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Introduction

By comparison with the relatively diverse Early Ordovi-
cian cephalopod faunas that lived in association with the
low latitude carbonate platforms (e.g. Laurentia [Flower
1964]; Siberia [Balashov 1961]; China [Chen 1976]),
those of the high latitude margins of Gondwana are of re-
latively low diversity, generally poorly known, and where
known, often in need of revision. Of those high latitudinal
assemblages most recently revised or newly described in
detail (Evans 2005; Gnoli & Pillola 2002; Marek et al.
2000), all seem to be characterized by the presence (often

in abundance) of members of the family Eothinocerati-
dae. In revising the early ordovician cephalopod faunas of
England and Wales (eastern Avalonia), Evans (2005) re-
corded the presence of the Orthoceratoidean families Bal-
toceratidae, Polymeridae and Troedssonellidae from sedi-
ments of early Floian age. Until now, this particular fauna
contained the oldest unequivocal record of the Orthocera-
toidea. One interpretation that may be put upon their oc-
currence in such a location is the possibility that the
Orthoceratoidea might have originated in a region of high
palaeolatitude. Such an interpretation, based upon a sin-
gle geographical datum, remains tentative.
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Abstract

The Early Ordovician successions of the southern Montagne Noire consist of a thick
sequence of predominantly siliciclastic sediments of which the late Tremadocian St. Chi-
nian Formation and the earliest Floian La Maurerie Formation contain a comparatively
rich and abundant cephalopod association. The cephalopods of the St. Chinian and La
Maurerie Formation are interpreted as generally authochthonous, representing a fauna
which originally lived in the open water above the sediments or related to the sea bot-
tom. The cephalopod associations of the St. Chinian and La Maurerie formations are
similar to other contemporaneous assemblages known from higher palaeolatitudes and
associated with deeper depositional settings. They are composed almost exclusively of
longiconic orthocones, in this case predominantly of eothinoceratids and baltocerids.
The occurrences of Annbactrocera, and Bactroceras in the St. Chinian Formation are at
present the earliest unambiguous reports of the Orthocerida. The available data suggest
an initial expansion of orthoceroid cephalopod faunas from open water habitats of high
paleo-latitudes, and a subsequent expansion on the carbonate platforms during the
Floian. The presence of the eothinoceratid Saloceras in abundance demonstrates the
Gondwanan affinity of the assemblage whilst adding further support for the presence
of a ‘Saloceras realm’ that may have extended along the margins of East and West
Gondwana at least into intermediate latitudes. The following new taxa are proposed:
Annbactroceras n. gen., Annbactroceras felinense n. sp., Cyclostomiceras thorali n. sp.,
Felinoceras n. gen., Felinoceras constrictum n. sp., Lobendoceras undulatum n. sp.,
Rioceratidae n. fam., Saloceras murvielense n. sp., Thoraloceras n. gen., Thoraloceras

bactroceroides n. sp.
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On a visit to the University of Lyon during the latter
part of 2008, one of us (BK) was introduced to the ex-
tensive collection of fossil cephalopods from the early
Ordovician of the Montagne Noire, H�rault, Southern
France. It became clear that this material, although pre-
served as moulds, is largely undeformed, and consists of
a diverse assemblage comprised predominantly of long-
icones, in which members of both the Eothinoceratidae
and Orthoceratoidea appear to be represented. This as-
semblage, which has not been revised since its original
description by Thoral (1935) is clearly of significance
in contributing to a better understanding of the compo-
sition, distribution and palaeobiogeographical relation-
ships of the early Ordovician cephalopod faunas of the
high latitude Gondwanan margins. Furthermore, the fau-
na also pushes the age of the oldest unequivocal mem-
bers of the Orthoceratoidea into the late Tremadocian.

Material and methods

With the exception of the type material described by Thoral, which is
held at the University of Montpellier (prefix USTM–ACI), all the
material described below is from the Geological Collections, Univer-
sit� Claude Bernard, Lyon 1 and has the prefix FSL. None of the type
material described by Thoral was used directly in this study and only
his illustrations and descriptions (Thoral 1935, 1946) were referred
to. This is not considered to detract from the value of the study as the
size and range of the collections at Lyon are such that they contain
material directly comparable with Thoral’s type specimens as well as
providing data related to intra-specific variation.

Apart from a few specimens that had been sectioned with a saw at
some time in the past, none of the material studied has been prepared
in any way. All of the material consists of the external and internal
moulds of body-chambers and phragmocones preserved in siliceous
concretions or nodules. The visible features of all the specimens are
adventitious and result from the breaking open of the concretions.

All measurements were taken using vernier calipers or a calibrated
graticule inserted into one of the eyepieces of a binocular microscope.
Unless otherwise indicated, the specimens were coated with ammo-
nium chloride and then photographed using a Canon EOS –300D
SLR combined with a 100 mm macro-lens. In a few specimens, de-
tails of the structure of the siphuncle were recorded with a Nikon –

attached to a microscope with the specimen submerged in a high con-
trast fluid.

Geological setting and stratigraphic
framework

Ordovician rocks in the southern part of the Montagne
Noire form a series of east-north-easterly, west-south-
westerly trending outcrops extending from the Landeyr-
an Valley in the east to the vicinity of Lastours in the
west (Fig. 1). These rocks occur in a series of thrust
slices that form a component of the southerly directed,
Minervois, Pardailhan and Mont Peyroux nappes lying
to the south of the Ago�t Massif which forms the axial
zone of the Montagne Noire. The thrust units and
nappes consist of rocks ranging from Cambrian to
Early Carboniferous in age which were derived from
north of the axial zone during the mid-Carboniferous
collision of the Gondwanan promontory of the Catalan
Craton with several micro-continents that now form
part of the internal zone of the French Variscan belt
(Demange 2001).

The Early Ordovician successions of the southern
Montagne Noire consist of a thick sequence of predo-
minantly siliciclastic sediments (sandstones, siltstones,
mudstones and shales) that have been referred to as
flysch (e.g. Boyer & Guiraud, 1964), but are generally
regarded as having been deposited in a range of distal
to more proximal shelf environments (�lvaro et al.
2003; Noffke & Nitsch 1994; Vizca�no et al. 2001). A
variety of lithostratigraphical schemes have been pro-
posed and the scheme used here is that of Vizca�no
et al. (2001) in which the succession is divided into six
formations (Fig. 2), that range in age from Tremadocian
to Floian. The youngest Ordovician strata exposed in
Montagne Noire (Landeyran Formation) have been da-
ted as upper Floian based on their graptolite faunas
(J.C. Guti�rrez-Marco, unpubl. data): the Apatokephalus
incisus Zone (lower part of the Landeyran Formation)
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Figure 1. Generalized map of most important cephalopod localities (empty circles) of the Early Ordovician of the Montagne
Noire. Modified from Carte g�ologique imprim�e 1/1 000 000, 6�me �dition r�vis�e (Bureau de Recherches G�ologiques et Mini-
�res).
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corresponds to the densus graptolite zone, and the
Hangchungolithus primitivus Zone (upper part of the
Landeyran Formation) would be equivalent to the elon-
gatus graptolite zone]. The succession has been divided
biostratigraphically into a series of ‘faunizones’ (A–M)
based upon trilobite associations following the work of
Courtessole et al. (1981, 1983, 1985, 1991). These have
been further refined as biozones after named taxa (Viz-
ca�no & Alvaro 2003), but the presence of many barren
horizons within the succession, as well as the tectonic
disruption of the succession have acted as obstacles to
the development of a refined biostratigraphy that corre-
lates well with regions outside of the Montagne Noire.
The diverse and often abundant faunas consist of a
range of trilobites, echinoderms, molluscs and grapto-
lites amongst other taxa. Trends in trilobite and echino-
derm diversity appear to be related to substrate and re-
lative position on the slope to shore transect, with the
most diverse assemblages associated with the finer-
grained sediments of the more distal locations repre-
sented by the St Chinian and Landeyran formations.
The palaeobiogeographical relationships of these faunas
based on the echinoderm assemblages are with parts of
peri-Gondwana (eastern Avalonia) and adjacent parts of
Gondwana (Morocco) (Vizca�no et al. 2001), whilst the
trilobites show a high degree of endemism, but are gen-
erally characteristic of western Gondwana and peri-

Gondwana and at some horizons indicate exchanges
with Baltica (Tortello et al. 2006; Vizca�no & Alvaro
2003).

With a few exceptions, Lower Ordovician cephalo-
pods of the Montagne Noire region are known only
from the St. Chinian and La Maurerie formations. Stu-
dies of the agnostid faunas of the Montagne Noire suc-
cessions (Tortello et al. 2006) suggest that the St. Chi-
nian Formation (Euloma filacovi Zone ¼ faunizone “F”
and the Asaphelina barroisi berardi þ Taihungshania
miqueli subzone ¼ faunizone “G”) is late Tremadocian
in age, whilst the La Maurerie Formation (Taihungsha-
nia miqueli acme Subzone ¼ faunizone “H”) is early
Floian in age. Thus the cephalopods described below
are considered to range in age from the late Tremado-
cian to the early Floian.

Faunal composition and depositional
setting

St. Chinian Formation

The St. Chinian Formation, of late Tremadocian age,
consists of a monotonous succession of dark-grey
claystones, and green siltstones with fine to medium-
grained sandstone intercalations and silicious nodules

Fossil Record 14 (1) 2011, 5–34 7

Figure 2. Stratigraphic ranges of cephalopods of the Early Ordovician of the Montagne Noire. Section modified from Vizca�no
and �lvaro (2003). IGCP 410 TS, Time Slices of Webby et al. (2004).
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reaching a thickness greater than 500 m. Although the
sandstone intercalations are often graded and exhibit
erosive bases, bioturbation is common and primary se-
dimentary features are often lacking (Alvaro et al.
2003). Where present, the fossil fauna is abundant
within the St. Chinian Formation although its distribu-
tion is sporadic. Preservation ranges from articulated
shells, through to broken debris, whilst the assemblage
comprises of trilobites, echinoderms, and brachiopods
(Ubaghs 1970; Vizca�no & Lefebvre 1999; Vizca�no &
�lvaro 2003; �lvaro et al. 2003). The formation is in-
terpreted as a transgressive interval deposited below
normal storm wave base in an outer platform environ-
ment (�lvaro et al. 2003). Cephalopods are common
and diverse in the St. Chinian Formation. The diversity

and the evenness of the cephalopod association of the
St. Chinian Formation is higher than in the Tremado-
cian low palaeolatitude carbonates of New York (com-
pare Kr�ger & Landing 2009, tab. 1). However, in con-
trast to the Laurentian associations, the cephalopod
assemblage in the St. Chinian Formation consists exclu-
sively of slender orthocones. Remarkable is the domi-
nance in abundance of Orthocerida (Tab. 2, Fig. 3),
but endocerids and eothinoceratids are abundant, too.
The high richness of the cephalopod assemblage is in
accordance with the highly diverse trilobite and echino-
derm assemblages reported by Vizca�no & Lefebvre
(1999) and Vizca�no & �lvaro (2003). The high trilo-
bite and echinoderm diversity is attributed to a trans-
gressive trend throughout the period of deposition of

Kröger, B. & Evans, D. H.: Montagne Noire cephalopods8

Table 1. Evenness of Tremadocian and Floian cephalopod collections. Note the low evenness of the total sample of the La
Maurerie Formation compared with collections from platform carbonates of New York. Note also the high evenness of the
F�lines collection. The differences in species abundance pattern within the La Maurerie Formation probably reflect differen-
ces in individual horizons (see also Tab. 2, and text for discussion). N ¼ number of specimens; S ¼ number of species; Srarified

rarified S with census 55 specimens, lower and upper 95 % confidence interval in parentheses; J ¼ H 0=log ðSÞ; where H 0 is
the Shannon–Wiener index of the sample. # without specimens from St. Chinian, * raw data are from Kr�ger and Landing
(2009).

N S Srarified J

Tribes Hill Formation, New York, early Tremadocian* 345 11 5.6 (3.5–7.7) 0.57

Rochdale Formation, New York, middle Tremadocian* 147 8 5.6 (3.6–7.6) 0.56

Fort Cassin Formation, New York, Floian* 72 13 11.3 (9.1–13.4) 0.66

St. Chinian Formation, Félines-Minervois, Hérault, late Tremadocian 55 10 10 0.86

La Maurerie Formation, Hérault, early Floian (total#) 122 7 6.1 (4.1–8.1) 0.48

Table 2. Number of specimens collected from the St. Chinian, La Maurerie, and Foulon formations (Faunizones E/F, H, K
respectively) from different localities of the Montagne Noire, France. A – F�lines-Minervois, B – St. Chinian, C – Viane
Bolo, La Rouvelane, D – Prades-sur-Vernazobres, school, E – Cabri�res, F – La Cabosse pr�s Assignan, G – La Maurerie,
H – Prades-sur-Vernazobres, I – Prades-sur-Vernazobres, Canto Cigale, J – Prades-sur-Vernazobres, La Borie des Pierils,
K – Prades-sur-Vernazobres, Vigne Bolo, La Rouvelane, L – St. Chinian, M – Cabri�res. The pronounced differences in
species abundance pattern between localities probably indicate differences in individual horizons within the Faunal-Zones,
rather than bias in collecting practice, because all specimens come from nodules, often with several specimens per nodule,
and the different species are morphologically very similar. This pattern indicates some potential for a future faunal analysis
after more detailed, bed-by-bed collection.

A B C D E F G H I J K L M

Fauni Zone F F F G H H H H H H H H K

Annbactroceras martyi (Thoral, 1935) 4 1 1

Annbactroceras felinense n. gen. n. sp. 1

Bactroceras mourguesi (Thoral, 1935) 16 1 5 1 1 2 1 4 1

Cochlioceras? aff. roemeri Dzik, 1984 6 1 2

Cyclostomiceras thorali n. sp. 2

Felinoceras constrictum n. gen. n. sp. 2

Lobendoceras undulatum n. sp. 11 1

Rioceras escandei (Thoral, 1935) 4 1 12 4 11

Saloceras chinianense n. sp. 10 11 8 71 (21)

Saloceras murvielense n. sp. 3 1

Saloceras pradense (Thoral, 1935) 1 5

Thoraloceras bactroceroides n. gen n. sp. 2 1 1

Order, family, genus, indet sp. 1 1
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the St. Chinian Formation, allowing a rate of immigra-
tion combined with good substrate conditions for
benthic groups. The dominant cephalopods of the St.
Chinian Formation are slender orthocones with thin
tubular, or nearly tubular siphuncles, similar or conge-
neric to forms which are often concentrated in deep de-
positional settings or black shale sediments, and which
are interpreted as open water, pelagic vertical migrants
(Kr�ger et al. 2009). Their occurrence in the relatively
deep-water sediments of the St. Chinian Formation sup-
ports this interpretation, as do examples such as that of
the Dapingian Pontyfenni Formation of South Wales,
where although somewhat younger, a range of trilobite
taxa including agnostids and cyclopygids (Fortey &
Owens 1987) occur, together with a diverse assemblage
of styloporans (Jefferies in Fortey & Owens 1987),
combined with the rare occurrence of Bactroceras
(Evans 2005). On the basis of such observations, the
cephalopod assemblage is interpreted as being parau-
tochthonous in origin.

La Maurerie Formation

The boundary between the La Maurerie Formation and
the underlying St. Chinian Formation is gradational,
and develops into a succession consisting of an alterna-
tion of sandstones and shales bearing centimetric scale
siliceous nodules, and reaches a thickness estimated to
be greater than 900 m (Vizca�no et al. 2001). The tran-

sition from the St. Chinian to the La Maurerie Forma-
tion is interpreted as a shallowing upward sequence,
and the La Maurerie Formation has been referred to as
progradational (Vizca�no et al. 2001). In a sedimentolo-
gical study of the Floian successions in the Roquebrun
area of the eastern Montagne Noire, Noffke & Nitsch
(1994) interpreted the depositional environment of the
La Maurerie Formation as outer shelf muds combined
with distal and proximal tempestites.

The high diversity of echinoderms and trilobites of
the St. Chinian Formation diminishes in the La Mau-
rerie Formation (Vizca�no et al. 2001), although, in gen-
eral, the trilobite fauna appears to be more abundant.
This is largely accounted for by the extreme abundance
of the index fossil of faunizones G and H, Taihungsha-
nia miqueli (Bergeron). Cephalopods are less diverse
than in the St. Chinian Formation (Tab. 1). The even-
ness of the association is very low, Saloceras Evans,
2005 is by far the most common genus (Tab. 1, Fig. 3).
The cephalopod association consists exclusively of slen-
der orthocones belonging to the families Baltoceratidae,
Eothinoceratidae, Rioceratidae fam. nov. and Troedsso-
nellidae. Remarkable is the lack of endoceridans, which
are common in the St. Chinian Formation.

Preservation and taphonomy

The present investigation is based entirely on previously
collected material, all of which appears to be preserved
in concretions, and is now held in museum collections.
Such samples could be biased as fossils are also pre-
served in the surrounding sediments (Dean 1966), but
as indicated by Thoral (1946) the specimens in the con-
cretions are of greater importance, as they are the only
specimens that are in a good state of preservation. The
case is emphasized for cephalopods where flattened and
deformed material is typically difficult to interpret in
terms of its taphonomic history, which often creates
impediments to resolving aspects of the taxonomy of
the assemblage. Thoral (1946) also emphasized the
range of different concretions and styles of fossil pre-
servation associated with them.

As for the most part, the precise horizons from
which the concretions were collected are not known it
is not possible to draw any inferences with regard to
geographical or stratigraphical variations in modes of
preservation. Nevertheless, the cephalopods preserved
in different concretions exhibit different modes of pre-
servation indicating that a variety of taphonomic his-
tories are implicated.

It is clear from Thoral’s (1946) descriptions of the
concretions, as well as our own observations, that
although in most specimens the original shell was dis-
solved, leaving only internal and external moulds of
various elements of the phragmocone and body-cham-
ber, some replacement of shell materials has also taken
place. A detailed investigation of this aspect of the pre-
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Figure 3. Abundance rank diagrams (log-log scale) of cephalo-
pod species of the Lower Ordovician of the Montagne Noire.
Black dots: Species of the St. Chinian Formation, latest Tre-
madocian. The three most abundant species are Bactroceras
mourguesi (Thoral, 1935), Lobocyclendoceras undulatum n. sp.,
and Saloceras chinianense (Thoral, 1935); White dots: Species
of the La Maurerie Formation, earliest Floian. The three most
abundant species are Saloceras chinianense (Thoral, 1935),
Rioceras escandei (Thoral, 1935), and Bactroceras mourguesi
(Thoral, 1935) (see Table 1 for data, without specimens from
St. Chinian).
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Figure 4. Large concretion from La Maurerie Formation, Prades-sur-Vernazobres (FSL 392293) with common Rioceras escandei,
and Bactroceras mourguesi and a strong unimodal, parallel-aligned orientation. See text for discussion.�0.2.
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servation of the cephalopods in the concretions is, how-
ever, beyond the scope of this work.

In general the moulds within the concretions are in
an undeformed or only slightly deformed state. A min-
ority of concretions contain moulds that are slightly
compressed. This suggests that for the most part, the
development of the cement in the concretions was an
early diagenetic event and they had been fully lithified
before any significant burial had taken place.

Several modes of preservation of the shells are indi-
cated by the condition of the moulds. In the large con-
cretion from the La Maurerie Formation, Prades-sur-
Vernazobres (FSL 392293, Fig. 4; see also Thoral 1935,
pl. 17, fig. 1) the moulds of the shells, which are not
deformed, represent more complete specimens. In these
specimens the preserved remains consist of an adoral
portion of the shell where the camerae are infilled with
sediment combined with a siphuncle that may be sedi-
ment-filled throughout the preserved length of the spe-
cimen. The apical end of the shell may consist of the
external mould of the phragmocone and the mould of
the siphuncle, all other parts having been lost to disso-
lution. A strong unimodal, parallel-aligned orientation
is evident in the concretion and the majority of apices
point in the same direction.

The incomplete sediment infill of those parts of the
shell closest to the aperture suggests rapid burial and
their lack of deformation indicates rapid lithification,
probably similar to a generalized model developed by
Loi & Dabard (2002, fig. 13). The near unimodal orien-
tation of the specimens in this concretion is similar to
pattern of Silurian cephalopod limestones of the Mojero-
kan Formation, Llandovery, Siberia (Bogolepova 1995;
Bogolepova & Holland 1995) and to the Bran	k Type ce-
phalopod limestone (Ferretti & Křiž 1995), which are in-
terpreted as deposited under relative gentle currents un-
der the influence of upwelling zones (Bogolepova 1998).

Features, similar as in concretion FSL 392293 also
have been reported by Radley (2008) from the Early
Jurassic Blue Lias Formation of central England where
densely packed concentrations of schlotheimiid ammo-
nites occur in pipe-like concretions that he interpreted
as scour fills and gutter casts and attributed to low velo-
city distal storm flow below storm wave base. The am-
monites are strongly imbricated and the inner whorls
partially crushed, suggesting that sediment only pene-
trated the body-chambers and adoral camerae. The simi-
larities between the two occurrences invite interpretation
of the Prades-sur-Vernazobres concretion, FSL 392293,
as having originated as a gutter cast formed by a distal
storm generated current below storm wave-base.

Such an interpretation is supported by the taxonomic
composition of the concretion FSL 392293, which is
dominated by Rioceras escandei (Thoral, 1935), fol-
lowed by Bactroceras mourguesi (Thoral, 1935), and is
in marked contrast to the taxonomic composition of the
total cephalopod assemblage of the La Maurerie Forma-
tion (based upon the University of Lyon collections)
which is dominated by Saloceras chinianense (Thoral,

1935) (Tab. 1, Fig. 3). R. escandei and B. mourguesi
are two of the taxa that occur in the deeper water set-
tings of the St. Chinian Formation. Both taxa are also
characterized by low apical angles and narrow siphun-
cles; features indicative of a high level of resistance to
elevated hydrostatic pressures (Westermann 1977, 1998)
and are potential pelagic forms. The assemblage asso-
ciated with the Prades-sur-Vernazobres concretion FSL
392293 therefore indicates a faunal composition of dee-
per or more open water conditions compared with that of
the average La Maurerie Formation.

In other concretions of the St. Chinian and La Maur-
erie formations often the most aperturally placed cam-
erae and/or the body chambers of the conchs are infilled
with sediment and appear to have been preferentially
preserved. In many of the specimens in these concre-
tions part of the siphuncular mould may be preserved
with no traces of the chambers or phragmocone wall
remaining. This type of preservation may be interpreted
as a result of conch implosion during sinking of the
dead shells, which often destroys the more adapical
conch parts (Hewitt & Westermann 1996). Direct evi-
dence of conch buckling and septal fragmentation is
absent in the material. This may be a result of an implo-
sion of the conchs already in the water column and a
separate deposition of the adapertural and apical parts
of the imploded shell. A similar taphonomic scenario
was illustrated by Hewitt & Westermann (1996, fig. 8,
scenario 2b) for Ordovician and Silurian orthocone
dominated environments.

The majority of cephalopod shells present in the St.
Chinian and La Maurerie formations grew to less than
20 mm in diameter. As small cephalopod conchs are
considered to have the least potential for extensive
post-mortem drifting (Wani et al. 2005) the drifting dis-
tances are estimated as relatively short. Westermann
(1985) and Hewitt & Westermann (1996) analyzed the
post-mortem drifting behaviour of nautiloids and came
to the conclusion that „the majority of the Lower Paleo-
zoic nautiloids were unlikely to have drifted unless
their body–chambers were removed by predators“ (He-
witt & Westermann 1996, 412). Because the conchs of
the of the St. Chinian and La Maurerie formations of-
ten consist of the adapertural parts and parts of the
body-chamber, we conclude, that the majority of the ce-
phalopod association in the nodules reflects the compo-
sition of the fauna associated with the sea floor and
water column above. However, the concretion FSL
392293 testifies the presence of currents and transport
of the dead shells at least in some events during the
deposition of the La Maurerie Formation.

Synopsis – Faunal composition
and depositional setting

The cephalopods of the St. Chinian and La Maurerie
Formation are interpreted as generally parautochtho-
nous, representing a fauna which originally predomi-
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nantly lived in the open water above the sediments or
related to the sea bottom. The small average size of the
specimens is interpreted as evidence against long drift-
ing distances. The conchs are interpreted as fragments
of imploded shells. The frequent preservation of frag-
ments of body-chamber and adjacent adapertural phrag-
mocone-chambers supports our interpretation of short
drifting distances.

The rich benthos of the comparatively deep deposi-
tional environment of the St. Chinian Formation is ac-
companied by a rich association of cephalopods, con-
sisting predominantly of orthoconic cephalopods.
Because most of the conch are interpreted as fragments
of imploded shells, the majority of orthocones, specifi-
cally the baltocerids, in the St. Chinian Formation are
interpreted as pelagic forms, which lived in the open
water above the sea bottom and imploded during sink-
ing. The high diversity, evenness and abundance of
both benthic and nektonic faunal elements in the St.
Chinian Formation indicates episodes of good life con-
ditions at the bottom and in the water column in the
generally poorly oxygenated depositional environment,
probably in an upwelling zone.

By contrast, the shallower, more sandy depositional
environments of the La Maurerie Formation contain a
less rich benthos and a less diverse assemblages of ce-
phalopods, indicative for more restricted habitats. The
dominance in abundance of the eothinoceratid Salo-
ceras Evans, 2005 may be related to the high abun-
dance of asaphids, specifically, to the acme of T. mique-
li. A single large concretion with concentrations of
Rioceras escandei (Thoral, 1935), and Bactroceras
Holm, 1898 indicates the additional presence of storm
deposits with conchs transported from more offshore.
Differences in general faunal composition between the
St. Chinian Formation, and the La Maurerie Formation
are interpreted as related to the depositional depth.

Comparison with contemporaneous
cephalopod associations elsewhere

The composition of the Montagne Noire associations
contrast markedly with the late Tremadocian cephalo-
pod associations known from low latitude carbonate
platforms. With the possible exception of the breviconic
Cyclostomiceras Hyatt in Zittel, 1900, the cephalopod
fauna of the St. Chinian and La Maurerie Formation
consists exclusively of slender orthoconic shells. The
baltocerid Bactroceras Holm, 1898 is the most abundant
cephalopod in the Tremadocian St. Chinian Formation.
However, richness and evenness of the St. Chinian For-
mation assemblages are not lower than compared with
the low latitude carbonate platform assemblages of New
York (Tab. 1). The cephalopod assemblages of low lati-
tude carbonate platforms are often strongly dominated
by endocerids (Hunghuayuan Formation, Hubei, China
[Xu & Lai 1987]; Jefferson City Dolomite, Missouri,

USA [Ulrich et al. 1944]; Liangchiashan Formation,
Hebei, China [Lai 1985]; Santao Formation, North China
[Endo 1932]). In the Jefferson City Dolomite, basslero-
ceratids and tarphycerids are also common elements of
the cephalopod assemblage. One of the few genera that
appears to be common to to the high and low latitude
assemblages is the orthoconic ellesmerocerid Rioceras
which was first described from the Stairsian of the
southwestern United States (Flower 1964) where it
ranges upwards into the Blackhillsian. It is noteworthy
that of the North China faunas, Rioceras was also de-
scribed from the Liangchiashan Formation, Hebei, Chi-
na, by Lai (1985), whilst a specimen attributed to the
orthocerid Kyminoceras Teichert & Glenister, 1954, was
described by Chen (1976). Several eothinocerids were
also described from the Liangchiashan Formation by
Lai (1985) and Chen & Teichert (1987).

The early–mid Floian (TS 2a–b, IGCP 410 Time
Slices of Webby et al. 2004) cephalopod faunas of the
low paleo-latitude carbonate platforms exhibit a differ-
ent picture. Although endocerids and tarphycerids pre-
dominate within these assemblages, protocycloceratids
and troedssonellids are not an uncommon component
of the fauna. This is demonstrated by many of the fau-
nal lists of cephalopods from the Appalachians, New
York, Quebec and Newfoundland compiled by Ulrich
et al. (1944) as well as by more recent studies of the
Fort Cassin Formation, New York (Kr�ger & Landing
2009) and the Durness Group of northwest Scotland
(Evans in preparation). In terms of relative abundance,
troedssonellids appear to become increasingly common
towards Newfoundland and northwest Scotland.

The trend of increasing abundance of orthocerid,
protocycloceratid and troedssonellid cephalopods in
Laurentian platform carbonates continues during the la-
ter Floian in several Laurentian associations (Flower
1962; Hook & Flower 1977). Such a trend is unknown
in the late Floian deposits of North China (Machiakou,
and Sandaokan formations, e.g. Chen & Zou 1984) that
are characterized by a unique fauna of endocerids asso-
ciated with some of the earlier actinocerids. The causes
of the increasing abundance of orthoceroids in the low
latitude platform carbonates, especially in Laurentia
have yet to be understood, but a paleogeographical and
palaeobathymetric trend has become more apparent,
suggesting an origin and initial expansion of orthocer-
oid-like forms in high latitudes and deeper water set-
tings.

Tremadocian cephalopod associations consisting ex-
clusively or predominantly of orthocerids and orthocer-
id-like orthocones are initially confined to high latitudi-
nal occurrences. Only three such occurrences of
orthoceroids are known, and one of these is ambiguous.
Slemmestadoceras attavus (Brøgger, 1882) occurs with
an as yet undescribed Ellesmeroceras Foerste, 1921 in
the middle Tremadocian Bjørk
sholmen Formation in
Norway (Kr�ger 2008), and the middle Tremadocian
collection from the Rio Salinas Member, Ti�u Formation
of Oaxaca State, Mexico, which is dominated by
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Rioceras and as yet undescribed eothinoceratids (Flower
1968; Landing et al. 2007). Wilson (1954) reported inde-
terminate baltoceratids from olistostrome boulders of
probable Tremadocian age in the Middle to Upper Ordo-
vician Woods Hollow Formation of Texas. To these few
Tremadocian occurrences can be added the occurrence
of Annbactroceras martyi (Thoral, 1935), Bactroceras
mourguesi (Thoral, 1935), and Rioceras estivali (Thoral,
1935) from the St. Chinian Formation, reported herein.
With the exception of those from the boulders of the
Woods Hollow Formation, all these occurrences are
from relatively deep-water depositional environments of
the high latitudes.

Early Floian cephalopod associations containing ex-
clusively or predominantly orthoceratoids are rare. The
assemblage of the Floian La Maurerie Formation is in
which Bactroceras Holm, 1898 is relatively common,
but which is dominated by the eothinoceratid Saloceras
Evans, 2005 is not an exception. The cephalopod fau-
nas of the early Floian (TS 2a, IGCP 410 Time Slices
of Webby et al. 2004), Bolahaul Member, Ogof H�n
Formation and Henllan Ash Member, Carned Iago For-
mation, of Wales, earliest Floian (TS 2a) are similar to
those of the La Maurerie Formation in that Saloceras is
the most common genus. In Wales, the accompanying
genera consist of the polymeriid Polymeres Evans,
2005, the troedssonellid Moridunoceras Evans, 2005,
and the baltoceratid Castelloceras Evans, 2005, whilst
the possible orthocerid Semiannuloceras Evans, 2005
(see Kr�ger 2008 for discussion of relationships) first
occurs in slightly younger Floian sediments deposited
in deeper-water facies (Fortey & Owens 1987). From
Bolivia, Marek et al. (2000) reported Bactroceras aff.
avus Holm, 1898, and Bathmoceras Barrande, 1867,
from strata yielding also endocerids and ellesmerocer-
ids in carbonate nodules present in dark siltstones of
early Floian age.

The available data suggest an initial expansion of
orthoceroid cephalopod faunas from open water habi-
tats of high paleo-latitudes, and a subsequent expan-
sion on the carbonate platforms during the Floian.
The occurrences in the St. Chinian, and La Maurerie
formations, reported herein, support this interpreta-
tion.

In conclusion, it is evident that the cephalopod asso-
ciations of the St. Chinian and La Maurerie formations
are similar to other contemporaneous assemblages
known from higher paleo-latitudes and associated with
deeper depositional settings. They are composed almost
exclusively of longiconic orthocones, in this case pre-
dominantly of eothinoceratids and Bactroceras. The oc-
currence of Annbactroceras, and Bactroceras in the St.
Chinian Formation are at present the earliest unambigu-
ous reports of the Orthocerida. The orthocerid and
orthocerid-like elements of the Montagne Noire assem-
blages, and from other comparable late Tremadocian–
early Floian high latitude settings become increasingly
common and widespread on low latitude carbonate plat-
forms during the Floian.

Paleogeographic relationships

As already outlined above, the early Ordovician cepha-
lopod fauna of the Montagne Noire is quite distinct
from faunas that were present at lower latitudes, not
only in their morphological diversity but also in their
taxonomic diversity. High latitude cephalopod faunas of
this age remain relatively poorly known, although sev-
eral recent studies and partial revisions of assemblages
have improved our knowledge of these faunas. Further-
more, the location of the Montagne Noire on the mar-
gin of Gondwana would suggest that the cephalopod
fauna might show some connections with Gondwanan
low latitude assemblages.

Early Ordovician cephalopod faunas were described
from the Argentine Precordillera by Ace�olaza et al.
(1977), Ace�olaza & Beresi (2002) whilst Kr�ger et al.
(2007) specifically described the faunas from the upper
part of the San Juan Formation, of late Floian and early
Dapingian age which was dominated by orthocerids.
These included some of the material described by Ace-
�olaza & Beresi (2002). The older (late Tremadoc and
early Floian) part of the assemblage from the San Juan
Formation described by Ace�olaza et al. (1977), Ace�o-
laza & Beresi (2002) is in need of revision, but
includes representatives of the Tarphycerida and Pilo-
ceratidae as well as possible ellesmeroceratids. The
composition of this assemblage clearly reflects its low
latitude Laurentian provenance of the Precordillera ter-
rane (Astini 2003) and contrasts strongly with the Tre-
madoc and Floian cephalopod assemblages recorded
from the Central Andean Basin. Cecioni (1953, 1965)
described a number of species of cephalopods from the
late Tremadoc and Floian of the Purmamarca area of
Jujuy Province and from the Rio Las Capillas, north-
east of San Salvador De Jujuy. Unfortunately, many of
the figures of specimens described by Cecioni are diffi-
cult to interpret, and partly as a consequence of this,
these faunas are in need of revision. What is clear is
that the assemblage consists almost entirely of orthoco-
nic or very slightly cyrtoconic longicones, with a few
taxa (Cyclostomiceras, Paracyclostomiceras Cecioni,
1965 and Clarkeoceras argentinum Cecioni, 1965) hav-
ing a more breviconic form. Cyclostomiceras depressius
(Cecioni, 1965) requires revision, but suggests the pre-
sence of at least one genus common to the Montagne
Noire. Several annulate forms were assigned to species
of Protocycloceras Hyatt in Zittel, 1900, whilst a num-
ber of other smooth forms with large marginal siphun-
cles were assigned to Baltoceras (¼ Cochlioceras Eich-
wald, 1860). Of the taxa assigned to Cochlioceras there
appears to be some variability in cameral depth, whilst
the diameters of the siphuncles are somewhat greater
than those known from the type species C. avus Eich-
wald, 1860 or other species including C. burchardi De-
witz, 1879 and C. roemeri Dzik, 1984 and for most of
the taxa erected by Cecioni, the camerae are more shal-
low. Evans (2007) noted the possible presence of the
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Eothinoceratidae based upon a specimen figured by
Harrington (1937: 110, pl. 7, fig. 11) from the late Tre-
madocian Parcha Formation of Incamayo, Salta Pro-
vince. Cichowolski et al. (2010) have confirmed the
presence of the Eothinoceratidae in Argentina by de-
scribing Saloceras cf. sericeum from mid Tremadocian
horizons of the Floresta Formation, Salta Province. The
detailed revision of Protocyptendoceras Cecioni, 1965
by Cichowolski (2009) now facilitates comparison with
other members of the Proterocameroceratidae, and it is
suggested below that this genus is very closely related
to Lobendoceras Teichert & Glenister, 1954. Whilst the
Tremadoc and early Floian cephalopods of the Argen-
tine sector of the Central Andean Basin require revi-
sion, what is known of them suggests that they have
some affinity with those of the Montagne Noire.

As noted above, the Tremadocian Ti�u Formation of
Oaxaca State, Mexico, contains Rioceras and unde-
scribed eothinoceratids. The earliest eothinoceratids are
known from bed Tu �35.9 in the dark shales of the Rio
Salinas Member, Ti�u Formation (Paltodus deltifer Con-
odont Zone), Oaxaca, Mexico (Landing et al. 2007).
The southern part of Mexico has been demonstrated on
biostratigraphical and lithostratigraphical evidence to
belong to the Gondwana margin (Landing et al. 2007).

The late Tremadocian and early Floian cephalopods of
Avalonia as represented by the assemblages of England
and Wales (Evans 2005) differ from those of the Mon-
tagne Noire in the presence of Saloceras sericeum (Salter
in Ramsay, 1866) rather than the forms described below
from the La Maurerie Formation. Other differences be-
tween the assemblages include the relatively low diversity
of the English and Welsh faunas by comparison with those
of the Montagne Noire, the extreme dominance of Salo-
ceras (92 % of the cephalopods [n ¼ 631] in the early
Floian Bola Haul Member of the Ogof H�n Formation,
South Wales [Evans 1988]), and the presence of the ortho-
ceratoids Polymeres Murchison, 1839 and Moridunoceras
Evans, 2005 which unlike most orthoceratoid taxa from
the Montagne Noire possess well-developed endosiphun-
cular and cameral deposits. Whilst the English and Welsh
faunas do have Saloceras in common with the Montagne
Noire faunas, other differences in diversity and composi-
tion suggest that there was some degree of separation (dis-
tance or physical barrier) between the two assemblages.

The geographical and stratigraphical distribution of
the Ordovician cephalopod faunas of Australia were re-
viewed by Webby et al. (2000) who observed that ce-
phalopods of Lower Ordovician age were present in
most of the Australian sedimentary basins (Percival in
Webby et al. 2000, fig. 4), but that the faunas were
either incompletely researched, dated relatively impre-
cisely, or their precise stratigraphical horizons were
poorly resolved. With those caveats in mind, Webby
et al. (2000) summarized the faunal relationships be-
tween the different basins as sharing few species,
although there were more genera in common. In parti-
cular he noted the similarity between the assemblages
of the Amadeus, Georgina, and Wiso Basins, the Tas-

manian Shelf, and those of the Sibumasa Block and
North China. It should be noted, however, that most of
these assemblages are younger (late Floian to early
Darriwilian) than those of the Montagne Noire.

The only late Tremadoc to early Floian cephalopod
assemblage currently known from Australia was de-
scribed (Teichert & Glenister 1954) from the Emanuel
Limestone of the Canning Basin, Western Australia.
This morphologically very diverse early Floian cephalo-
pod association is composed of ellesmerocerids, endo-
cerids, tarphycerids, early oncocerids and the possible
discosorid Apocrinoceras talboti Teichert & Glenister,
1954. The although several taxa appear to be either en-
demic to the Canning Basin or Australia, others, in par-
ticular some of the tarphycerids clearly belie the low
latitude provenance of the fauna, whilst some of the
genera (Hardmanoceras Teichert & Glenister, 1952,
Thylacoceras Teichert & Glenister, 1952) indicate some
affinity with the Sibumasa Block and North China. The
Emanuel Limestone also contains taxa that suggest
links with higher latitude cephalopod assemblages.
Whilst Eothinoceras Ulrich et al., 1944 may be widely
distributed across low latitude carbonate platforms dur-
ing the late Tremadoc and early Floian; the genus hav-
ing first been described from the Rochdale Limestone
of New York (Ulrich et al. 1944; Kr�ger & Landing
2008), then from the Canning Basin (Teichert & Glen-
ister 1954), North China (Chen & Teichert 1987) and
Bolivia (Cecioni & Flower 1985; Evans 2007). Evans
(2005, 2007) suggested that Protocycloceras contrarium
Teichert & Glenister from the Emanuel Limestone
might in fact be a Saloceras given the well-developed
ventral saddle and remarkably thick connecting rings.
The proterocameroceratid Lobendoceras Teichert &
Glenister, 1954 from the Emanuel Limestone is present
in the La Maurerie Formation of the Montagne Noire,
and possibly also in the Central Cordilleran Basin of
Argentina. The orthocerid Kyminoceras Teichert &
Glenister, 1954 shares some similarities with Annbac-
troceras n. gen. herein in the possession of an annulate
shell with a narrow siphuncle composed of orthochoa-
nitic septal necks and thin, slightly convex connecting
rings.

Tremadocian and early Floian cephalopod faunas
from other regions that are considered to have been si-
tuated at a high latitude during the early Ordovician are
either unknown (e.g. Perunica), consist of a single re-
cord (e.g. Cameroceras cf. vertebrale [Eichwald, 1860]
in Gnoli & Pillola [2002], [¼ Saloceras, see Evans
2005] from the Floian of Sardinia), or remain unde-
scribed (e.g. Morocco [pers. comm. Bertrand Lefebvre
2009]; Iran [pers. comm. Leonid Popov 2009]).

Conclusions

The cephalopod fauna of the early Ordovician of the
Montagne Noire is, by comparison with other high lati-
tude Gondwanan faunas, taxonomically diverse. The
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presence of the eothinoceratid Saloceras in abundance
demonstrates the Gondwanan affinity of the assem-
blage whilst adding further support for the presence of
a ‘Saloceras realm’ that may have extended along the
margins of East and West Gondwanan at least into in-
termediate latitudes (Fig. 5). The presence of the pro-
terocameroceratid Lobendoceras may also support this
contention.

The presence of unambiguous members of the Ortho-
ceratoidea in the St Chinian Formation extends records
of this group into the late Tremadocian. The increasing
diversity and abundance of the Orthoceratoidea in the
overlying La Maurerie Formation, combined with the
evidence from the St Chinian Formation lends support
for an initial distribution of at least part of the Ortho-
ceratoidea at higher palaeolatitudes in open-water set-
tings.

Systematic Paleontology

Class Cephalopoda Cuvier, 1797
Subclass Nautiloidea Agassiz, 1847
Order Ellesmerocerida Flower in Flower & Kummel,
1950
Family Cyclostomiceratidae Foerste, 1925

Genus Cyclostomiceras Hyatt in Zittel, 1900

Type species. Gomphoceras cassinense Whitfield, 1886; by original
designation.

Diagnosis. Very weakly cyrtoconic brevicones with a rapidly expand-
ing phragmocone, and a body-chamber that is generally (but not in-

variably) contracted adorally at maturity. Conch cross-section moder-
ately compressed to moderately depressed. Aperture of body-chamber
relatively wide and apparently lacking a hyponomic sinus. Shell orna-
mented with fine growth lines. Sutures nearly straight and almost di-
rectly transverse. Siphuncle small, ranging from 0.13 to 0.07 of
phragmocone diameter and slightly submarginal in position. Septal
necks short and nearly straight with connecting rings that range from
thick and concave to thin and concave (after Ulrich et al. 1944, 55;
King 1999, 339).

Cyclostomiceras thorali n. sp.

Figures 6A–6C

1935 Orthoceras ind�termin�s Type B. – Thoral, 195, pl. 16, fig. 2a–2b.

Derivation of name. In honour of Marcel Thoral (1900–1956) for his
major palaeontological contributions on the Early Paleozoic fauna of
the Montagne Noire.

Holotype. Specimen FSL 392081.

Type locality and horizon. St. Chinian Formation, Euloma filacovi
Zone, late Tremadocian, from F�lines-Minervois, H�rault, France.

Material. Holotype and one additional specimen, FSL 392082, from
type horizon and locality.

Diagnosis. Small, essentially straight conchs reaching a maximum
diameter 10 mm or less. Apical angle of phragmocone and adapical
part of adult body chamber 15�. Adoral portion of body-chamber con-
tracting very slightly adorally. Septal spacing narrow, with approxi-
mately 9 chambers in a distance equivalent to the conch cross section.
Sutures straight, slightly inclined toward the aperture on dorsal side
with a distinct v-shaped ventral saddle over the siphuncle. Siphuncle
marginal with a diameter 0.14 of conch cross-section.

Description. The holotype consists of the internal
mould of the last two chambers of the phragmocone
and body chamber with a total length of 11 mm. The
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tion of the southern hemisphere at late
Tremadocian time. Stars mark occur-
rences of Saloceras Evans, 2005. Note
the circum-Gondwana occurrences of
this genus.
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length of the preserved part of body chamber is 9 mm.
The conch cross-section is nearly circular but very
slightly depressed with a dorsoventral diameter 9.1 mm,
and a lateral diameter of 9.2 mm at the base of the
body-chamber. The body-chamber has diameter of
10 mm, and 10.3 mm respectively 4 mm adorally of its
base. The angle of expansion of the body-chamber de-
creases adorally so that it contracts slightly. The surface
of the internal mould is essentially smooth. The sutures
are 1 mm apart, giving a cameral depth 0.11 that of the
phragmocone diameter. The sutures are slightly inclined
towards the aperture on the dorsal side of the phragmo-
cone and form distinct V-shaped ventral saddle with a
height of 0.75 mm and width of 6 mm over the siphun-
cle. The siphuncle is marginal in position, circular in
cross-section and 1 mm in diameter, or 0.11 of the
phragmocone diameter. The siphuncular segments are
concave and the connecting rings may have been thick.

The second specimen is a strongly deformed frag-
ment consisting of five camerae and part of the body-
chamber with a total length of 15 mm. The sutures dis-
play the same distinctive ventral saddle as seen in the
holotype (Fig. 6B).

Stratigraphic and geographic occurrences. Euloma fila-
covi Zone, St. Chinian Formation, late Tremadocian,
Montagne Noire, H�rault.

Discussion. In terms of their cross-sections (8 and
10 mm) and general shape, the specimens described
and figured by Thoral (1935, pl. 16, figs 2a–2b) are
nearly identical with the two specimens described
above. Thoral (1935) considered the possibility, that
these small specimens might represent fragments of ju-
venile individuals of Saloceras chinianense (Thoral,

1935), but the contraction towards the aperture of the
body-chamber in Thoral’s figured specimen and in the
holotype indicates that these individuals reached matur-
ity at a small size and so do not belong to S. chinia-
nense.

In terms of its dorsoventral and lateral profiles, as
well as overall size, C. thorali is closest to C. minimum
(Whitfield, 1886), with which it also shares the nearly
circular conch cross-section that is apparent in some re-
presentatives of the latter species (Ulrich et al. 1943,
pl. 32, Figs 2, 3). However, the position, size and form
of the siphuncle is different. Whilst C. thorali is similar
to C. cassinense in terms of the size of the siphuncle
and the thickness of the connecting rings, C. thorali
differs in the marginal position of the siphuncle as well
as the overall shape and size of the shell. C. thorali dif-
fers from all species of Paracyclostomiceras Cecioni in
that in Paracyclostomiceras the maximum diameter of
the shell occurs on the phragmocone rather than on the
body-chamber, whilst the sutures show well developed
lateral lobes and dorsal and ventral saddles, although
the siphuncle is of a similar size and position to that of
C. thorali. C. thorali differs from Pictetoceras Foerste,
1926 in much the same way as it differs from Paracy-
clostomiceras, although the siphuncle in Pictetoceras is
somewhat larger.

Family Eothinoceratidae Ulrich, Foerste, Miller & Un-
klesbay, 1944

Genus Saloceras Evans, 2005

Type species. Orthoceras sericeum Salter in Ramsay, 1866; by original
designation.
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Figure 6. Ellesmerocerida of the Early Ordovician of the Montagne Noire. A–C. Cyclostomiceras thorali n. sp. FSL 392081, St.
Chinian Formation, F�lines-Minervois, H�rault; A. Septal view of adoral end of phragmocone showing the septal foramen, venter
down. �1.0; B. Ventral view of body-chamber and adoral portion of phragmocone, �1.5; C. Lateral view of body-chamber and
adoral portion of body-chamber. �1.5; D–I, O. Saloceras chinianense (Thoral, 1935). St. Chinian and La Maurerie formations;
D. Ventral view of part of phragmocone showing intenal mould of siphuncle with deeply concave segments. FSL 392031.�1.25.
F�lines-Minervois, H�rault; E. Portion of strongly annulate body–chamber. FSL 392221.�1.0. Prades-sur-Vernazobres, Canto Ci-
gale, H�rault; F–G. FSL392074. St. Chinian; F. Lateral view of body-chamber and part of phragmocone of moderately annulate
shell, venter on left.�1.0; G. Ventral view of body-chamber and phragmocone, showing trace of siphuncle.�1.0. Environs de St.
Chinian; H. Ventral view of body-chamber and part of phragmocone, showing irregular annulations. FSL 392058. Prades-sur-Ver-
nazobre, Canto Cigale, H�rault.�1.25; I. Ventral view of phragmocone and part of body-chamber lacking annulations and showing
a siphuncle with deeply concave segments. FSL 392230. Prades-sur-Vernazobre, La Maurerie, Canto Cigale, H�rault. �1.25;
O. Lateral view of phragmocone lacking annulations (venter on right) and showing siphuncle with deeply concave segments. FSL
392079. St. Chinian. �1.0; J–L. Saloceras murvielense n. sp. FSL 392035. St. Chinian Formation, F�lines-Minervois, H�rault;
J. Septal view of phragmocone showing septal foramen (venter down).�1.5. F�lines-Minervois, H�rault; K. Slightly oblique ven-
tral view of annulate phragmocone and body-chamber.�1.5; L. Lateral view of phragmocone and body-chamber (venter on left).
�1.5; M–N. Saloceras pradense (Thoral, 1935). FSL 392032. La Maurerie Formation. St. Chinian; M. Lateral view (venter left)
of body-chamber and portion of phragmocone shown a constriction on the body-chamber.�1.25; N. Ventral view of phragmocone
and body-chamber. �1.25; P–V. Rioceras escandei (Thoral, 1935). La Maurerie Formation; P. Body-chamber and part of phrag-
mocone showing marginal siphuncle with slightly concave segments. FSL 392187. Prades-sur-Vernazobre, Canto Cigale, H�rault.
�2.0; Q. Ventral view of phragmocone showing trace of marginal siphuncle on venter; FSL 392207. F�lines-Minervois, H�rault.
�2.5; R. Ventral view of body. chamber showing constriction on internal mould near aperture. FSL 392253. F�lines-Minervois,
H�rault. �1.5; T. Adventious section through siphuncle showing empty camerae and partially silicified septa and siphuncle. FSL
392193. Prades-sur-Vernazobre, Canto Cigale, H�rault. �10; S, U–V. FSL 392289. F�lines-Minervois, H�rault; S. Septal view of
body-chamber showing septal foramen. �2.0; U. Lateral view of body-chamber (venter on right). �2.0; V. Ventral view of body-
chamber.�2.0.
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Diagnosis. Orthoconic eothinoceratids with circular to slightly de-
pressed cross section and moderate angle of expansion; sutures
straight and directly transverse with ventral saddle over siphuncle; si-
phuncle marginal with diameter 0.3–0.5 of corresponding phragmo-
cone cross-section; septal necks achoanitic to weakly orthochoanitic;
siphuncular segments strongly concave with connecting rings thick-
ened, protruding into the siphuncle; siphonal diaphragms present.
(Compiled from Evans 2005).

Saloceras chinianense (Thoral, 1935)

Figures 6E–I, 6O

1935 Orthoceras chinianense Thoral: 182, pl. 15, figs 8a–8b, pl. 16,
figs 5a–5b.

1935 Orthoceras (Ellesmeroceras) estivali Thoral: 187, pl. 15,
figs 6a–6b.

1935 Orthoceras Type C – Thoral: 195, pl. 15. figs 7a–7b.

Lectotype. USTM-ACI 412, figured by Thoral (1935, pl. 15, figs 8a–8b)

Paralectotype. USTM-ACI 421, figured by Thoral (1935, pl. 16,
figs 5a–5b)

Type locality and horizon. Basal Faunizone H ¼ Taihungshania mi-
queli acme Subzone, of the La Maurerie Formation, earliest Floian,
north of Assignan, H�rault, France.

Material. A total number of 120 specimens; 71 specimens (FSL
392038, 392046, 392050–392053, 392060, 392084–392088,
392104–392125, 392138–392170, 392184–392185, 392221) from
Prades-sur-Vernazobres, Canto Cigale; 11 specimens (FSL 392062–
392066, 392094–392099) from Assignan, La Cabosse; 10 specimens
(392031, 392036, 392040–392045, 392059, 392083, 392131) from
F�lines-Minervois, 8 specimens (392089–392092, 392100–392103)
from La Maurerie, Prades-sur-Vernazobres, and 21 specimens
(392033, 392034, 392039, 392057, 392058, 392061, 392067–392080,
392134) from St. Chinian and surrounding area, all H�rault, France.

Diagnosis. Annulate Saloceras with a slight exogastric curvature, ex-
panding at a rate of 10�; conch cross-section circular to weakly de-
pressed; annulations weakly developed in earlier growth stages, but
more pronounced later; distance between subsequent crests of annula-
tions approximately 0.3 of conch cross-section diameter; three cam-
erae occur per annulation and approximately 8 camerae in length si-
milar to phragmocone diameter; sutures form weak lateral saddles
combined with broad dorsal and ventral lobes, and a narrow but pro-
nounced saddle over the siphuncle; siphuncle marginal, diameter 0.19
that of phragmocone; siphuncular segments strongly concave and
thick; shape of septal necks not known.

Description. The shell possesses a slight exogastric cur-
vature as seen in FSL 392074 (Fig. 6F). The rate of ex-
pansion of the conch varies between 7–11� (1st and
3rd quartile, n ¼ 28) and there is little evidence for any
consistent change in expansion rate with growth. The
cross–section of the shell ranges from circular (FSL
392078) to elliptical and depressed with a dorsoventral
diameter 0.81 that of the lateral diameter (FSL
392083). The annulations are very weakly developed or
missing in juvenile parts of the shell, but become ap-
parent and more pronounced at conch diameters greater
than 20 mm. Both the crests and troughs of the annula-
tions are relatively gentle, and while they are almost
transverse, they slope slightly toward the aperture on
the dorsal side forming a shallow salient over the dor-
sum. The annulations may generally increase slightly in
wavelength and amplitude with the diameter of the

conch, but this is not regular and the correlation with
conch diameter is very poor. The surface of the conch
is either smooth, or with faint irregular growth lines.

The depth of the septa ranges from 0.08 to 0.2 (mean
0.12, n ¼ 28) of the diameter of the phragmocone, but
shows no obvious trend or correlation with increasing
conch diameter. This may be a consequence of deforma-
tion, or might represent real variation in septal depth. In
the specimens measured, cameral depth ranges from
about 0.07 to 0.18 of the phragmocone diameter, and
whilst there is no apparent trend in the change in cam-
eral depth with diameter, the lower limit of the range
may include increasingly shallow camerae as the di-
ameter increases. FSL 392031 and FSL 392033 are ty-
pical in showing the sutures to be almost transverse,
whilst forming a weak and broad dorsal lobe, very shal-
low lateral saddles, and a broad shallow ventral lobe
with a distinct, narrow saddle over the venter.

The siphuncle is marginal in position and lies on the
convex side of the conch. It is circular, or nearly so in
section. The mean diameter of the siphuncle is 0.19 of
the phragmocone diameter (0.16, 1st quartile, 0.22, 3rd
quartile, n ¼ 29). The siphuncular segments are deeply
concave and appear to be quite strongly thickened.

Stratigraphic and geographic occurrences. Basal Eulo-
ma filacovi Zone, St. Chinian Formation, late Tremado-
cian, and Taihungshania miqueli acme Subzone, La
Maurerie Formation, basal Floian, Montagne Noire,
H�rault, France.

Discussion. This is the most common and largest ce-
phalopod that occurs in the nodules of the La Maurerie
Formation. The fragments of annulated portions of shell
belonging to S. chinianense account for more than half
(n ¼ 121) of the determinable cephalopod fragments in
the collection (n ¼ 219).

As the annulations in S. chinianense are often only
weakly expressed in fragments less than 20 mm in di-
ameter, the possibility exists that S. chinianense repre-
sents more adoral parts of S. sericeum. Specimens such
as NMW88.30G.8 (Evans 2005, pl. 1, fig. 2) showing a
phragmocone and part of the body-chamber with the fi-
nal septa approximated, whilst lacking any annulations,
suggests that this is not the case; as do the large numbers
of specimens representing S. sericeum (see Evans 2005),
all of which that lack any trace of annulation. In addition
the relative size of the siphuncle is substantially greater
in S. sericeum with a mean diameter of 35 mm (N ¼ 14).
S. chinianense differs from S. sericeum from the Trema-
docian–Floian of the Welsh Borderland, in having an an-
nulated shell, and a narrower siphuncle.

Saloceras murvielense n. sp.

Figures 6J–L

Derivation of name. From Chteau de Murviel, Murviel-les-B�ziers, a
wine of the Saint-Chinian region.

Holotype. Specimen FSL 392035.
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museum-fossilrecord.wiley-vch.de # 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Type locality and horizon. Type locality and horizon. Euloma filacovi
Zone, St. Chinian Formation, late Tremadocian, from F�lines-Miner-
vois, H�rault, France.

Material. The holotype and two additional specimens; one specimen
(FSL 392037) from F�lines-Minervois, and one specimen (FSL
392056) from the surroundings of St. Chinian; all from H�rault,
France.

Diagnosis. Rapidly expanding (18�) Saloceras with a nearly straight
shell, pronounced annulations of shell, and a slightly compressed
cross section; wavelength of single annulation equal to length of
3 camerae; seven camerae in a distance equivalent to dorsoventral
diameter of phragmocone; sutures essentially straight with shallow
broad lateral saddles; siphuncle marginal with a diameter 0.1 of conch
cross section; connecting rings concave and protruding towards centre
of siphuncle.

Description. The holotype consists of a portion of
phragmocone increasing in diameter from 12.5 mm to
17 mm over a distance of 14 mm (angle of expansion
18.3�). The rate of expansion in FSL 392056 is slightly
less at 15.4�. Annulations have a wavelength of 6 mm
at a phragmocone diameter of 11 mm, whilst their
depth is 0.3 mm. In FSL 392037 annulations have a
wavelength of 7 mm at a phragmocone diameter of
13 mm. Thus there are approximately two annulations
in a distance equivalent to the phragmocone diameter.
The sutures are almost straight and transverse with
weak, broad lateral saddles and a narrow, but faint sad-
dle over the siphuncle. The depth of the camerae ranges
from 0.125 to 0.18 of the diameter of the phragmocone
cross-section with a mean of 0.148 (n ¼ 3). About
three camerae occur in a distance equal to the wave-
length of the annulation. The siphuncle is marginal in
position, with diameter 0.1 that of the phragmocone. In
the holotype, the internal and external moulds of the
siphuncle indicated that the connecting rings were
strongly concave and thickened.

Stratigraphic and geographic occurrences. Euloma fila-
covi Zone, St. Chinian Formation, late Tremadocian,
Montagne Noire, H�rault, France.

Discussion. This is a distinct species of Saloceras, com-
bining a large angle of expansion with a distinctive pat-
tern of annulation and a comparatively narrow, margin-
al siphuncle. In these characteristics, this species also
appears to be distinct from all other cephalopod taxa of
a similar age.

Saloceras pradense (Thoral, 1935)

Figures 6M, N

1935 Orthoceras pradense. – Thoral: 190, pl. 15, fig. 5, pl. 16,
figs 3a–3b.

Lectotype. USTM-ACI 409 (figured Thoral 1935, pl. 15, fig. 5) is
herein selected as the lectotype. From the basal Faunizone H = Tai-
hungshania miqueli acme Subzone, of the La Maurerie Formation,
earliest Floian, from an unspecified location in the environs of St.
Chinian, H�rault, France.

Paralectotype. USTM-ACI 419 (figured Thoral 1935, pl. 16, figs 3a,
3b), from the La Maurerie Formation in the vicinity of Prades-sur-
Vernazobres, H�rault, France.

Other material. A total of five specimens (FSL 392032, 392047,
392048, 392054) from the La Maurerie Formation at unspecified lo-
cations in the environs of St. Chinian, H�rault, France. One specimen
(FSL 392049) from the La Maurerie Formation in the vicinity of
Prades-sur-Vernazobres, H�rault, France.

Diagnosis. Slowly expanding (less than 5�) species of Saloceras with
a nearly circular or slightly depressed conch cross section; conch
nearly straight with distinctive, widely spaced constriction; sutures
nearly transverse with shallow lateral saddles and weak dorsal and
ventral lobes, and a narrow saddle over the siphuncle; eight camerae
occur in a distance equal to the phragmocone diameter; siphuncle
marginal in position with a diameter approximately 0.25 that of the
phragmocone. Connecting rings concave and thickened.

Description. The lectotype consists of body-chamber
and phragmocone 61 mm in length of which the body-
chamber represents 31 mm. The lateral diameter of the
phragmocone is 18 mm near the base of the body-
chamber. The shell increases in diameter from 15 mm
to 19 mm over its length, giving a rate of expansion of
3.9�. The body-chamber shows two constrictions about
11 mm apart and in the case of the more apically posi-
tioned, is 6.5 mm long and lies close to the base of the
body-chamber. The depth of the camerae are 0.125 that
of the phragmocone diameter. The paralectotype repre-
sents the largest individual recorded, reaching a dorso-
ventral diameter of 27 mm at the base of the body-
chamber where the camerae are 0.08 of the dorsoven-
tral diameter of the phragmocone. This specimen shows
well-developed lateral saddles, combined with a broad
lobe on the venter, which is inflected over the siphuncle
to form a marked saddle. The siphuncle shows that the
connecting rings must be markedly concave and prob-
ably thickened.

FSL 392032 consists of part of a body-chamber
22.5 mm long and a portion of the phragmocone con-
sisting of three camerae, giving a total length to the
fragment of 35 mm. It increases in its dorsoventral di-
ameter from 19.5 mm to 21 mm in a distance of 28 mm
giving a rate of expansion of 4.5�. The cross-section is
almost circular, but very slightly depressed. The surface
of the mould of body chamber shows very faint annula-
tions that are parallel to the sutures and 1 mm to 2 mm
apart and form a shallow v-shaped ventral sinus. The
body chamber is constricted 7 mm aperturally of the
last septum. The constriction is 9 mm in length and
1 mm in depth. In FSL 392048, the distance between
two succeeding constrictions is 12 mm at a conch cross
section of 20 mm.

In this specimen the sutures are almost transverse,
but slightly inclined towards the aperture on the dorsal
side of the phragmocone. The distance between the su-
tures is 2.3 mm giving a cameral depth 0.12 of the
phragmocone diameter. In FSL 392047 a broad, v-
shaped ventral saddle is visible.

Overall, the mean of the relative depth of the cam-
erae is 0.13 (n ¼ 5), but is very low in the paralecto-
type and may indicate that the septa are approximated
in this specimen, possibly indicating the maximum size
of this taxon. The relative diameter of the siphuncle
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varies between 0.17 and 0.31 of the phragmocone di-
ameter (mean ¼ 0.24, n ¼ 5) and appears to decrease
adorally. The connecting rings are deeply concave and
likely to be thickened.

Stratigraphic and geographic occurrences. Basal Fauni-
zone H ¼ Taihungshania miqueli acme Subzone, of the
La Maurerie Formation, basal Floian, Montagne Noir,
H�rault, France.

Discussion. Thoral (1935) noted that O. pradense was
characterised by the annulations that occur on the
body-chamber and also the approximation of the two
last camerae. He noted also the similarity to O. estivale
in the form and position of the siphuncle as well as
their occurrence in the same horizons. S. pradense is
easily distinguished from other species of Saloceras in
possessing a very low rate of expansion and marked
constrictions of the shell. O. estivale is here synony-
mised with S. chinianense as it possesses a higher rate
of expansion, and lacks the characteristic constrictions
on the body-chamber.

Family Rioceratidae n. fam.

Derivation of the name. From Rioceras Flower, 1964, the type genus.

Type genus. Rioceras Flower, 1964.

Diagnosis. Slender, orthoconic ellesmerocerids with essentially sim-
ple, straight, transverse sutures, and thin marginal, or nearly so si-
phuncle; sutures may form ventral lobe; septal necks achoanitic
through loxochoanitic to nearly orthochoanitic; siphuncular segments
concave, with thick connecting rings; endosiphuncular and cameral
deposits unknown; diaphragms may be present in some forms.

Discussion. In emending the Baltoceratidae and restrict-
ing the family to Orthocerida taxa similar to Cochlio-
ceras Eichwald, 1860, Kr�ger et al. (2007) excluded
those genera possessing concave siphuncular segments
with thickened connecting rings such as Rioceras Flow-
er, 1964 originally included in the Baltoceratidae by
Flower (1964). Similarly, revision of Protocycloceras
lamarcki (Billings, 1859) by Kr�ger & Landing (2009)
has restricted the Protocycloceratidae to rod-bearing,
annulate longicones of the Ellesmerocerida with con-
cave siphuncular segments. As a consequence of these
more restricted diagnoses Kr�ger & Landing (2009) in-
dicated that the remainder of the original Baltoceratidae
were orphaned and the erection of a new higher taxon
was required. Herein, we erect this higher taxon as a
family that includes straight longiconic ellesmerocerids
with a siphuncle with concave siphuncular segments,
thick connecting rings, and which are free of endosi-
phuncular deposits. The Cyptendoceratidae, and the
Protocycloceratidae differ in having an endosiphuncular
rod, and the Baltoceratidae differ in having a thin, tubu-
lar connecting ring.

Genera included. Rioceras Flower, 1964; Felinoceras
n. gen.; Microbaltoceras Flower, 1964; Pachendoceras
Ulrich & Foerste, 1936.

Genus Rioceras Flower, 1964

Type species. Rioceras nondescriptum Flower, 1964, by original desig-
nation. From the Victorio Formation of the El Paso Group of New
Mexico, southwestern United States.

Diagnosis. Small slender orthocones expanding at rates between 5�

and 25�; circular to slightly compressed or depressed cross-sections;
shell smooth; sutures generally straitght and directly transverse; cam-
erae shallow, depth 0.1–0.2 dorsoventral diameter of phragmocone;
body-chamber simple, tubular or faintly fusiform; septal necks loxo-
choanitic-orthochoanitic; siphuncle marginal, with diameter of about
0.4–0.1 of dorsoventral phragmocone diameter, segments concave
with moderately thick connecting rings; no or strongly reduced endo-
siphuncular deposits.

Discussion. Known from several species described by
Flower (1964) from horizons of Stairsian to Blackhill-
sian age in the El Paso Group of the southwestern Uni-
ted States, Rioceras, despite its simple form, exhibits
wide variation in the rate of expansion of the shell and
some variation in the relative diameter of the siphuncle.
Given the range of variation, particularly in the rate of
expansion of the shell, it may be the case that taxa such
as R.(?) lobatum Flower should be assigned to a sepa-
rate genus. The structure of the siphuncle in R. nonde-
scriptum (Flower 1964, pl. 19, figs 10, 18, 21), R. oaxa-
caense (Flower 1968, pl. 105, fig. 4) and R. sp. (Flower
1968, pl. 105, figs 9–11) shows a connecting ring char-
acteristic of many ellesmerocerids insofar as it is thick-
ened and slightly concave in profile. The thickening of
the connecting rings is greatest at the apical end of the
segments, indicating that they are attached to relatively
long septal necks that are certainly loxochoanitic and
may approach an orthochoanitic state. Forms such as
Rioceras? sp. (Hook & Flower 1977, pl. 12, figs 18–
20) from the Wahwah Limestone of Utah do not belong
in the genus as the connecting rings are thin and con-
vex in profile.

The bulk of species assigned to Rioceras are from
the early Ordovician of the southwestern United States.
Evans (2005, 70) considered that the species assigned
to Rioceras by Flower (1968) from the Ti�u Formation
of Oaxaca State, Mexico, were related to Saloceras.
This interpretation was at least in part based upon the
profiles of the connecting rings illustrated by Flower
(1968, pl. 42, figs 5–6), which represent sagittal sec-
tions in the dorsoventral plane of the siphuncle. These
sections are, however, cut obliquely to the dorsoventral
plane and exaggerate the apparent thickness of the con-
necting ring, generating a superficial resemblance to
Saloceras.

Rioceras escandei (Thoral, 1935)

Figures 6P–V, 7A, B

1935 Orthoceras escandei. – Thoral: 186, pl. 15, figs 2–3.
1935 Orthoceras estivali vari�t� brevicellae. – Thoral: 189, pl. 15,

fig. 4.
1935 Orthoceras sp. II. – Thoral: 191, pl. 16, figs 4a–4d.

Lectotype. USTM-ACI 406, figured by Thoral (1935, pl. 15, fig. 2).
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Paralectotype. USTM-ACI 406, figured by Thoral (1935, pl. 15,
fig. 3).

Type locality and horizon. Asaphelina barroisi berardi þ Taihung-
shania miqueli Subzone, latest Tremadocian, St. Chinian Formation,
St. Chinian, La Croix-Rouge, H�rault, France.

Other material. A total of 32 specimens; from the Euloma filacovi
Zone, late Tremadocian, St. Chinian Formation, F�lines-Minervois,
H�rault (4 specimens: FSL 392044, 392207, 392235, 392289), the
Asaphelina barroisi berardi þ Taihungshania miqueli Subzone, late
Tremadocian, NE school of Prades-sur-Vernazobres, H�rault (12 spe-
cimens: FSL 392178, 392181, 392198–99, 392201–03, 392205,
392233, 392249–50, 392252), and St. Chinian, La Croix-Rouge, H�-
rault (1 specimen: FSL 392246), and the Taihungshania miqueli acme
Subzone, early Floian, Prades-sur-Vernazobres, Canto Cigale, H�rault
(11 specimens: FSL 392180, 392187, 392191–93, 392195–97,
392210, 392218, 392222), and Prades-sur-Vernazobres, La Maurerie,
H�rault (4 specimens: FSL 392206, 392208, 392215, 392231).

Diagnosis. Straight conchs with apical angle of 6�, circular to slightly
depressed cross section; smooth or faintly and irregularly annulated
shell. Five chambers occur in a distance similar to phragmocone dia-
meter. Sutures almost directly transverse and nearly straight with a
weak lobe over the venter. Siphuncle marginal in position, with a di-
ameter 0.2 that of the phragmocone; nearly tubular in outline, with
segments only slightly concave.

Description. The lectotype consists of an internal
mould 53 mm long, of which 42 mm represents a
phragmocone that increases in diameter from 12.5 mm
to 13.8 mm giving a rate of expansion of 3.5�. The
depth of the camerae ranges from 0.23 to 0.33 that of
the diameter of the phragmocone, whilst the sutures are
almost directly transverse, with a shallow lobe over the
siphuncle. The siphuncle is marginal in position and re-
latively narrow in diameter. The visible ventral surface
of the mould of the siphuncle shows that the segments
are slightly constricted and the connecting rings may
be interpreted as concave in shape. The mould of the
septal foramen forms a narrow ridge directed adorally
over the ventral surface of the siphuncle suggesting the
presence of a short septal neck.

The other specimens consist of internal moulds of
orthoconic longicones with an apical angle that varies
between 4� (1st quartile) and 7� (3rd quartile) in the
10 specimens where this measurement is possible. The
surface of the shell is almost smooth with very weak
irregularly spaced transverse undulations (specimen
FSL 392289) that form a very shallow sinus over the
venter. The largest specimen observed (FSL 392209)
has a diameter of 22 mm. The cross section of the shell
varies from circular to a maximum width/height ratio
of 1.16 (mean ¼ 1.04, n ¼ 15). In only a few speci-
mens are the septa well enough preserved to estimate
their depth. These show some variation, ranging from
0.9 that of the phragmocone diameter to 0.28 with a
mean of 0.16 (n ¼ 6). Cameral depth varies between
0.16 of the phragmocone diameter (1st quartile) and
0.22 (3rd quartile) with a mean of 0.2 in 18 specimens
from which measurements were possible. There is some
indication that cameral depth generally decreases with
increasing phragmocone diameter, although this is
poorly correlated (Fig. 8). The sutures seen in FSL

392207 and FSL 392208 are nearly straight and very
slightly obliquely inclined toward the aperture on the
dorsal side, with a very weak lobe over the venter. The
siphuncle is marginal in position and in the 25 speci-
mens measured, the diameter varies between 0.19 that
of the phragmocone diameter (1st quartile) and 0.27
(3rd quartile) with a mean of 0.23. In no specimen is
the siphuncle well-enough preserved to be able to dis-
tinguish between the septal necks and the connecting
rings with certainty. Both FSL 392187 and 392203 de-
monstrate that the siphuncular segments are slightly
concave (Figs 6P, 7A), whilst the ventral surface of the
siphuncle visible in FSL 392207 may suggest that the
inner surface of the segments are more strongly de-
flected at their apical ends. This could be interpreted as
a weakly concave connecting ring that increased in
thickness towards its apical termination, and may indi-
cate that the septal necks were loxochoanitic or ortho-
choanitic, but fairly short, so that no indication of their
presence would be expected to be evident on the mould
of the siphuncle.

Comparison. Rioceras escandei differs from many of
the species of Rioceras described from North America.
R. lobatum Flower, 1964 possesses lateral lobes, a
greater rate of expansion and a broader siphuncle.
R. depressum Flower, 1964 has a broader siphuncle and
more strongly depressed cross-section, whilst R. dartoni
Flower, 1964 expands more rapidly and the camerae
are extremely shallow. R. nondescriptum Flower, 1964
bears some similarity to R. escandei, but possesses a
slightly larger siphuncle, shallower camerae, and a
smaller rate of expansion. Whilst the rate of expansion
is slightly greater, R. escandei is closest to R. minore
Flower, 1964 and R. oaxacaense, from the Tremadoc
Ti�u Formation of Oaxaca State, Mexico. If more ma-
terial were available from the Ti�u Formation, it may
be possible to demonstrate that these species are junior
synonyms of R. escandei.

Stratigraphic and geographic occurrences. Euloma fila-
covi Zone and Asaphelina barroisi berardi þ Taihung-
shania miqueli Subzone, St. Chinian Formation, late
Tremadocian, to basal Faunizone H ¼ Taihungshania
miqueli acme Subzone, basal Floian, of the La Maur-
erie Formation, Montagne Noir, H�rault, France.

Genus Felinoceras n. gen.

Deriviation of the name. Referring to the type locality of the geno-
type, F�lines-Minervois, H�rault, France.

Type species. Felinoceras constrictum n. sp. from the Euloma filacovi
Zone, St. Chinian Formation, late Tremadocian, H�rault, France.

Diagnosis. Annulated orthocones expanding at approximately 12�;
cross section circular to slightly depressed; annulations directly trans-
verse more pronounced in earlier growth stages, with widely spaced,
directly transverse constrictions; about 2 annulations in a distance
equal to the corresponding conch diameter; sutures directly trans-
verse, 5 in a distance equal to the corresponding phragmocone di-
ameter; about 2 camerae in a distance equal to one annulation;

Fossil Record 14 (1) 2011, 5–34 21

# 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim museum-fossilrecord.wiley-vch.de
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siphuncle marginal, diameter approximately 0.1 of phragmocone di-
ameter; segments slightly concave in profile.

Comparison. Felinoceras may be compared with several
annulate orthocones of late Tremadoc or early Floian
age. Rudolfoceras Ulrich, Foerste, Miller & Unklesbay
1944 differs from Felinoceras in possessing a slightly
narrower siphuncle that is removed from the phragmo-
cone wall, whilst the camerae are shallower and there
are about seven camerae between each annulation. In
Ectocycloceras Ulrich & Foerste, 1936 the annulations
are relatively suppressed by comparison with those of
Felinoceras, whilst the camerae of the former are sub-
stantially shallower. Ectocycloceras also differs in the
marked curvature of the shell and the relatively low
rate expansion of the shell as well as the slight contrac-
tion of the body-chamber. The orthocerid Kyminoceras
Teichert & Glenister, 1954 is superficially similar to
Felinoceras and although it clearly differs in the much
lower rate of expansion of the conch, the more signifi-
cant difference is in the possession of thin, slightly con-
vex connecting rings. Felinoceras differs from Rioceras
in having an annulated shell

Species included. Type species only.

Felinoceras constrictum n. sp.

Figures 7C–E, I–J

Deriviation of the name. Referring to the characteristic conch con-
strictions of the holotype.

Holotype. Specimen FSL 392225.

Paratype. Specimen FSL 392286.

Type locality and horizon. Euloma filacovi Zone, St. Chinian Forma-
tion, late Tremadocian, from F�lines-Minervois, H�rault, France.

Diagnosis. As for genus by monotypy.

Description. The holotype is an orthoconic portion of
phragmocone with a total length of 38 mm, increasing
in diameter over a distance of 14 mm from 12 mm to
15 mm (angle of expansion 12�). The maximum di-
ameter of the specimen is 17 mm. The cross section of
the conch is nearly circular. The annulations are
straight, directly transverse and about 6 mm distance,
with an amplitude 0.4 mm where the phragmocone di-
ameter is 13 mm. At conch a diameter larger than
15 mm annulations appears to become very shallow, in-
conspicuous and the distance between crests increases
to about 10 mm. The sutures are straight, directly trans-
verse and distance 0.19 of corresponding phragmocone
diameter. The siphuncle is marginal in position with a
diameter of 2 mm where the phragmocone diameter is
13 mm (or 0.15 of the phragmocone diameter). The si-
phuncular segments are almost tubular, but slightly con-
cave in profile.

The paratype is a piece of phragmocone and body-
chamber with a total length of 40 mm with a minimum
diameter of 10 mm, increasing to 12.5 mm over 7 mm.
A single directly transverse constriction is present at a
diameter of 10 mm. The constriction is approximately
7 mm wide and 0.5 mm deep. The conch cross-section
is slightly flattened on the antisiphuncular side of the
shell. The sutures are directly transverse 1.9 mm dis-
tance where the phragmocone diameter is 10 mm. The
siphuncle is marginal, and with a relative diameter 0.1
that of the phragmocone diameter is slightly less than
that of the holotype.

Discussion. Felinoceras constrictum n. sp. is superfi-
cially similar to the co-occurring annulate orthocone
Saloceras murvielense n. sp., which has a similar rate
of expansion. S. murvielense possesses generally shal-
lower camerae whilst the siphuncular segments are
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Figure 7. Ellesmerocerida, Endocerida, and Orthocerida of the Early Ordovician of the Montagne Noire. A–B. Rioceras escandei
(Thoral, 1935). St. Chinian and La Maurerie Formation. FSL 392203. Northeast of the school, Prades-sur-Vernazobre, Canto Ci-
gale, H�rault; A. Detail of siphuncle showing the septal foraminae and weakly concave segments. �4.0. B. General view of the
same specimen, showing the adoral end of the phragmocone and the body-chamber. �1.0; C–E, I–J. Felinoceras constrictum
n. sp. St. Chinian and La Maurerie Formation, F�lines-Minervois, H�rault; C–E. FSL 392286; C. Lateral view of weakly annulated
body-chamber and phragmocone (venter on left).�1.25; D. Ventral view showing trace of siphuncle on the venter.�1.25; E. Lat-
eral view (venter on right).�1.25; I–J. FSL 392225; I. Lateral view of faintly annulated body–chamber and phragmocone (venter
on right).�1.0; J. Lateral view showing trace of siphuncle on venter in the form of small saddles formed ny the sutures.�1.0; F–
H, Q. Annbactroceras martyi (Thoral, 1935). FSL 392227. St. Chinian Formation, F�lines-Minervois, H�rault; F. Septal view of
body-chamber showing septal foramen (venter down). �2.0; G. Lateral view of annulate body-chamber (venter on left). �2.0;
H. Ventral view of body-chamber.�2.0; Q. Adventitious section through phragmocone showing deep camerae and tubular siphun-
cular segments. FSL 424983. St. Chinian, H�rault.�2.5; K–N. Annbactroceras felinense n. sp. FSL 392223. La Maurerie Forma-
tion. F�lines-Minervois, H�rault; K. Lateral view of annulate body-chamber (venter on right). �1.25; L. Ventral view showing
septal foramen. �1.25; M. Dorsal view. �1.25; N. Septal view showing septal foramen (venter down). �1.25; R–S. Bactroceras
mourguesi (Thoral, 1935). La Maurerie Formation; R. External mould of phragmocone containing a partially silicified siphuncle
showing markedly expanded segments. FSL 392219. Prades-sur-Vernazobre, la Maurerie, Borie des Pierils, Canto Cigale, H�rault.
�5.0; S. Body-chamber and external mould of phragmocone. FSL 392263. F�lines-Minervois, H�rault.�4.0; O–P, V–W. Loben-
doceras undulatum n. sp. La Maurerie Formation, F�lines-Minervois, H�rault; O–P. FSL 392270; O. Internal mould of part of
body-chamber, phragmocone and large siphuncle. �1.25; P. Lateral view (venter on right). �1.25; V–W. FSL 392277; V. Lateral
view of phragmocone showing inclined transverse constriction towards apical end (venter on left).�1.0; W. Ventral view of phrag-
mocone showing constricion over venter.�1.0; T–U. Cochlioceras? aff. roemeri Dzik, 1984. St. Chinian and La Maurerie forma-
tions; T. FSL 392232. Adventitious section through phragmocone showing siphuncle. Northeast of the school, Prades-sur-Vernazo-
bre, Canto Cigale, H�rault.�3.0; U. FSL 392182. Adventitious section through phragmocone showing a relatively broad siphuncle
with slightly expanded segments. Prades-sur-Vernazobres, Canto Cigale, H�rault.�3.0.
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markedly concave in profile and the annulations are
more distant. In the nearly tubular siphuncle and the
comparatively deep spaced camerae, F. constrictum is
similar to Rioceras escandei in having a slender
straight conch with a thin, marginal siphuncle with con-
cave siphuncular segments, lacking any evidence for
endosiphuncular deposits, and it is for this reason that
the genus is assigned to the Rioceratidae.

Stratigraphic and geographic occurrences. Euloma fila-
covi Zone, St. Chinian Formation, late Tremadocian,
Montagne Noire, H�rault, France.

Subclass Orthoceratoidea Zhuravleva, 1994
Order Orthocerida Kuhn, 1940
Family Baltoceratidae Kobayashi, 1935

Genus Annbactroceras n. gen.

Derivation of name. From the latin annulare, referring to the charac-
teristic ornamentation of this genus.

Type species. Annbactroceras martyi (Thoral, 1935) from the Euloma
filacovi Zone, St. Chinian Formation, late Tremadocian, H�rault,
France.

Diagnosis. Slender, straight to slightly curved, annulate conchs; su-
tures directly transverse and widely spaced; siphuncle marginal to ec-
centric in position and closer to side of conch with concave curvature;
septal necks orthochoanitic, siphuncular segments tubular with a di-
ameter 0.1 that of phragmocone diameter.

Comparison. This genus differs from Bactroceras Holm,
1898 in possessing an annulated shell, and from Slem-
mestadoceras Kr�ger, 2008, in possessing deep camerae
and a lower angle of expansion. Kyminoceras Teichert &
Glenister, 1954 also shows similarities in the composi-
tion of the siphuncle, although as with Slemmestado-
ceras, the camerae appear to be somewhat shallower.

Species included. Annbactroceras martyi (Thoral,
1935); Annbactroceras felinense n. sp.

Annbactroceras martyi (Thoral, 1935)

Figures 7F–H, Q

1935 Orthoceras martyi. – Thoral: 180, pl. 15, figs 9a–9c.

Holotype. USTM-ACI 413

Type locality and horizon. Euloma filacovi Zone, St. Chinian Forma-
tion, late Tremadocian, Prades-sur-Vernazobres, H�rault, France.

Material. Six specimens, all from the Euloma filacovi Zone, St. Chi-
nian Formation, late Tremadocian: four (FSL 392224, 392227,
392287–88) from F�lines-Minervois, one (FSL 424983) from the vi-
cinity of St. Chinian in a nodule with Aethocrinus moorei (Ubaghs,
1969), figured in Ubaghs (1969, pl. 1, fig. 6), specimen FSL 392292
is from Vigne Bolo, La Rouvelane, H�rault, France.

Diagnosis. Slender, annulate slightly curved conchs with angle of ex-
pansion of typically less than 5�, and circular cross section; annula-
tions form shallow lobe at prosiphuncular side, 4–5 annulations per
distance similar to conch diameter; sutures directly transverse, with
distance of approximately 0.5 of corresponding conch height; siphun-
cle eccentric, positioned between conch center and concave side of
conch curvature, tubular with diameter of 0.1 of conch cross section.

Description. The holotype consists of a portion of
phragmocone 58 mm long, increasing from 7.5 mm to
8.7 mm in the same distance, giving an expansion rate
of 1.2�. The cross-section of the shell is weakly ellipti-
cal and may be slightly deformed. Eight annulations
are present along the most adoral 22 mm of the phrag-
mocone. They are inclined to the normal of the conch
axis by about 17� and form a sinus on the prosiphuncu-
lar side of the phragmocone. Several camerae are visi-
ble toward the apical end of the specimen, and these
indicate that the sutures are straight and directly trans-
verse. However, deformation of the apical end of the
specimen prohibits anything more than an estimation of
the depth of the camerae, which in one case is esti-
mated at 0.32 the diameter of the phragmocone. The
siphuncle is clearly submarginal in position and tubular
in profile, but again the deformation of this part of the
conch prohibits measurement of the siphuncle.

The material described here consists of somewhat
fragmentary portions of conch representing both phrag-
mocones and body-chambers. Overall, the shell is slen-
der and slightly curved with siphuncle lying on the side
of the shell that has a concave curvature (FSL 392227,
424983). Shell fragments range from 12 mm to 22 mm
with the smallest shell diameter being 2.5 mm (FSL
424983), and the largest represented by the adoral end
of FSL 392227, which consists of a body-chamber. The
rate of expansion of the shells ranges from 2� to 5�.
Sutures are straight and directly transverse in all speci-
mens where they are visible. Where septa are visible,
the depths of the septa are estimated at 0.25 of the
phragmocone diameter. Cameral depth ranges from
0.18 to 0.54 of the phragmocone diameter, but lies
mainly between 0.4 and 0.5, whilst the lowest value
(0.18, FSL 392288) may represent an approximated
septum just below the body-chamber. The diameter of
the siphuncle varies from 0.07 to 0.22 of the phragmo-
cone diameter whilst its position is submarginal with its
ventral wall lying at a distance between 0.09 and 0.33
of the phragmocone diameter from the venter. As seen
in FSL 424983, the mould of the siphuncle is tubular,
or very slightly expanded throughout the length of the
siphuncular segment, indicating probable thin connect-
ing rings and orthochoanitic septal necks. Annulations
are present in all specimens but appear to be extremely
suppressed in FSL 424983, with some indication of
their presence in the sagittal profile of the adoral part
of the external mould in this specimen. Annulations are
about 0.1 mm in depth from crest to trough, and range
from 2 mm to 3 mm from crest to crest. They are
slightly inclined towards the aperture in the antisiphun-
cular side of the shell and form indistinct shallow lobes
on the prosiphonal side. FSL 392227 consists entirely
of a body-chamber 20 mm long and 6 mm in diameter
at the base and shows a distinct curvature.

Stratigraphic and geographic occurrences. Euloma fila-
covi Zone, St. Chinian Formation, late Tremadocian,
Montagne Noire, H�rault, France.
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Discussion. Annbactroceras martyi is represented by a
relatively small number of individuals that exhibit some
discontinuous variation in a number of characters. It is
possible, given additional specimens, that these discon-
tinuities would be reduced. However, given the data
available, questions may arise with regard to whether
all the material belongs to the same taxon. The differ-
ence in cameral depths seen in this material may be
reflected in the fact that the specimen in question (FSL
392288) has a maximum diameter of 8 mm which is
larger than the body-chamber represented by FSL
392227, suggesting the possibility that the septa are ap-
proximated in the former specimen, as this part of the
shell may be close to the body-chamber. Whilst there is
a wide range in the siphuncle diameter, similarly wide
ranges occur in other taxa described here (e.g. Salo-
ceras chinianense or Rioceras escandei). The variation
seen in the degree of development of the annulation of
the shell may be more a reflection of the small size of
the shell represented by FSL 424983, especially as it
annulations appear to be better developed in the adoral
portion of this specimen.

Thoral (1935) noted that Slemmestadoceras attavus
(Brøgger, 1882) resembled A. martyi, but that the latter
differs in possessing a greater angle of expansion, a
less pronounced annulation, and a narrower, strictly
marginal siphuncle. Miquel (1912) listed Orthoceras at-
tavum Brøgger, 1882 from the “Schistes � Symphysurus
sicardi” (Thoral 1935, 85). Here, this is taken as evi-
dence of the occurrence of an annulate longicone in the
Faunizones E/F of the St. Chinian Formation. The pre-
sence of two specimens from the Tremadocian of the
St. Chinian Formation in the FSL collections, support
Miquel’s (1912) observation and confirm a Tremado-
cian age for the oldest A. martyi. Together with the
sporadic occurrence of Bactroceras mourguesi (Thoral,
1935) in the St Chinian Formation these taxa currently
represent the oldest occurrences of orthocerid taxa.

Annbactroceras felinense n. sp.

Figures 7K–N

Deriviation of the name. Referring to the type locality, F�lines-Miner-
vois, H�rault, France.

Holotype. Specimen FSL 392223.

Type locality and horizon. Euloma filacovi Zone, St. Chinian Forma-
tion, late Tremadocian, from F�lines-Minervois, H�rault, France.

Material. Holotype only.

Diagnosis. Slender, annulate, slightly curved conch with low angle of
expansion, and slightly compressed cross section; annulations form
sharply rounded crests and broadly rounded troughs; slightly inclined
towards aperture on antisiphuncular side of conch; 4 annulations in
distance equal to conch diameter; fine striations present parallel to
annulations; sutures straight and directly transverse; siphuncle margin-
al on side of conch with concave curvature; tubular with diameter of
0.1 that of conch diameter.

Description. The holotype is a slender, slightly curved
fragment of a body-chamber 24 mm long with the final

septum preserved at its base. It increases in diameter
from 14.4 mm to 15.4 mm over a distance of 16 mm,
giving angle of expansion 3.6�. The conch cross section
is slightly compressed (lateral diameter/dorsoventral
diameter ¼ 0.96). Annulations are approximately 4 mm
apart, and slightly inclined toward the aperture on the
antisiphuncular, convex side of the shell, forming a
very broad sinus on the prosiphuncular side. The annu-
lations form sharp angular crests combined with
broadly rounded troughs and have an amplitude of
0.2 mm. Fine striations with a density of 5 per mm are
present parallel to the annulations. The suture at the
base of the body-chamber is straight and transverse
with a broad and shallow saddle on the antisiphuncular
side of the shell. The siphuncle is marginal in position
on the side of the conch with concave curvature. At a
conch diameter of 14 mm, the diameter of the siphun-
cle is 1.5 mm. Only the adoral end of the siphuncle is
preserved, but what remains suggests that the septal
necks were orthochoanitic, and the connecting rings
tubular.

Stratigraphic and geographic occurrences. Euloma fila-
covi Zone, St. Chinian Formation, late Tremadocian,
Montagne Noire, H�rault, France.

Discussion. By comparison with Annbactroceras martyi
(Thoral, 1935), A. felinense is larger in size, possesses a
marginal siphuncle, whilst the ventral sinus formed by
the annulations is less pronounced than those seen in
A. martyi.

Genus Bactroceras Holm, 1898

Type species. Bactroceras avus Holm, 1898, subsequent designation
by Glenister (1952, 90).

Diagnosis. Slender, smooth orthocones with nearly circular cross sec-
tions; camerae generally deep; sutures straight and directly transverse;
siphuncle marginal or slightly removed from conch margin, with di-
ameter about 0.1 that of phragmocone, septal necks orthochoanitic,
siphuncular segments tubular to slightly inflated with thin connecting
rings; endosiphuncular deposits unknown. (Compiled from Holm
1898 & Evans 2005)

Bactroceras mourguesi (Thoral, 1935)

Figures 7R–S

1935 Orthoceras mourguesi. – Thoral: 185, pl. 15, figs 10a–10b.
1946 Endoceras sp. – Thoral: 51, pl. 5, figs 2a–2b.
Holotype. USTM-ACI 414

Type locality and horizon. Euloma filacovi Zone, St. Chinian Forma-
tion or basal Faunizone H ¼ Taihungshania miqueli acme Subzone, of
the La Maurerie Formation, latest Tremadocian to earliest Floian, St.
Chinian, H�rault, France.

Material. A total of 32 specimens; 29 are from the type horizon;
5 specimens (FSL 392264–392268) from Cabri�res; 16 specimens
(FSL 392236–392244, 392253–392256, 392263, 392285, 392290)
from F�lines-Minervois; 1 specimen (FSL 392220) from Prades-sur-
Vernazobres, Canto Cigale; 2 specimens (FSL 392177, 392179,
392219) from Borie des Pierils, Prades-sur-Vernazobres, Canto Ci-
gale; 1 specimen (FSL 392283) from Prades-sur-Vernazobres, La
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Maurerie; 4 specimens (FSL 392228, 392247, 392248, 392257) from
St. Chinian and surrounding area, and specimen FSL 392291 is from
Prades-sur-Vernazobres, La Rouvelane, vigne Bolo; all H�rault,
France. One specimen (FSL 1534; Thoral 1946, 51, pl. 5, fig. 2a, b)
from Faunizone K ¼ Neseuretus (N.) arenosus Zone of the environs
of Cabri�res.

Diagnosis. Bactroceras with angle of expansion of approximately 8�,
circular cross section and slightly curved conch in juvenile stages.
Shell smooth or with faint transverse striae; faint, narrow, regularly
spaced annulations may occur in some individuals. Two chambers in
distance equal to phragmocone diameter. Sutures directly transverse,
but with a sharp ventral lobe over the siphuncle. Siphuncle marginal;
diameter 0.17 of corresponding phragmocone diameter; septal necks
orthochoanitic; segments tubular to slightly inflated.

Description. The holotype consists of a portion of
phragmocone 27 mm long and 6.5 mm in diameter. The
phragmocone consists of five camerae ranging in depth
from 0.46 to 0.7 of the diameter of the phragmocone.
The sutures are straight and directly transverse with a
sharp, narrow and shallow lobe over the siphuncle. The
siphuncle is marginal and its diameter 0.1 that of the
phragmocone. The siphuncle is sufficiently removed
from the wall of the phragmocone to not leave a trace
on the surface of the internal mould.

The remaining material consists of a variety of speci-
mens consisting of portions of phragmocones with a few
body-chambers ranging from a minimum diameter of
2.3 mm (FSL 322263, 322265, 322179) to a maximum of
17 mm (FSL 322267). The conch is straight, but shows a
slight curvature in the earliest growth stages where the si-
phuncle lies on the side of the shell where the profile of
the curvature is convex. The cross-section of the conch is
almost invariably circular, whilst the mean angle of ex-
pansion is 6.6� (n ¼ 9) with a maximum of 3.0� (FSL
392253) and a maximum of 13.5� (FSL 392267).

The sutures are straight and directly transverse,
sometimes with sharp, and narrow lobes over the septal
foramen. The camerae range in depth from of 0.25 to
0.74 that of the phragmocone diameter with a mean of
0.45 (n ¼ 14).

The siphuncle is marginal in position whilst its di-
ameter ranges from 0.07 (FSL 392224) to 0.27 (FSL
322219) that of the phragmocone diameter, with a
mean diameter of 0.16 (n ¼ 16). A sharp transition
from the surface of the septal foramen to the surface of
the mould of the connecting ring (FSL 392043,
392179) indicates that the septal necks are orthochoani-
tic. The connecting rings are thin and the siphuncular
segments range from tubular to slightly inflated (FSL
392219) in their profile.

In some specimens the surface of the shell possesses
faint transverse striae that are slightly inclined toward
the aperture on the (antsiphonal) dorsal side of the
shell. FSL 392253 is a shell with fine, regularly spaced
undulations that are 1 mm wide, and show a similar
slight inclination as the striae seen in other specimens.
This specimen which represents a complete body-cham-
ber with a length of 25 mm, and a diameter increasing
from 10.3 mm to 11.3 mm (angle of expansion ¼ 2.3�)
has a 5 mm wide shallow constriction circumscribing

the internal mould 19 mm from the base of the body-
chamber, suggesting that the specimen represents a ma-
ture individual.

Stratigraphic and geographic occurrences. Euloma fi-
lacovi Zone, late Tremadocian, basal Faunizone
H ¼ Taihungshania miqueli acme Subzone, basal
Floian, of the La Maurerie Formation to Neseuretus (N.)
arenosus Zone, mid Floian, Montagne Noire, H�rault,
France (after J. C. Guti�rrez-Marco, unpubl. data, fauni-
zones I–K would be equivalent to the balticus graptolite
Zone, i.e. mid Floian, IGCP 410 Timeslice 2b).

Discussion. Bactroceras mourguesi is unique within
Bactroceras in having a fairly high angle of expansion
and a slightly curved conch in juvenile stages. Together
with the rare occurrences of Annbactroceras martyi, in
the St. Chinian Formation, B. mourguesi represents the
oldest members of the Orthocerida currently known.

Genus Cochlioceras Eichwald, 1860

Type species. Cochlioceras avus Eichwald, 1860.

Diagnosis. Straight, smooth baltoceratids with large, strongly ec-
centric or marginal, tubular or slightly expanded siphuncle (diameter
more than 0.25 % of shell diameter); connecting ring thin compared
with Protocycloceras; septal spacing of orthoceridan aspect (i.e., two
to three septa in a length comparable to conch diameter); septal necks
orthochoanitic; endosiphuncular rod in apical parts of nearly mature
specimens; cameral deposits mural, episeptal. (Compiled from Kr�ger
et al. 2007).

Cochlioceras? aff. roemeri Dzik, 1984

Figures 7T–U

1935 Orthoceras ind�termin�s Type A. – Thoral: 194, pl. 15, figs 1a–1b.

Material. USTM-ACI 405 figured by Thoral (1935, pl. 15, figs 1a–
1b), six specimens (FSL 392183, 392188–89, 392226, 392232,

Kröger, B. & Evans, D. H.: Montagne Noire cephalopods26

Figure 8. Diagram of conch diameter against relative chamber
depth in Rioceras escandei (Thoral, 1935). Note the tendency
of decreasing relative chamber depth with increasing conch
diameter.
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392234) from the Asaphelina barroisi berardi þ Taihungshania mi-
queli Subzone, St. Chinian Formation, late Tremadocian, north-east
of the school of Prades-sur-Vernazobres, and three specimens from
the Taihungshania miqueli acme Subzone, La Maurerie Formation,
earliest Floian, Prades-sur-Vernazobres, Canto Cigale (FSL392182,
392190) and surroundings of Prades-sur-Vernazobres (FSL 392186),
all H�rault, France.

Description. FSL 392183 consists of a portion of
phragmocone, represented by a mould partly filled with
sediment. The length of the fragment is 31 mm, and it
increases in diameter from 6 mm to 9.5 mm over this
distance giving an angle of expansion of 6.5�. The
conch surface is smooth, and the sutures straight and
directly transverse. Three camerae occur in a distance
equal to the phragmocone diameter. The siphuncle is
tubular, with a diameter 0.3 that of the phragmocone.
The ventral wall of the siphuncle is 1 mm distant from
the phragmocone wall, or 0.1 of the distance across the

diameter of the phragmocone. FSL 392190 with a max-
imum diameter of 9 mm has a tubular body-chamber
15 mm long.

Some variation is evident in the specimens included
here. Of those specimens where the rate of expansion
of the shell has been possible to measure, there appears
to be a decrease in the apical angle with increasing
conch diameter, with the most adoral portion of the
shell approaching tubular in shape, but with the more
apical portion of the shell expanding more rapidly. Sep-
tal depth ranges from 0.09 to 0.2 (mean ¼ 0.15, n ¼ 4
[including specimen figured by Thoral]). Cameral depth
appears to be fairly consistent with a mean of 0.3 the
phragmocone diameter ranging from a minimum of
0.27 to a maximum of 0.43. The siphuncle diameter
ranges from 0.17 (FSL 392234) to 0.31 (Thoral’s fig-
ured specimen USTM-ACI 405) that of the phragmo-
cone diameter. The average distance by which the ven-
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Figure 9. Details of Lobendoceras undulatum n. sp., and Thoraloceras bactroceroides n. sp. A–C. Lobendoceras undulatum n. sp.
St. Chinian Formation. All F�lines-Minervois, H�rault; A. FSL 392274. Section through siphuncle showing altered septa, septal
necks and connecting rings and interpreted as subholochoanitic necks covered by connecting rings (see also Fig. 11 for interpreta-
tion.�10; B. FSL 392278. Septal view of phragmocone showing broad ventral siphuncle.�1.25; C. FSL 392273. Ventral view of
portion of siphuncle showing broad ventral siphuncle. �1.0; D–E. Thoraloceras bactroceroides n. sp. St. Chinian Formation, F�-
lines-Minervois, H�rault; D. FSL 392229. Ventral view of phragmocone deep camerae with the empty mould of a ventral siphuncle
containing a ‘spiess’-like sediment fill adorally.�1.25; E. FSL 392229. Detail of the ‘spiess’-like sediment fill showing undulating
surface of the structure.�5.0; F–G. Order, family, genus and species indeterminate. St. Chinian and La Maurerie formations. FSL
292269. Northeast of the school, Prades-sur-Vernazobre, Canto Cigale, H�rault; F. Lateral view of body-chamber (venter to left)
showing large ventral siphuncle and traces of oblique growth lines on surface of mould. �1.5; G. Septal view of apical end of
body-chamber (venter down).�1.5.
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tral wall of the siphuncle is separated from the wall of
the phragmocone is 0.1 of the phragmocone diameter,
but this varies from less than 0.1 to 0.15 (Fig. 9). Two
of the specimens included are recorded as having si-
phuncles in contact with the phragmocone wall, and on
this basis ought to be excluded here. However, it is pos-
sible that the siphuncle is slightly removed from the si-
phuncle wall in these specimens, and in both cases
(Figs 7T–7U), it is difficult to elucidate the relationship
of the siphuncle to the wall of the shell as it is difficult
to see the ventral side of the siphuncle within the
mould of the phragmocone.

In all specimens where the siphuncle is visible, it ap-
pears to be tubular. No information regarding the nat-
ure of the surface of the shell has been obtained from
these specimens as all are internal moulds or replace-
ments of the original internal structures of the phrag-
mocone. Thoral (1935, 194) noted the presence of

‘wide rings by narrow, shallow groves’ in Orthoceras
ind�termin�s Type A. The illustrated specimen may
show some rather coarse transverse striae or ridges on
the surface of the shell, but this is not conclusive.

Stratigraphic and geographic occurrences. Asaphelina
barroisi berardi þ Taihungshania miqueli Subzone, St.
Chinian Formation, late Tremadocian to Taihungshania
miqueli acme Subzone, La Maurerie Formation, early
Floian, Montagne Noire, H�rault, France; Paroistodus
originalis Zone, late Dapingian, of the lower Red Vagi-
natum Limestone, and from the Lasnam�gian, late Dar-
riwilian, from erratic boulders northern Poland (Dzik
1984).

Discussion. Cochlioceras roemeri is characterised by a
rate of expansion apically of about 7�, decreasing ado-
rally so that the adult portion of the shell is almost tub-
ular. The cross-section of the shell is circular to slightly

Kröger, B. & Evans, D. H.: Montagne Noire cephalopods28

Figure 10. Diagrams of conch diameters against relative distance of siphuncle from conch wall of five fractions of relative siphun-
cular diameter in Bactroceras mourguesi (Thoral, 1935), Cochlioceras? aff. roemeri Dzik, 1984, and Thoraloceras bactroceroides
n. sp. (conditional variables of each diagram as specified in the topbox). The diagrams show the clear morphological separation of
specimens with marginal siphuncle and with siphuncle somewhat removed from conch wall in all fractions, and conch sizes.
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compressed with camerae of a depth 0.3 to 0.5 that of
the phragmocone diameter. The diameter of the siphun-
cle is 0.3 that of the phragmocone whilst being slightly
removed from the phragmocone wall. The connecting
rings are tubular, and the septal necks orthochoanitic.
In the type material of C. roemeri, an endosiphuncular
rod is developed apically.

Of those species of Cochlioceras previously described,
only C. roemeri possesses a siphuncle that is removed
from the phragmocone wall. When disregarding the two
cases with doubtful siphuncle position a clear separation
between specimens of Bactroceras mourguense and the
specimens described above is apparent by the position of
the siphuncle (Fig. 10). Only some of the specimens de-
scribed above have siphuncle diameters that approach
that of C. roemeri, and several are narrower than those
that might be expected for Cochlioceras in general. Thus
the material is assigned to C. roemeri with some doubt.
Additional, better-preserved material, yet to be found,
may help to resolve this issue.

Order Dissidocerida Zhuravleva, 1964
Family Troedsonellidae Kobayashi, 1935

Genus Thoraloceras n. gen.

Derivation of name. Referring to Marcel Thoral (1900–1956), the
pioneer in the Paleozoic Montagne Noire palaeontology.

Type species. Thoraloceras bactroceroides n. sp. from the late Trema-
docian, Saint-Chinian Formation, H�rault, France.

Diagnosis. Slender, straight conchs with smooth shell; sutures directly
transverse, widely spaced; septal necks orthochoanitic; siphuncle mar-
ginal with diameter of about 0.25 of conch cross section; siphuncular
segments tubular; endosiphuncular deposits form endocones with cen-
tral tip.

Species included. Type species only.

Discussion. See discussion of type species.

Thoraloceras bactroceroides n. sp.

Figures 9D–E

Derivation of name. Refers to the similarity of this species with spe-
cies of Bactroceras.

Holotype. Specimen FSL 392229.

Type locality and horizon. Euloma filacovi Zone, St. Chinian Forma-
tion, late Tremadocian, F�lines-Minervois, H�rault, France.

Material. Three additional specimens from type horizon; FSL 392245
from F�lines-Minervois, specimen FSL 392249 from the Asaphelina
barroisi berardi þ Taihungshania miqueli Subzone, St. Chinian For-
mation, late Tremadocian, North–East of the school of Prades-sur-
Vernazobres ; and one unnumbered specimen in the large nodule FSL
392293 from Prades-sur-Vernazobres.

Description. FSL 392229 is a portion of phragmocone
40 mm long, with an apical angle of 6.4� and a median
diameter of 6.5 mm. The conch surface is smooth and
the cross-section circular. The depth of the camerae is
0.5 that of the corresponding phragmocone diameter.

At the adoral end of the specimen, the siphuncle is
marginal in position with its wall almost in contact with
the wall of the phragmocone. Its diameter is 0.26 that
of the phragmocone. The connecting rings are tubular
and the joins between the siphuncular segments are
flush, indicating the presence of short, orthochoanitic
septal necks. At the apical end of the fragment the se-
diment infilling the siphuncle from the adoral end ta-
pers to form a ‘spiess’-like structure 8 mm in length.
This sediment fill is truncated apically, but clearly lies
at the centre of the siphuncle. The general shape of the
sediment fill at the point of the truncation suggests that
it might have continued apically in the form of a nar-
row rod. The tapering of this structure is not constant
throughout its length and it appears to undergo more
rapid contraction in the vicinity of the septal necks.
The sediment fill is interpreted as the mould of an en-
dosiphuncular deposit forming a lining that accretes
adorally to form endocone-like structures, but probably
left a central tube through the deposits. No cameral de-
posits are evident.

None of the other specimens provide any evidence
for the presence of endosiphuncular deposits. All three
specimens consist of portions of phragmocone that are
otherwise similar in their characters and dimensions to
FSL 392229.

Discussion. Comprising slender straight shells with
widely spaced chambers and marginal tubular siphun-
cles, the specimens assigned to Thoraloceras bactrocer-
oides n. sp. are very similar to Bactroceras mourguesi
(Thoral, 1935). They differ from the former in having
(a) a wider siphuncular diameter; and (b) in the case of
FSL 392229 the traces of the mould of endosiphuncular
deposits, resembling those of the Troedssonellidae are
present.

Of the 19 specimens measured (Fig. 11) which pos-
sess smooth longiconic shells combined with a tubular,
marginal siphuncle, the frequency distribution of the re-
lative diameter of the siphuncle shows a major peak at
0.10–0.15 and a subordinate peak at 0.25–0.30. Whilst
the subordinate peak may be an artifact of the limited
sample size, one specimen of this group, FSL 392229
possesses endosiphuncular deposits. Such deposits are
not known in Bactroceras, and are more characteristic
of a troedssonellid. The four specimens that form the
subordinate group may therefore be readily separated
from B. mourguesi on the grounds of their relative si-
phuncle diameter, and the assumption that three of
them, although lacking any endosiphuncular deposits,
are likely to belong to the same taxon.

Although the presence of endosiphuncular deposits
in one of these specimens indicates that their assign-
ment to the new genus Thoraloceras is justified, with-
out additional comparative material it is difficult to be
completely confident in regard to their allocation to the
Troedssonellidae as indicated by the queried assignment
(above). Thoraloceras is distinctly different from other
troedssonellids such as Buttsoceras Ulrich & Foerste,

Fossil Record 14 (1) 2011, 5–34 29

# 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim museum-fossilrecord.wiley-vch.de



1936 in its possession of a marginally positioned si-
phuncle as opposed to a central siphuncle and the ap-
parent lack of any cameral deposits which are often
well-developed in Buttsoceras.

Family Protocameroceratidae Kobayashi, 1937
Order Endocerida Teichert, 1933

Genus Lobendoceras Teichert & Glenister, 1954

Type species. Lobendoceras emanuelense Teichert & Glenister, 1954.
By original designation. Early Ordovician, Emanuel Formation of the
Prices Creek Group, Emanuel Creek, Kimberley Division, Western
Australia.

Diagnosis. Slender orthocones with circular section. Camerae shallow.
Sutures with broad and deep ventral lobe. Moderate to large circular
siphuncle in contact with ventral wall of phragmocone. Septal necks
subholochoanitic and connecting rings thick. Endosiphuncular depos-
its as yet unknown. (After Teichert 1964).

Lobendoceras undulatum n. sp.

Figures 7O, P, V, W; 8A–C; 12

1935 Orthoceras sp.III. groupe de O. duplex Wahlenberg. – Thoral:
193, pl. 17, figs 2–7.

Derivation of name. Referring to the combination of broad lobes and
saddles forming the sutures.

Holotype. Specimen FSL 392274.

Diagnosis. Lobendoceras with poorly developed ventral lobe com-
bined with weak dorsoventral saddles and a shallow dorsal lobe.

Type locality and horizon. The specimens described by Thoral (1935)
come from the basal Faunizone H ¼ Taihungshania miqueli acme
Subzone, of the La Maurerie Formation in the vicinity of St. Chinian
and Prades sur Vernazobres, H�rault.

Material. Eleven specimens (FSL 392270–80) from the Euloma fila-
covi Zone, St. Chinian Formation, late Tremadocian, F�lines-Miner-
vois, H�rault, and one specimen (FSL 329281) from the Asaphelina
barroisi berardi þ Taihungshania miqueli Subzone, St. Chinian For-
mation, late Tremadocian, Prades-sur-Vernazobres, North-East of the
school, H�rault.

Description. The material consists almost entirely of
portions of the internal moulds of phragmocones, a few
of which retain part of the body-chamber. Although the
siphuncle remains intact in some individuals, the septa
appear to have been lost in all specimens.

The rate of expansion of the phragmocones ranges
from 0.5 degrees to 3.5 degrees. The largest specimen
reaches at least 25 mm in diameter, but no specimen is
less than 10.5 mm in diameter. The cross-section of the
phragmocone is circular to very slightly depressed.
Cameral depth ranges from 12 to 26 % of the phragmo-
cone diameter, and on the basis of several specimens
(Fig. 13) would appear to decrease with the growth of
the shell. The sutures area best seen in FSL 392274
and FSL 392277, where they are almost transverse, but
slightly inclined dorsally towards the aperture, whilst a
broad and shallow ventral lobe is combined with broad
dorsoventral saddles and a shallow dorsal lobe. By in-
ference from the inclination of the septal necks on the
siphuncle preserved in FSL 392270, the septa are esti-
mated to have had a depth about 0.30 that of the phrag-

Kröger, B. & Evans, D. H.: Montagne Noire cephalopods30

Figure 11. Frequency distribution of relative siphuncular size
in Bactroceras mouguesi (Thoral, 1935) and Thoraloceras bac-
troceroides n. sp. Note the bimodal distribution pattern.

Figure 12. Interpretation of the structure of siphuncle in Lo-
bendoceras undulatum n. sp. FSL 392274, St. Chinian Forma-
tion, F�lines-Minervois, H�rault, showing subholochoanitic sep-
tal necks and thickened connecting rings coating the septal
necks.
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mocone diameter. The siphuncle is marginal in position
and large, ranging in relative diameter from 0.30 to 0.60
that of the dorsoventral diameter of the phragmocone.

A constriction is present on the phragmocone of FSL
392277. The plane of the constriction lies at about
45 degrees to the conch axis, directed so that it is in-
clined towards the dorsum in an apertural direction.
The phragmocone of this specimen is 24 mm in di-
ameter, and the constriction reduces this diameter to
22 mm. On the ventral side of the phragmocone, the
width of the constriction (parallel to the conch axis) is
6 mm, and on the dorsal side 16 mm.

Moulds of the siphuncle are seen in several speci-
mens (Figs 7O, P, 8C). The moulds are markedly con-
stricted between the septal foraminae, and would appear
to indicate that the connecting rings were concave in
shape. However, a dorsoventral sagittal section through
FSL 392274 reveals the presence of poorly preserved
septal necks and connecting rings on the dorsal side of
the siphuncle (Fig. 12). These show that the wall of the
siphuncle is at a minimum thickness, not at the position
of the septal foramen, but about 0.6 mm further in an
apertural direction. This suggests that the connecting
ring does not extend the full length of the siphonal seg-
ment and that the septal necks are subholochoanitic or
nearly subholochoanitic, so that the connecting ring is
attached to the tip of the next septal neck toward the
aperture, but lines the surface of the septal neck of the
previous segment.

Nothing is known of the sculpture of the surface of
the shell.

Discussion. In their possession of a very large siphun-
cle combined with the presence of what are probably
very long subholochoanitic septal necks, these speci-
mens are entirely distinct from any of the cephalopod
taxa known from the La Maurerie Formation.

Despite the lack of any evidence for the presence of
endocones in the material under description, this mate-
rial is assigned to the Proterocameroceratidae on the
basis of their similarity to other taxa assigned to the
family. This material is assigned to Lobendoceras on
the basis of its general similarity to the type species
(which also lacked evidence for the presence of endo-
cones in the type material), despite the less pronounced
ventral lobes of the sutures in L. undulatum. Although
L. emanuelense is only known from the holotype and a
paratype, in terms of the cameral depth and relative
diameter of the siphuncle, there is little distinction be-
tween this species and L. undulatum. In discussing the
relationships of the Early Ordovician Protocyptendo-
ceras Cecioni, 1965 from the Eastern Cordillera of
northwestern Argentina to other members of the Proto-
cameroceratidae, Cichowolski (2009) noted the similar-
ity of the genus to Anthoceras Teichert & Glenister,
1954, whilst noting the possession of an annulate shell
in the latter taxon. Cichowolski (2009) distinguished
Lobendoceras from Protocyptendoceras on the grounds
that the latter genus is generally smaller than Lobendo-
ceras and more depressed in section. Whilst there is a
clear difference between the shapes of the ventral lobes
in each taxon, the data provided by Cicholowski (2009,
fig. 1) illustrate that there is little overall difference be-
tween P. fuenzalidae Cecioni, L. emanualense and L. un-
dulatum in terms of the shape of the conch cross-
section. Moreover, comparison of these three taxa in
relation to cameral depth and relative siphuncle di-
ameter suggests that Protocyptendoceras is very similar
to Lobendoceras, and it is possible that the differences
in the populations could be either a function of tapho-
nomic bias or a consequence of an evolutionary in-
crease in the overall size of Protocyptendoceras or vice
versa. The development of a broad and deep ventral
lobe may be the consequence of the siphuncle becom-
ing more depressed in section and developing a greater
surface of contact with the wall of the siphuncle, but
again, the reverse might be equally true. However, there
appears be a difference in the depth of the septa be-
tween the genera, although the estimation of septal
depth in the material described here is based upon a
projection of the trend of the septal foramen across the
siphuncle. Comparison of the same features suggest
that these Lobendoceras and Protocyptendoceras are
more similar to each other than either is to Anthoceras
and a close relationship if not synonymy at the generic
level is possible. No account is taken here of the signif-
icance or otherwise of the constriction of the phragmo-
cone seen in FSL 392277. Additional material might
suggest whether this feature is of taxonomic signifi-
cance.

Order, family, genus and species indeterminate

Figures 9F, G

1935 Orthoceras ind�termin�s Type A. – Thoral: 194, pl. 15, figs 1a,
1b.

Fossil Record 14 (1) 2011, 5–34 31

Figure 13. Diagram of conch diameter against relative chamber
depth in Lobendoceras undulatum sp. nov. Note the tendency
of decreasing relative chamber depth with increasing conch
diameter.
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Material. USTM-ACI 405, figured (194, pl. 15, figs 1a, 1b), from
an unspecified horizon (likely to be from the basal Faunizone
H ¼ Taihungshania miqueli acme Subzone, of the La Maurerie For-
mation) in the vicinity of St. Chinian, H�rault. FSL 392269 from
the Asaphelina barroisi berardi þ Taihungshania miqueli Subzone,
St. Chinian Fm., late Tremadocian, North-East of the school at
Prades-sur-Vernazobres, H�rault, and FSL 392284 from the Taihung-
shania miqueli acme Subzone, La Maurerie Formation, early Floian
Prades-sur-Vernazobres, La Maurerie, H�rault.

Description. The specimen figured by Thoral (1935,
pl. 15, figs 1a, b) was described as consisting of a
body-chamber 47 mm long, increasing in diameter from
15.5 mm to 17.0 mm, giving a rate of expansion of 1.8
degrees. The shell surface consists of broad rings
(striae) separated by narrow grooves. The disposition of
the striae relative to the conch axis was not stated and
cannot be determined from the illustration. The siphun-
cle is marginal in position and 5.5 mm in diameter or
0.35 that of the dorsoventral diameter of the conch.
Both the specimens in the University of Lyon collec-
tions consist of aperturally incomplete body-chambers
with a circular or very slightly depressed cross-section
and a septal depth between 0.30 and 0.33 that of the
conch diameter. The rate of expansion of the body-
chamber in FSL 392269 is 2 degrees. The suture at the
base of the body-chamber is almost directly transverse,
but with a broad and shallow lobe over the venter. The
siphuncle, which is removed from the wall of the shell
by 0.5 mm, is circular in section and ranges from 6.5 to
7.0 mm in diameter or around 0.35 that of the conch
diameter. The siphuncle is otherwise so poorly pre-
served that nothing can be made of its form and struc-
ture of the septal neck or connecting ring.

The surface of the shell in FSL 392269 possesses a
sculpture in the form of striae with a density of be-
tween 2 and 3 per mm. These are obliquely inclined
dorsally towards the aperture, but on the dorsolateral
surface they appear to reflex and, and although not pre-
served, a shallow sinus may be present.

Discussion. FSL 392269 and FSL 392284 are similar to
the specimen figured by Thoral in their overall size and
the relative diameter of the siphuncle. The septum of
the specimen figured by Thoral is shallower than in the
two other specimens, whilst the shell sculpture ob-
served in FSL 392269 may differ from that of the spe-
cimen described by Thoral in terms of its disposition.
Despite the differences noted, it seems probable that
these specimens belong to same taxon. Whilst being in-
determinate, within the assemblage described above,
these specimens appear closest in their surviving fea-
tures to Lobendoceras and Cochlioceras.
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