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ABSTRACT:

Bert, D., Bersac, S., Delanoy, G. and Canut, L. 2013. Palaecontology, taxonomic revision and variability of some

species of the genus Gassendiceras Bert et al., 2006 (Ammonitina, Upper Barremian) from southeastern France.

Acta Geologica Polonica, 63 (3), 355-397. Warszawa.

Bed-by-bed sampling of twelve Barremian sections in southeastern France from pelagic basin (Vocontian
Basin) to neritic platforms (Arc of Castellane, Arc of Nice and Provengal Domain) has enabled the collection
of isochronous samples of the ammonite genus Gassendiceras. Three poorly known species of the Toxancylo-

ceras vandenheckei Zone (Upper Barremian) are revised: G. alpinum, G. multicostatum and G. hoheneggeri; two

new species are described (G. rebouleti nov. sp. and G. bosellii nov. sp.). The intraspecific variability of partic-

ular species was recognised. This variability is between slender peramorphic and robust paedomorphic extreme

morphologies, with the presence of all intermediates.

Key words: Ammonoidea; Gassendiceratinae; Upper Barremian; Southeastern France;

Taxonomy; Intraspecific variability.

INTRODUCTION

The rapid evolution and diversification of the family
Hemihoplitidae Spath, 1924 make it a key group for the
marine Upper Barremian (pro parte) in the North Tethyan
margin (southeastern France). This group of ammonites
was, however, relatively unknown until recently and it re-
quired taxonomic revision. This revision has been con-
ducted by one of us (D.B.) over several years and nu-
merous contributions have already been published (Bert
and Delanoy 2000, 2009; Bert et al. 2006, 2008, 2009;
Bert et al. 2010, 2011; Bert 2012b). New collections of
ammonites have been made from levels previously re-

ported as being poor in fossils in the upper part of the
Toxancyloceras vandenheckei Zone, the Gassendiceras
alpinum Subzone. The present work concerns the study
of the genus Gassendiceras Bert et al., 2006
(Gassendiceratinae Bert e al. 2006), of which many
new specimens have been recently collected in sections
from various environmental settings in southeastern
France. This genus is characterized by a particularly
distinctive robust ornamentation, with strongly trituber-
culate main ribs and smooth interribs. The intraspecies
variability is recognised in this group its taxonomy is re-
vised, being the first step in reconstructing the phy-
logeny of the genus (Bert and Bersac 2013).
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GEOLOGICAL SETTING AND SECTIONS STUDIED

The studied specimens were collected by bed-by-
bed sampling from twelve sections in both pelagic and
neritic environments of southeastern France. The Lower
Cretaceous of this area is marked by the evolution of a
large intracratonic subsident area known as the Vo-
contian Basin (Paquier 1900; Text-fig. 1). The southern
part of the Vocontian Basin, in the area of the histori-
cal Barremian stratotype (Angles-Barréme-Castellane

area; Text-fig. 2), is usually less affected by gravity re-
modelling and the effects of the Alpine orogeny. It is
bordered to the south by neritic platforms that were
more or less open to the ocean. Six sections were stud-
ied in the southern Vocontian Basin in the stratotype
area of the Barremian (pelagic environment), and six
others on the southern edge of the peri-Vocontian plat-
form (neritic environment). These are spread over the
Arc of Castellane, the Provengal Domain and the Arc
of Nice (Text-fig. 2).

p
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+ + + +

Deep open marine

- environment (pelagic)

Shallow open marine
environment (hemipelagic)

- External platform

Drowned platform
(glauconitic condenset series)

Inner platform

- Gravity reworked deposits

Text-fig. 1. Palacogeographic map of southeastern France to show the study area (from Arnaud 2005)
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‘ ‘ Quaternary

Cenozoic

‘ Jurassic

- Triassic

‘ Cretaceous

Text-fig. 2. Simplified geological map of the study area (Alpes-de-Haute Provence, Alpes-Maritimes and Var in southeastern France). Sections (see text): a’= A and A’;
b=LAC; c=GRY; d=GI12; E=G15; f=VIG2; g=SO; h=TAI;i=VA; j=SA; k=RS; | =TF

The stratigraphic framework of the Upper Bar-
remian used in this work is the one proposed by the
L.U.G.S Lower Cretaceous ammonite working group,
the Kilian Group (Reboulet et al. 2007; Reboulet et
al. 2009 — see Bert et al. 2008 for historical account),
emended and supplemented by Bert et al. (2008),
Bert and Delanoy (2009), and Bert et al. (2010,
2011).

Basinal sections

The Barremian of southeastern France is char-
acterized by pelagic sedimentation with an alterna-
tion of marls and limestones in decimetric to metric
beds. The continuous sedimentation and good
palaeontological record reveal the ammonite suc-
cession in considerable detail. The deep marine con-
ditions of the Vocontian Basin, largely opened to the
Alpine Tethys, are reflected in the dominance of am-
monites.

Sections A and A’: Section A corresponds to the histori-
cal Barremian Stratotype of the Angles road. This section
has been detailed by Busnardo (1965), its upper part by
Delanoy (1994, 1997), and the entire section by Ver-
meulen (2005a). The lower part of the Upper Barremien
(s.1.) succession is difficult to interpret; firstly because of
poor exposure (access along a sloping road-cutting) and
secondly, because of growth faults and depositional
anomalies affecting the succession (Bert et al. 2008;
Bert 2012a). Consequently, a new section (herein called
A’), on the adjacent hill, was studied. Only the Vanden-
heckei Zone of this section, which yielded several spec-
imens of Gassendiceras, is included in the present study
(Text-fig. 4, pars.).

Sections LAC and GRY: The section was described by
Bert et al. (2008) and it is the lateral continuation of the
previously studied section MEO (Delanoy 1994, 1997,
Bert et al. 2008). The nearby section GRY (Text-fig. 5)
has never been previously mentioned. Both the LAC and
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GRY sections have provided several specimens of
Gassendiceras (this work) and perfectly complement
the Angles’ stratotype sections, being similar albeit
slightly expanded.

Sections G12 and G15: Section G12 (Text-fig. 6) ex-
poses well the lower Upper Barremian, in particular the
Vandenheckei and Sartousiana zones, albeit the succes-
sion is slightly thinner than in the previous sections.
Section G15, which represents a continuation of section

G12, provided many of the Gassendiceras studied herein
from the Alpinum Horizon. These sections are described
here for the first time.

Section VIG2: Delanoy (1994, 1995, 1997) already de-
scribed and figured the upper part of this section. A
very good section of the basal beds of the Upper Bar-
remian exposed a few hundred metres away and now
formally designated VIG2, has never been described,
albeit it provided some ammonites to Thomel (1964

Reboulet et al. 2009 This work
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Text-fig. 3. The Upper Barremian standard zonation (Reboulet e al. 2009) alongside the zonation used in this work (see Bert et al. 2008, Bert and Delanoy 2009,
and Bert ef al. 2010, 2011)
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and this work). The succession exposed is the most ex-
panded (Text-fig. 7, pars) of all the sections described
herein. It begins with a top surface of the bed at the
base of the Vandenheckei Zone [Toxancyloceras van-
denheckei (Astier) observed up to bed 250]. The bot-
tom of this section is difficult to access and has yielded
only rare Barremitidae and Holcodiscus (bed 256).
Fragments of 7. ex gr. vandenheckei were observed in
scree. Beds 265 to 267 are more accessible and have
yielded a limited ammonite fauna of which the most
significant elements are Gassendiceras alpinum and
Kotetichvillia fischeuri (Joleaud). Bed 266 yielded
several fairly well preserved smaller specimens and a
single very large adult specimen of G. alpinum (P1. 1,
Fig. 1; P1. 2, Fig. 1).

Neritic sections

The neritic domain of the South Vocontian Basin
(Text-figs 1-2) is representative of a circalittoral mar-
ginal environment, rich in benthic faunas, and in
cephalopods. The lateral continuity of the successions in
the neritic area is lower than in the basin area because of

high palaeotectonic activity (Cotillon ez al. 2000). Sed-
imentation rates are generally low and subsidence is
discontinuous compared to the pelagic domain (Cotillon
1971). Episodes of condensation and sedimentary gaps
are noted (Bersac et al. 2010).

Section SO: Section SO is located in the distal limit of the
peri-Provencal south Vocontian platform in the western
part of the Arc of Castellane. The biostratigraphic frame-
work was outlined by Busnardo and Cotillon (1964)
and Cotillon (1971). The survey was carried out at the top
of the Lower Cretaceous limestone formation. It in-
cludes a 17 m thick Barremian interval from the top of
the Nicklesi Zone to the Sartousiana Zone (Feraudianus
Subzone). The distribution of the ammonite faunas is
given in Text-fig. 8, and their abundance allows recog-
nition of the standard Tethyan ammonite zones and the
establishment of reliable correlations with the Basin.
The uppermost Barremian is always absent in this area
because of truncation by the Aptian discontinuity (Cotil-
lon et al. 2000), which separates the Eo-Cretaceous
limestones from the Aptian—Albian marls. It may be
noted that glaucony is present, especially in the levels of
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Text-fig. 4. Range chart of the main ammonite species in section A’ near Angles (complementary section of the Barremian stratotype), Alpes-de-Haute Provence,

southeastern France. In the following Text-figs., MF/ND = Fallax and Didayana Horizon, Hco = Communis Horizon, GA = Alpinum Horizon, AB = Breistrofferi

Horizon, CM = Marchandi Horizon, CL = Limentinus Horizon, GS = Sartousiana Horizon (acmeic horizon), GP = Provincialis Horizon, HC = Casanovai Horizon,

HF = Feraudianus Horizon, PA = Autrani Horizon
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the Pulchella Zone. The appearance of 7. vandenheckei the lower part of the Vandenheckei Zone. Beds 72 to 74
and Heinzia sayni Hyatt in Bed 69-2 marks the base of are rich in “small Barremites” [Barremites aff. charri-
the Upper Barremian. The presence in the same bed of erianum (d’Orbigny) and B. raspailli Kilian] and corre-
Gassendiceras multicostatum (Sarkar) and G. alpinum spond to the marker level described from Majastre (Bert
suggests an episode of concentration / condensation in 2009a). This particular level, located between the
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Text-fig. 5. Range chart of the main ammonite species in the section GRY near St André les Alpes, Alpes-de-Haute Provence, southeastern France
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Text-fig. 6. Range chart of the main ammonite species in the section G12 near Angles, Alpes-de-Haute Provence, southeastern France

Alpinum and Breistrofferi horizons (top of the Vanden-
heckei Zone), provides an excellent datum on the south
peri-Vocontian neritic platforms. The rest of the section
is more calcareous, and is poorly fossiliferous up to the
top of the Provincialis Subzone, which hinders recogni-
tion of the biostratigraphic horizons. However, a very
large external mould attributed to Gassendiceras ex gr.
quelquejeui Bert et al., a taxon that characterizes the top
Vandenheckei Zone (Breistrofferi / Marchandi horizons)
in southeastern France was observed in a lateral equiv-
alent of beds 75-76. The presence of a large Camere-
iceras ex gr. limentinus (Thieuloy) in bed 80 indicates the
position of the Limentinus Horizon, and thus the basis of

the Sartousiana Zone (sensu Bert et al. 2008). The last
bed of the section (83) is characterized by the presence
of Hemihoplites casanovai Delanoy (Casanovai Hori-
zon), while H. feraudianus (d’Orbigny) (Feraudianus
Horizon) is confined to very glauconitic part immediately
below the stromatolitic erosional surface of the Aptian
discontinuity.

Section TAI: Section TAI belongs to the southeastern part
of the Arc of Castellane. The Barremian is only a few
metres thick and is represented by marly limestones at
the top of the Lower Cretaceous limestone formation.
The beds are rich in glaucony, broken fossils and omis-
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Text-fig. 7. Range chart of the main ammonite species in the section VIG2 near Barréme, Alpes-de-Haute Provence, southeastern France

sion surfaces (Cotillon 1971; Bersac et al. 2010). The
survey was carried out from the base of the Barremian
to the top of the limestone formation. The distribution of
the ammonites is illustrated in Text-fig. 9. The Upper
Barremian starts with bed 99 documented by the ap-
pearance of Toxancyloceras ex gr. vandenheckei. The co-
occurrence in this bed of Gassendiceras alpinum and G.
multicostatum again indicates a probable episode of con-
centration / condensation at the base of the Vanden-
heckei Zone. Bed 100 varies in thickness, indicating
disrupted sedimentation with high energy depositional
episodes, and is composed of four levels. Level 100a (5—
15 c¢m) yielded a reworked specimen of Gassendiceras
alpinum. Level 100b (0—10 cm) is rich in undisturbed
“small Barremites” [Barremites aff. charrierianum and
B. raspailli] and represents the top of the Vandenheckei
Zone between the Alpinum and Breistrofferi horizons
(see Bert 2009a). Level 100c (5-15 cm) consists of a

very heterogeneous glauconitic limestone with oncolithic
and stromatolitic structures. Its reworked ammonite-
fauna documents an interval between the Upper Bar-
remian Vandenheckei Zone and the Lower Albian Mam-
millatum Zone. Level 100d (1-3 ¢m) bears stromatolitic
structures and erosional surface at its top that ends the
limestone series. Bed 100 is covered with Albian sandy-
glauconitic marls (level 101).

Section VA: Section VA of the Provencal domain (Text-fig.
2) has been described and figured by Autran and De-
lanoy (1987). The glauconitic bed (11) is condensed and
represents the Vandenheckei Zone. This bed yielded
Gassendiceras specimens belonging to several taxa (this
work): G. alpinum, G. multicostatum, G. hoheneggeri
(Uhlig) and G. bosellii nov. sp. Part of the Sartousiana
Zone (sensu Bert et al. 2008) is also represented in the up-
permost part of the bed as a thin, highly glauconitic veneer.
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Text-fig. 10. Correlation chart of the main sections studied in southeastern France. The lower boundary of the Alpinum Horizon serves as horizontal datum
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Text-fig. 11. Diagram illustrating measurements made on the Gassendiceras.

D = diameter; H = height of the whorl; U = diameter of the umbilicus;
h = spiral gap; Nt = number of trituberculate main ribs; Nit = number of

weakly tuberculate intermediate ribs; Ni = number of smooth interribs

Sections SA, RS and TF: Upper Barremian sections SA,
RS and TF are all located in the Arc of Nice (Text-fig. 2).
They are represented by a single condensed bed rich in
glaucony and phosphatic nodules. Section RS has al-
ready been studied and figured by Delanoy (1990), sec-
tion SA by Bert and Delanoy (2000), and section TF will
be described in a future work.

Text-fig. 10 shows correlations of the main sections
studied in parallel with the zonation used in this work
(see above). The Alpinum Horizon, present in all of the
sections, provides a datum (blue horizontal line). The
thickness of the Barremian deposits increases from east
to west and from south to north (Text-fig. 2).

REPOSITORIES

The larger part of the ammonite material is actually
housed in several French public institutions: the Museum
National d’Histoire Naturelle of Paris (M.N.H.N), Uni-
versité Pierre and Marie Curie (Jussieux) of Paris
(U.PM.C), Faculté des Sciences of Lyon (F.S.L), the col-
lections of the Ecole des Mines de Paris (reposited at the
Lyon Faculty of Sciences, France), the Institut Dolomieu
of Grenoble (I.D), the Laboratory of the Groupe de
recherche en Paléobiologie et biostratigraphie des Am-

monites at La Mure-Argens (G.P.A), the Museum d’His-
toire Naturelle de Nice (M.H.N.N), and the Barréme City
Hall. However some specimens (a minority) are from
private collections and as it is not possible to ensure their
repository in an open institution, casts where reposited in
the G.P.A’s Laboratory when ever possible. The section’s
codes and the level number are added in brackets for
every specimen. C.E.M is the abbreviation for Centre
d’Etudes Méditerranéennes (St André les Alpes, France),
which provided assistance in sampling the section VIG2.

SYSTEMATIC PALAEONTOLOGY
Measurements

The following conventional measurements (Text-
fig. 11) were made in millimetres against diameter (D)
for each specimen: the height of whorls (H), the maxi-
mum thickness of the whorls taken between ribs and tu-
bercles (W), the diameter of the umbilicus (U), and the
spiral gap (h). Some specimens have been disassembled
and several sets of measurements (at several successive
diameters) were performed whenever possible. The con-
ventional ratios H/D (relative height), W/D (relative
thickness), U/D (relative umbilicus), W/H (relative sec-
tion) and U/H were calculated. The number of trituber-
culate main ribs (Nt), intermediate low tuberculate ribs
(Nit), and smooth interribs (Ni) per whorl and half-
whorl were also noted according to the diameter for
each specimen (Text-fig. 11). All biometric data were
then organized into bivariate diagrams to represent the
evolution of quantitative parameters in relation to diam-
eter, thus depending on the biological age of the speci-
mens. The objective of this approach is to detect if one
or more types of allometric relationships can be seen on
the growth curves during ontogeny.

Definition of repeated ontogenic stages of ornamen-
tation

Several ornamental stages recur frequently in most
Hemihoplitidae at the different stages of their onto-
genic development. They have been previously rec-
ognized (Bert and Delanoy 2000; Bert et al. 2006, p.
181; Bert and Delanoy 2009) and are represented in the
genus Gassendiceras. They are (re)defined as follows
(Text-fig. 12):

(1) The Heberti stage (Text-fig. 12a) is restricted to the
earlier whorls of the shell and is recognizable in
most Hemihoplitidae. It is characterized by a dis-
tinctive sub-octagonal whorl section that is scarcely
higher than wide (Text-fig. 13-1). Its ornamentation
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is more or less radial or slightly inclined backward
and consists mostly of simple, regularly tritubercu-
late, weakly differentiated thin ribs. The tubercles are
small and conical.

(2) The Barremense stage (Text-fig. 12b) is characterized
by an alternation of tuberculate and non-tuberculate
ribs that are highly variable in appearance and in
number. The whorl section is sub-circular to oval
(umbilical wall high, peri-umbilical area gradually in-
clined to the rounded flanks then to the rounded ven-
ter — Text-figs 13-2 to 13-6, Text-figs 14 and 15-1).
The main trituberculate ribs are slightly inclined
backward and are wider at the top of the flanks than
at their base (wedge-shaped). The ribs are thinner,
more numerous and retroversed on the dorsal area.
The tubercles are strong and are respectively located
at the base, at the upper third, and in the peri-ventral
areas of the flanks. They ribs increase in strength
from the base to the top of the flanks, and the tuber-
cles are topped with short massive spines partitioned
near their base. On the flanks the spines are conical
and slightly elongated in the direction of the ribs
that support them. On the peri-ventral area the spines
are pinched in the direction of coiling, making them
flattened triangular in shape (claviform). On the ven-
ter the main ribs are very wide and blunt. The few in-
termediate ribs show reduced peri-ventral and lateral
tubercles only. The interribs are relatively thin,
smooth, non-tuberculate, and cross the venter with-
out modification. These interribs can be more or less
numerous depending on the species of Gassendiceras
(see below the descriptions). The bifurcations are
rare, and some main ribs can be looped.

(3) The Simplified ornamental stage (Text-fig. 12d) has
a rounded whorl section but more compressed than
in the Barremense stage (Text-fig. 13-7). The orna-
mentation becomes uniform compared to the latter
stage. Smooth ribs become less numerous and
stronger, while the main ribs are less wedge shaped
due to the decrease in relative size of the lateral and
peri-ventral tubercles.

(4) The Irregular stage (Text-fig. 12¢) features an orna-
mentation close to that of the Barremense stage. It is
more slender and irregular, with less pronounced
and more uniform tubercles. The ribs are a little less
wedge shaped. The venter is not as wide as in the Bar-
remense stage; the whorl section is compressed but
still rounded (Text-fig. 15-2).

(5) The Camereiceras stage (Text-fig. 12¢) features a dis-
tinctive oval compressed whorl section with a broad
base and flanks converging to the narrow venter
(Text-figs 16-1 and 16-2). The ribs are less differen-
tiated and blunter than in the Barremense stage. The

tubercles are weak, particularly the lateral tubercles
which tend to disappear. Peri-ventral tubercles, in
contrast, are well marked and regular. They become
smaller and their arrangement flanks the venter in a
distinctive way.

(6) The Adult late stage (Text-fig. 12f) is characterized
by a sudden strengthening of the ribs on the venter,
just like the ribs on the hook of some tripartite ancy-
loceratids (Text-fig. 13-8 and 16-3). The tubercles are
weak and are at first only a marked angulation of the
rib, disappearing completely near the peristome. At
this point the ribs are thinner, slightly approximated,
and projected forward on the top flanks in order to
make a proversal sinus on the venter.

Systematics

Order Ammonoidea Zittel, 1884
Suborder Ammonitina Hyatt, 1889
Superfamily Ancyloceratoidea Gill, 1871
Family Hemihoplitidae Spath, 1924

The Upper Barremian family Hemihoplitidae is
known in much of the Northern Tethyan Margin and
the Essaouira-Agadir Basin (Morocco). It has three
major developmental trends represented by three sub-
families (Bert et al. 2006): (1) the Gassendiceratinae
Bert, Delanoy and Bersac, 2006, the stem group of the
two other subfamilies, ranging from the base (s./.) of
the Upper Barremian to the base of the /merites giraudi
Subzone in the northern Tethyan margin; (2) The
Hemihoplitinae Spath, 1924, ranging from the
Gassendiceras alpinum Subzone to the Hemihoplites
feraudianus Subzone; and (3) the Peirescinae Bert,
Delanoy and Bersac, 2006, ranging from the G.
alpinum Subzone to the top of the /. giraudi Subzone
where it links with the genus Procheloniceras Spath,
1923 (first appearing at the base of the Martelites
sarasini Subzone), which is the first Barremian mem-
ber of the superfamily Douvilleiceratoidea Parona and
Bonarelli, 1897 (see Bert et al. 2006, p. 223; Delanoy
et al. 2008, p. 31; Bert 2012b).

Subfamily Gassendiceratinae Bert,
Delanoy and Bersac, 2006

This subfamily consists of the genera Gassendiceras
Bert et al., 2006, Pseudoshasticrioceras Delanoy, 1998
and Imerites Rouchadze, 1933 (Bert et al. 2009, 2011;
Bert 2012b). Barrancyloceras Vermeulen, 2000 is a
genus based on a doubtful species (see Bert ez al. 2010;
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and discussion in Vermeulen 2010), Crioceras bar-
remense Kilian, 1895, which remains an unusable nomen
dubium. The new material of G. alpinum studied herein
allows recognition of its large intraspecific variability and
it includes the morphology expressed by Vermeulen’s
neotype of B. barremense [and by the type-specimens of
Leroyiceras mascarelli (Vermeulen, 2005) and Spin-
ocrioceras sauvanae Lepinay and Vermeulen, 2009].

Genus Gassendiceras Bert, Delanoy and Bersac, 2006

TYPE SPECIES: Gassendiceras quelquejeui Bert, De-
lanoy and Bersac, 2006 (in Bert et al. 20006, pl. 3, fig. 3,
pl. 4, figs 2-3, pls 5-6).

EMENDED DIAGNOSIS: Crioconic to ancyloceratic
with all intermediates. Size medium to large. Ornamen-
tation characterized by succession of several ontogenic
stages: the Heberti stage in inner whorls always fol-
lowed by the Barremense stage and then either by the Ir-
regular and the Camereiceras stages depending on
species. Growth ends with the Adult late stage.

Gassendiceras alpinum (d’Orbigny, 1850)
(Plates 1 to 8)

v 1850. Crioceras alpinus sp. nov.; d’Orbigny, p. 100,
n°624.

v 1899. Crioceras barremense Kilian, 1895; Simionescu,
p- 488, pl. 1, figs 4-5.
v 1937. Crioceras alpinus d’Orbigny, 1850; Cottreau, p.
63, pl. 78, figs 16-17.
? 1946. Crioceras barremense Kilian, 1895; Tzankov, pl.
12, fig. 2.
v 1955. Emericiceras cf. barremense (Kilian, 1895);
Sarkar, p. 96, pl. 7, fig. 7.
v ?1955. Emericiceras dolloi sp. nov.; Sarkar, p. 87, pl. 5,
fig. 18.
?1967. Matheronites alpinus (d’Orbigny, 1850); Dim-
itrova, p. 68, pl. 34, fig. 3.
? 1967. Matheronites barremense (Kilian, 1895); Dim-
itrova, p. 69, pl. 32, fig. 4.
v 1978. Crioceratites (Crioceratites) alpinus d’Orbigny,
1850; Immel, p. 53.
? 1981. Paracrioceras barremense (Kilian, 1895); Kak-
abadze, p. 89, pl. 15, fig. 1.
? 1981. Paracrioceras dolloi (Sarkar, 1955); Kakabadze,
p. 89, pl. 3, fig. 4.
non 1989. Emericiceras cf. barremense (Kilian, 1895);
Conte, p. 34, photo p. 36.
v 1990. Emericiceras barremense (Kilian, 1895); De-
lanoy, pl. 4, fig. 3.
v pars 1992. Emericiceras barremense (Kilian, 1895); De-
lanoy, p. 52, pl. 19, fig. 2.
v 1992. Emericiceras sp. gr. barremense (Kilian, 1895)
forme 1; Delanoy, p. 54, pl. 19, fig. 3.
pars 1994. Ancyloceras ? aff. barremense (Kilian, 1895);
Avram, pl. 16, fig. 1.

Text-fig. 12. Ornamentation and whorl section of ontogenic stage recognized in Gassendiceras (not to scale), after Bert and Bersac (2013, fig. 2). a: Heberti stage;

b: Barremense stage; c: Irregular stage; d: Simplified ornamental stage; e: Camereiceras stage; f: Adult late stage
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1995. “Emericiceras” barremense (Kilian, 1895);
Company et al., fig. 8e.
2004. Barrancyloceras barremense (Kilian, 1895); Ver-
meulen, pl. 4, fig. 1.
2005a. Barrancyloceras barremense (Kilian, 1895); Ver-
meulen, pl. 48, fig. 1.
2005b. Barrancyloceras mascarellii sp. nov.; Vermeulen,
pp- 7-11, pl. 1, fig. 2.
?2005. Crioceratites (Paracrioceras) dolloi (Sarkar,
1955) ; Kotetishvili et al., p. 348, pl. 72, fig. 6.
v pars 2007. Barrancyloceras alpinum (d’Orbigny, 1850); Ver-
meulen and Lazarin, pp. 4043, pl. 2, fig. 1, non
fig. 2.
2007. Barrancyloceras barremense (Kilian, 1895); Ver-
meulen and Lazarin, pp. 33-37, pl. 2, fig. 3.
2008. Barrancyloceras barremense (Kilian, 1895);
Company et al., pl. 9, fig. a.
2009. Spinocrioceras sauvanae sp. nov.; Lepinay and
Vermeulen, pp. 96-99, fig. 1.
v 2010. Gassendiceras alpinum (d’Orbigny, 1850); Bert
etal,pl. 1,fig.2;pl. 3, figs 1-3 ; pl. 4, figs 1-2.

LECTOTYPE: The largest fragment of M.N.H.N
R0O0833 (ex. No. M.N.H.N. 5406 — PL. 5, Fig. 2a—) of
the d’Orbigny collection.

STATUS OF THE TYPE: d’Orbigny (1850, p. 100)
briefly introduced Crioceras alpinus without any fig-
ure or designation of the type. Cottreau (1937, p. 63,
pl. 78, figs 16—17) figured for the first time specimen
M.N.H.N.R00833 in the revision of the Prodrome
Types of Universal stratigraphic paleontology of d’Or-
bigny. This specimen is the only one actually attributed
to this species in the d’Orbigny collection, but Cottreau
did not designate it explicitly as the type. Vermeulen
and Lazarin (2007, pl. 2, fig. 1) refigured this specimen
and reported that it had been restored by cementing an
inner whorl fragment to the outer whorl. They ac-
cepted that both fragments were parts of the same
specimen and designated the external whorl fragment
(the largest) as “holotype by monotypy” (p. 40—41).
Bert et al. (2010, and this work) have, however, viewed
this interpretation more circumspectly, as the growth
in height of the whorl, coiling, and the type of preser-
vation do not fit neatly between the two fragments,
even assuming a missing fragment. These two frag-
ments belong most probably to different specimens,
and the designation “holotype” by Vermeulen and
Lazarin (2007), followed by Bert et al. (2010), is in-
appropriate and should be replaced with lectotype
(here designated). Inspection of these specimens has
shown that the characters of the smallest fragment
cannot be attributed to G. alpinum. The smooth inter-

ribs appear from D=52 mm only, which is a specific
feature of G. multicostatum (see below).

Note: The genus Leroyiceras Vermeulen, 2006 was in-
troduced in the same volume as Gassendiceras. As the
type-species of the first (L. mascarellii) is a junior syn-
onym of G. alpinum, and as the genus Gassendiceras is
now revised and well recognised, we choose this latter
genus to have priority (Bert ef al. 2010, first reviser ac-
cording to I.C.Z.N, art. 24.2.1 and 2).

TYPE LOCALITY: Angles, in the Alpes-de-Haute-
Provence, southeastern France.

TYPE HORIZON: Not given in the original designation,
but the species is richly represented in beds 151-2 of An-
gles (sections A and A’, this work).

GEOGRAPHIC DISTRIBUTION: Gassendiceras
alpinum is known in southeastern France (in both basi-
nal and distal platform areas), in Romania, Spain, and
probably also in Morocco, Bulgaria and Crimea.

STRATIGRAPHIC DISTRIBUTION: All of the speci-
mens from the Vocontian Basin come from a marker bed
in the Middle Vandenheckei Zone. This level was taken
to be the Alpinum Horizon, at the base of the Alpinum
Subzone (Bert et al. 2010).

DIAGNOSIS: Large adult shell (D>350 mm) criocone,
slightly uncoiled, but with a break in growth at about
D=150 mm. Whorl section rounded, slightly higher than
wide. Ornamentation well marked but variable. Four
successive stages during growth: (1) Heberti stage in in-
nermost whorls; (2) Barremense stage from a diameter
of 25 mm with relatively numerous smooth interribs
(one or two between two main ribs on average); (3)
Simplified ornamental stage from 170 mm diameter on
average; and (4) Adult late stage from 320 mm up to peri-
stome. Peristome simple, linear with little peak on ven-
ter. Suture line fairly denticulated of ancyloceratic type.

MATERIAL STUDIED (n=77): All specimens from
southeastern France (Alpes-de-Haute-Provence, Var, and
Alpes-Maritimes); 14 from the platform edges, 63 from
more distal zone of the Vocontian Basin. See Appendix
1 for location details and Appendix 2a for measurements.

DESCRIPTION: Three specimens are more than 250
mm in diameter. Two of them have an adult body
chamber and one is sub-adult; in addition, three other
fragmentary specimens are parts of an adult body cham-
ber. The adult body chamber starts at about 240 mm di-
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ameter and is a little more than a half whorl.
G.P.A.AZ18 has its full development and preservation
of the peristome at D=364 mm. The other specimens
are either wholly septate nuclei, or juveniles. The shell
is criocone, slightly uncoiled, sometimes with sub-
joined whorls (or joined in inner whorls). The spiral gap
h is highly variable depending on the specimens (Ap-
pendix 3a); generally weak. It increases rapidly during
growth up to a maximum of 13 mm for 200<D<250
mm, and decreases again thereafter (average relative
umbilicus of U/D=0.47). The growth in height is rapid
(Appendix 3b) with an average relative height of
H/D=0.34 in the inner whorls, but it tends to decrease
with respect to the diameter (H/D=0.31 for D>120
mm). The growth rate in thickness (Appendix 3b) re-
mains low and decreases regularly with respect to the
diameter, for the average thickness ratio is only
W/D=0.30. The whorl section is very rounded (Text-fig.
13, Appendix 3c), it remains slightly higher than wide
(W/H=0.91 on average for D<150 mm) except occa-
sionally in the inner whorls where it can be sub-circu-
lar (D<60 mm), and it tends to be higher during growth
(W/H=0.78 on average for D>150 mm — Appendix
2a). The average curves of the relationships between the
measured values of H, W and U in relation to the di-
ameter show disharmonic growth and the break of
slope is at around 150 mm diameter (see Appendix 3a—
d). In the inner whorls, growth is close to isometric
(D<150 mm), while in the outermost whorls (D>150
mm) growth is in agreement with the allometric rela-
tionship Y=hD*. This is linked to the increase in U/H
with respect to the diameter progressing in the direction
of a slower growth in height of the whorl associated
with the widening of the umbilicus. The dispersion pa-
rameters reveal that in all cases the clouds of points are
weakly scattered around the average and are homoge-
neous (very hight R? often more than 0.9, and standard
deviations very low). We notice, however, that the co-
efficients of variation (Appendix 2a) present certain dis-
parities (in all less than 15%), which can have multiple
causes: (1) disharmonic growth, (2) the lack of meas-
urements for the W values and other measurements be-
yond 200 mm diameter, and (3) the post-mortem dif-
ferential compression, which is higher in basinal
specimens than in those from the neritic area.

The ornamentation is always well marked and the to-
tal number of ribs (main ribs + intermediary ribs +
smooth interribs) is stable during growth within the
same individual specimen, but it varies greatly from one
individual to another (from 9 to 27 ribs per half-whorl).
The number of main ribs (Appendix 3e) is high in the in-
ner whorls and decreases very rapidly until D=50 mm,
increasing again gradually thereafter. In contrast, the

number of intermediate ribs (Appendix 3f) and smooth
interribs (Appendix 3g) increases rapidly to about 75 mm
diameter and then decreases thereafter, making the num-
ber of smooth interribs inversely proportional to the
number of tuberculate ribs. Four successive stages (see
above for the complete descriptions) can be recognized
during growth:

(1) The typical Heberti stage: the first observations were
made from 8 mm diameter, but it is highly probable
that the umbilicus is perforated to a diameter of 7
mm.

(2) The Barremense stage starts at a diameter of 25 mm
on average. Smooth interribs are generally quite
common (one to two smooth interribs per main rib on
average) and, depending on the specimens, increase
rapidly in number to about D=100 mm, decreasing
again in number thereafter (Appendix 3g). Note that
this stage is the only one shown on the lectotype of
G. alpinum, which is preserved between 75 and 156
mm diameter.

(3) The Simplified ornamental stage: this stage appears
gradually from an average of 170 mm diameter, and
comprises a little over the last half-whorl of the
phragmocone and most of the body chamber.

(4) The Adult late stage is visible on G.P.A. AZ18 and
G.P.A.AZ23. It extends from 320 mm diameter up to
the peristome (whorl length of about 70°). The peri-
stome is simple, linear, and forms a little peak on the
venter.

The suture line is very difficult to trace in most of our
specimens (partial dissolution), but it is fairly denticulate
and shows a trifid wide and deep lateral lobe. The ven-
tral lobe appears bifurcated.

VARIABILITY: Robust specimens with wide whorl
sections generally have fewer ribs (ribs are coarse) than
compressed specimens with a more slender whorl-sec-
tion (thinner ribs). This concerns the number of main
trituberculate ribs and the number of smooth interribs:
the specimens with the smoothest interribs are often
more slender, and both the robust and gracile end-mem-
bers of this polymorphism are linked by all possible in-
termediates.

This variability within slender and strong forms par-
allels variation in the ontogenetic sequence: the more
slender specimens are also characterized by an earlier on-
set of the ontogenetic stages during growth. Their Heberti
stage is on average shorter than in more robust specimens
(20 mm versus 30 mm in diameter). Their Barremense
stage, which is expressed earlier, is also more slender and
determines the earlier onset of smooth interribs. The
simplified ornamental stage also appears earlier in slen-
der forms than in robust forms.
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DIFFERENTIAL DIAGNOSIS: G. alpinum differs from
G. multicostatum in several parameters: (1) the duration
of its ontogenic stages, with a shorter Heberti stage, an
ecarlier Barremense stage with the appearance of the
smooth interribs from 15-30 mm diameter (D=30-40
mm for G. multicostatum), and a relatively early onset of
the Simplified ornamental stage (average of 170 mm ver-
sus 200 mm in diameter for G. multicostatum); (2) more
numerous intermediate ribs and smooth interribs, which
are usually quite rare in G. multicostatum; (3) the spiral
gap can reach a higher maximum value in G. alpinum;
and (4) a break in growth in the early adult stage , never
observed in G. multicostatum.

G. alpinum shows a Heberti stage close to that of G.
quelquejeui, but its Barremense stage is longer (about
170 mm versus 100 mm diameter) and morphologically
different (more robust with larger tubercles and less
smooth interribs). There are two additional stages in G.
quelquejeui, never present in G. alpinum: the Irregular
and the Camereiceras stages. Finally, the growth in whorl
height is greater in G. quelquejeui with no break.

Differences between G. alpinum and G. enayi Bert et
al., 2006 and G. coulletae Bert et al. 2006 are even
greater, since they show a more compressed whorl sec-
tion correlated with a shorter and slender Barremense
stage, and the presence of the Camereiceras stage on a
large part of the shell.

The spiral whorls of G. hoheneggeri are quite close
to that of G. alpinum, but the former taxon has generally
more interribs. G. hoheneggeri has in addition no Sim-
plified ornamental stage, since the smooth interribs are
present on the shaft until the Adult late stage (= Irregu-
lar stage). Finally, G. alpinum never shows tripartite
coiling.

Gassendiceras multicostatum (Sarkar, 1955)
(Plates 9 to 11)

1955. Emericiceras barremense multicostata nov.;
Sarkar, p. 85, pl. 6, fig. 3.
2007. Barrancyloceras companyi sp. nov.; Vermeulen
and Lazarin, pp. 3740, pl. 1, figs 1-2.
v pars 2007. Barrancyloceras alpinum (d’Orbigny, 1850); Ver-
meulen and Lazarin, pp. 4043, pl. 2, fig. 2, non
fig. 1.

LECTOTYPE: L.LD.UJFID-111 (here designated —PL. 10,
Fig. 4a-b) is the only specimen illustrated by Sarkar
(1955) in his original description, housed in the Institut
Dolomieu in Grenoble, France.

TYPE LOCALITY: Not indicated in the original desig-

nation but the label associated with the lectotype says Tri-
gance in the Haut-Var, southeastern France.

TYPE HORIZON: Not indicated in the original desig-
nation, but G. multicostatum was collected in bed 69-2
(Text-fig. 8) in the cross-section SO (Text-fig. 2) near the

type locality.

GEOGRAPHIC DISTRIBUTION: G. multicostatum is
known in southeastern France, in both basinal and dis-
tal platform areas, and probably in Morocco (unpub-
lished data).

STRATIGRAPHIC DISTRIBUTION: All of the speci-
mens from the Vocontian Basin come from beds imme-
diately below the Alpinum Horizon. These levels are lo-
cated at the top of the Vandenheckei Subzone
(Vandenheckei Zone) of the Upper Barremian.

DIAGNOSIS: Large adult size (D about 350 mm), shell
crioconic, slightly uncoiled. Ornamentation always well
marked, with few smooth interribs. Four successive on-
togenic stages recognized during growth: (1) the Heberti
stage mostly in inner whorls; (2) the Barremense stage
starts at onset of smooth interribs from D=30-40 mm on
average; (3) the Simplified ornamental stage from about
200 mm diameter; and (4) the Adult late stage at end of
growth with strengthened and raised ribs. Suture line of
ancyloceratic type.

MATERIAL STUDIED (n=24): All the specimens are
from southeastern France (Alpes-de-Haute-Provence,
Var, and Alpes-Maritimes); 10 from the edges of the plat-
form, and 13 from the more distal zone of the Vocontian
Basin. See Appendix 1 for locality details and Appendix
2b for measurements.

DESCRIPTION: G.P.A.AZ32 reaches a diameter of
300 mm without having a complete development. The
adult body-chamber of specimen UH starts at about
250 mm diameter, suggesting an adult diameter of ap-
proximately D=350 mm, with a body chamber of about
a little more than half a whorl. The shell is criocone,
weakly uncoiled, sometimes even with sub-joined
whorls (or just joined in the inner whorls). The spiral
gap h is highly variable depending on specimens (Ap-
pendix 4a); this parameter increases rapidly with
growth, but remains below 7 mm maximum for
75<D<150 mm (average relative umbilicus of
U/D=0.45). The growth in height is relatively rapid
(Appendix 4b), with an average relative height of
H/D=0.35. The whorl section is rounded (Text-fig.
14, Appendix 4c¢), it remains much higher than wide
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(W/H=0.89), but it can become sub-circular in some
specimens for 60<D<125 mm. The average curves of
the measured values of H, W and U in relation to the
diameter are always close to isometric (i.e. of Y=bD
type; see Appendix 4b-d). The dispersion parameters
reveal that in all cases the clouds of points are weakly
scattered around the average and are homogeneous.

The coefficients of determination R? are still very high

(>0.9), and the standard deviations (Appendix 2b) are

very low. The coefficients of variation are a bit high for

the thickness measurements (in all are less than 15%)

but it is not surprising because of fewer values of W,

and because of the frequent post-mortem compres-

sion of specimens collected in the basin.

The ornamentation is always well marked, and the to-
tal number of ribs is constant during growth (it varies
from 10 to 15 ribs per half-whorl depending on the spec-
imens — see Appendix 4¢). The number of smooth in-
terribs per half-whorl is still quite small (maximum 7 —
Appendix 4f). Four successive ontogenic stages can be
recognized:

(1) the Heberti stage: the first observations were made
from 13 mm diameter, but it is highly probable that
the umbilicus is largely perforated. The ornamen-
tation becomes more pronounced when approach-
ing the next stage, which appears very gradually.

(2) The Barremense stage starts at the onset of the
smooth interribs at around 30-40 mm diameter on
average. These ribs are generally rare and are not al-
ways present between the main ribs. The number of
smooth interribs varies depending on the specimens
(Appendix 4e), but it increases rapidly from their ap-
pearance to about D=70 mm, decreasing again there-
after. The smooth interribs are generally little marked
in the lower two-thirds of the flanks, and they pass
across the venter without attenuation.

(3) The Simplified ornamental stage: one specimen stud-
ied (G.P.A.AZ32) shows the onset of this stage, but it
is too fragmentary to be measured. Onset at 200 mm
diameter seems likely, based on other specimens in
which this stage is already visible at this diameter. This
stage comprises the end of the phragmocone and
most of the adult body chamber. The ornamentation
becomes uniform compared to the previous stage (the
Barremense stage), and the smooth interribs are rare
or absent. The whorl section is more or less com-
pressed depending on the specimens.

(4) The Adult late stage is only known on the fragmen-
tary specimen G.P.A.AZ45. The ribs are strengthened
and raised, while the tubercles are less dominant. The
peristome is not known.

The suture line has not been studied in its entirety be-
cause of its often poor preservation on the specimens (par-

1cm

Text-fig. 13. Whorl sections of Gassendiceras alpinum (d’Orbigny, 1850). 1:

AZ74 (D=20 mm); 2: AW66 (D=27 mm); 3: AW66 (D=45 mm); 4: AW67

(D=120 mm); 5: RO0833 (lectotype, D=155 mm); 6: AZ41 (D=250 mm);
7: AZ18 (D=350 mm)

tial dissolution), but as in G. alpinum, it looks fairly den-
ticulate and shows a wide and deep trifid lateral lobe.

VARIABILITY: The morphological variability of G.
multicostatum is between two (robust and gracile) end-
members which are both extensively linked with all
possible intermediates, as in G. alpinum. The more slen-
der specimens of G. multicostatum are also slightly more
peramorphic than the more robust specimens (e.g. the
earlier onset of the smooth interribs is from D=30 mm
versus D=40 mm).

DIFFERENTIAL DIAGNOSIS: The relationships and
differences between G. multicostatum and G. alpinum
have already been considered (see above). From G.
quelquejeui the discussed G. multicostatum differs in its
lower growth in whorl height, longer Heberti stage, less
smoother interribs in the Barremense stage, and in the ab-
sence of the Irregular and the Camereiceras stages.

G. multicostatum differs from G. enayi and G. coul-
letae in its less compressed whorl section, a longer Bar-
remense stage, and in the lack of the Irregular and
Camereiceras stages.

G. hoheneggeri contains many more smooth interribs
on the coil unlike G. multicostatum. The Simplified or-
namental stage is here replaced by the Irregular stage. Fi-
nally, G. multicostatum never has tripartite coiling.
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Gassendiceras hoheneggeri (Uhlig, 1883)
(PL 12)

1883. Crioceras hoheneggerinov.; Uhlig, p. 263, pl. 31, pl.

32(?), fig. 2a-b.

non 1889. Ancyloceras hoheneggeri (Uhlig, 1883); Haug, p.
220, pl. 13, fig. 4.

non 1907. Crioceras aft. hoheneggeri Uhlig, 1883; Karakash,
p- 137, pl. 4, fig. 3a-b.

non 1964. Crioceratites (Emericiceras) hoheneggeri (Uhlig,
1883); Thomel, p. 32, pl. 6, fig. 2-3.

LECTOTYPE: The specimen figured by Uhlig (1883,
pl. 31). Researches in the collections of the Natural His-
tory Museum of Vienna (Alexander Lukeneder, pers.
comm.) and in the Bayerische Staatssammlung fiir
Paldontologie und Geologie Lehrstuhl fiir Paldontologie
und Geobiologie of Miinchen (Winfried Werner, pers.
comm.) have failed to find the lectotype of Crioceras ho-
heneggeri or any of the syntypes in the Hohenegger col-
lection, which must be considered lost. Excavations un-
dertaken in the type area (Vasicek, pers. comm.) have so
far failed to find topotypes of C. hoheneggeri, making the
establishment of a neotype imposssible at present.

Moreover, there are some inconsistencies between
the original illustration and the original description: Uh-
lig (1883, p. 263) described an alternation of main
trituberculate ribs and thinner smooth interribs (1-2 by
interval) on the coil of the lectotype, while the original
illustration shows bituberculate main ribs. The whorls
remain in contact late in the original figure, while the
original description suggests that they are slightly dis-
joint. This suggests that the drawing of the specimen
may be slightly idealized. Apart from these few points,
the good overall quality of the figure and of the origi-
nal description, as well as the discovery of a new com-
plete specimen (this work), allow a reasonable under-
standing of this species.

TYPE LOCALITY: Grodischt (now Hradisté) in the
Czech Republic.

TYPE HORIZON: The Hradisté Formation; details unk-
nown.

GEOGRAPHIC DISTRIBUTION: G. hoheneggeri is
known in the Czech Republic, in southeastern France,
and probably in Morocco.

STRATIGRAPHIC DISTRIBUTION: The Hradisté
Formation (Uhlig 1883; Vasicek 2008 with bibliography)
covers a stratigraphic interval ranging from the Lower
Barremian to the Lower Aptian. The specimen from

southeastern France comes from bed 11 of section VA,
which is restricted to the base of the Upper Barremian
(Vandenheckei Zone sensu Bert et al. 2008 — see above).

DIAGNOSIS: Shell tripartite (coil, shaft and hook); size
large to very large (320 mm<D<540 mm). Adult body
chamber comprises shaft and hook. Coil large, quite
tight (about 180 to 200 mm in diameter). Hook low
opened and relatively short. Shell section always
rounded. Ornamentation always well marked. At least
three successive stages during growth: (1) the Bar-
remense stage is on the coil up to about D=150 mm. It
is the first ornamental stage identified (inner whorl un-
known until D=35 mm), with 1-3 smooth interribs be-
tween each main rib; (2) the Irregular stage is at the end
of the coil and occupies the entire shaft; and (3) the
Adult late stage starts from the top of the shaft.

MATERIAL STUDIED (n=1): The specimen (see Ap-
pendix 1) from southeastern France (Alpes-Maritimes).
See Appendix 2¢ for measurements. We classify this
specimen as G. hoheneggeri because its coiling and on-
togenetic sequences are similar to the lectotype (figure
and mostly description).

DESCRIPTION: The specimen studied is adult (maxi-
mum length 319 mm) with a complete tripartite shell
(coil, shaft and hook). The adult body chamber comprises
the entire shaft and the hook. The coil is large propor-
tionally (about 180 to 200 mm in diameter), and the shaft
is short and thickset (P1. 12). The hook is open with a rel-
atively short return. The winding of the coil is usually
fairly tight with a gap (h) between 3 and 5 mm, but up
to 11 mm approaching the shaft. The growth in whorl
height on the coil is rapid (Appendix 2c, H/D>0.30), but
it decreases on the shaft and the hook. The whorl section
is rounded on the coil, sub-circular to oval, much higher
than wide, with convex flanks and a rounded ventral area.
The shell section is very rounded on the shaft.

Text-fig. 14. Whorl sections of Gassendiceras multicostatum (Sarkar, 1955).
1: AW50 (D=50 mm); 2: 28749 (D=70 mm); 3: AW50 (D=90 mm); 4: 1225
(D=130 mm)
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At least three successive stages can be recognized during

growth

(1) the Barremense stage is the first ornamental stage
identified (the Heberti stage is probably present but the
inner whorls are unknown until D=35 mm). There are
one to three (usually two) smooth interribs between
each main trituberculate rib. Bituberculate interme-
diate ribs are very rare.

(2) From D=150 mm, the Irregular stage is not very dif-
ferent at its onset from the previous stage, but the or-
namentation becomes progressively less regular.
The main ribs are weaker than on the coil, and the
strength of the tubercles is more uniform. Interme-
diate ribs can sometimes be more frequent (P1. 12).
The number of smooth interribs decreases from the
previous stage.

(3) The Adult late stage is found only on the hook. The
ribs are spaced; smooth interribs are scarce and dis-
appear completely at the end of hook. Tubercles tend
to disappear completely too, especially late in the
hook. The ventral area of the hook is worn and the or-
namentation cannot be observed.

The suture line could not be studied.

VARIABILITY: It is currently not possible to know the
variability of G. hoheneggeri based on the available ma-
terial, but we consider the main difference (shaft length)
between the studied specimen and the lectotype as in-
traspecific variability.

DIFFERENTIAL DIAGNOSIS: The coiling of G. ho-
heneggeri is very close to that of G. alpinum at an
equivalent diameter, but it has generally more interribs
in the Barremense stage, which is shorter. This differ-
ence in the Barremense stage also applies to G. multi-
costatum, which is still more robust. The Simplified or-
namental stage is replaced with the Irregular stage in
G. hoheneggeri (see fig. 6 in Bert & Bersac 2013). Fi-
nally, G. alpinum and G. multicostatum are never tri-
partite.

G. hoheneggeri, G. rebouleti nov. sp. and G. bosel-
lii nov. sp. share a common tripartite coiling of the shell.
It is, however, best expressed in G. hoheneggeri, which
has a long and straighter shaft compared to the other
species. The main ribs also remain strongly trituberculate
on the shaft. G. hoheneggeri never shows the Camere-
iceras stage present in G. rebouleti nov. sp. and G. bosel-
lii nov. sp.

G. quelquejeui, G. coulletae and G. enayi are en-
tirely crioconic unlike G. aff. hoheneggeri, and their on-
togenetic stages are earlier and leave room for develop-
ment of the Camereiceras stage, which is absent in G.
hoheneggeri.

1cm

Text-fig. 15. Whorl sections of Gassendiceras aff. hoheneggeri (Uhlig, 1883),
un-numbered specimen from the Davoux collection. 1: 133.5 mm; 2: 214 mm

(middle part of the shaft).

Gassendiceras rebouleti nov. sp.
(PL. 13; P1. 14, Fig. 2)

DERIVATION OF NAME: This species is dedicated to
our colleague Stéphane Reboulet, Lecturer at the Uni-
versity of Lyon (France) and a specialist in Lower Cre-
taceous ammonites.

HOLOTYPE: G.P.A.AW43 (coll. Bert — P1. 14, Fig. 2),
which consists of a fragment of shaft and a plaster cast
(made in situ) of the counterpart of the complete coil of
the same specimen.

TYPE LOCALITY: Section G12 (Text-fig. 2) in the Bar-
remian stratotype area (Angles, Alpes-de-Haute-
Provence, France).

TYPE HORIZON: Bed 317b of the type section (G12 —
Text-fig. 6).

GEOGRAPHIC DISTRIBUTION: G. rebouleti nov. sp. is
known in southeastern France and probably in Morocco.

STRATIGRAPHIC DISTRIBUTION: All the specimens
of the Vocontian Basin are from a bed in the middle part
of the Alpinum Subzone, between the Alpinum and
Breistrofferi horizons (top of the Vandenheckei Zone).
This level appears stratigraphically very close to the level
of “small Barremites” (bed 108 of the Majastre section,
Alpes-de-Haute-Provence) recently described and dated
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I cm

Text-fig. 16. Whorl sections of Gassendiceras bosellii nov. sp. 1: AZ27 (D=200
mm); 2: 17252 (D=230 mm on the shaft); 3: 17252 (D=300 mm on the hook)

by Bert (2009a) in hemipelagic / neritic areas of south-
eastern France.

DIAGNOSIS: Shell large, tripartite (coil, shaft and
hook — total height around 350 mm). Adult body cham-
ber includes shaft and hook. Coil large (D about 200
mm), rather disjoint; shaft shorter proportionally. Hook
open and fairly short. Whorl section rounded on coil,
more compressed on shaft. At least four successive
stages recognized during growth: (1) the Barremense
stage (inner whorls unknown until D=55 mm) with
rather numerous smooth interribs between each main
rib; (2) the Irregular stage from 140 mm diameter up to
beginning of shaft; (3) the Camereiceras stage on most
of shaft; and (4) the Late adult stage which starts at top
of shaft.

MATERIAL STUDIED (n=4): All specimens are from
the Vocontian Basin of southeastern France. See Ap-
pendix 1 for locality details and Appendix 2d for meas-
urements.

DESCRIPTION: Specimen M.H.N.N.104 (PL. 13) has
a full adult development showing the tripartition of the
shell into coil, shaft and hook. A second specimen
(G.P.A.AW43, Pl. 14, Fig. 2) shows the coil and the half
shaft. Other specimens are fragments of coil or hook.
The maximum total height of the shell reaches 346 mm
(specimen M.H.N.N.104). The adult body chamber
appears to be the entire shaft and the hook. The coil is
generally quite disjoint with a spiral gap (h) up to 13

mm. The coil is large (up to 200 mm diameter), and the
shaft is short in proportion. The hook is opened and
fairly short. The growth in whorl height is rapid on the
coil, but it becomes quite slow on the shaft and the hook
(Appendix 1 — average relative height of H/D>0.30).
The whorl section is rounded on the coil, much higher
than wide, with convex flanks and a rounded ventral
area. The whorl section tends to be compressed on the
shaft.

The ornamentation is always well marked. At least
four successive stages can be recognized during growth
(see above the definition of recurring stages of orna-
mentation):

(1) The Barremense stage is the first ornamental stage
identified (the Heberti stage is probably present but
the inner whorls are unknown until D=55 mm). There
are fairly numerous smooth interribs between each
main trituberculate rib.

(2) The Irregular stage: there is a transition zone to the
next stage from 140 mm diameter up to the begin-
ning of the shaft.

(3) The Camereiceras stage comprises the majority of
the shaft. The whorl section is compressed by flat-
tening of the flanks that converge towards the ven-
ter; the ornamentation becomes less differentiated.
The specimen M.H.N.N.104 shows pathological
changes of the ornamentation at the top of the shaft.

(4) The Adulte late stage starts at the top of the shaft.
The suture line could not be observed.

VARIABILITY: Insufficient specimens are available for
proper analyis of intraspecific variability. It may be
noted, however, that the number of smooth interribs on
the coil is correlated with the overall strength of the or-
namentation, similarly as observed in G alpinum.

DIFFERENTIAL DIAGNOSIS: G. rebouleti nov. sp.
differs from G. multicostatum and G. alpinum in its tri-
partite shell (coil, shaft and hook), and the much larger
number of smooth interribs. It is distinguished also by a
shorter Barremense stage, the lack of the Simplified or-
namental stage and the new ontogenetic stage, the
Camereiceras stage.

G. rebouleti nov. sp. is relatively close to G. quelque-
Jeui and G. coulletae in the succession of their ontoge-
netic stages, but they appear later here. Finally, the lat-
ter two species do not have tripartite coiling, and the
Camereiceras stage is more individualized.

G. hoheneggeri presents the same tripartite coiling
of the shell, however, it has a lower spiral gap, fewer
smooth interribs, and its main ribs remain tritubercu-
late on the shaft. Moreover, it shows no Camereiceras
stage.
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Gassendiceras bosellii nov. sp.
(PL 14, Fig. 1; PL. 15-16)

DERIVATION OF NAME: Dedicated to Patrick and
Marc Boselli, fossil collectors from Valence (Drome,
France).

HOLOTYPE: G.P.A.AZ27 (Bert collection — PIL. 15,
Fig. la-b).

TYPE LOCALITY: Section G12 (Text-fig. 2).

TYPE HORIZON: Bed 318a of section G12 (Text-
fig. 6).

GEOGRAPHIC DISTRIBUTION: G. bosellii nov. sp. is
known in southeastern France, in both basinal and dis-
tal platform areas, and in Morocco (unpublished data).

STRATIGRAPHIC DISTRIBUTION: All the speci-
mens of the Vocontian Basin are from a bed in the mid-
dle Alpinum Subzone, between the Alpinum and
Breistrofferi horizons (top of the Vandenheckei Zone).
This level is located immediately above the bed that
yielded G. rebouleti nov. sp. (see above).

DIAGNOSIS: Adult shell large, tripartite (coil, shaft
and hook) (maximum height of about 300 mm). Coil
large, (D about 190 mm), can be quite disjoint; shaft
and hook rather short in proportion. Whorl section
very rounded on most of coil and hook, but more com-
pressed on end of coil and shaft. At least five succes-
sive stages can be recognized during growth: (1) the
Heberti stage in innermost whorls; (2) the Barremense
stage starts at about D=25 mm with numerous fairly
systematic smooth interribs; (3) the Irregular stage
from D=130 mm up to end of coil; (4) the Camereiceras
stage on entire shaft; and (5) the Adult late stage begins
at start of hook.

MATERIAL STUDIED (n=5): All the specimens are
from southeastern France (Alpes-de-Haute-Provence,
Alpes-Maritimes); two from the edges of platform, and
three from more distal zone of the Vocontian Basin. See
Appendix 1 for locality details and Appendix 2e for
measurement.

DESCRIPTION: Specimen M.H.N.N.17252 (Pl. 16)
has a tripartite full adult development (coil, shaft and
hook) to a maximum height of 300 mm. G.P.A.AZ27 (PL
15, Fig. 1) is a portion of the coil with the beginning of
the shaft; specimen. G.P.A.AWS53 is a complete coil;
G.P.A.AW41 (PL 14, Fig. 1) is a fragment with a portion

of the coil and the beginning of the shaft; and

G.P.A.AZ36 is a fragment of coil. The coil is large

(around 190 mm in diameter) and usually quite disjoint

(5 mm<h<10 mm). The shaft and the hook are quite short

in proportion. The growth in whorl height is rapid on the

coil, but it is reduced on the shaft and the hook (Appen-

dix 2e —relative height average of H/D>0.32). The whorl

section is rounded on most of the coil and the hook, but

it tends to become compressed at the end of the coil and
on the shaft (Text-fig. 16). Five successive stages can be
recognized during growth:

(1) The Heberti stage: the inner whorls are known only
in G.P.A. AW41.

(2) The Barremense stage starts at about 25 mm diame-
ter. It has strongly trituberculate main ribs and rela-
tively constant smooth interribs. G.P.A.AW41 lo-
cally shows fairly long spines when the next spiral
whorl comes off to form the shaft.

(3) The Irregular stage is from about 130 mm diameter
up to the end of the coil. The ornamentation be-
comes gradually less regular, and the tubercles lose
their strength (except in G.P.A.AW41, which is sig-
nificantly more robust than the others at this stage).

(4) The Camereiceras stage comprises the entire shaft.
The ornamentation consists of ribs that are little dif-
ferentiated: periumbilical tubercles gradually disap-
pear and the lateral tubercles weaken considerably.
The peri-ventral tubercles are connected by broad and
blunt ribs and flank the almost flat venter.

(5) The Adult late stage begins early in the hook. The ribs
are spaced and much strengthened. Near the peris-
tome the ribs are approximated, raised and almost
smooth.

The suture line is poorly preserved and could not be
studied.

VARIABILITY: Insufficient specimens are available for
proper analyis of intraspecific variability. However, it
may be noted that the number of smooth interribs on the
coil is correlated with the overall strength of the orna-
mentation and the thickness of the whorl section (com-
pare the slender specimen. G.P.A.AZ27, Pl 15, Fig. 1 ver-
sus the robust specimen G.P.A.AW41, Pl 14, Fig. 1), as
for G. rebouleti nov. sp.

DIFFERENTIAL DIAGNOSIS: G. bosellii nov. sp. is
really close to G. rebouleti nov. sp. in its tripartite shell
(a bit more coiled) and in the succession of its ontogenic
stages. These stages may differ somewhat, first in their
earlier appearence in G. bosellii nov. sp., and also in the
Camereiceras stage, which starts at the beginning of the
shaft and has a more uniform ornamentation than in G.
rebouleti nov. sp.
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G. bosellii nov. sp. and G. hoheneggeri have in com-
mon the tripartite coiling of the shell, but it is less well
expressed in G. bosellii nov. sp. (shorter and curved
shaft). G. hoheneggeri never shows the Camereiceras
stage and its main ribs remain strongly trituberculate on
the shaft.

G. quelquejeui and G. coulletae are also close to G.
bosellii nov. sp. in the succession of their ontogenetic
stages, but in G. bosellii nov. sp. the Barremense stage
is shorter. G. quelquejeui and G. coulletae are never tri-
partite.

G. bosellii nov. sp. differs from G. multicostatum and
G. alpinum in its tripartite shell, the much larger number
of smooth interribs in the Barremense stage (which is
also shorter), the absence of the Simplified ornamenta-
tion stage and in the additional presence of the Camere-
iceras stage.

VARIABILITY PATTERNS AND PROCESSES OF
GASSENDICERAS

The study of Gassendiceras species show that the
variability of shell size parameters and of the orna-
mentation is quite large, and always in the same way.
The specimens with stouter cross-section (more ro-
bust) can have less tuberculate main ribs and espe-
cially smooth interribs, than the more compressed spec-
imens (more slender). In general, the specimens with
the smoother interribs are the most slender. This con-
tinuous variability allows to define a polymorphism
framed by two robust and slender extremes both ex-
tensively connected by all possible intermediates. This
type of variability looks to correspond to the ‘laws’ of
covariation of Westermann (1966), based on Buck-
man’s study (1892 in his work of 1887-1907) on the
Sonninnidae (early Bajocian). The variability between
robust and gracile morphologies is associated with a
slight alteration of the ontogenetic sequence of the het-
erochrony type for each species of Gassendiceras
where it was observed. These processes have long been
known in the context of ontogeny / phylogeny rela-
tionships, but they can also be used as descriptors of in-
traspecific morphological variations. This is particularly
true for accretionary building organisms such as am-
monites (Dommergues et al. 1986; Meister 1989;
Courville and Cronier 2003), which present all their
growth stages on the same individual. In
Gassendiceras, species in which ontogenetic stages
appear earlier (peramorphic individuals) are of more
gracile morphology, while those in which ontogenetic
stages appear later (pacdomorphic individuals) are of
robust morphology.

Within each species of Gassendiceras, general coil-
ing of the shell may also be highly variable due to the
elasticity of the spiral gap (h). This variation can affect
the same individual during its growth, or reflect a gen-
eral trend in some specimens.

It is currently not possible, in the present state of
knowledge and based on the material studied in this
work, to report a sexual dimorphism as recognized for
many ammonite groups (see Delanoy 1990, 1995 and
Bert et al. 2006 for examples in the Hemihoplitidae).

TAXONOMIC DISCUSSION
Note on the genus Toxancyloceras Delanoy, 2003

The coil of some robust Toxancyloceras of the T. van-
denheckei group may resemble some Gassendiceras
coils from a strictly ornamental point of view, especially
when there are many smooth interribs. This resemblance
is, however, pure morphological convergence with no
phyletic link (work in progress). In Toxancyloceras the
uncoiling is more pronounced (spiral gap h higher), the
growth in whorl height is lower, the coil is smaller in size,
and smooth interribs are still more numerous. The shaft
of Toxancyloceras is also more slender, straight and
longer in proportion than in the few tripartite
Gassendiceras species, and the hook is longer in 7ox-
ancyloceras. Lastly, the whorl section of the shell is
more oval and commonly compressed in Toxancylo-
ceras.

Note about the name of 7. vandenheckei: the origi-
nal spelling (Astier 1851) of this species is Vanden-
Heckii. According to the Z.C.Z.N article 32.5.2.3, this
name has to be corrected into vandenheckii. But this
species was dedicated to the Abbot Vanden-Hecke
(Astier 1851, p. 452), so the name of the species should
be vandenheckei. The terminal -ii is incorrect and cor-
responds probably to an inadvertant error (lapsus
calami). The name therefore has to be corrected to van-
denheckei wherever it appears (I.C.Z.N article 32.5.1).

Species previously classified as Gassendiceratinae

Several species have been classified as Gassendicer-
atinae in the recent taxonomic inventory conducted by
Klein et al. (2007), but some of them belong to other
families / taxa.

Immel (1978) compared Emericiceras maghrebien-
sis (Immel, 1978) to boreal species close to forms being
classified as Fissicostaticeras Kakabadze and Hoede-
maceker, 2010. E. maghrebiensis was then included in the
genus Barrancyloceras by Klein et al. (2007) and by
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Company et al. (2008), who regard this species as an an-
cestral representative of the Hemihoplitidae. However,
according to Vermeulen (note 198, p. 225 in Klein ef al.
2007), the type specimen of the Moroccan taxon maghre-
biensis s. str. (sensu Immel non Company ef al.) is a
Lower Barremian Emericiceras unrelated to the Hemi-
hoplitidae.

Crioceras klipsteini Uhlig, 1887 is only known from
its original figure, and its type specimen appears to be
lost. This species has been placed in the genus Barran-
cyloceras (see Klein et al. 2007). The whorl height and
ornamentation of Uhlig’s holotype (1887, pl. 3, fig. 3)
differ from those of the Hemihoplitidae, and this species
must therefore be excluded from the Gassendiceratinae.
C. klipsteini could possibly be placed in the genus 7ox-
ancyloceras because of its characters. However, the
fragmentary preservation of Uhlig’s holotype and its
unusual ornament (teratological?) led us to interpret this
species as a nomen dubium.

Crioceras parolinianum Rodighiero, 1919 has al-
ways been considered close to the Hemihoplitidae of the
“Crioceras barremense” group (nomen dubium, see Bert
et al. 2010) since it was introduced. It was therefore
placed tentatively in the genus Barrancyloceras by Klein
et al. (2007). 1t is clear that the several authors (Sarkar
1955; Dimitrova 1967; Riccardi and Aguirre-Urreta
1989; Klein et al. 2007) saw this species as Barremian,
while Rodighiero made it clear that the type specimen
came from the Asiago Biancone (Val Frenzel, Padua in
western Veneto region, northern Italy), which is a
Valanginian—Hauterivian formation (Rodighiero 1919, p.
44-45). Moreover, the morphological characters of C.
parolinianum resemble instead those of certain
pseudothurmanniids (sensu lato) from the uppermost
Hauterivian, such as Sornayites lardyi (Ooster, 1860),
with which it may be possibly synonymous.

The taxon Ammonites steinmani Batsevich, 1873
was figured for the first time by Simonovitch et al.
(1875, pl. 2, fig. A). Since then, Rouchadze (1933),
Kakabadze (1977, 1981) and Kotetishvili et al. (2005)
have confirmed its early Aptian age. A. steinmani was
more recently placed in the Barremian Gassendicerati-
nae (Hemihoplitidae) by Klein ez al. (2007), probably be-
cause of its ornamental features (alternation of trituber-
culate main ribs with smooth interribs). This style of
ornament is, however, not restricted to the Hemihopliti-
dae (see Bert et al. 2010), and the taxon A. steinmani also
has strong affinities with the inner whorls of other Lower
Aptian groups such as Proaustraliceras Kakabadze,
1977, to which it may possibly belong.

Crioceras hammatoptychum Uhlig, 1883 was also
classified in the genus Barrancyloceras by Klein et al.
(2007). Its fragmentary lectotype comes from Tyrol (Uh-

lig 1883, pl. 30, fig. 1; Vasicek 1979, text-fig. 3, pl. 1, fig.
la—b), but without any precise stratigraphic location it is
difficult to decide on the classification of this form of
which the ornamentation is reminiscent of some Upper
Barremian Gassendiceratinae. The relatively frequent
smooth interribs associated with the special aspect of the
whorl section are characters known in the genus
Gassendiceras.

Some of the specimens from the Barremian of Bir
Lagamas (Sinai, Egypt) that Douvillé (1916) attributed
to Crioceras (Acanthodiscus) hammatoptychum (espe-
cially EM1856 and perhaps also EM1853), appear at first
sight morphologically quite close to the specimens fig-
ured by Uhlig (1883). The Egyptian material, preserved
in the collections of the Ecole des Mines de Paris (de-
posited at the Lyon Faculty of Sciences, France), has
been reexamined. This has shown that the flanks of the
largest specimen converge towards the venter, which
gives the whorl section the aspect of the Camereiceras
stage, and the peri-umilical and lateral tubercles disap-
pear earlier than on Uhlig’s lectotype. These characters
suggest that these Sinai specimens could belong instead
to the genus Pseudoshasticrioceras.

CONCLUDING REMARKS

Bed-by-bed sampling of several Upper Barremian
sections in different depositional settings (both pelagic
basin and distal platform) of southeastern France brought
together a large number of ammonites of the genus
Gassendiceras, particularly its poorly known species
(G. alpinum, G. multicostatum, G. hoheneggeri) and
those species whose representatives have sometimes
been erroneously attributed to other taxa. Two new
species are described (G. rebouleti nov. sp., G. bosellii
nov. sp.). The abundance of Gassendiceras alpinum in
the sections studied emphasizes its status as the index
species for the Alpinum Horizon and the Alpinum Sub-
zone in the upper part of the Vandenheckei Zone.

A palaeobiological approach with analysis of the
ontogenetic stages of the species of Gassendiceras en-
abled the recognition of characters of strictly intraspecific
variability. This variability occurs under the ‘laws’ of co-
variation theorized by Westermann (1966) and hete-
rochronies of development. The intraspecific variability
in Gassendiceras takes place between gracile peramor-
phic and robust pacdomorphic extreme morphologies,
with the presence of all intermediates. The evolutionary
and phyletic relationships of the species under discussion
tested by cladistics, as well as the influence of environ-
ment on their evolution, have been documented by Bert
and Bersac (2013).
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Appendix 1.
List of the material

Gassendiceras alpinum (d’Orbigny, 1850), list of the
specimens (n=77): the specimens No. R00833a (ex.
No. 5406) from Angles, A. d’Orbigny’ coll. (lectotype
— M.N.H.N); 1279 from Barréme, Petitclerc’s coll.
(UPM.C); ID 161 et ID 162 from Méouille (I.D);
G15-309b-01 and G15-309b-02 (G15/309b) C. Bau-
douin’s coll. (G.P.A); LE 271 from Angles, L. Ebbo’s
coll. (a cast is in the D. Bert’s collection under No.
AZ19); Barr-11 from Angles, R. Quelquejeu’s coll.
(St. André les Alpes); FOO1 and an unumbered speci-
men of the E. Pénagé’s collection (VIG2/266) (C.E.M);
CEM 2 (VIG2/266), G. Agostini’s coll. (C.E.M); UH
(SO/69-2), L. Canut’s coll. (G.PA); No. TAI63,
TAI183, TAI184, TAI186, TAI190, TAI194 (TAI/99)
and VLS005 (VA/11), S. Bersac’s coll. (G.P.A); No.
1226 (A’/151-2), 28735 (A’/151-2) and 28734
(VIG2/266), G. Delanoy’s coll. (G.P.A); No. AP46
(TF/15), AT36 (A’/151-2), AW44 (VA/11), AWS57
(G12/309b), AWSS8 (GRY/859¢), AWS9 (LAC/209D),
AW60 (A’/151-2), AW62 (VIG2/267), AW63
(G12/309b), AW64 (G15/309b), AW6S (A’/151-2),
AW66 (GRY/859c), AW67 (G15/309b), AW6S
(A’/151-2), AW69 (LAC/209), AW70 (LAC/209D),
AW71 (G12/309b), AW72 (LAC/209¢c), AW74
(G15/309b), AW75 (A’/151-2), AWS81 (G15/309D),
AWS82 (G15/309b), AWS89 (G15/309b), AXI10
(G12/309b), AX13 (G12/309b), AX17 (G12/309b),
AX35 (LAC/209), AX36 (G12/309b), AY04
(G12/309b), AY05 (A’/151-2), AY10 (G12/309b),
AY39 (G12/309b), AY40 (A/151-2), AY67 (GRY/859),
AZ18 (VIG2/266), AZ21 (VIG2/266), AZ22
(LAC/209¢), AZ23 (G12/309b), AZ24 (G12/309D),
AZ25 (G12309b), AZ37 (SA/25), AZ38 (RS/8), AZ39
(G15/309b), AZ40 (G15/309b), AZ41 (G15/309b),
AZ42 (G15/309b), AZ43 (G15/309b), AZ44
(G15/309b), AZ45 (RS/8), AZ46 (G15/309b), AZ4Ta-
b (G15/309b) and AZ48 (G12/309b) D. Bert’s collec-
tion (G.PA); an unnumbered specimen from Rougon,

P. Cotillon’s collection (F.S.L); an unnumbered speci-
men from Moriez, P. Coullet’s collection (Barréme);
and an unnumbered specimen from Moriez, L. Maurel’s
collection (Town-hall of Barréme).

Gassendiceras multicostatum (Sarkar, 1955), list of
the specimens (n=24): the specimen No. UJE.ID-111
(lectotype) from Trigance (1.D); the specimens No. UJ
(SO/69-2), GJ (SO/69-2) L. Canut’s coll. (G.PA);
TAI105 (TAI/99), TAI118 (TAI/99), TAI185 (TAI/99) S.
Bersac’s coll. (G.PA); 136 (VA/11), 140 (VA/11), 1225
(A’/151-1), 28749 (TA1/99) G. Delanoy’s coll. (G.P.A);
AZ28 (A’/149-3), AW52 (A’/149-4), AW49 (A’/151-1),
AZ26 (A’/151-1b), AZ30 (G12/308b), AX34
(G12/308a), AW45 (A’/151-1), AW48 (A’/151-1),
AWS50 (A’/150), AZ31 (SO/69-2),AZ32 (G5/99), AZ44
(G12/308a) D. Bert’s coll. (G.PA); the fragment No.
R00833b (ex. No. 5406) from Angles, A. d’Orbigny col-
lection (M.N.H.N); and an unumbered specimen from
Beynes, P. Cotillon’s collection (F.S.L).

Gassendiceras hoheneggeri (Uhlig, 1883), list of the
specimens (n=1): an unnumbered specimen (VA/11), J.
Davoux’ collection (Nice).

Gassendiceras rebouleti nov. sp., list of the specimens
(n=4): No. AW43 (G12/317b - holotype), AZ33
(G12/317b) and AZ34 (G12/317b) D. Bert’s coll.
(G.PA); and the No. 104 (VIG2/?), G. Thomel’s col-
lection (this specimen cannot be found in the collections
of the Natural History Museum of Nice and it is con-
sidered lost).

Gassendiceras bosellii nov. sp., list of the specimens
(n=5): No. AW41 (LAC/215 0r217),AZ27 (G12/318a
- holotype) and AZ36 (G12/318a), D. Bert’s coll.
(G.PA); No. 17252 (VA/11), G. Delanoy’s coll. (G.PA),
and AWS53 (TF/15), D. Bert’s coll. (G.PA).
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No.

G.PA.AZ18

sp. Maurel’s coll.

G.PA.AZ21

G.P.A.AZ4A1

G15-309b-01

M.N.H.N.5406
(Lectotype)

LE 271

28735
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D H W U

364 97 707 184
287 86.3 562 146.7
2485 78 - 1262
162 482 - 77

1285 385 - 595
1005 28 - 47.7
786 234 - 383
62 208 - 322
447 142 - 234
315 89.1 77.7 162
212 632 - 114
281 75.4 553 1475
249 696 - 127
198 57 - 102
250 781 - 120
204 664 - 1034
176 58 - 8638
70 22 - 35

165 59 435 68.8
129.3 47.6 414 543
982 37 317 42

785 296 - 328
576 19.3 - 26.2
462 164 - 21

362 12 - 18

156 51 48 65

130 45 - 60

156 509 - 71

1285 445 41 56

1027 349 34 46.7
796 282 25 35
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50.3 17.9 - 224
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No.

28735

1226

G.P.A.AZ39

G.P.A.AZ37

G15-309b-02

F001

G.P.A.AZ42

G.P.A.AWG64

D

H

30.6 114

18.9

141
112.4
90.8
70.6
56.2
47.6

140.7
112.6
87.2
70.3
52.7
42.2
33.8

133.9
104.4
85.9

129.1
103.1
80.3
63.9
49.6
39.7
31.5
25.8

127.4
113.6
89.1
69
56.6

127
78.5
52.8
33.2

123.4
93.6
75.1
57.5
471
35.1
29.6

5.6

45.2
38.7
31.3
22.6
18.2
151

46.6
39.1
31.8
25.4
18.3
15
1.5

45.2
39.4
29.4

38
33.5
26.8

21
16.5
12.6

9.8

7.8

36.2
291
24.6
19.6

46
25.4
19
11.8

44.8
34.7
28
21.2
16.6
12.3
9.3

W

41.8
35.4
28.6
21.2

45.8
36.3
29.9

32
27
20.5
15

u

14.6
10

64.9
50.9
41.7
33.6
25
21.8

62.6
49.3
39.6
29.9
24.2
18.5
15.9

57
434
37.7

61.7
48.2
37
29.9
23.2
201
15.6
13.2

51.9
48.6
32
24

59.1
33.4
22.5
15.2

53.1
40.9
32.5
24
20.5
16.2
15

H/D
0,37
0,30

0,32
0,34
0,35
0,32
0,33
0,32

0,33
0,35
0,36
0,36
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0,36
0,34

0,34
0,38
0,34
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0,32
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0,32
0,31
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0,36
0,35
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0,36
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0,36
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0,31
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?
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0,55
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[ T T S S S, S
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No.

G.PA. AZ22

UH

G.PA.AY10

G.PA. AZ38

G.P.A. AWT1

G.P.A. VLS 005

sp.
Pénagé’s coll.

CEM 2

G.PA. AX17

G.P.A.AWG8

D

47.8
36.3
30.8

93.2
721
57.5
42.8
34.5

921
74.7

921
72.2
56.1
42.2
33.1

90.7
731
56.3
44.4
34.5
28.4
23
19

88
39.1

86.8

66.8

57.2
43
39

86
62.6
50.6
38.9
31.5

83.4
60
47.6

82.4
61.5

H

15.7
1.5
10

32.9
25.2
19.9
13.6
1.2

33.2
291

32.9
26.8
20.7
151
11.8

31
26
20.6
15.8
1.4
9.8
7.4

30.8
12.7

29.7
21.9
17.4
151
12.7

28.3
21
171
13.3
10.6

30.6
22
15

27
21.8

W

29.6

25.6
22.5

30.6
141

23.3
18.3
16
13.6
9.9

20
16.2
12.2

24.4
19

u

22.9
17.9
15.6

40.7
31.4
271
22.5
19.6

37.3
29

39.1
29.5
23.8
18.6
15.4

39.2
31.1
24.6
19.8
15.5
13.5
1.5
9.5

38
17.5

40.7
30.7
25.7
19
18.7

40.4
28.3
23
18.3
15.9

37
26.5
23.7

38.3
28.2

S
DIDIER BERT ET AL.
HD W/D UD WH
0,33 ? 0,48 ?
0,32 0,49 ?
0,32 0,51
0,35 0,32 0,44 0,90
0,35 ? 0,44 ?
0,35 ? 0,47 ?
0,32 ? 0,53 ?
0,33 ? 0,57 ?
0,36 0,28 041 0,77
0,39 0,30 0,39 0,77
0,36 - 0,42 -
0,37 - 0,41 -
0,37 - 0,42 -
0,36 - 0,44 -
0,36 - 0,47 -
0,34 ? 0,43 ?
0,36 ? 0,43 ?
0,37 0,34 0,44 0,92
0,36 ? 0,45 ?
0,33 ? 0,45 ?
0,35 ? 0,48 ?
0,32 ? 0,50 ?
0,32 ? 0,50 ?
0,35 0,35 0,43 0,99
0,33 0,36 0,45 1,11
0,34 0,27 0,47 0,79
0,33 0,27 0,46 0,84
0,30 0,28 0,45 0,92
0,35 0,32 0,44 0,90
0,33 0,25 0,48 0,78
0,33 ? 0,47 ?
0,34 0,32 045 0,95
0,34 0,32 0,46 0,95
0,34 0,31 047 0,92
0,34 ? 0,51 ?
0,37 0,44
0,37 ? 0,44 ?
0,32 ? 0,40 ?
0,33 0,30 0,47 0,90
036 031 046 0.87

UH
1,46
1,56
1,56

1,24
1,25
1,36
1,65
1,75

1,12
1,00

1,19
1,10
1,15
1,23
1,31

1,27
1,20
1,19
1,256
1,36
1,38
1,55
1,58

1,23
1,38

1,37
1,40
1,48
1,26
1,47

1,43
1,35
1,35
1,38
1,50

1,21
1,21
1,58

1,42
1.29
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1.3
1.1

3.1
3.1
22

2.5
1.8
1.5
0.9

3.8
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0.5
0.3

0.2

2.2
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2.7
1.6

Nt Nt/2 Nit Nit/2

25
27
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15
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21
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27
31
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19
16
19
35
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18
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26
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No.

G.P.A.AWG8

G.P.A. AW60

G.P.A. AW57

1.D.161

sp. Coullet’s coll.

G.PA. AWT72

G.P.A. AW81

G.P.A. AW62

G.P.A. TAI 183

G.P.A. AX10

G.P.A. AW6G6

G.P.A. TAI 190

G.P.A. AW58

G.P.A. AW6G5

N
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D

52.8
38.5
33.4
255

80.6
471

76.7
59.9
47
35.9
29.2
22.6
19.8

711
28

68.8
27.4

68.4
68.4
53.8
41.5
33.3
26.8

63.8

55.7
45.6

55
46.4

54.2

41

32.6

52.5

51.7

39.7

H

17.3
13
1
8.4

28.6
16.3

259
21
16.4
11.6
9.4
7.5
5.9

26.2
10.3

223
9.6

245

24.8

19.7

14.5

11.8

20.8

18.5
16.9

19.4
15

21

15.1

11.8

17

19.5

14

W

16
1.5
9.5

13.9

254

151

13
11.6

19.9

20.1
18.6

10
7.8

20.8
17.9

14
12.7

18.6

15

u

24.5

17.9
16

12.3

35.7
20.6

34.4
26.9
21.8
16.6
14.3
12.4
10

29.4
12.4

32.8
13.8

30.6

30.5

23.7

18.5

15.6

12.7

29.3

23.6
19.6

251
22

20.6

17

14.2

241

23.9

16.7

H/D
0,33
0,34
0,33
0,33

0,36
0,35

0,34
0,35
0,35
0,32
0,32
0,33
0,30

0,37
0,37

0,32
0,35

0,36
0,36
0,37
0,35
0,35
0,30

0,33

0,33
0,37

0,35
0,32

0,39
0,37
0,36
0,32

0,38

0,35

W/D

0,30

0,30

0,28
?

0,30

0,33

0,25

0,28
0,32

0,29

0,29
0,35

0,30
0,29

0,37
0,39

0,34
0,39

0,35

0,38

u/D
0,46
0,47
0,48
0,48

0,44
0,44

0,45
0,45
0,46
0,46
0,49
0,55
0,51

0,41
0,44

0,48
0,50

0,45
0,45
0,44
0,45
0,47
0,47

0,46

0,42
0,43

0,46
0,47

0,38
0,42
0,44
0,46

0,46

0,42

W/H
0,93
0,89

0,86
?

0,85

0,98

0,72

0,79
1,00

0,85

0,81
0,94

0,85
0,98

1,12
1,06

0,93
1,08

1,09

1,07

UH
1,42
1,38
1,45
1,46

1,25
1,26

1,33
1,28
1,33
143,10
1,52
1,65
1,70

1,12
1,20

1,47
1,44

1,25

1,23
1,20
1,28
1,32
1,59

1,41

1,28
1,16

1,29
1,47

0,98
1,13
1,20

1,42

h

2.4
1
0.5
0.3

1.7

3.3
29
1.6
1.5

0.7

4.2

3.2

1.3
0.7
0.1
0.1

1.5

0.8
0.3
0.1

0.5

Nt Nt/2

22
29
35
42

21
21
22
26
32
32

30

26

23
29
37

23
28

23
27

8

10
14
18

10
11
11
10
11
16
21

10
13

10
12

1
1"
14

1
1"

10
10
13

10

Nit Nit/2 Ni
6 6 16
2 2 9
0 o0 6
0 o0 2
1 0 5
2 0 3
4 1 2
4 2 1
3 3 0
2 2 0
-0 -
-0 -
0 o 1
-2 -
1 1 0
-0 -
1 0 9
1 1 5
0 o 6
- -
- -
-2 -
0o 0 15
o o M
7 2 2
5 3 2
- 5 0
/0 /
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N O N
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90°
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90°
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No.

G.PA. AW74

G.P.A. AX35

G.P.A. AX13

Mean
Standard deviation

D
31.8
25.5
21.2
16.8
14.7

31.6

25

coefficients of variation

H
10.8
8.5
6.6
5.6
4.2

9.3

W

u
15.2

12
10.6
8.6
8.1

15.5

12.6

H/D
0,34
0,33
0,31
0,33
0,29

0,29

0,32

0,34
0,03

S
DIDIER BERT ET AL.
w/mD UD W/H
? 0,48 ?
? 0,47 ?
? 0,50 ?
? 0,51 ?
? 0,55 ?
? 0,49 ?
? 0,50 ?
0,31 0,47 0,89
0,04 0,04 0,10

7,45 13,68 8,47

11,39

UH
1,41
1,41
1,61
1,54
1,93

1,67

1,58

1,40

0,20
14,32

0.2
0.1
0.1
0.1
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Appendix 2b. Table of measurements for Gassendiceras multicostatum (Sarkar, 1955)

No. D H W U HD WD UD WH UH h Nt Ny2 Nit N2 Ni Ni2 o
265 94 77.4 1136 0,35 029 043 082 121 2 - - - - - -
G 123,8 454 359 50,3 0,37 0,29 041 079 111 2 - 12 - 0 - 0 335°
140,8 46,2 36,5 67,3 0,33 0,26 048 079 146 6 23 13 0 0 3 0
107 36,4 32,1 51,5 0,34 0,30 048 088 141 3 20 11 0 0 6 2 90°
82,1 294 26,7 41,5 0,36 033 051 091 1412519 10 0 0 9 3 90°
1225 70,8 225 21 345 032 030 049 093 15327 19 9 0 0 12 7 90°
586 202 - 272 034 - 046 - 1351619 9 0 0 8 7 90°
465 143 - 219 031 - 047 - 153 - 21 10 0 0 6 5 90°
132,2 481 - 547 036 - 041 - 11439 - - - - - -
uJ 105 39,8 31,3 46,3 0,38 0,30 044 0,79 116 - - - - - - - 90
789 29 21 337 037 027 043 072 116 - - - - - - - 90°
1254 42 40,5 56,5 0,33 032 045 096 13553 25 13 0 0 0 0
102,7 38,2 349 46,5 037 034 045 091 122 4 24 12 0 0 1 0 90°
78,8 287 26,5 35 036 034 044 092 122 17 24 12 0 0 2 0 90°
28749 627 215 - 285 034 - 045 - 1331326 12 0 0 2 1 90°
48 16 - 225 033 - 047 - 1411128 12 0 0 2 2 90°
38 136 - 188 036 - 049 - 138 - - 14 - 0 - 1 90°
124,9 43,4 437 555 0,35 0,35 044 1,01 128 4 23 13 0 0 0
99,4 346 364 432 035 037 043 1,05 125 26 22 12 0 0 0 90°
136 78,7 26,8 31,8 343 034 040 044 119 128 17 - 10 - 0 - 0 90°
59 222 24 252 038 041 043 1,08 1,44 07 - 10 - - - - 90°
51 185 - 204 036 - 040 - 1140 - - - - - - - 90
1111 368 - 494 033 - 044 - 1346522 11 1 1 8 5
88,7 30,4 244 39,8 034 028 045 0,80 13166 22 10 1 1 9 4 90°
67 236 17,5 29,7 035 026 044 074 126 37 25 11 0 0 6 4 90°
A48 51,9 188 157 23 0,36 030 044 084 12216 26 12 0 0 5 5 90°
405 13,8 122 184 034 030 045 0838 133 1 30 14 0 0 2 2 90°
31,9 104 7,2 153 033 023 048 069 147 - - 15 - 0 - 0 90°
95 337 30,5 42,6 035 032 045 091 12624 19 9 0 0 4 3
76,1 26,4 20,3 337 035 027 044 077 128 14 19 9 0 0 2 1 90°
AW50 492 16,3 13,7 22,4 0,33 028 046 084 137 1 22 10 0 0 1 1 180°
387 13 10,3 18 034 027 047 079 138 - 23 1 0 0 0 0 90°
31,8 104 8 157 033 025 049 077 151 - - 12 - 0 - 0 90°
933 316 32 423 034 034 045 101 134 - - 10 - 0 - 1
140 73,4 256 26,6 331 035 036 045 1,04 129 - - 12 - 0 - 2 90°
90 287 283 412 032 031 046 099 144 3 - 11 - 1 - 5
AWAS 57,9 19,8 18 253 034 031 044 091 128 01 - - - - - - 180°
Mean 0,35 0,32 045 0,90 1,29
Standard deviation 0,02 0,05 0,03 0,12 0,12
Coefficient 4,95 14,62 5,90 13,24 9,63

of variation
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Appendix 2c. Table of measurements for Gassendiceras aff. hoheneggeri (Uhlig, 1883)
No. D H W U H/D W/D U/D W/H UMH h a
2824 67,1 177 024 - 063 - 264 838
319 70,2 195 0,22 - 0,61 - 2,78 105,8 40°
sp. Davoux’s coll. 285 73 184,9 0,26 - 065 - 2,53 1024 25°
214 70,5 119,7 0,33 - 0,56 - 1,70 38,3 30°
c.183 - - - - - 11,4 35°
133.5 449 644 034 - 048 - 143 6,8 90°
102.7 33.4 538 033 - 052 - 161 10,7 90°
80.6 25 383 03 - 048 - 153 55 90°
58.6 16.9 313 032 - 053 - 168 3,7 90°
49.8 16.1 245 0,34 - 050 - 148 - 90°
Appendix 2d. Table of measurements for Gassendiceras rebouleti nov. sp.
No. D H W U HD W/D UD WH UH h Nt Nt/2 Nit Nit/2
337 96 - 180 0,28 - 0,53 - 1,88 39 - - - -
346 90 - 198 0,26 - 0,57 - 2,20 69 - - - -
271 89 - 131 0,33 - 0,48 - 1,47 205 -~ - - -
104 203 67 - 100 033 - 049 - 149 126 - - - -
158 48 - 75 0,30 - 0,47 - 1,56 12 - - - -
125 37 - 63 0,30 - 0,50 - 1,70 - - - - -
98 35 - 44 0,36 - 0,45 - 1,26 - - - - -
A\I/Vt43 267 69 - 153 0,26 - 0,57 - 2,22 52 - - - -
0oPe) 5y 46 - 76 030 - 049 - 165 13 - - - -
Mean 03 - 051 - 1,71

Appendix 2e. Table of measurements for Gassendiceras bosellii nov. sp.

No. D H W U
204 88 77 141
17250 301 85 78 149
278 83 705 1355
167 68,7 55,8 80
hA|227 210 69 46,7 985
(holotype) 225 15 - 44
165 551 - 79
125,5 44,7 - 59,2
AWS3 1025337 - 514
75 23 - 377
60,3 17,7 - 304

Mean

H/D

0,30
0,28
0,30
0,41

0,33
0,23

0,33
0,36
0,33
0,31
0,29

W/D
0,26
0,26
0,25
0,33

0,22

u/D

0,10
0,15
0,15
0,05

0,47
0,57

0,48
0,47
0,50
0,50
0,50

W/H
0,88
0,92
0,85
0,81

0,68

UH h «
1,60 29

1,75 44 40°
163 42 40°
116 9 90°
1,43 19,7

244 - 310°
143 8

132 58 90°
153 - 90°
164 - 90°
172 - 90°

0,32 0,27 0,36 0,83 1,61

40°
90°
90°
90°
90°
90°

150°
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Appendix 3a. Crossplot of spiral gap (h, mm) against diameter (D, mm) for Gassendiceras alpinum (d’Orbigny, 1850)
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Appendix 3b. Crossplot of height (H, mm) and width (W, mm) against diameter (D, mm)
for Gassendiceras alpinum (d’Orbigny, 1850). In red is the Lectotype
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Appendix 3c. Crossplot of relative section (W/H) against diameter (D, mm) for Gassendiceras alpinum (d’Orbigny, 1850).

In red is the Lectotype
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Appendix 3d. Crossplot of umbilicus (U, mm) against diameter (D, mm) for Gassendiceras alpinum (d’Orbigny, 1850).
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Appendix 3e. Number of main ribs (Nt/2) in function of diameter (D, mm) for Gassendiceras alpinum (d’Orbigny, 1850).
In red is the Lectotype
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Appendix 3f. Crossplot of number of low tuberculate ribs (Nit/2) against diameter (D, mm) for Gassendiceras alpinum
(d’Orbigny, 1850). In red is the Lectotype
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Appendix 3g. Crossplot of number of innermous interribs (N/2) against diameter (D, mm) for Gassendiceras alpinum
(d’Orbigny, 1850). In red is the Lectotype
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Appendix 4a. Crossplot of spiral gap (h, mm) against diameter (D, mm) for Gassendiceras multicostatum (Sarkar, 1955)
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Appendix 4b. Crossplot of height (black circles - H, mm) and witdh (red triangles - W, mm) against diameter (D, mm)
for Gassendiceras multicostatum (Sarkar, 1955)
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Appendix 4c. Crossplot of relative section (W/H) against diameter (D, mm) for Gassendiceras multicostatum
(Sarkar, 1955)
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Appendix 4d. Crossplot of umbilicus (U, mm) against diameter (D, mm) for Gassendiceras multicostatum (Sarkar, 1955)
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Appendix 4e. Crossplot of number of main ribs (Nt/2) against diameter (D, mm) for Gassendiceras multicostatum
(Sarkar, 1955)
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Appendix 4f. Crossplot of number of innermous interribs (N/2) against diameter (D, mm) for Gassendiceras
multicostatum (Sarkar, 1955)
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PLATE 1

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1-AZ18 (G.P.A); section VIG2, level 266 (see. P1. 2, Fig. 1); 2—AW74 (G.P.A); section
G15, level 309b; 3 — AW89 (G.P.A); section G135, level 309b.

Except Fig. 2 which is x 1, all specimens are x 0.5
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PLATE 2

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1 — Ventral view of AZ18 (G.P.A); section VIG2, level 266 (see Pl. 1, fig. 1), South-
eastern France) (see Pl. 3, fig. 1);

3 - AWS57 (G.P.A); section G12, level 309b;

4 — AZ40 (G.P.A); section G15, level 309b;

5 — Barr-11, Quelquejeu collection (St André les Alpes); from Angles (southeastern
France);

6 — AW82 (G.P.A); section G15, level 309b (see PL. 3, fig. 2).

All specimens are x 0.5
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PLATE 3

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1 — Un-numbered specimen in the Maurel collection (Barréme), from Moriez (south-
eastern France) (see Pl 2, Fig. 2);

2 — AWS2 (G.P.A); section G15, level 309D (see Pl. 2, fig. 6);

3-AZ22 (G.P.A); section LAC, level 209c¢;

4 — AZ39 (G.P.A); section G15, level 309b.

All specimens are x 0.5
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PLATE 4

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1-AZ25 (G.P.A); section G12, level 309b;

2 — 28735 (G.P.A); section A’, level 151-2;

3 - G15-309b-01 (G.P.A); section G15, level 309b;
4 — AW71 (G.P.A); section G12, level 309b.

All specimens are x 0.5
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PLATE 5

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1-AZ21 (G.P.A); section VIG2, level 266 (see PL. 6, Fig. 1a-b);

2 —R00833a (ex. 5406) coll. d’Orbigny (lectotype — M.N.H.N); Angles;
3-AZ38 (G.P.A); section SA, level 8.

All specimens are x 0.5
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PLATE 6

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1 — Ventral view of AZ21 (G.P.A); section VIG2, level 266 (see PL. 5, Fig. 1);

2 — 1226 (G.P.A); section A, level 151-2;
3 - AW64 (G.P.A); section G135, level 309b.

All specimens are x 0.5
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PLATE 7

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1-LE 271 Ebbo collection (La Mure-Argens); from Angles (southeastern France);
2 — AW68 (G.P.A); section A’, level 151-2;

3 - AWG66 (G.P.A); section GRY, level 859c;

4 —F001 (C.E.M); section VIG2, level 266;

5 —G15-309b-02 (G.P.A); section G15, level 309b.

Except Fig. 3 which is x 1, all specimens are x 0.5
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PLATE 8

Gassendiceras alpinum (d’Orbigny, 1850); Upper Barremian, Vandenheckei Zone,
Alpinum Subzone, Alpinum Horizon

1 — Un-numbered specimen in the Cotillon collection (£S.L) from Rougon (southeastern
France);

2 — CEM2 (C.E.M); section VIG2, level 266;

3 — 28734 (G.PA); section VIG2, level 266;

4 — Un-numbered specimen in the Pénagé collection (C.E.M); section VIG2, level 266;

5-AX17 (G.PA); section G12, level 309b;

6 — UH (G.PA); section SO, level 69-2.

All specimens are x 0.5
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PLATE 9

Gassendiceras multicostatum (Sarkar, 1955); Upper Barremian, Vandenheckei Zone,
top of the Vandenheckei Subzone

1-AZ32 (G.P.A); section G5, level 99 (see PI. 10, Fig. 1);

2 —R00833b (ex. 5406 — M.N.H.N) coll. A. d’Orbigny; from Angles; 3 — 28749 (G.P.A);
section TAI, level 99

All specimens are x 0.5
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PLATE 10

Gassendiceras multicostatum (Sarkar, 1955); Upper Barremian, Vandenheckei Zone,
top of the Vandenheckei Subzone

1-AZ32 (G.P.A); section G5, level 99 (see Pl. 9, Fig. 1);

2 — 1225 (G.P.A); section A, level 151-1;

3 - AW48 (G.P.A); section A’, level 151-1 (see Pl. 11, Fig. 4);

4 — UJEID-111 (lectotype — 1.D) from Trigance (southeastern France).

With exception of fig. 4a-b that is X1, all specimens are x 0.5



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMLA NAUK

ACTA GEOLOGICA POLONICA, VOL. 63 DIDIER BERT ET AL., PL. 10




www.czasopisma.pan.pl Pg tN www journals.pan.pl
PO AKADEMIA ALK

ACTA GEOLOGICA POLONICA, VOL. 63 DIDIER BERT ET AL., PL. 11

PLATE 11

Gassendiceras multicostatum (Sarkar, 1955); Upper Barremian, Vandenheckei Zone,
top of the Vandenheckei Subzone

1-GJ (G.P.A); section SO, level 69-2;
2 — AW45 (G.P.A); section A, level 151-1.
3 —-AWS50 (G.P.A); section A’, level 150;
4 — Ventral view of inner whorls of AW48 (G.P.A); section A’, level 151-1 (see PI. 10, Fig.
3a-c);
All specimens are x 0.5
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PLATE 12

Gassendiceras aff. hoheneggeri (Uhlig, 1883); un-numbered specimen in the Davoux
collection; section VA, level 11; Upper Barremian, Vandenheckei Zone; x 0.5
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PLATE 13

Gassendiceras rebouleti nov. sp.; 104 (Thomel collection); section VIG2; Upper
Barremian, Vandenheckei Zone, Alpinum Subzone; x 0.5
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PLATE 14

1a-b — Gassendiceras bosellii nov. sp.; AW41 (G.P.A); section LAC, level 215 or 217; Up-
per Barremian, Vandenheckei Zone, Alpinum Subzone.

2 — Gassendiceras rebouleti nov. sp. (holotype); cast of specimen AW43 (G.P.A); sec-

tion G12, level 317b; Upper Barremian, Vandenheckei Zone, Alpinum Subzone.

Both specimens are x 0.5
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PLATE 15

1a-b — Gassendiceras bosellii nov. sp. (holotype); AZ27 (G.P.A); section G12, level 318a;

Upper Barremian, Vandenheckei Zone, Alpinum Subzone.
2 — Gassendiceras bosellii nov. sp.; ventral view of 17252 (G.P.A); section VA, level

11; Upper Barremian, Vandenheckei Zone, Alpinum Subzone (see PL. 16).

Both specimens are x 0.5
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PLATE 16

Gassendiceras bosellii nov. sp.; lateral view (a) and adoral view (b) of 17252 (G.PA);
section VA, level 11; Upper Barremian, Vandenheckei Zone, Alpinum Subzone
(see PL. 15); x 0.5



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMLA NAUK

ACTA GEOLOGICA POLONICA, VOL. 63 DIDIER BERT ET AL., PL. 16





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




