi Le Hégarat, 1973 in Le Hégarat, 1973, p. 42).

Specimens
AS.I1.91
FSL.129357
LCB.181
LCB.190
LCB.191
LCB.264
LCB.237
LCB.269
LCB.293

D

53
123
37.1
339
101.8
52.0
473
46.0
1393

u
17
52
119
12.7
424
18.8
15.5
17.2
59.2

Wh
22
40
14.3
11.7
334
21.7
18.2
16.7
49.9

Wb
14
25

10.0

25.7

u/D
0.32
0.42
0.32
0.37
0.42
0.36
0.33
0.37
0.42

Wh/D
0.41
0.32
0.38
0.34
033
0.41
0.38
0.36
0.36

Wb/D

0.26
0.20

0.19

Wb/Wh

0.63
0.62

0.46

Emended diagnosis. Small to medium—sized (Dmax ~150 mm) neo-
comitid ammonite. Subrectangular whorl section throughout
ontogeny with slightly rounded flanks. Flat ventral area with a smooth
band in inner whorls that becomes rounded in the adult. Open umbi-
licus(0.32 <U/D <0.42)with short umbilical wall with rounded margin.
Microconchs characterized by rigid, straight to slightly pro-
rsiradiate ribs. Ribs bifurcate regularly on the outer third of the
flanks and delimit a marked siphonal band on the venter. On body
chamber ribbing denser, crossing the venter forming a slight
chevron. Aperture with short lateral lappets.
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Inner whorls of macroconchs similar to that of microconchs. On

body chamber, ribs are more or less regularly fasciculated on the

umbilical margin. On the adult, composite ornamentation of single,
intercalated and irregular bifurcate ribs that form a marked
chevron on the venter. Aperture is simple.

Description. The lectotype is a medium—sized ammonite. The whorl

section is subrectangular throughout ontogeny with markedly

rounded flanks on the inner whorls that are slightly flattened on the
body chamber. It shows the typical Berriasella—like ornamentation
with rigid, regular, straight to prorsiradiate bifurcating ribs that span
the whole phragmocone. Ribs bifurcate regularly on the outer third of
the flanks. All ribs arise on the umbilical seam and cross the umbilical

margin. The ribs end on the ventral margin where they delimit a

narrow siphonal band. On the body chamber, ribs become denser and

the ribs branch by two on the umbilical margin. In the last-preserved
part of the adult, the ribs cross the venter.

Among the material at our disposal, the following specimens

illustrate the ontogeny and variability of the species:

— MPP—LCB.190 is a small specimen that shows short lateral
lappets at the aperture. The inner whorls of this specimen bear
the rigid Berriasella—like ornamentation. At the transition be-
tween the phragmocone and body chamber, the ribs are
markedly approximated. They cross the venter forming a slight
chevron.

— MPP—LCB.191 is a sub—complete, medium—sized specimen that
perfectly matches the morphology of Fauriella floquinensis. The
umbilicus is markedly open compared to the lectotype. The
whorl section is subrectangular throughout ontogeny with a
rounded venter in the adult. The Berriasella—like ornamental
stage is more rigid and longer than that of the lectotype. The
beginning of the stage with fasciculate ornament is not visible
due to preservation, but well expressed at the start of the
body—chamber. The furcation point progressively strengthens in
weak umbilical bullae. The ribbing becomes irregular with sin-
gle or bifurcated ribs with intercalatories. The siphonal band is
markedly weakened and ribs cross the venter forming a small
chevron near the aperture.

— MPP—LCB.293 is the largest specimen at our disposal. Its inner
whorls perfectly match the morphology and ornamental stages of
the lectotype, and match the holotype of F. floquinensis on its adult
whorls. Noteworthy is the compressed whorl section and the
strong ornamentation of the body chamber aperture, marked by a
well expressed ventral chevron.

Dimorphism. Examination of the material from Les Combes allows

us to distinguish two morphotypes:

— A first group of small—sized forms (Dmax < 55 mm) is charac-
terized by its Berriasella—like stage with spaced, rigid bifurcate
ribs that can be strongly approximated and cross the venter on
the body—chamber. This group includes the specimens
MPP—-LCB.176, MPP—LCB.190, MPP—LCB.199, MPP—LCB.237,
MPP—LCB.253, MPP—LCB.263, MPP—LCB.264 and
MPP—LCB.269. Among these, specimen MPP—LCB.190 shows
short lateral lappets (Fig. 4B). The following specimens belong to
this group, those illustrated by Mazenot (1939, pl. 4, fig. 13), Le
Hégarat (1973, pl. 46, fig. 2), Sapunov (1979, pl. 56, fig. 6),
Hoedemaeker (1982, pl. 2, fig. 2) and Cecca (1985, pl. 3, fig. 1)
belong to this group.

— The other morphotype encompasses larger forms (Dmax <
140 mm) (such as specimens MPP—LCB.191 and MPP—LCB.293)
characterized by a distinctive secondary ornamental stage with
fasciculate ribs derived from irregular umbilical bullae, and a
final growth stage marked by irregular ribs, attenuated tubercles
and a ventral chevron. Coiling is more evolute and the umbilical

wall is steeper. This group matches the morphology of the
lectotype of S. carpathica as well as the typological species
Fauriella floquinensis Le Hégarat, 1973. The peristome is simple
and bears a short ventral extension (see MPP—LCB.293 on
Fig. 4D).
Since both morphotypes co—occur in the uppermost Jacobi Zone
auctorum, we deduce that they must correspond to the microconch
and macroconch forms.
Discussion. Examination of the type specimens and comparison
with the material collected at Les Combes leaves no doubt that
S. carpathica corresponds to the juvenile and intermediate stage of
Fauriella floquinensis. As a consequence, the latter species is herein
considered as a junior subjective synonym of S. carpathica. S. car-
pathica and S. jacobi co—occur in the uppermost part of the Jacobi
Zone auctorum at Les Combes, the former can be easily distin-
guished by its evolute coiling, less compressed whorl section,
umbilical bullae at the fasciculate stage and marked ventral
chevron on the body—chamber. The poorly—known species
S. clareti differs from S. carpathica in having a short Berriasella—like
stage, early disappearance of the ventral band, and dense ribbing at
all ontogenetic stages.
Occurrences. Vasicek and Skupien (2013) noted that the age of the
type specimen of Strambergella carpathica cannot be established at
its type locality. At Les Combes, the species ranges from bed 24 to
bed 30 (uppermost part of the R. ferasini Subzone and lowermost
part of the C. elliptica Subzone, Calpionella Standard Zone). This
represents a high level in the Jacobi Zone auctorum. The strati-
graphic position of the type material of Le Hégarat (1973) is
consistent with this age. The isolated specimens from other areas of
the Mediterranean—Caucasian Subrealm lack detailed stratigraphic
data. Outside France, the species is reported from Spain, ? Italy,
Hungary, Bulgaria and Tunisia.

Strambergella jacobi (Mazenot, 1939)
Fig. 5A—M and 7C

1890 Hoplites carpathicus (Zittel): Toucas, p. 602, pl. 17, fig.
10a—b.
non 1890 Hoplites carpathicus (Zittel): Toucas, p. 602, pl. 17, fig. 11
(= ?Pseudoneocomites sp.).
v 1890 Hoplites calisto (d'Orbigny): Toucas, p. 600, pl. 17, fig. 3.
v 1939 Berriasella jacobi Mazenot, p. 54, pl. 4, fig. 1a—b (=
holotype), 2a—b, 3a—b, 4.
non 1939 Berriasella jacobi Mazenot, p. 54, pl. 4, fig. 5a—b (=
Richterella richteri).
1953 Berriasella jacobi Mazenot: Arnould—Saget, p. 33, pl. 3,
fig. 11a—c; pl. 4, fig. 1a—c.
1953 Neocomites allobrogensis Mazenot: Arnould—Saget, p.
74, pl. 8, fig. 1
non 1960 Berriasella jacobi Mazenot: Collignon, pl. 165, fig. 668,
669 (= Blanfordiceras gr. wallichi).
1968 Berriasella jacobi Mazenot: Le Hégarat & Remane, p. 25,
pl. 5, fig. 1-2 (= Toucas, 1890, pl. 17, fig. 10a—Db).
v 1973 Berriasella (Berriasella) jacobi Mazenot: Le Hégarat, p.
56, pl. 6, fig. 9—10 (= Mazenot, 1939, pl. 4, fig. 1a), 11 (=
Toucas, 1890, pl. 17, fig. 10a—b)
non 1973 Berriasella (Berriasella) jacobi Mazenot: Le Hégarat, pl.
6, fig. 12; pl. 38, fig. 3 (= Toucas, 1890, pl. 17, fig. 3a—b)
(= Berriasella ex. gr. oppeli — moreti)
v ? 1973 Berriasella (Berriasella) jacobi Mazenot: Le Hégarat, pl.
38, fig. 6—7.
v 1973 Fauriella (Strambergella) aff. carpathica (Zittel): Le
Hégarat, p. 152, pl. 46, fig. 3 (= Strambergella jacobi).
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v 1973 Fauriella shipkovensis (Nikolov & Mandov): Le Hégarat,
p. 164, pl. 23, fig. 3, 4, 5, 6, pl. 47, fig. 1, 2.
non 1979 Berriasella (Berriasella) jacobi Mazenot: Sapunov, p.
173, pl. 55, fig. 3a—b (= Berriasella sp. indet.).
1982 Berriasella (Berriasella) jacobi Mazenot: Nikolov, p. 51,
pl. 8, fig. 4 (= Mazenot, 1939, pl. 4, fig. 1)
non 1982 Berriasella (Berriasella) jacobi Mazenot: Nikolov, p. 51,
pl. 8, fig. 6 (= Sapunov, 1979, pl. 55, fig. 3a—b),
? 1982 Berriasella (Berriasella) jacobi Mazenot: Nikolov, p. 51,
pl. 8, fig. 5, 7 (= Le Hégarat, 1973, pl. 38, fig. 6), 8.
1982 Fauriella shipkovensis (Nikolov & Mandov): Nikolov, p.
109, pl. 30, fig. 1a—b (= Le Hégarat, 1973, pl. 47, fig. 2), 4,
pl. 31, fig. 1.
? 1982 Berriasella (Hegaratella) jacobi Mazenot: Hoedemaeker,
pl. 1, fig. 7.
non 1983 Berriasella (Berriasella) cf. jacobi Mazenot: Geyer, p.
343, fig. 3g (= “Berriasella” limensis).
non 1985 Berriasella (Berriasella) jacobi Mazenot: Tavera, p. 238,
pl. 33, fig. 7—11, text—fig. 19B (= Berriasella ex. gr. oppeli
— moreti).
1985 Fauriella floquinensis Le Hégarat: Tavera, p. 284, pl. 43,
fig. 3, text—fig. 22E.
? 1985 Tirnovella allobrogensis (Mazenot): Tavera, p. 296, pl.
45, fig. 22C.
? 1986 Tirnovella sp. cf. suprajurensis (Mazenot): De Wever
et al, pl. 1, fig. 5.
non 1986 Berriasella (Hegaratella) jacobi Mazenot: Horvath &
Knauer, p. 69, pl. 1, fig. 3 (? Paraulacosphinctes sp.).
non 1987 Berriasella jacobi Mazenot: Liu & Wang, pl. 1, fig. 6a—b,
pl. 2, fig. 7a—b (= Blanfordiceras gr. wallichi).
non 1988 Berriasella jacobi Mazenot: Liu, p. 62, pl. 6, fig. 1a—b (=
Liu & Wang, 1987, pl. 1, Fig. 6a—b), fig. 2a—b (= Liu &
Wang, 1987, pl. 2, fig. 7a—b), fig. 4a—b, 5, pl. 7, fig. 7
(= Blanfordiceras gr. wallichi).
non 1988 Berriasella cf. jacobi Mazenot: Liu, p. 62, pl. 6, fig. 3a—b
(= Blanfordiceras gr. wallichi).
? 1989 Berriasella jacobi Mazenot: Khimchiashvili, p. 9, pl. 4,
fig. 3—4.
non 1990 Berriasella jacobi Mazenot: Sey & Kalacheva, pl. 1, fig.
la—b, 2, 3a—b, 4, 5, 6a—b (= Subplanitoides ex. gr.
altegyratum sensu Sey et al., 1992).
? 1990 Berriasella jacobi Mazenot: Khimchiashvili, p. 372, pl. 1,
fig. 1, 6 (= Khimchiashvili, 1989, pl. 4, fig. 3—4).
non 1992 Berriasella (Berriasella) jacobi Mazenot: Howarth, p.
631, pl. 4, fig. 5 (= Neocomitidae gen. and sp.
indet.).
v non 1992 Berriasella (Berriasella) jacobi Mazenot: Wierzbowski &
Remane, p. 874, pl. 1, fig. 1 (= Pseudosubplanites sp.
juv.), 2—3 (= Neocomitidae gen. and sp. indet.), 4
(= Delphinella sp.).
non 1994 Berriasella (Berriasella) jacobi Mazenot: Wierzbowski,
p. 238, pl. 4, fig. 5 (= Neocomitidae gen. and sp.
Indet.).
non 1996 Berriasella ex. gr. jacobi Mazenot: Sey & Kalacheva, p.
309, pl. 4, fig. 1a—b, 2—4, 6 (= Sey & Kalacheva, 1990, pl.
1, fig. 1a—b, 3a—b, 4-5, 6a—b).
non 1999b Berriasella ex. gr. jacobi Mazenot: Sey & Kalacheva, p.
55, pl. 1, fig. 2a—b, 6a—b, 7, 8 (= Sey & Kalacheva, 1990,
pl. 1, fig. 2, 4, 3a—b, 6a—b), fig. 9—11 (= Sey &
Kalacheva, 1990, pl. 1, figla—b, 5), 12—13 (= Sub-
planitoides ex. gr. altegyratum sensu Sey et al., 1992).
non 1999 Berriasella (Berriasella) aff. jacobi Mazenot: Cantu-
Chapa, fig. 3C (= “Berriasella” gr. mazatepense)

non 1999 Berriasella (Berriasella) jacobi Mazenot: Kvantaliani, p.
89, pl. 10, fig. 4—7 (= Pseudosubplanites ex. gr. combesi).
1999 Fauriella shipkovensis (Nikolov & Mandov): Kvantaliani,
p.- 100, pl. 12, fig. 7, pl. 13, fig. 1, 2.
non 2000 Berriasella (Berriasella) cf. jacobi Mazenot: Kvantaliani,
p. 43, pL. 9, fig. 5 (= Kvantaliani, 1999, pl. 10, fig. 4).
non 2004 Berriasella jacobi Mazenot: Arkadiev & Bogdanova, p.
372, pl. 1, figs. 1a—b (= Pseudosubplanites lorioli), 2 (= ?
Pseudosubplanites sp.).
non 2004 Berriasella ex. gr. jacobi Mazenot: Sey & Kalacheva, p.
55, pl. 180, fig. 1, 2—6, 13 (= Sey & Kalacheva, 1990, pl. 1,
fig. 2, 4, 3a—b, 6a—b), fig. 9—11 (= Sey & Kalacheva,
1990, pl. 1, fig.la—b, 5), 12—13 (= Subplanitoides ex.
gr. altegyratum sensu Sey et al., 1992).
non 2005 Berriasella jacobi Mazenot: Arkadiev et al., pl. 1, fig.
2a—6 (= Delphinella sp. indet.)
non 2006 Berriasella jacobi Mazenot: Arkadiev et al., pl. 2, fig. 5 (=
Arkadiev et al., 2005, pl. 1, fig. 2a—6).
non 2008 Berriasella jacobi Mazenot: Arkadiev et al., pl. 1, fig. 3 (=
Arkadiev & Bogdanova, 2004, pl. 1, fig. 1a—b).
non 2010 Berriasella jacobi Mazenot: Ivanov et al., pl. 4, fig. 2 (=
Neocomitidae gen. sp. indet.).
2011 Fauriella aff. carpathica (Zittel): Arkadiev, p. 9, pl. 3, fig.
7.
2012 Fauriella aff. carpathica (Zittel): Arkadiev et al., p. 155,
pl. 7, fig. 5a—8, 6 (= Arkadiev, 2011, pl. 1, fig. 6a—8, 7).
non 2012 Berriasella jacobi Mazenot: Arkadiev et al., p. 144, pl. 4,
fig. 4 (= Arkadiev & Bogdanova, 2004, pl. 1, fig. 1a—b),
5—6.
non 2012 Berriasella jacobi Mazenot: Salazar, p. 172, fig. 4.52 a—q
(= “Berriasella” fraudans).
non 2013 Berriasella jacobi Mazenot: Vasicek & Skupien, p. 335,
pl. 5C, G—H (= Delphinella sp. juv.), D, I (= Pseudoneo-
comites beneckei).
non 2013 Berriasella jacobi Mazenot: Szives & Fozy, p. 306, pl. 9,
fig. 2 (= ?Pseudosubplanites sp.).

Types. UJF—ID.572, the holotype, a subcomplete specimen (Gevrey
collection) (Mazenot, 1939, pl. 4, fig. 1a—b); paratypes UJF—ID.616
(Mazenot, 1939, pl. 4, fig. 2a—b) and 618 (Mazenot, 1939, pl. 4, fig.
4), two subcomplete specimens. The third paratype UJF—ID.617 is
lost. All specimens are re—illustrated herein (Fig. 5).

Additional material. FSL.127161 and FSL.140434 from Champ—Blanc
(Saint—Laurent—sur—Coirons, Ardeche); FSL.140452 from Aurouse
(Ardéche); all from Le Hégarat's collection; MPP—LCB.36,
MPP—-LCB.56, MPP-LCB.163, MPP—LCB.193, MPP—LCB.195,
MPP—LCB.201, MPP—LCB.213 and MPP—LCB.298 from Les Combes
(Fig. 5).

Specimens D U Wh Wb U/D Wh/D Wb/D Wb/Wh
UJF-ID.572 386 125 167 82 032 043 0.21 0.49
UJF-ID.616 422 136 178 127 032 042 0.30 0.71

UJF-ID.618 34.7 109 145 031 042

FSL127161 39.7 128 169 032 042

FSL.140452 137 178

LCB.36 155 485 572 181 031 037 0.11 0.31
LCB.56 164 7.1 0.43
LCB.163 759 253 317 98 033 033 0.13 0.31
LCB.194 304 133 0.43

LCB.201 194 201

LCB.213 17.8 206

LCB.298 152 155
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Dimensions (mm).

Emended diagnosis. Small to medium—sized (Dmax ~ 160 mm)
neocomitid ammonites. Subrectangular whorl section, higher than
wide, throughout ontogeny with flattened flanks. Flat ventral area
marked by a narrow band that weakens on the body chamber. Fairly
open umbilicus with short and abrupt umbilical wall.

Inner whorls of the microconch characterised by spaced to dense
and straight to slightly prorsiradiate, bifurcated ribs. Most ribs
bifurcate on the outer third of the flanks; occasional single ribs are
observed. Ribs arise on the umbilical seam and cross the umbilical
wall with weak retrocurvature and project on the umbilical margin.
Aperture with short lateral lappets.

Early ontogeny of macroconch is similar to that of the microconch.
Ribs on body chamber become denser and flexuous and are regu-
larly fasciculate on the umbilical margin. Furcation point at the
umbilical margin strengthens in weak tubercles. Branches of
bifurcate ribs are markedly prorsiradiate and near the aperture
form a small chevron on the venter.

Description. The holotype and two other paratypes of Strambergella
jacobi correspond to small, subcomplete forms with discoidal,
compressed shell. They exhibit a subrectangular whorl section,
higher than wide, throughout the ontogeny with flattened flanks
and short, abrupt umbilical wall. The umbilicus is fairly open
(0,31 < U/D < 0,33) and the venter is flat with a narrow smooth
band. There is no significant morphological difference between the
holotypes and paratypes with the exception of UJF—ID.616 which
has a higher Wb/D ratio reflecting the increasing thickness of the
whorl on the outer part of the body chamber. The innermost whorls
are characterized by spaced to dense, straight to slightly pro-
rsiradiate ribs on the inner whorls. Most of the ribs bifurcate on the
outer third of the flanks; and occasional single ribs can be observed.
The ribs arise at the umbilical seam and cross the umbilical wall
with weak retrocurvature and they project on the umbilical margin
on the last adult whorl.

Among the material collected at Les Combes, specimens
MPP—LCB.56, MPP—LCB.201, MPP—LCB.2013 and MPP—LCB.298
(Fig. 5G, H, I and ]) perfectly match the morphological and orna-
mental features of the type series (described above). The specimen
MPP—LCB.56 bears short lateral lappets. These specimens co—occur
with medium—sized forms that share identical inner whorls such
as MPP—LCB.163 and MPP—LCB.36 (Fig. 5K and M, respectively).
They are characterized by a larger diameter, fast growth of the adult
whorl and development of a stage with fasciculate ornament on the
body chamber. The ribs regularly branch from a weak tubercle on
the umbilical margin. At this stage, the umbilical wall is markedly
steeper. The fasciculate ribs are slightly flexuous and the branches
are markedly prorsiradiate. The siphonal band weakens on the
body chamber and gives way to a slight chevron. The lateral ribbing
vanishes near the aperture.

Among the unfigured material listed by Le Hégarat (1973, p. 56—57)
only three specimens perfectly match the diagnosis of Stramber-
gella jacobi given above. They are illustrated herein (Fig. 5D, E, F).
The other specimens (FSL 127371, 127970, 127972, 127946, 127973
and 127589 — Fig. 6A—F) from the Le Hégarat collection are juve-
niles of Delphinella of the D. delphinense group. They differ from
S. jacobi in having a low umbilical wall, rigid ornamentation and
thickening of the primary ribs at the furcation point. Specimens FSL
127368 and 127905 are typical Berriasella oppeli (Fig. 6H, I) whereas
the poorly preserved specimen FSL.127764 (Fig. 6G) is referred to
Pseudosubplanites sp. indet. because of the absence of a ventral
groove.

Dimorphism. As reflected in description given above, two mor-
photypes can be distinguished among the material from Les
Combes:

— One group of small forms (Dmax < 45 mm) that matches the
type series. It includes the specimens MPP—LCB.56,
MPP—-LCB.193, MPP—LCB.201, MPP—LCB.213 and MPP—LCB.298.
Among them, MPP—LCB.56 shows short lateral lappets.

— The other group encompasses larger forms (Dmax < 160 mm)
(specimens MPP—LCB.36, MPP—LCB.163 and MPP—LCB.195).
This group is characterized by a distinctive secondary orna-
mental stage with fasciculate ribs issuing from regular umbilical
tubercles, and a final growth stage marked by the complete
disappearance of the ribs on the venter. The larger forms show a
scaphitoid outer-whorl shape due to the fast growth rate. The
umbilical wall is steeper. This group matches the morphology of
Fauriella shipkovensis Le Hégarat, 1973 non Nikolov & Mandov,
1967.

Both groups share similar inner whorls marked by a Berriasella—-
like ornament, and they co—occur together in the uppermost part
of the Jacobi Zone auctorum. We thus strongly support the
contention that Strambergella jacobi is dimorphic, with a large
macroconch that develops new ornamental stages compared to the
lappeted microconchs.

Discussion. As recently outlined by Vasicek and Skupien (2013), the

great majority of the specimens assigned to S. jacobi in the litera-

ture are poorly preserved and thus their identification is doubtful.

This is reflected in the synonymy list above. It is impossible to place

specimens that have been figured without a ventral view in

Strambergella rather than in Pseudosubplanites or Berriasella. This is

the case with many specimens illustrated by Le Hégarat (1973),

Hoedemaeker (1982) and Khimchiashvili (1989, 1990).

Outside Europe, specimens reported from South America (Geyer,

1983; Salazar, 2012) fall within the range of variation of “Berria-

sella” limensis (Lisson, 1907) and “Berriasella” fraudans (Steuer,

1897). “B.” limensis differs from S. jacobi [m] in its wider umbili-

cus and the style of its ornament, composed of low branching and

coarse ribs (see Lisson, 1907, pl. 10, fig. 1-2; Rivera, 1951, pl. 2, fig.

3—4; Rivera, 1979, fig. 1; Wiedmann, 1988, text—fig. 8A). “B.” frau-

dans can easily be distinguished by its larger umbilicus and sub-

rounded whorl section (Steuer, 1897, pl. 9, fig. 4—6; Salazar, 2012,

fig. 4.52 a—q). We therefore reject the synonymy between S. jacobi

and “B.” fraudans proposed by Salazar (2012).

S. jacobi was also reported from Madagascar (Collignon, 1960) and

Tibet (Liu and Wang, 1987; Liu, 1988). In our opinion all specimens

illustrated by those authors are juveniles and/or microconchs that

fall in the range of variation of the group of Blanfordiceras wallichi

(Gray, 1832) as illustrated by Yin and Enay (2004) and Enay (2009).

B. wallichi differs from the microconch of S. jacobi by its sub-

quadratic whorl section, well marked ventral furrow on the inner

whorls, coarser ribbing style and strong ventral chevron on the
body chamber.

It should finally be noted that macroconchs of S. jacobi have great

affinities to the middle Berriasian taxa Tirnovella occitanica (Pictet,

1867) and T. subalpina (Mazenot, 1939).

T. occitanica could be easily distinguished from a macroconch of

S. jacobi by an inflated, involute morphology with a steep, recurved

umbilical wall, less marked umbilical tubercles and dense ribbing.

The holotype of T. subalpina are rather similar to macroconchs of

S. jacobi, but it differs slightly in its steeper umbilical wall, denser

ribbing and small umbilical bullae. The inner whorls of the type

specimen are not preserved and this prevents further comparison
with S. jacobi. Le Hégarat (1973) previously supported the idea that

T. subalpina appeared before T. occitanica in southeast France. At Les

Combes, T. subalpina is reported four metres above the last occur-

rence of S. jacobi. It could thus be suggested that there exists a

phyletic lineage between S. jacobi, T. subalpina and T. occitanica

across the lower/middle Berriasian boundary, but in the current
state of knowledge, the precise vertical range, ontogeny, variability
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and dimorphism of Tirnovella taxa remain unclear. A systematic
revision is urgently needed.

Occurrences. In our view, Strambergella jacobi is known from
southeast France, southern Spain, Italy, Bulgaria, Central Tunisia
and Crimea. Its occurrence in Georgia is suspected.

S. jacobi is precisely dated at Les Combes where the species is found
in the uppermost part of the Jacobi Zone auctorum. By mean of
calpionellids, this level correlates with the uppermost part of the
R. ferasini Subzone and lowermost part of the C. elliptica Subzone of
the Calpionella Standard Zone; an age similar to that documented
using rock thin sections of ex-situ material from Champ Blanc (see
below).

In Tunisia, the species was reported from an unknown level in the
“Argiles de Sidi Kralif* at Jebel Nara (Arnould—Saget, 1953). Ac-
cording to Busnardo et al. (1976), the base of this formation is of
lower Berriasian age (Calpionella alpina Zone) but no detailed
published data is available regarding the distribution of S. jacobi in
this section. The same is true for the isolated specimens from Spain,
Italy, Bulgaria and Crimea.

4. Calpionellid and calcareous dinoflagellate assemblages of
the Champ Blanc ammonite fauna

The microfacies analysis focused on the identification of cal-
pionellid markers and accompanying microfossils that were
studied under a light microscope in thin sections, a LEICA DM
2500. Calpionellids, dinoflagellates and residual bioclasts were

quantitatively evaluated using the optical charts of Bacelle and
Bosellini (1965). For microfacies and microfossil documentation
a LEICA DFC 290 HD camera was used. The thin sections were
made and are stored in the Department of Geology and Palae-
ontology (Faculty of Natural Sciences) of the University of Bra-
tislava. Two of the standard calpionellid subzones were identified
in the samples studied.

The C. alpina Subzone of the Calpionella Zone (sensu Remane
et al., 1986, Rehakova and Michalik 1997, Lakova et al., 1999,
Boughdiri et al., 2006, Andreini et al., 2007, Wimbledon et al.,
2013) was identified in thin section of sample FSL.127389 (Pseu-
doneocomites gr. retowskyi — Fig. 7C). The limestone is a biomicrite
(predominantly wackestone) of Calpionella—globochaete microfa-
cies (Fig. 8A). The sample contains spores of Globochaete alpina
Lombard and predominant sphaerical forms of Calpionella alpina
Lorenz (Fig. 9D) with rare loricas of Crassicollaria parvula Remane,
Calpionella grandalpina Nagy, Tintinnopsella carpathica Murgeanu
and Filipescu and Tintinnopsella doliphormis Colom (Fig. 10]). In
addition, it rarely contains the calcareous dinocysts Colomisphaera
carpathica (Borza) (Fig. 11C) and Stomiosphaera proxima Borza. The
micritic matrix contains a small portion (2%) of very small bioclasts:
bivalves, crinoids, ostracods and foraminifera (mainly Spirilina sp.
was determined).

The C. elliptica Subzone of the Calpionella Zone (sensu Pop, 1974)
was identified in thin sections of samples FSL.140434a & b (Stram-
bergella jacobi — Fig. 5F), FSL.127401a & b and FSL.127398 (Delphi-
nella sevenieri Le Hégarat, 1973 — Fig. 7A and B) and FSL.141240
(Strambergella sp. — Fig. 7D). The limestones are biomicrites

Fig. 8. Microfacies of the Alpina and Elliptica subzones of the Calpionella Zone of the matrix of the ammonites from Champ Blanc: (A) Calpionella—globochaete microfacies
(wackestone) with predominance of sphaerical species of Calpionella alpina and seldom Crassicollaria parvula. Sample FSL.127 389; (B) Calpionella elliptica in biomicrite limestone
(wackestone) with very small fragments of bioclasts. Sample FSL.127 398; (C) Tintinnopsella carpathica, Calpionella elliptica and Calpionella alpina in biomicritic limestone
(wackestone) and higher portion of small fragments of bioclasts. FSL.127 401b; (D) Biomirite limestone (wackestone) with nest accumulations of framboidal pyrite. Pyrite is also

scattered in matrix or impregnated bioclasts. Sample FSL.127 401a.



108 C. Frau et al. / Cretaceous Research 66 (2016) 94—114

Fig. 9. Microfossils of the Alpina and Elliptica subzones of the Calpionella Zone of the matrix of the ammonites from Champ Blanc: (A) Crassicollaria massutiniana (Colom). Sample
FSL.141 240; (C) and (B) Crassicollaria parvula Remane. Samples FSL.127 398, FSL.127 401b; (D) and (E) Calpionella alpina Lorenz. Samples FSL.127 389; FSL.140 434. F. Calpionella
minuta Hou$a. Sample FSL.140 434; (G), (H) and (I) Calpionella elliptica Cadisch. Samples FSL.127 398; FSL.127 401b; FSL.140 434; (J) and (K) Remaniella ferasini (Catalano). Samples

FSL.141 240; FSL.140 434; (L) Remaniella catalanoi Pop. Sample FSL.141 240.

(wackestones) of Calpionella—globochaete microfacies (Fig. 8B—D).
Nannofossils constitute a substantial portion of the limestone's
micrite matrix and allochems are represented by very small bioclasts
(up to 5% of the total rock). The sample contain spores of Globochaete
alpina (Fig. 11K) and the calpionellid associations are composed of
C. massutiniana (Colom) (Fig. 9A), Crassicollaria parvula (Fig. 9B—C),
Calpionella alpina (Fig. 9E), C. minuta Housa (Fig. 9F), C. elliptica
Cadisch (Fig. 9G—I), large forms of Tintinnopsella carpathica
(Fig. 10F—G), T. subacuta Colom (Fig. 10H—I), Lorenziella hungarica
Knauer et Nagy (Fig. 10K), L. plicata Remane (Fig. 10L); and rema-
niellids such as Remaniella catalanoi Pop (Fig. 9L), R. ferasini Catalano
(Fig. 9]—K), R. duranddelgai Pop (Fig. 10A—C), R. borzai (Fig. 10D) and

R. colomi Pop (Fig. 10E). These samples in addition contain glo-
bochaetes, crinoids, bivalves, ostracods, small benthic foraminifera
such as Lenticulina sp., Spirilina sp., Dentalina sp., Patelina sp.
(Fig. 11L) and the microproblematicum Gemeridella minuta Borza et
Misik (Fig. 11]). Calcareous dinocysts are represented by Colomi-
sphaera lapidosa Colom (Fig. 11A), C. carpathica (Fig. 11D), Stomios-
phaerina proxima (Fig. 11B), S. wanneri Borza (Fig. 11G—H), Cadosina
semiradiata semiradiata Wanner (Fig. 11F), C. semiradiata fusca
Wanner (Fig. 11E) and C. semiradiata olzae Nowak (Fig. 111). In sample
FSL.127401, a few fragments of miliolid foraminifera and high
portion of sponge spicules were observed. There, some of the bio-
clasts are slightly silicified. Silt—sized quartz grains are very rarely
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Fig. 10. Microfossils of the Alpina and Elliptica subzones of the Calpionella Zone of the matrix of the ammonites from Champ Blanc: (A), (B) and (C) Remaniella durandelgai Pop.
Samples FSL.127 398; FSL.127 401a; FSL.140 434; (D) Remaniella borzai Pop. Sample FSL.127 401a; (E) Remaniella colomi Pop. Sample FSL.127 401b; (F) and (G) Tintinnopsella car-
pathica (Murgeanu et Filipescue). Samples FSL.127 401a; FSL.127 401b; (H) and (1) Tintinnopsella subacuta (Colom). Samples. FSL.127 401a; FSL.127 401b; (J) Tintinnopsella doliphormis
(Colom). Sample FSL.127 389; (K) Lorenziella hungarica Knauer et Nagy. Sample FSL.127 398; (L) Lorenziella plicata Remane. Sample FSL.127 401b.

present (FSL.127401a and b). Scattered occurrences of pyrite (also
framboidal) and Fe—hydroxides, locally accumulated in nests, were
observed.

The calpionellid assemblages indicate the C. alpina and
C. elliptica subzones of the Calpionella Standard Zone. As a result,
the ammonite fauna collected by Le Hégarat originates from more
than one level, but it cannot be older than the middle part of the
Jacobi Zone auctorum by comparison with the ammonites distri-
bution recognized at Les Combes. Moreover, the main bulk of the
fauna, including S. jacobi, originates from the upper part of the
Calpionella Standard Zone (C. elliptica Subzone), thus confirming
similar result observed at Les Combes.

5. Discussion

On a pure taxonomic point of view, the revision of Berriasella
Jjacobi shows that:

— This species is dimorphic and it shows peculiar morphological
features (U/D ratio, umbilical wall, ribbing style and aspect of
the ventral area) which do not compare with those of the genus
Berriasella, but do match closely the morphological features of
the genus Strambergella;

— A very limited number of specimens reported in the literature
match the type material;
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Fig. 11. Microfossils of the Alpina and Elliptica subzones of the Calpionella Zone of the matrix of the ammonites from Champ Blanc: (A) Colomisphaera lapidosa (Colom). Sample
FSL.140 434; (B) Stomiosphaerina proxima Rehdnek. Sample FSL.140 434; (C) and (D) Colomisphaera carpathica (Borza). Sample FSL.127 389; FSL.127 401b; (E) Cadosina semiradiata
fusca Wanner. Sample FSL.127 401b; (F) Cadosina semiradiata semiradiata Wanner. Sample FSL.127 401b: (G) and (H) Stomiosphaera wanneri Borza. H. In polarized light. Sample
FSL.127 401a; (I) Cadosina semiradiata olzae (Nowak). Sample FSL.127 398; (]J) Gemeridella minuta Borza et MiSik. Sample FSL.127 398; (K) Globochaeta alpina Lombard. Sample

FSL.141 240; (L) Patelina sp. Sample FSL.127 401b.

— Most records of the species from the Mediterranean—Caucasian
Subrealm are based on the misinterpretation of specimens that
either belong to Pseudosubplanites, Pseudoneocomites, Berriasella
of the B. oppeli — B. moreti group or Delphinella of the
D. delphinense group;

— Records from Tibet, Madagascar and Chile are based on speci-
mens that belong to the genus Blandfordiceras and endemic
Andean ammonites of uncertain taxonomic assignments.

New investigations at Les Combes and Champ Blanc indicate to
us that the range of S. jacobi is limited to the uppermost part of the
R. ferasini Subzone and lowermost part of the C. elliptica Subzone.

As a consequence, the value of S. jacobi as an index species of the
lowest Berriasian is highly questionable.

As a matter of fact, in recent literature (Cecca et al., 1989; Tavera
et al., 1994; Benzaggagh et al., 2010; Vasicek and Skupien, 2013;
Wimbledon et al., 2013; Bulot et al., 2014; Frau et al., in press),
the recognition of the Jacobi Zone auctorum is most often based on
taxa that were reported by Le Hégarat (1973, p. 277) as character-
istic of the zone such as: Berriasella gr. oppeli — moreti, Delphinella
delphinense, Praedalmasiceras of the P. progenitor (Oppel in Zittel,
1868) group and Proniceras of the P. pronum (Oppel in Zittel,
1868) group. Other species that were recently considered to mark
the base of the Jacobi Zone auctorum include Elenaella cularense and
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Lopeziceras chaperi that are known to have a restricted range (i.e.
E. cularense biohorizon sensu Tavera et al., 1994) at the base of the
zone (Frau et al,, in press).

In order to clarify the ammonite biostratigraphy at the Titho-
nian/Berriasian transition and to provide an alternative to the
Jacobi Zone auctorum, further investigations on the ammonite
faunas that occurs in the Calpionella Standard Zone are urgently
needed. The preliminary results from the expanded sections of the
Vocontian Basin (Le Chouet and Les Combes) suggest that four
successive assemblages can be identified within this time interval
(Fig. 12). From oldest to youngest, these are:

— The Elenaella cularense assemblage;

— An assemblage dominated by Praedalmasiceras of the P. pro-
genitor group;

— An assemblage dominated by Delphinella of the D. delphinense
group that is also marked by the earliest occurrence of
Pseudosubplanites;

— An assemblage dominated by Pseudosubplanites;

— An assemblage dominated by Strambergella jacobi and
S. carpathica.

Ongoing research and systematic description of these faunas
should allow us to propose a formal ammonite zonation calibrated
with the standard calpionellid zones in the near future. We also
hope that the results presented in this paper will stimulate new
detailed investigations of the ammonite taxonomy in the late
Tithonian to early Berriasian ammonite taxonomy of the Medi-
terranean—Caucasian Subrealm of the Tethyan Realm.

6. Conclusion

This work provides a revision of the Neocomitidae Berriasella
jacobi Mazenot, 1939 (Perisphinctoidea, Ammonoidea), that has
been widely used for the definition of the lower part of the
Berriasian. The revision is based on the re-examination of the
type material of B. jacobi from southeast France (Chomérac and
Champ Blanc, Ardeche) and newly collected specimens from Les
Combes (Drome). The detailed description of the morphological
and ornamental features supports that B. jacobi should be
excluded from the genus Berriasella and transferred to the genus
Strambergella. As herein understood, the type series of Stram-
bergella jacobi corresponds to the microconch form of a dimor-
phic pair whose the macroconch form was previously referred as
Fauriella shipkovensis Le Hégarat, 1973 non Nikolov & Mandov,
1967. Moreover, analysis of the literature has convinced us that
most specimens illustrated as B. jacobi have been misidentified,
and its presence in Tibet, Iraq, Madagascar and South America
has to be ruled out. We only report S. jacobi in the Medi-
terranean—Caucasian Subrealm of the Tethyan Realm [France,
Bulgaria, Crimea Spain, Tunisia, and doubtfully in Italy and
Georgial.

Finally, new microfossil investigations at Font de Saint Bertrand
and Champ Blanc indicate to us that the range of S. jacobi is limited
to the uppermost part of the calpionellid R. ferasini Subzone and
lowermost part of the C elliptica Subzone (middle part of the
C. alpina Zone). We thus believe that these facts render S. jacobi
problematical as a marker for the lower boundary of the Berriasian,
actually fixed at the base of the C. alpina Zone.
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Chapter 9
Paleobiogeography of Early Cretaceous
Ammonoids

Jens Lehmann, Christina Ifrim, Luc Bulot and Camille Frau

9.1 Introduction

Ammonite dispersal is clearly related to paleogeographic patterns throughout the
Mesozoic (Page 1996). Their distribution during life is thought to be controlled by
physical barriers such as land masses and deep ocean basins, as well as by compre-
hensive environmental factors such as climate differences and oceanic circulation
patterns (Kennedy and Cobban 1976; Cecca 2002; Cecca et al. 2005), while their
biogeography is influenced by post-mortem transport along with other taphonomic
and collection biases (Kennedy and Cobban 1976; De Baets et al. 2015; Naglik
et al. 2015; Lukeneder 2015). Thus, a number of factors have an impact on their
paleobiogeographic distribution.

The favored habitat of most ammonite families was the continental shelf
(Westermann 1996), and these areas constantly changed as a result of fluctuating
sea levels and plate tectonic movements on a large scale, particularly during the
Early Cretaceous period (e.g. Follmi 2012). Dynamic plate tectonic configura-
tions that are strongly linked to sea-level changes trigger the migration of species
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by opening new migration routes (e.g. Wiedmann 1988). A prominent Early Cre-
taceous example of this is the opening of the Atlantic Ocean. Ammonite faunas
from Brazil suggest that the opening of the central Atlantic created new migra-
tion routes as early as the Aptian, and the deepening of the young ocean, ac-
companied by deep-water circulation, was not established until the late Albian
(Bengtson et al. 2007). Besides the impact of these physical barriers, ammonite
dispersal in the Early Cretaceous is also believed to be temperature-related (Scott
1940; Michael 1979; Mutterlose 1992; Reboulet 2001). In recent decades, it has
been assumed that temperatures were cooler in the earliest Cretaceous and rather
moderate and warm from the Albian onwards, with less pronounced climate belts
(e.g. Frakes et al. 1992). However, in the Berriasian-Aptian, and even after the
onset of a warmhouse world in the late Early Cretaceous, it is a matter of debate
whether temperature differences were more pronounced than was believed near
the end of last century (Mutterlose et al. 2009; Erbacher et al. 2011; Papp and
Cociuba 2013; Zakharov et al. 2013). Ammonites apparently were able to cope
with drastic sea-surface temperature changes. The magnitude and frequency of
temperature change during the Cretaceous, however, are still poorly constrained
(e.g. Schouten et al. 2003, Dumitrescu et al. 2006), and the challenging question
arises whether restricted ammonite distribution patterns are caused by climatic
conditions or other factors (e.g. Kemper and Schmitz 1981; Marcinowski and
Wiedmann 1988; Owen 1988a). Besides the significance of overall temperature
differences in their habitats, it is even more important to understand the ammo-
nite lifestyle and reproduction strategies to correctly interpret paleobiogeographic
affinities. The latter factor is very rarely addressed with regard to ammonites in
general (Manger et al. 1999; Mapes and Niitzel 2009; reviewed in De Baets et al.
2015), but there has been some progress made in reconstructing the ammonite
lifestyle in recent years (Ritterbush et al. 2014; Lukeneder 2015; Moriya 2015).
But there is still much to be learned. A few recent studies actually use an inte-
grated approach to address paleoenvironmental change and ammonite occurrence
in great detail for the Early Cretaceous (e.g. Reboulet et al. 2005). These could
answer some crucial basic questions on the background of paleogeographic dis-
tributions of Early Cretaceous ammonites, but there are still many problems to
solve as well.

Differing taxonomic concepts often obscure ammonite distributional patterns
(Kennedy and Cobban 1976; compare De Baets et al. 2015) and here we address
many of the currently debated problematic issues. We distinguish biogeographic
areas based on the distribution of ammonite taxa, as was performed in the pioneer
work byNeumayr (1883). However, paleobiogeographic terms are updated to com-
ply with Westermann (2000) and Cecca (2002). In this nomenclature, superrealms
are the largest biogeographic areas. In contrast to Page (1996), we recognize a num-
ber of realms: The Boreal Realm, the Tethyan Realm, and the Austral Realm (for
late Barremian to Albian times only). Occassionally, the additional distinctions of
an Arctic (= A Sr; Berriasian-Hauterivian and Albian), a Boreal-Atlantic- (= B-A
Sr; Berriasian-Aptian) and a Boreal-Pacific (= B-P Sr;Valanginian-? early Barre-
mian) Subrealm as parts of the Boreal Realm are found to be reasonable. Similarly,
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a Mediterran-Caucasian (= MC Sr; Berriasian-Aptian) and an Indo-Pacific (= I-P
Sr, Berriasian—early Barremian) Subrealm are distinguished as part of the Tethyan
Realm.

Despite abundant systematic descriptions, quantitative approaches to ammonite
paleobiogeography are still lacking for the Early Cretaceous. The qualitative inter-
pretations given here are therefore an interim state of the art and need quantification
in the future.

9.2 Early Cretaceous Paleobiogeography

9.2.1 Berriasian

In the early Berriasian, no Tethyan immigrants are found in the Boreal Realm and,
conversely, there are no boreal species recorded from the Tethyan Realm (Rawson
1995a; Bulot 1996). This is one of the reasons why the definition of the Jurassic/
Cretaceous boundary has been highly debated for many years and correlations be-
tween the Boreal and Tethyan realms are still at a preliminary stage (Wimbledon
et al. 2011). In recent years, integrated magneto- and biostratigraphy have allowed
a better correlation between the two realms, and it is now generally accepted that
the latest Volgian correlates with the earliest Berriasian (Zakharov and Rogov 2008;
Wimbledon et al. 2011, 2013; Bragin et al. 2013; Rogov 2013). As a consequence,
it is now clear that the Jurassic/Cretaceous boundary is not marked by a significant
ammonite turnover above the suprageneric level, neither for the Boreal nor Tethyan
realms (Tavera et al. 1986; Zakharov et al. 1996; Rogov 2013).

There is a clear difference between the Tethyan record and that of the Boreal
Realm, underlining the distinction between these faunal realms (Fig. 9.1). In the
Boreal Realm members of the family Polyptychitidae dominate the record, par-
ticularly Craspedites, Praetollia and Chetaites (Baraboshkin 2002; Zakharov and
Rogov 2008).

In the earliest Berriasian, the Tethyan Realm ammonite faunas are more diverse
than those of the Boreal Realm, and are dominated by ammonites of the family Neo-
comitidae. The distributions of Berriasella, Pseudosubplanites, Malbosiceras, Del-
phinella, Dalmasiceras, Strambergella and Pseudoneocomites are restricted to the
Mediterran-Caucasian Subrealm (Le Hégarat 1973; Kotetishvili 1988; Wimbledon
et al. 2013). Earliest Berriasian Berriasella s. str. are only known from southern and
central Europe, North Africa, Ukraine, the Caucasus and northern Iran (unpublished
data), in contrast to a much wider geographic distribution often attributed in recent
decades (Fig. 9.1) due to a more casual definition of this genus.

A most interesting change in the ammonite distribution occurs during the (?)
late early to early late Berriasian. The Boreal Realm is characterized by the de-
cline of the Craspeditinae and Dorsoplanitinae and the diversification of the Toll-
iinae (Baraboshkin 1999). The Arctic and Boreal-Atlantic subrealms both exhibit
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Berriasian

® Berriasella
O Hectoroceras ® Spiticeras

Fig. 9.1 Aspects of Berriasian ammonite paleobiogeography. Map based on 150 Ma reconstruc-
tion (paleomaps after Ronald Blakey, http://cpgeosystems.com/index.html, accessed 6th of June
2014). Larger dots indicate the home range and peak occurrence of a genus if it is more widely
distributed. M-C Sr Mediterran-Caucasian Subrealm of the Tethyan Realm

the occurrence of Hectoroceras (Casey 1973; Birkelund et al. 1983; Baraboshkin
1999; Fig. 9.1). Among the Tolliinae, Surites is widely distributed in the late Ber-
riasian of the Boreal Realm (Shul’gina 1985, 1989; Zakharov et al. 1996). Ac-
cording to Baraboshkin (1999), two areas of diversification of the Tolliinae can
be distinguished that roughly correspond to the Arctic and Boreal-Atlantic sub-
realms. It should also be noted that the Eastern European part of the Boreal Atlantic
Subprovince contains Tethyan genera that are also known from the eastern part of
the Mediterran-Caucasian Subrealm, such as Riasanites and Transcaspiites (Mitta
2007, 2011).

Ongoing research (unpublished data) suggests that the affinities of the ammonites
of Tethyan origin from the Polish Lowland and Russian Platform are even stronger
with the fauna of Crimea, the Caucasus and Mangyshlak described by Luppov et al.
(1988), Kvantaliani (1999) and Arkadiev et al. (2012). Assemblages of the eastern
part of the Mediterran-Caucasian Subrealm (Caucasian and Transcaspian areas) are
dominated by endemic Neocomitidae such as Tauricoceras and Gechiceras. Other
important elements of the assemblage are Euthymiceras and Hegaratia (= Balkites),
which are only known from a limited number of specimens in the western part of the
Mediterran-Caucasian Subrealm (Le Hégarat 1973; Patrulius and Avram 1976). In
contrast, the equivalent faunas from the western part of the Mediterran-Caucasian
Subrealm are dominated by Berriasella, Mazenoticeras, Tirnovella, Fauriella and
Jabronella.

Because of correlation problems (e.g. Zakharov et al. 1996), the limits of the Ber-
riasian stage outside the areas discussed above are poorly understood. The marked
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endemism discussed above also affects the Indo-Pacific Subrealm. In Argentina
and Chile, the faunas are dominated by Andiceras, Argentiniceras, Frenguelliceras,
Hemispiticeras, Cuyaniceras and Pseudoblanfordia (Riccardi 1988; Aguirre-Urreta
et al. 2007a; Parent et al. 2011; Vennari et al. 2012). Similarly, the endemic Koss-
matia, Durangites and Substeueroceras assemblage of Mexico is now considered as
Berriasian (Oloriz et al. 1999).

The conspecificity of the Berriasian ammonites described by Collignon (1962)
from Madagascar with Mediterran-Caucasian taxa is still unsolved, at least regard-
ing Berriasella (unpublished data). In our opinion Subthurmannia from Pakistan
(Spath 1939; Fatmi 1977) are fully distinct from Fauriella of the Mediterran-Cau-
casian Subrealm (Bulot 1995).

Our ongoing research suggests that the endemism of the Neocomitidae at the ge-
nus level during the Berriasian is much higher than it has been previously assumed
in the literature, and that homeomorphy (see Monnet et al. 2015) has led to errone-
ous taxonomic interpretations.

In our current stage of understanding, Spiticeras, and early Olcostephanidae
originally described from the Himalayas are the only taxa spread throughout the
Tethyan Realm. This links the Mediterran-Caucasian and Indo-Pacific subrealms,
with populations reported from the Pacific Coast of America (Jeletzky 1965; Im-
lay and Jones 1970), Madagascar (Collignon 1962) and the shelf basins of South
America and Antartica (Thomson 1979; Riccardi 1988; Aguirre-Urreta et al. 2007a;
Parent et al. 2011).

9.2.2 Valanginian

As already outlined by Rawson (1981), Shul’gina et al. (1994), Baraboshkin (1999)
and Alsen (2006), the paleobiogeographic patterns of the early Valanginian are al-
most identical to the late Berriasian. The faunas of the Boreal Realm are dominated
by the Tolliinae and their derivatives the Polyptychitinae, while the Tethyan are still
characterized by the abundance of the Neocomitidae (Kotetishvili 1983). The dis-
tribution of ammonites in the Boreal Realm is complex, partly due to the individual
flooding history of former mainlands, and was discussed in great details by Jeletzky
and Kemper (1988), Shul’gina et al. (1994), Baraboshkin (1999) and Alsen (2006).

A striking feature is the emergence and radiation of the Platylenticeratinae in
the Boreal-Atlantic Subrealm. Platylenticeras characterizes the earliest marine
beds resting on the continental Early Cretaceous (Wealden facies) in North Ger-
many (Kemper 1961; Kemper et al. 1981; Elstner and Mutterlose 1996). Although
there are conflicting opinions in the literature today (Bulot 1996), the idea that
Platylenticeras is a neocomitid with a Tethyan origin is now favoured (see discus-
sions in Alsen and Rawson 2005). At any rate, in Germany, Platylenticeras devel-
oped a high diversity (Kemper 1961, 1992; Hoedemaeker 2012 refers to drift occur-
rences, probably originating from Germany). This is in contrast to other European
countries, from which only a limited number of species are known and where it is
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rare (Baumberger 1908, 1928; Thieuloy 1977; Vasicek 1979, 1997). In Greenland,
and simultaneously on the Russian plate, Delphinites (Pseudogarnieria) faunas
developed, ammonites belonging to the same subfamily Platylenticeratinae (Alsen
and Rawson 2005). Delphinites (Pseudogarnieria) emphasize the very endemic
character of early Valanginian ammonite faunas in the Boreal Realm, as in Plat-
vienticeras there is a number of regionally occuring species only.

A transgression in the middle part of the early Valanginian wiped out these
strong differences of the earliest Valanginian, and Polyptychitinae replaced the plat-
ylenticeratid faunas in the Boreal-Atlantic Subrealm (Jeletzky and Kemper 1988;
Rawson 1981, 1993, 1994; Alsen 2000).

In contrast, the earliest Valanginian assemblages of the Tethyan Realm are
dominated by neocomitids; the most prominently recorded genera are Neocomi-
tes, Kilianella, Sarasinella and Thurmanniceras (Rawson 1981; Kotetishvili 1983;
Company 1987). Except for Sarasinella, these genera were originally defined based
on species originating from the western part of the Mediterran-Caucasian Subrealm.
There is no consensus on the definitions and the paleogeographic distributions of
Thurmanniceras, Sarasinella and Neocomites. This problem has been addressed
often in the literature (Company 1987; Bulot 1995; Aguirre-Urreta and Rawson
1999; Ettachfini 2004; Rawson 2007; Aguirre-Urreta et al. 2008). According to
our current stage of knowledge, Kilianella is the only neocomitid that had a wide-
spread distribution over the Mediterran-Caucasian and Indo-Pacific Subrealms of
the Tethyan Realm.

Most interesting is the development of a very peculiar earliest Valanginian as-
semblage dominated by Lissonia and its potential macroconch Raimondiceras in
South American basins of the Indo-Pacific Subrealm (Lisson 1907; Haas 1960;
Leanza 1972; Etayo-Serna 1985; Mourgues 2004; Aguirre-Urreta et al. 2007a). As
already pointed out by Aguirre-Urreta and Rawson (1999) and Aguirre-Urreta et al.
(2008), these forms most likely evolved from the earliest Valanginian endemic Neo-
comitidae. Poorly constrained early Valanginian faunas were also reported from
the Pacific coast of North America, where a mixture of endemic Neocomitidae
(Paskentites, alleged ‘Kilianella’ and ‘Thurmanniceras’ as well as ‘Sarasinella’
sensu lato) and Tolliinae ( 7ollia, Neocraspedites) were described by Imlay (1960)
and Imlay and Jones (1970).

The continuous significant sea level rise that marks the Lower/Upper Valanginian
boundary interval (see discussion in Follmi 2012) led to an enhanced exchange of
genera in the wider transitional zone between the Tethyan and the Boreal Realms in
Europe (Kemper et al. 1981; Rawson 1993; Bulot 1993, 1996; Fo6llmi 2012). At this
time a group of six Tethyan immigrant genera appeared, even in the fairly isolated
epicontinental basins of North Germany, northeastern England and Poland (Kemper
et al. 1981; Kutek et al. 1989; Kemper 1992; Kutek and Marcinowski 1996).

Some of these taxa, including Olcostephanus (Fig. 9.2), Karakashiceras, and
Neohoploceras, originated in the central part of the Mediterran-Caucasian Sub-
realm, but were dispersed as a result of this event not only to the Boreal-Atlantic
Subrealm, but also over most of the Indo-Pacific Subrealm. This assemblage is
well documented in Pakistan, Madagascar and South Africa (Bulot, 1990), Central
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Valanginian

® Olcostephanus
O Valanginites s. str.

Fig. 9.2 Aspects of Valanginian ammonite paleobiogeography. Map based on 150 Ma reconstruc-
tion. B-A Sr Boreal-Atlantic Subrealm, B-P Sr Boreal-Pacific Subrealm, 4 Sr Arctic Subrealm, all
of these are subrealms of the Boreal Realm. For further details see caption to Fig. 9.1

America (Etayo-Serna 1985; Young 1988; Gonzalez-Arreola 2007) and the Andean
Basins of South America (Rawson 2007; Aguirre-Urreta et al. 2007a, 2008). During
that time Olcostephanus even reached the Pacific coast of North America (Imlay
and Jones 1970) and Antartica (Howlett 1986).

In contrast, the worldwide distribution of the cadicone Valanginites appears
doubtful. South American occurrences are clearly dated from the earliest Valangin-
ian (see discussion in Aguirre-Urreta et al. 2008), whereas in the Mediterranean
areas the stratigraphic distribution of Valanginites is well dated from the late early
and early late Valanginian (Bulot et al. 1990). Aguirre-Urreta et al. (2008) claim
that the South American Valanginites gave rise to the Mediterranean ones. In our
opinion this view is open to discussion, and we favor the idea that Valanginites is
paraphyletic and that two distinct lineages evolved from the Olcostephanus root-
stocks at different times. We therefore indicate the distribution of Valanginites s.
str. herein, contrasting a global distribution that is often attributed to this genus
(Fig. 9.2). Dzik’s (1990) interpretation of Valanginites as a macroconch of the
small, spine-bearing Saynoceras refers to earliest Valanginian forms, but in addition
to distinct shell features, the comparatively restricted paleobiogeographic distribu-
tion of Saynoceras compared to Valanginites argues against an interpretation as a
dimorphic pair (see Ploch 2003, 2007 for an alternative interpretation).

In the Boreal Realm, the late early to early late Valanginian is marked by the rap-
id evolution of Polyptychitinae rising from the Polyptychitinae rootstock, and this
radiation gave rise to new genera (Hollwediceras, Prodichotomites, Dichotomites,
Homolsomites, Ringnesiceras, Amundiptychites) in the epicontinental basins of the
Boreal-Atlantic, Boreal-Pacific and Arctic subrealms (Kemper 1978; Jeletzky and
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Kemper 1988). The timing and phylogenetic relationships among those taxa remain
largely unclear. Nevertheless, Hollwediceras, Prodichotomites and Dichotomites
are known from scattered occurrences along the northern margin of the Mediter-
ran-Caucasian Subrealm from Mangyshlak to southeastern France (Thieuloy 1977,
Luppov et al. 1983; Thieuloy et al. 1990; Kuhn 1996; Reboulet 1996; Vasicek and
Michalik 1999; Dziadzio et al. 2004; Lukeneder 2004).

Characterization of the latest Valanginian paleobiogeography in the Boreal Realm
is difficult. It is generally accepted that Homolsomites and its junior subjective syn-
onym Wellsia, dominate ammonite assemblages of the northern Boreal Realm, the
Boreal-Pacific- and Arctic Subrealm of this time interval (Shul’gina et al. 1994;
Wright et al. 1996; Baraboshkin 1999; Alsen 2006). Furthermore, successive pulses
of Tethyan ammonite migrations from the Mediterran-Caucasian Subrealm charac-
terize the latest Valanginian successions of the Boreal-Atlantic Subrealm, especially
with regard to North Germany (Kemper et al. 1981; Kemper 1992; Rawson 1993).
These progressive migrations peaked in the latest Valanginian with an ammonite
assemblage almost entirely composed of Tethyan ( Olcostephanus, * Eleniceras’, Te-
schenites) or Tethyan derived (Stoicoceras) ammonites (Quensel 1988).

In the Tethyan Realm, the latest Valanginian is poorly documented outside the
Mediterranean regions and Argentina. Recent investigations clearly show a strong
endemism during this time interval in the Andean basins of the Indo-Pacific Sub-
realm with faunas dominated by endemic Neocomitidae ( Pseudofavrella, Chacan-
tuceras, Decliveites) (Aguirre Urreta and Rawson 2003, 2010). Outside Argentina,
Pseudofavrella may be represented in Colombia (Etayo-Serna 1985), but the age of
these Valanginian forms, which occur above the early Valanginian Lissonia fauna is
very poorly constrained.

9.2.3 Hauterivian

The earliest Hauterivian is characterized by a radiation of the Neocomitidae
(Ivanov and Aristov 1969; Baraboshkin 2002, with references; Baraboshkin et al.
2003; Alsen 2006). This excludes the Arctic Subrealm and the eastern part of the
Boreal-Atlantic Subrealm, where impoverished polyptychitid faunas (Homolso-
mites, Paviovites, Subspeetoniceras and Gorodzovia) occur. In the western part
of the Boreal-Atlantic Subrealm, this faunal change is marked by the appearance
of Endemoceras, a typical Tethyan-derived neocomitid (Kemper and Wiedenroth
1987; Rawson 1995a). The regularly coiled Endemoceras, a genus yielding im-
portant index species, progressed into the heteromorphic descendant Distoloceras
(Kemper et al. 1981; Rawson 1993). Distoloceras is strictly restricted to the earliest
Hauterivian of northern Europe, and the report of the genus from the late Valangin-
ian is based on the misinterpretation of homeomorphic neocomitids that belong
to Rodighieroites (Company 1987; Bulot 1995; Barragan and Gonzélez-Arreola
2009). Interestingly, Distoloceras is a homeomorph (compare Monnet et al. 2015
for its definition) of crioceratids of Tethyan origin, with spines and a loosely coiled
spiral (Kemper and Wiedenroth 1987).
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Hauterivian

® Simbirskites
O Jeannoticeras

Fig. 9.3 Aspects of Hauterivian ammonite paleobiogeography. Map based on 120 Ma reconstruc-
tion. For further details see captions to Figs. 9.1 and 9.2

Acanthodiscus, Leopoldia and Breistrofferella are rare elements of the western
Boreal-Atlantic ammonite faunas (Kemper 1992; Bulot 1995; Rawson 1995a).
These genera provide a very useful link between the Boreal and Tethyan realms dur-
ing the early Hauterivian. The paleogeographic distribution of Acanthodiscus and
Leopoldia is facies-controlled and centered on the shelves of the northern margin
of the Mediterran-Caucasian Subrealm (France, Switzerland, Ukraine), although
a single occurrence is known from Morocco (Wippich 2001; Ettachfini 2004). As
in the case of Distoloceras, reported occurrences of Acanthodiscus and Leopoldia
in the late Valanginian are based on misidentified homeomorphic genera, includ-
ing Neohoploceras, Karakashiceras, Chacantuceras and Pseudofavrella (Company
1987; Bulot 1995; Reboulet 1996; Aguirre-Urreta and Rawson 1999, 2010). Nev-
ertheless, earliest Hauterivian faunas are poorly documented in the Indo-Pacific
Subrealm except for the Neuquén Basin of Argentina, where the fauna is almost
exclusively composed of Holcoptychites, an endemic member of the Spiticeratinae
(Aguirre-Urreta and Rawson 2003; Aguirre-Urreta et al. 2008). The Favrella fauna
of Patagonia and Antarctica is also an endemic development, but its early Hauteriv-
ian age needs final proof (Aguirre-Urreta et al. 2007a).

A major Hauterivian ammonite event is seen in the widespread distribution of the
short-lived olcostephanid Jeannoticeras and associated Olcostephanus species that
is well documented from the Boreal-Atlantic, Mediterran-Caucasian and Indo-Pa-
cific subrealms (Bulot 1990; Bulot et al. 1993; Aguirre-Urreta and Rawson 2001) in
the middle part of the early Hauterivian (Fig. 9.3). This appearance marks the onset
of the mid-Hauterivian episode according to Rawson (1993, 1994). In the western
part of the Mediterran-Caucasian Subrealm the neocomitids vanished progressively
in the early Hauterivian and were replaced by Crioceratites, Spitidiscus and late



238 J. Lehmann et al.

Olcostephanus (Rawson 1993). The paleobiogeographic development of neocomi-
tids is made even more complex by the disappearance of Endemoceras in England,
which is followed by a substantial re-appearance of Lyticoceras in France, with the
latter probably evolved from the latest Endemoceras species (Kemper et al. 1981;
Rawson 1993). Another highly significant ammonite faunal turnover for this strati-
graphic interval is marked by the replacement of Endemoceras in the western limits
of the Boreal-Atlantic Subrealm by Simbirskites that evolved in the Arctic Subrealm
during the earliest Hauterivian (Rawson 1994; Baraboshkin 2002; Baraboshkin
et al. 2003; Fig. 9.3). The mid-Hauterivian faunal change also strongly triggered the
development of heteromorphic ammonites, which spread into the Boreal-Atlantic-,
Boreal-Pacific- and Indo-Pacific Subrealm (Immel 1978, 1979a, b; Rawson 1993,
2007; Baraboshkin 2002; Aguirre-Urreta et al. 2008).

Generally, in the late Hauterivian, heteromorphs become increasingly important
and dominate the ammonite assemblages of the Tethyan Realm while the Boreal
Realm faunas are dominated by Simbirskites (Rawson 1994; Baraboshkin 2002).
Whereas Simbirskites is absent from the western part of the Meditterran-Cauca-
sian Subrealm, this genus represents a significant element in the Transcaspian area
(Kakabadzé 1983; Kemper and Wiedenroth 1987; Baraboshkin 2002). Following
the decline and extinction of the Olcostephanidae, Neocomitidae and Leopoldidae,
new families appeared or flourished in the Mediterran-Caucasian Subrealm, such as
the Abrytusitidae (Spitidiscus), Pulchellidae (Subsaynella, Discoidellia) and Bar-
remitidae ( Plesiospitidiscus), which reached the Andean basins of the Indo-Pacific
Subrealm in the early late Hauterivian (Vermeulen 2002, 2005, 2007; Vermeulen
and Bulot 2007; Rawson 2007; Aguirre-Urreta et al. 2008). In the latest Hauteriv-
ian, the recoiling of crioceratids brings rise to Pseudothurmannia (Wiedmann 1969)
and allied genera/subgenera as important index species in the Western Tethys (Ce-
cca et al. 1998; Company et al. 2003; Vermeulen et al. 2009; Hoedemacker 2013).

Late Hauterivian successions of the Indo-Pacitic Subrealm are as poorly known
as those of the early Hauterivian. Re-examination of Menuthiocrioceras and Mal-
gasaynella has showed us that these genera are of late Barremian age (see below)
and thus Collignon’s (1948, 1962) record of late Hauterivian in Madagascar and
Indonesia is incorrect. In contrast, late Hauterivian strata are well developed in the
Andean basins of Argentina and Chile (Aguirre-Urreta et al. 2007a). Although re-
lationsships of the Andean basins to the Mediterran-Caucasian Subrealm have been
known for quite a long time, a strong endemism was assumed by L.eanza and Wied-
mann (1980). This is relativized today because diversity in this area is higher than
previously believed (Aguirre-Urreta et al. 2007a, b). The most striking feature of
the faunas is the presence of local heteromorphs that evolved from Tethyan-derived
Crioceratites. Identification of Hemihoplites from the Hauterivian of Patagonia
(Riccardi and Aguirre-Urreta 1989; Aguirre-Urreta 2002) is questionable, since the
evolution of Hemihoplites in the late Barremian of southeastern France has now
been well established (Bert et al. 2006, 2008) and the Patagonian species show
only superficial morphological similarities with the Mediterranean taxa. An 4Aego-
crioceras species reported from Chile (Aguirre-Urreta et al. 2007b) is most likely
a local offshoot of the Tethyan-derived Crioceratites of the schlagintweiti group
rather than indicating paleobiogeographic affinities to the European Boreal Realm.
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9.2.4 Barremian

The sea-level lowstand initiated in the late Hauterivian, and marking the early Bar-
remian, is believed to be responsible for an increasing diversity in ammonite faunas,
as individual basins became isolated (Rawson 1993). The Barremian was marked by
the prevalence of continental conditions over most of the Arctic Subrealm (Jeletzky
1970; Rawson 1981; Baraboshkin 2002 with references) while carbonate platforms
developed on both margins of the Mediterran-Causasian Subrealm (Philip 2003
with references). The key feature of the Barremian ammonite faunas is the develop-
ment of rich faunas with heteromorphic ammonites.

Boreal Barremian ammonite faunas are known from the United Kingdom and
Germany only, thus representing a comparatively small area of this realm. In the
earliest Barremian of the Boreal Realm, the last occurrence of Craspedodiscus is
remarkable, since it represents the last subgenus of the major Boreal ammonoid
clade of the family Polyptychitidae (Rawson 1971, 1981). It is worth noting that the
reported occurrence of Simbirskites (Milanowskia) sp. from the early Barremian of
Japan (Matsukawa 1988) is highly doubtful and based on poorly preserved speci-
mens that superficially match Hauterivian simbirskitids. As a consequence, the mi-
gration of Boreal ammonites in the Tethyan-dominated assemblages of the Far-East
terranes of Asia is not substantiated.

Boreal-Atlantic shelf deposits are characterized solely by Tethyan and/or Tethy-
an-derived heteromorphs after the extinction of simbirskitids. The systematic treat-
ment of these heteromorphs varies from one author to another. The most frequently
cited genus is Paracrioceras. It is considered to be a senior subjective synonym of
Emericiceras by Rawson (1975) and Wright et al. (1996), a view that is rejected by
Vermeulen (2004, 2006) and Kakabadzé and Hoedemaeker (2010), albeit for differ-
ent reasons. By contrast, Wiedmann (1962) and Immel (1978) regarded Paracrio-
ceras as a synonym of Crioceratites. Thus Crioceratites, Paracrioceras and Em-
ericiceras are defined inconsistently and reflect the poor state of early Barremian
heteromorph taxonomy, which is confusing. The problem was also addressed by
Klinger & Kennedy (1992) and Kakabadzé & Hoedemaeker (2004) when discuss-
ing the systematic assignment of South African and South American faunas. In our
opinion, Crioceratites, Emericiceras and Paracrioceras are unsuitable to define
paleobiogeographic groupings in the Barremian. As a consequence they are of little
help to define the limits of paleobiogeographic units.

Therefore, the limits of distribution of normally coiled ammonites occuring in
the Tethyan Realm, excluding heteromorphs, is extremely important in drawing the
southern boundary of the Boreal Realm (Hoedemaeker 1990), particularly since
they do not occur in the Boreal Realm (Rawson (1993, (1994). Among others, the
earliest to early late Barremian Holcodiscidae (Holcodiscus, Parasaynoceras),
Pulchelliidae (Pulchellia, Nicklesia, Heinzia) and Barremitidae are widely distrib-
uted from Japan to northern South America (Mexico, Colombia). Along the Pacific
coast, spot occurrences of Pulchellidae extend as far north as California (Murphy
1975) and as far south as northern Chile (Aguirre-Urreta et al. 2007a) where they
are associated with a fairly diverse assemblage of heteromorphs including the
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Barremian

® Sanmartinoceras
O Heteroceras

Fig. 9.4 Aspects of Barremian ammonite paleobiogeography. Map based on 120 Ma reconstruc-
tion. For further details see captions to Figs. 9.1 and 9.2

Circum-Pacific genus Shasticrioceras, which is also known from Arctic Canada
(Jeletzky 1970) and Japan (Matsukawa and Obata 1993).

In the Mediterran-Caucasian Subrealm, the late Barremian is marked by a dras-
tic change in the evolution of the ammonite faunas. Holcodiscidae and Pulchelli-
dae have dissappeared and heteromorphs are highly diverse (Vermeulen 2005; Bert
et al. 2008). Among heteromorphs the Hemihoplitidae and Heteroceratidae show
the most striking morphological changes; the former are characterized by a recoil-
ing of the shell, and the latter by the development of a helicoidally coiled inner
whorls (the global distribution of Heteroceras is shown in Fig. 9.4). Both fami-
lies provide faunal links with the Boreal-Atlantic Subrealm, since Spinocrioceras
has been reported from Germany (Kemper 1973, 1995) and Heferoceras from the
United Kingdom (Rawson 1995b).

Although imperfectly dated, the onset of the Austral Realm, centered on Pata-
gonia, Australia, Africa and Madagascar, most likely took place in the late early to
early late Barremian. Non-heteromorphic ammonites endemic to this area includes
Hatchericeras, which stands among the candidates for the last representative of the
Perisphinctoidea, even though its last occurrence is not accurately dated with re-
spect to the Simbirskitinae (Riccardi 1988; Kennedy and Klinger 1990). Associated
fauna include Malgasaynella and Menuthiocrioceras (a peculiar group of endemic
heteromorphs to which Cryptocrioceras is herein considered to be a junior subjec-
tive synonym; Collignon 1948, 1962; Skwarko and Thieuloy 1989; Aguirre-Urreta
1990; Klinger and Kennedy 1992). Characteristic for the latest Barremian is the
spreading of the Heteroceratidae from the Tethyan Realm toward the Austral Realm.
Simultaneously, the Aconeceratidae, including the significant genus Sanmartinoc-
eras (Fig. 9.4), most likely evolved as a separate offshoot of Desmoceratidae.
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9.2.5 Aptian

In terms of ammonite paleobiogeography the Aptian is generally considered
to be a cosmopolitan time due to a major transgression that begins in the early
Aptian (Owen 1996). This global event was linked to the northward propagation
of the Atlantic rift system, which led to the opening of numerous gateways and
established new faunal connections (Rawson 1994; Hallam 1981; Bengtson &
Kakabadzé 1999). The faunal dispersals are also linked to a shift toward warmer
conditions that equalized climate belts and ultimately led to a global warmhouse
(Follmi 2012, with references). As outlined by Rawson (1994) and Baraboshkin
(2002), this reorganization broke down the “old Boreal/Tethyan dichotomy” that
had led to the widespread distribution of the ancyloceratid-deshayesitid assem-
blage during the early Aptian. As outlined by Wright et al. (1996) and Kakabadzé
et al. (2004), the ancyloceratids are known by their widespread distribution in the
Tethyan- (Mediterran-Caucasian Subrealm including the Caribbean area), Boreal-
(Boreal-Atlantic and Boreal-Pacific subrealms) and Austral realms. However, due
to homeomorphy of the body-chamber ornamentation, most ancyloceratid genera,
such as Ancyloceras, are ill-defined taxa that are in need of revision. In our opinion,
the species from the Mediterran-Caucasian and Boreal-Atlantic subrealms on which
the Ancyloceratidae genera introduced by Spath (1930), Casey (1960), Vermeulen
and Lazarin (2007) and Delanoy et al. (2008) are based, cannot be compared with
the large tripartite heteromorphs that occur in California (Anderson 1938; Murphy
1975), Colombia (Kakabadzé and Hoedemaker 2004), South Africa (Klinger and
Kennedy 1977), Japan (Shimizu 1931) and Australia (Day 1967). A similar view
was expressed by Pictet et al. (2009) for Lithancylus taxa that are now restricted to
Spain, France, England and the Russian Platform. As a consequence, endemism in
Ancyloceratidae has certainly been overlooked and needs further investigation, al-
though it is partly reflected by the introduction of such genera as Shastoceras from
California (Anderson 1938), Lagueoceras from Colombia (Kakabadzé et al. 2004)
and Helicancyloceras from South Africa (Klinger and Kennedy 1977).
Deshayesitidae are recoiled heteromorphs that evolved from heteromorphic rep-
resentatives of the Heteroceratidae by a recoiling of the shell at the end of the late
Barremian (Delanoy 1997; Bogdanova and Mikhailova 2004; Delanoy and Bert
2006). The family shows a wide distribution in the Tethyan and Boreal realms dur-
ing the early Aptian (Bersac and Bert 2012, with references). According to the latter
authors, there are no significant morphological differences between the genus De-
shayesites and the regional genera, Turkmeniceras, Prodeshayesites, Paradeshayes-
ites and Obsoleticeras that occur in the northern and eastern parts of the Mediterran-
Caucasian Subrealm and/or on the Russian Platform and adjacent areas of the Bore-
al Realm. Although widely distributed, Deshayesites is rare or even missing in some
hemipelagic and pelagic settings in the Tethys, probably due to a bathymetric and/or
facies control (Landra et al. 2000; Lehmann et al. 2009). Deshayesites evolved ana-
genetically toward Dufrenoyia, which marks the maximum geographic extension
of the Deshayesitidae in the latest early Aptian (Fig. 9.5). Juandurhamiceras and
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® Dufrenoyia
O Tropaeum ® Australiceras

Fig. 9.5 Aspects of Aptian ammonite paleobiogeography. Map based on 120 Ma reconstruction.
For further details see captions to Figs. 9.1 and 9.2

Burckhardtites (including Burckhardites reported from Turkmenistan (Bogdanova
and Mikhailova 2004)) are Caribbean offshoots of Dufrenoyia. However, from our
point of view the generic separation of these three genera also needs to be discussed
carefully because of minor differences in shell shape only. The extinction of the
family appears to be a sudden and almost synchronous event, marking the Lower/
Upper Aptian boundary (Casey et al. 1998; Moreno-Bedmar et al. 2013).

During the continued Aptian trangression, faunas of isolated epicontinental basins
show an increasing dispersal. Baraboshkin (2002), for example, recognized a Tethy-
an parahoplitid-douvilleiceratid and a Boreal ancyloceratid-aconeceratid assemblage
around the Lower/Upper Aptian boundary on the Russian Platform. Simultaneously,
large recoiled ancyloceratids occur almost worldwide, from the Austral to the Boreal
Realm (Klinger and Kennedy 1977; Bengtson and Kakabadzé 1999). These forms
have usually been referred to Australiceras, Proaustraliceras and Tropaeum, and are
distinguished by the absence of a tuberculate stage on the inner whorls in the latter
genus. Recently, McKenzie et al. (2014) argued that the two genera should be put in
synonymy because the development of a tuberculate stage varies with intraspecific
variability. Even if we agree that the Australian specimens attributed to 7ropaeum in
the literature (Whitehouse 1926; Day 1974) are macroconchs of Australiceras, com-
parison of the ornamental features of the early ontogeny of the European Tropaeum
does not support the synonymy of the two genera. In our view, Australiceras is an en-
demic genus that characterizes the Austral Realm, since typical Tropaeum only occur
on European shelves of the Mediterran-Caucasian Subrealm and the adjacent part of
the Boreal Realm (Baraboshkin 2002; Fig. 9.5). Proaustraliceras shows a similar
distribution, with no reliable records from the southern hemisphere (Kakabadz¢ et al.
2004). The relationships between these ancyloceratids are still obscure. Thus this



9 Paleobiogeography of Early Cretaceous Ammonoids 243

group can not currently be used for defining paleobiogeographic boundaries. During
the early Aptian, the Douvilleiceratidae are also a major component of the worldwide
ammonite assemblage, although some genera possibly hint at a paraphyletic origin
of this family. The Procheloniceras-Cheloniceras-Epicheloniceras lineage is char-
acteristic of the Tethyan Realm and of the southern area of the Boreal Realm (Casey
et al. 1998; Kakabadzé et al. 2004; Pictet 2012). In the late early Aptian, Rolobo-
ceras and Megatyloceras, closely-allied or possibly congeneric with Cheloniceras,
are typically recorded during the early Aptian of the Mediterran-Caucasian Subrealm
and southern area of the Boreal Realm (Casey 1961; Moreno-Bedmar et al. 2010;
Ivanov and Idakieva 2013).

Dauphin (2002) documented a complex turnover in the earliest late Aptian that
led to the appearance of the widespread family Parahoplitidae. This event was ob-
served at the scale of the Tethyan Realm, from the Transcaspian to the Caribbean
domains (Bogdanova and Tovbina 1995; Arnaud et al. 2002). The genus Colom-
biceras evolved from Gargasiceras in the late early Aptian and spread over the en-
tire Tethyan Realm during late Aptian times, where it gave rise to the Acanthohop-
lites-Hypacanthoplites lineage (Bulot in Vincent et al. 2010, with references). Co-
lombiceras may also be the rootstock of Parahoplites in the Mediterran-Caucasian
Subrealm and adjacent Boreal areas, and of the closely allied genera Sinzoviella and
Kasanskiella from the Caribbean. In the latest Aptian, the diversification of Acan-
thohoplitinae reached its peak. This is the case for Diadochoceras and the closely
allied, if not synonymous, Nodosohoplites, which are considered to be an offshoot
of Acanthohoplites, while Neodeshayesites is a New World derivative of Hypacan-
thoplites s.1. Other endemic genera of Acanthohoplitinae have been reported from
North America (Rhytidoplites and Immunitoceras), eastern Mexico (Penaceras),
Colombia (Riedelites), northwestern Caucasus (Chaschupseceras), Japan (Oshi-
maceras) and Tunisia (Melleguieiceras). The phylogenetic relationships of all these
genera also remain largely unclear (Bulot in Vincent et al. 2010; Latil 2011; Bulot
etal. 2014).

9.2.6 Albian

Albian paleobiogeography is generally distinguished from that of the Aptian by a
more pronounced provincialism, although this trend tends to diminish in the upper
part of the stage (Owen 1996; Baraboshkin 2002, with references). The peak of
endemism is reached in the earliest Albian, where three faunal provinces have been
recognized in the Boreal Realm (Owen 1979, 1988a; Alabushev and Wiedmann
1994; Baraboshkin 2002; Jagt-Yazykova and Zonova 2012): the Boreal-Atlantic
Subrealm, characterised by Leymeriella, Sonneratia and hoplitinid ammonites (the
latter e.g. with Euhoplites, Fig. 9.6); the Arctic Subrealm, where Arcthoplites, Fre-
boldiceras and Gastroplitininae flourished; and the Boreal-Pacific Subrealm, which
was dominated by cleoniceratids (Leconteites, Brewericeras, Grycia). In the earli-
est Albian, arcthoplitid ammonites from the Arctic entered northwestern Europe and
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Albian

® Euhoplites
O Labeceras ® Mortoniceras

Fig. 9.6 Aspects of Albian ammonite paleobiogeography. Map based on 105 Ma reconstruction.
For further details see captions to Figs. 9.1 and 9.2

Mangyshlak—thus these areas provide important information for the stratigraphic
correlation on a global scale (Savel’ev 1973; Owen 11988a and b, 1996; Lehmann
etal. 2013).

Compared to the limited area of the Boreal epicontinental shelf basins, the Tethy-
an Ocean had a vast expanse from northern South America and southern North
America to Australia (Fluteau et al. 2007; Vrielynck 2010). In terms of ammonites,
the assemblages of the Tethyan Realm mainly consist of brancoceratids (Bran-
coceras, Prolyelliceras, Mirapelia), lytoceratids (Kossmatella), desmoceratids
(Beudanticeras), engonoceratids (Parengonoceras, Knemiceras, Glotticeras), and
douvilleiceratids (Douvilleiceras) (Kennedy and Cobban 1976; Owen 1979, 1996,
Marcinowski and Wiedmann 1990; Riccardi and Medina 2002; Robert and Bulot
2004; Bulot in Vincent et al. 2010; Latil 2011). In the earliest Albian new and dis-
tinguished families of heteromorphic ammonites (Anisoceratidae and Hamitidae)
arose, spreading over most of the Tethyan Realm in the late early Albian (Monks
1999, 2002; Kennedy et al. 2000). During the early Albian the boundary between
the Boreal and Tethyan realms was fairly sharp, despite scattered occurrences of
Leymeriella on the Eurasian shelves of the northern margin of the Tethys (Kennedy
et al. 2000, with references). Occasionally, in the late early and early middle Albian,
Douvilleiceras, Tegoceras, Lyelliceras and Oxytropidoceras s.l. invaded the Boreal
Realm of Europe and the northern Pacific coast of America (Owen 1971, 1988a;
Amédro 1992; Amédro and Robaszynski 2005).

Different paleobiogeographic affinities between the early/middle and late Al-
bian faunas are also recognized in the Austral Realm. However, in Australia itself
these are influenced by a division into regional basins (Henderson and McKenzie
2002). In the middle Albian, fairly cosmopolitan anisoceratids and hamitids occur
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in the Great Artesian Basin in Australia (McNamara 1980; McKenzie 1999), but
in the late Albian cosmopolitan genera occur only in the marginal areas of Aus-
tralia, since, according to micro- and nannofossil data, the connection to the open
ocean was restricted (Henderson and McKenzie 2002). Thus, a less diverse late
Albian fauna evolved in the Great Artesian Basin, with dominant endemic het-
eromorph species of Labeceras and Myloceras, in contrast to the rich diversity of
assemblages in Europe and elsewhere during this time interval, and only isolated
records of Tethyan origin like Goodhallites (Henderson and Kennedy 2002). Al-
though Labeceras (Fig. 9.6) and Myloceras characterize the ammonite province
of the Austral Realm in the late Albian, endemic species developed also in the
regional basins of Madagascar, southern Africa and South America (Forster 1975;
Klinger 1976; Klinger and Kennedy 1989; Aguirre-Urreta and Riccardi 1988;
Riccardi 1988).

During the late Albian a long-time trend toward more cosmopolitan faunas is
established with the rapid rise and radiation of the Mortoniceratinae (e.g., Mor-
toniceras, Fig. 9.6) and Stolickaiellinae. However, the disappearance of the Early
Cretaceous provincialism is a long-running process that did not end until the middle
Cenomanian (Owen 1973; Wiedmann 1988; Ifrim et al. 2015).

Unusual insights to the paleobiogeographical affinities of Albian ammonite
faunas in the Atlantic are given by a few drilling core sites of the DSDP/ODP
programme (Wiedmann 1978; Wiedmann and Neugebauer 1978; Renz 1979a;
Wiedmann 1988; Lehmann 2000; Owen and Mutterlose 2006). A fauna from the
Biscay margin shows affinities to the Boreal realm for the early Albian, while mid-
dle to possibly late Albian ammonites indicate a Tethyan aspect (Renz 1979b). The
other occurrences from the Atlantic are, as far as datable, late Albian faunas indicat-
ing strong Tethyan relations (with the Curacao debated, see Owen and Mutterlose
2006). Among these the relatively rich association from offshore Florida is remark-
able, since it represents a hemipelagic or even pelagic assemblage with species with
a preference for oceanic conditions and, despite the strong affinities to the Tethys, it
generally reveals a cosmopolitan character (Lehmann 2000).

9.3 Conclusion and Future Perspectives

Many Early Cretaceous faunas are dominated by heteromorphic ammonites. While
they play almost no role in the earliest Cretaceous, they dominate many faunal as-
semblages from the early late Hauterivian until the end of the Cretaceous period.
However, reasons for this and most of the ecological constrains involved are still
under debate, including trophic opportunities and sea-level changes (Wiedmann
1969; Nesis 1986; Cecca 1997; Keupp 2000). The global Cretaceous sea-level rise
started in the Aptian, and despite an increased spreading of taxa, there is some strong
provincialism in the Albian characterized by regularly coiled ammonites. This dem-
onstrates that a complex pattern of sea-level changes and the opening and closure
of seaways must be responsible for ammonite dispersal in the Early Cretaceous.
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Ongoing research emphasizes that insufficient taxonomy is a factor masking paleo-
biogeographic affinities (Kennedy and Cobban 1976; Rawson 1993; Bengtson and
Kakabadzé 1999), This is particularly true for the Berriasian, early Barremian and
Aptian (present chapter). Furthermore, quantitative analyses of the spatial distribu-
tion of ammonoids—such as have been done for some other time intervals (Dera
et al. 2011; Korn and Klug 2012; Korn and De Baets 2015)—are rare to absent
for the Early Cretaceous Epoch. This hampers our ability to test the robustness of
the paleogeographical affinities described in this chapter, and underlines the urgent
need for quantitative studies earlier called for by Bengtson and Kakabadzé (1999).
Therefore the interpretations presented here are thorough revisions and updates
of earlier significant contributions in this field (Rawson 1981, 1993, 1994; Cecca
1998), but are likewise qualitative studies and thus still reflect a preliminary state.
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