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Abstract
Brachiopods from three outcrops sampled in the Barremian tubiditic formations, from Serre de
Bleyton, Drôme (SE France) by G. Moosleitner, reveal a great biodiversity. In the large samples obtained and dispatched to different specialists, lots of small organisms exist, among them
Rhynchonelliform brachiopods. The shells observed are recognized as size-sorted and transported
specimens trapped in a mud-flow. These specimens, representatives of Rhynchonellida, Thecideida,
Terebratulida, are described following their morphological characteristics. The present state of
the deltidial plates, among morphological characteristics, and the geological and sedimentological contexts from which they are extracted lead to the conclusion in favour of juvenile rather than
micromorphic specimens.
Keywords: Juvenile brachiopods, Rhynchonellida, Terebratulida, Thecideida, Barremian, SE
France, turbidites.

Introduction
Many small entire or disarticulated brachiopod shells have been revealed from three outcrops in a turbiditic series at Serre de Bleyton, Drôme provençale, in the Commune of
Arnayon (SE France). These Lower Cretaceous brachiopods are mainly smooth, poorly
preserved, and result from size-sorted brachiopod populations, i.e. reworked assemblages.
In such a context, it is difficult to be precise about a geologic age, i.e. precise zonal references, for this material redeposited from an outer shelf into an upper slope environment.
The samples are juvenile specimens, in this case the evaluation must be made with caution. In the absence of adult counterparts some specimens will stay in open nomenclature
because it is hazardous to recognize species characteristics with juveniles, and particularly with terebratulides and none-ornamented specimens. Nevertheless, representatives
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of several Rhynchonelliformean brachiopods have been identified (Rhynchonellida,
Thecideida, Terebratulida), they are compared with a sample from a bioclastic horizon
near les Tonils, a little village 25 km NW from Serre de Bleyton, though less diversified, but with somewhat larger specimens which could approach a premature stage. The
main point to be highlighted here is above all the wide diversity observed in these small,
poorly exposed outcrops.
Revision of the Barremian fauna from the stratotype and from SE France (cf. collection
“Patrimoine géologique”, Gaspard, submitted) gives a more complete idea of the Tethyan
Barremian brachiopods.

Studied area and geological setting
Serre de Bleyton, though still unknown from a palaeontological point of view, is a little
hill in La Drôme provençale, SE France, located east of Col de la Pertie easily reached
by road D 570. From here, a small forest road leads to the three outcrops where the brachiopods have been found along with a diverse and rich fauna (ammonoids, bryozoans,
asteroid ossicules, crinoids, corals, ostracods, foraminids…). Serre de Bleyton, a few
hundred meters in diameter, is bordered by the torrent d’Arnayon to the North, Montagne
d’Angèle to the West, headwaters of Léoux to the South, and Serre de Malivert to the
East (for a full explanation and coordinates see Kroh et al. 2010).
These small outcrops concern turbiditic formations in three different successive levels
exposed at Serre de Bleyton (Fig. 1). The first outcrop concerned is a small visible part
of the turbidite exposed at the surface (15 cm thick and some meters in length) with a
large number of fossils more or less free. The second outcrop, only 15 m from the first,
has some larger fossils (compared to the first exposure) in addition to the tiny ones, but
not well preserved. The microfossils indicate late Lower Barremian to the Uppermost
Barremian (pers. comm. P. Mojon based on the ostracods), Cretaceous stage for which
zonal references are mentioned concerning SE France (among others: Vermeulen 2005;
Reboulet et al. 2009; Bert & Delanoy 2009…). The third outcrop, on the southeast side
of Serre de Bleyton, about 50 m from the first outcrop, yields belemnites, small brachiopods and also broken larger specimens badly preserved in an upside down series. This
last formation is a conglomeratic level present between massive marly banks of Middle/
Upper Barremien boundary age dated according to Janssen (2010) based on the belemnites. The samples from Tonils are of Upper Barremian age (cf. Geologic map, Dieulefit
1: 50 000, BRGM).
These Lower Cretaceous formations, sampled by G. Moosleitner, occur along a fault located east of Montagne d’Angèle and have overturned. Thus, the dating of the formations
must be considered with caution. Arnaud’s conclusions (in prep.) could shed some light
concerning the complicated tectonic situation in this area. The turbiditic events invoked
here could be compared with those presented by Ferry (2005).
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Fig. 1. Sample localities (asterisk) at Serre de Bleyton.

Material, Preservation and Methods
The Rhynchonelliform brachiopods (a few hundreds of juvenile specimens) from the three
outcrops of Serre de Bleyton reveal representatives of Rhynchonellida (Cyclothyrididae),
Thecideida (Thecideidae) and Terebratulida (Sellithyrididae, Cancellothyrididae,
Laqueidae, Terebrataliidae).
While brachiopods are benthic organisms living attached on firm substrates by means
of the pedicle through the foramen, their bivalve shells (ventral = pedicle valve and dorsal = brachial valve) are described following their external morphology (global shape,
convexity, shape of the umbo, posterior part of the ventral valve, size and shape of the
foramen = pedicle aperture, ornamentation…). The internal morphology generally taken
into account with the characteristics of the brachidium, median septum and muscle scars,
are missing due to the size and poor preservation of the material. In the present case the
small specimens do not easily permit the making of transverse serial sections to ensure
these aspects. Some microstructural details have been revealed using the scanning electron microscope (SEM) after gold coating. Because of the small size of most specimens,
the SEM has been also useful to study the external morphology and consequently help
approach some species.
The later precisions are important to note owing to the fact that brachiopods develop
their generic and specific characteristics, after the juvenile growth stage, during premature and mature stages.
R e p o s i t o r y : The material described is stored in the Palaeontological collections of the Natural History Museum, Vienna (Austria); NHMW 2010/0204/0001 to
2010/0204/00046.
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Systematic palaeontology
The classification is based on the work of Williams et al. (1996) presented in the revised
edition of the Treatise on Invertebrate Paleontology concerning brachiopods (in Kaesler
1997–2006).
State of art: The Tethyan Barremian brachiopods as recorded in the revision of the stratotype
and SE France (Gaspard, submitted) highlight the occurrence of Pugnacoidea (Fortunella
and Lacunosella), Dimerelloidea (Peregrinella), Norelloidea (Monticlarella/Suiaella),
Hemithiridoidea: Cyclothyrididae (Lamellaerhynchia cf. renauxiana, “Rh”. sayni,
“Rh”. kiliani) and Tetrarhynchiidae (Belbekella rotundicostata) for the Rhynchonellida
– Thecideoidea (Thecidiopsis cf. tetragona) for the Thecideida and  Terebratuloidea
(Sellithyris sella, S. campichei, Loriolithyris russillensis, L. valdensis & L. germaini,
Moutonithyris moutoniana, Praelongithyris salevensis); Discolioidea: Pygopidae
(Pygope diphya, Pygites diphyoides), Nucleatidae (Nucleata sp.); Cancellothyridoidea
(Terebratulina  biauriculata); Zeillerioidea (Vectella) and Laqueoidea (Psilothyris
tamarindus, Helvetella sp., Ismenia sp.) for the Terebratulida. However the size and
preservation of the material cannot easily permit the recognition of diagnostic characteristics, consequently few species are noticed and often only genera even subfamilies are
highlighted, while other taxa known from SE France are missing at Serre de Bleyton.
Phylum Brachiopoda Duméril, 1806
Subphylum Rhynchonelliformea Williams et al., 1996
Order Rhynchonellida Kuhn, 1949
Superfamily Hemithiridoidea Rzhonsnitskaia, 1956
Representatives of this superfamily are among the most common specimens in the material, their shape is globally subtriangular to subpentagonal and they are strongly costate
shells.
Family Cyclothyrididae Makridin, 1955
Subfamily Cyclothyridinae Makridin, 1955
Cyclothyridinae indet.
(Pl. 1, Figs 1–12)
M a t e r i a l : Figured specimens: NHMW 2010/0204/0001, 0005, 0009, and NHMW
2010/0204/0036 for the remaining specimens from locality 1 (8 >10 mm in length, 6
>9 mm, 14 > 8 mm, 21 > 7 mm); NHMW 2010/0204/0004, 0007 (figured specimens)
and NHMW 2010/0204/0037 for the 10 others (1.5–7 mm) from locality 3, and NHMW
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2010/0204/0002, 0003, 0008 for figured specimens and NHMW 2010/0204/0038 for the
remaining material from Tonils.
D e s c r i p t i o n & R e m a r k s : Specimens with fully and densely costate shells, with
uniplicate anterior margin (sometimes lightly asymmetric) are considered to be representatives of the family and subfamily. The state of preservation of the material does not
allow us to ascertain the morphology of the posterior area (smooth or not), but the beak
is massive and erect, and the deltidial plates, produced into a short tube around the pedicle in the larger specimens is a characteristic of the subfamily. The large foramen and
the conjunct deltidial plates, in some cases well exposed, as well as the numerous costellae, finer posteriorly, could indicate that the juveniles belong to Cyclothyris M’Coy
(Pl. 1, Fig. 1). However, due to the distribution of the morphological characters of most
specimens a better fit is with Lamellaerhynchia Burri, 1953 (Pl. 1). Nevertheless, considering the evolution of characters during morphogenesis, some specimens remain with
their deltidial plates incompletely formed (Pl. 1, Figs 2–3, 7, 9, 10). Therefore, we are
unable to conclude without the bases for appreciating the ontogenetic stages, and with
the unobserved internal characters, except when the dorsal septum is revealed with the
help of abrasion.
Comparisons have been made with Sulcirhynchia Burri, Lepidorhynchia Burri and other
Barremian species mentioned in SE France (Jacob & Fallot 1913) owing to their global
shape, shape of ventral beak, shape and number of costae.without positive conclusion.
The numerous costellae, fine posteriorly, show some bifurcations, the intercostae areas
reveal elementary growth lines using SEM (Pl. 1, Figs 11–12).
Among species holding attention we can highlight affinities with Lamellaerhynchia
multicostata Burri, 1956 (Pl. l, Figs 1–4) evoked in the Lower Barremian formations
of the Jura; Lamellaerhynchia picteti Burri, Upper Hauterivian to Lower Barremian
(Pl. 1, Figs 5a-b) and probably Lamellaerhynchia gillieroni (Pictet), Upper Hauterivian
to Lower Barremian (Pl. 1, Figs 8a-b).
Comparisons have been made with L. renauxiana (d’Orbigny) and “Rh”. multiformis
Roemer var. rotundicostata Jacob & Fallot = Belbekella rotundicostata (Jacob &
Fallot) from SE France, but the global convexity, proportion of ventral and dorsal valves,
size of foramen and shape of deltidial plates as well as shape of anterior margin have not
been recognized owing to the small shell size.
Many specimens have not been mentioned owing to their size (1 mm) and/or their enigmatic proportions in relation to their size (Pl. 1, Figs 6, 10).
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Order Thecideida Elliott, 1958
Superfamily Thecideoidea Gray, 1840
Family Thecideidae Gray, 1940
Subfamily Thecideinae Gray, 1840
Thecidiopsis tetragona (Roemer, 1839)
(Pl. 2, Figs 1–8)
M a t e r i a l : Mostly separate valves (dorsal valves = DV) for 2 complete specimens from
locality 1 (30 DV, 1 VV, 1 entire; NHMW 2010/0204/0010, .../0012–0017 and NHMW
2010/0204/0039) and locality 2 (22 VD, 2 VV, 1 entire; NHMW 2010/0204/0011,
2010/0204/0040) from 2–5 mm were observed, but only few reveal visible details.
D e s c r i p t i o n : Usually the Thecideida are small articulate ventribiconvex brachiopods
living attached by cementation. Several smooth separate valves were sampled in the two
first outcrops of Serre de Bleyton, but with more dorsal than ventral valves. Entire specimens are rare. The species has not been sampled at les Tonils. The valves hinged together
by unsupported cyrtomatodont teeth and sockets permit an abnormally wide gape. This
situation facilitates the postmortem disarticulation of valves followed by a spatial separation of dorsal from attached ventral valves, which has been increased by turbiditic transportation. This explains why more dorsal valves have been found in the samples.
The shells are transverse and most of the larger brachial valves measured are between 4
and 5 mm in width compared to a size generally up to 6–10 mm in width and 8–10 mm in
length for adults. The ventral valves are thick, revealing a light uneven posterior (attached
zone on the substrate), the teeth, pseudodeltidium and a small hemispondylium as well as
a tuberculate interior margin (Pl. 2, Figs 1–2). The ventral interarea is well defined.
Dorsal valve interiors reveal the brachioskeletal, a straight hinge line, round rectimarginate anterior margin, a large cardinal process, well-developed inner socket ridges and converging crura. The median septum divided during growth to form lateral septa interdigitating with brachial lobes (most often damaged in the samples owing to transportation).
The specimens are considered to be polyseptate (Pl. 2, Figs 3–7).
R e m a r k s : Misinterpretations could appear sometimes with juveniles, which have been
previously assigned to different genera (Pl. 2, Fig. 8). Although dorsal valves in the fossil record have often been found damaged, some work recalled by Baker (1990, 1991,
2006) tried to establish their phylogeny and general course of evolution, which has been
recently updated (Baker & Logan 2011) with the help of early growth stages.
The type layer is the “Hilsconglomerat”, Hauterivian, Germany, but the species is generally mentioned from the Valanginian of the Swiss Jura, Czech Republic, Hauterivian of
Haute-Marne, Lower Hauterivian of Germany and Lower Barremian from some Russian
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locations (Konstantinovka) (Pajaud 1970; Smirnova 1962), but not yet in the Middle or
Upper Barremian.
Order Terebratulida Waagen, 1883
Terebratulida indet.
M a t e r i a l : Many specimens mainly from locality 1 (about 200) and 23 for locality 2.
Superfamily Terebratuloidea Gray, 1840
Terebratuloidea indet.
M a t e r i a l : NHMW2010/0204/0018 to .../0025 for the figured material, NHMW
2010/0204/0041 and 0042 respectively for the remaining material from locality 1
and 2.
Family Sellithyrididae Muir-Wood, 1965
Sellithyrididae indet.
(Pl. 2, Figs 9–13, 15)
D e s c r i p t i o n : Many tiny specimens (0.6 mm to 2.5 mm in length) are suspected to
belong to this family. They exhibit a relatively wide foramen, a pedicle collar exposed, a
long and straight ventral beak and initial deltidial plates, (Pl. 2, Figs 9–13). It is presumptuous to assign them to a precise species among those coexisting during the Barremian
in SE France and belonging to the genera Sellithyris, Loriolithyris, Moutonithyris and
Praelongithyris Middlemis. Particularly, it is impossible looking at juvenile specimens
selected from a true population of Sellithyris, for example, to pronounce a generic or
specific diagnostic.
In addition somewhat more developed specimens allow a better approach, among them
are found Loriolithyris aff. germaini (Pictet, 1872) from Tonils (Pl. 2, Fig. 15) and the
following species.
Subfamily Rectithyridinae, Muir-Wood, 1965
Genus: Moutonithyris Middlemiss, 1976
Moutonithyris aff. moutoniana (d’Orbigny, 1847)
(Pl. 2, Fig. 14)
M a t e r i a l : Rare specimens from locality 1 and 3.
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D e s c r i p t i o n : Small shells around 3 mm in length show affinities with Moutonithyris
moutoniana (d’Orbigny) (Pl. 2, Fig. 14). The oval elongated dorsibiconvex rectimarginate
shell presents a wide permesothyrid foramen. Major growth lines and punctae on a smooth
surface are generally observed. The shell has some tendency to become flatter near the
anterior part. The internal characteristics cannot be highlighted here, but they have been
observed in a previous work (Gaspard 1988) in which Barremian specimens have been
noticed. The species is known to be present from the Berriasian till the Aptian in S.E.
France.
Another kind of specimen with a more elongate smooth shell (7.3 mm in length) compared to M. moutoniana, with a longer beak, high conjunct deltidial plates and more
inclined lateral margins is observed (Pl. 2, Fig. 15). Regularly spaced growth lines are
revealed externally as well as punctae when observed using the SEM. It could be assigned to the straight and elongate morphotype of the species mentioned above but this
is not ascertained in absence of tertiary shell layer proof. The general shell shape, ventral
umbo and posterior characteristics allow a closer comparison with a species previously
recorded (see L. germaini).
Genus Praelongithyris Middlemiss, 1959
Praelongithyris sp.
(Pl. 2, Fig. 16)
M a t e r i a l : Rare specimens were recognized (locality 2).
D e s c r i p t i o n : Elongate oval shell with a nearly straight beak, very wide meso to permesothyrid foramen (nearly 1 mm diameter for 5.3 mm shell length) cutting the posterior end
of the ventral valve, strong conjunct deltidial plates show affinities with Praelongithyris
Middlemiss (Pl. 2, Fig. 16). At this juvenile stage some confusions could be introduced
between a species of the genus Praelongithyris and one of Rhombothyris Middlemiss
(1959), compared to Aniabrochus Cooper (1983), a Capillithyrididae, smooth or faintly
capillate which presents less higher deltidial plates. Nevertheless, at this stage serial sections cannot be made.
R e m a r k s : Praelongithyris salevensis (de Loriol) is one of the species occurring in the
Barremian of SE. France.
Superfamily Cancellothyridoidea Thomson, 1926
Familly Cancellothyrididae Thomson, 1926
Subfamily Cancellothyridinae Thomson, 1926
Genus Terebratulina d’Orbigny, 1847

Gaspard: Barremian fossils of Serre de Bleyton. 10. Brachiopods

663

Terebratulina aff. biauriculata d’Orbigny, 1847
(Pl. 3, Figs 1–2)
M a t e r i a l : Rare specimens from locality 1 (1) and 3 (1) were recognized
(NHMW2010/0204/0026, .../0043).
R e m a r k s : The species mentioned in synonymy with T. auriculata Roemer is rectified
(1847, p. 271) as Terebratulina biauriculata by the author.
The unique specimen observed entire from locality 1 (12 mm length, 10 mm width)
is somewhat compressed (Pl. 3, Fig. 1). It is assigned as follows: Terebratulina aff.
biauriculata d’Orbigny. The biconvex shell is elongate-oval and uniplicate. The capillate to costellate valves surface presents several levels of bifurcation, the first one is initiated at 2 mm from the posterior dorsal umbo followed by three or four other divisions
or intercalations (Pl. 3, Fig. 2).
In absence of loop details, the shell is maintained in the genus Terebratulina. At the posterior brachial valve, two light auriculate zones are revealed leading one to associate the
specimen with the species name Terebraulina biauriculata d’Orbigny. A large foramen,
mesothyrid to permesothyrid, (about 1 mm diameter), is bordered by two disjunct triangular deltidial plates. The hinge line is narrow and straight.
Observed using the SEM, the shell reveals numerous small punctae and several major
growth lines near the margins (Pl. 3, Fig. 2). The abrasion, leading to a diagenetic evolution, at the external surface prevents observation of the alignment of small nodules on
the auriculate zones.
Suborder Terebratellidina Muir-Wood, 1955
Superfamily Laqueoidea Thomson 1927
Family Laqueidae Thomson, 1927
Subfamily Terebrataliopsinae Smirnova, 1990
Genus Psilothyris Cooper, 1955
Psilothyris tamarindus (J. de C. Sowerby in Fitton, 1836)
(Pl. 3, Figs 3–10, 13)
M a t e r i a l : The species is recognized from the 1st outcrop at Serre de Bleyton
(50 entire shells, 2 DV – NHMW2010/0204/0029, 0032 figured specimens and
NHMW2010/0204/0044 for remaining material) and (4 DV – NHMW2010/0204/0027,
0028, 0030–0033, figured specimens and NHMW2010/0204/0045 for remaining material) from the 2nd outcrop, as well as NHMW2010/0204/0046 from Tonils.
D e s c r i p t i o n : Some shells, 2.8–7 mm in length, consistent with Cooper’s (1955) genus, commonly found in Haute Marne, Yonne and Jura (d’Orbigny 1847–51), have been
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observed with a round to pentagonal shape, sometimes smooth (Pl. 3, Figs 3–10, 13). A
parallel can be drawn between them and small specimens of Psilothyris tamarindus (J
de C Sowerby) found in the Lower Barremian of eastern Serbia (Polavder & Radulovic
2005), as they bear comparison with the illustrations of Owen (1965). Rare dorsal valve
interiors were found and observed exhibiting the median septum, supporting the septalium
and high internal ridge dental sockets (Pl. 3, Fig. 5). However, the shells sampled are
mostly ragged (Pl. 3, Figs 4, 6–7, 10), which reveals the dorsal median septum (sometimes
proportionally longer compared to adult stage) supporting the septalium (Pl. 3, Figs 7, 10,
13), and stripped fibres surrounding numerous punctae (about 20 µm in diameter) (Pl. 3,
Fig. 9). The foramen is wide, bordered by two disjunct deltidial plates. The shell is rectimarginate with, exceptionally, a very light suggestion of uniplication.
Family Terebrataliidae Richardson, 1975
Subfamily Gemmarculinae Elliott, 1947
Genus Ismenia King, 1850
Ismenia sp.
(Pl. 3, Figs 11–12, 14–15)
M a t e r i a l : Two fragmented valves.
D e s c r i p t i o n : The larger incomplete transverse valve 8.8 mm in length and 6.8 mm in
width, ornamented with 5 round prominent plicae, observed along its internal and external
surfaces, is assigned to the genus Ismenia (Pl. 3, Figs 11–12) by comparison with complete specimens sampled in a mud-flow series of the Lower Barremian from SE France.
This valve does not reveal any remaining parts of its internal characters, but a dense net of
wide punctae (more than 25 µm for the largest) is observed using the SEM. As well, major
growth lines, enhanced in the anterior half of the shell, are revealed (Pl. 3, Figs 14–15).

Conclusion
The reworked Barremian material in the turbiditic formations of Serre de Bleyton, essentially containing juvenile specimens of brachiopod species, does not permit us to provide a
zonal reference. Nevertheless these juvenile representatives of Rhynchonelliform brachiopods have been approached, and some identified with the help of adult Barremian species
sampled near the Barremian stratotype and from Southeastern France (Gaspard, submitted). The main interest of the sampled small outcrops is the wonderful diversity not only
of the brachiopods, but also of numerous other associated groups of fossils. However, it
is the opportunity to highlight the fact that description of juveniles and of all age groups
of species, when available, should be of outstanding importance what will ensure us not
being deprived of important information. Another interesting point to be emphasized is
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the presence of thecideoid brachiopods, and particularly of juvenile thecideoids, which
are rarely observed or mentioned in the Barremian formations of Southeastern France.
The largest specimens observed, when worn, reveal inside numerous small grains confined between valves or in the foramen aperture, they are pseudo-oolitic grains generally
mentioned in turbiditic formations (see Pl. 1, Figs 4, 8a, 10; Pl. 2, Figs 5–7, 13, 14) and
susceptible to give a sedimentary signature in relation to their size.
Acknowledgements
The author would like to thank G. Moosleitner who spent time for sampling and asked for
this study, A. Kroh for triggering and editing the Serre-de-Bleyton papers, Isabel Le Disquet
(Laboratoire de Biologie Intégrative, University of Paris 6, Jussieu) for her assistance during SEM
observations and Ch. Lemzaouda, (MNHN, Paris) for his help concerning the images (Pl. 1, Figs 1,
5, 8 and Pl. 3, Fig 1). The critical reviews by Art Boucot (Oregon State Univ.) and an anonymous
reviewer are gratefully acknowledged.

References
Baker, P.G. (1990): The classification, origin and phylogeny of the Thecideidine brachiopods. –
Palaeontology, 33/1: 175–191.
––– (1991): Morphology and shell microstructure of the Cretaceous Thecideidine brachiopods
and their bearing on Thecideidine phylogeny. – Palaeontology, 34/4: 815–836.
––– (2006): Rhynchonelliformea Theicideida. – In: Kaesler, R.L. (ed.): Treatise on Invertebrate
Paleontology, Part H, Brachiopoda Revised, 5. – pp. 1938–1964, Lawrence, Kansas (The
Geological Society of America and the University of Kansas).
–– & Logan, A. (2011): Support from early juvenile Jurassic, Cretaceous and Holocene Thecideoid
species for a postulated common early ontogenetic development pattern in Thecideoid
brachiopods. – Palaeontology, 54/1: 111–131.
Bert, D. & Delanoy, G. (2009): Pseudohasticrioceras bersaci nov. spec. (Ammonoidea,
Gassendiceratinae), and new ammonite biohorizon for the upper Barremian of southeastern
France. – Carnets de Géologie, Article 2009/02: 1–22, Pls 1–6.
Burri, F. (1956): Die Rhynchonelliden der Unteren Kreide (Valanginien-Barrémien) im
westschweizerischen Juragebirge. – Eclogae Geologicae Helvetiae, 49/2: 599–702,
Pls 1–15.
Cooper, A.G. (1955): New Cretaceous Brachiopoda from Arizona. – Smithsonian Miscellaneous
Collections, 131/4: 1–18, Pls 1–4.
––– (1983): The Terebratulacea (Brachiopoda), Triassic to Recent: a study of the brachidia (loops). –
Smithsonian Contributions to Paleobiology, 50: ix + 1–444, 77 Pls.
Duméril, A.M.C. (1806): Zoologie analytique ou méthode naturelle de classification des animaux.
Allais, Paris, xxxiv+ 344 p.

666

Annalen des Naturhistorischen Museums in Wien, Serie A 113

Elliott, E.F. (1947): The development of a British Aptian brachiopod. – Geologists’ Association,
Proceedings, 58/2: 144–159, Pls 3–4.
––– (1958): Classification of thecidean brachiopods. – Journal of Paleontology, 32: 373.
Ferry, S. (2005): Systèmes turbiditiques calcaires du Tithonien et du Barrémien-Bédoulien
subalpins, (S-E. de la France). Excursion du Groupe Français du Crétacé avec Atrops, F.,
Backert, N. Lorenzo-Garcia & Savary, B (orgs): 13 pp., Figs 1–30.
Fitton, W.H. (1836): Observations on some of the strata between the chalk and the Oxford Oolite
in the South-East of England. – Geological Society of London, Transactions (Series 2), 4/2:
103–400, Pls 7–23.
Gaspard, D. (1988): Sellithyridinae, Terebratulidae du Crétacé d’Europe Occidentale – Dynamique
des populations – Systématique et Evolution. – Cahiers de Paléontologie, 243 p, Pls 1–28,
Paris (CNRS, ed.).
––– (2010): Brachiopodes du Barrémien – Coupe type et Sud-Est de la France. – Collection
Patrimoine géologique, Stratotype Barrémien, BIOTOPE, brgméditions (submitted).
Gray, J.E. (1840): Brachiopoda – In: Synopsis of the contents of the British Museum, 42nd Ed:
p.151, London (G. Woodfall).
Jacob Ch. & Fallot, P. (1913): Etude sur les Rhynchonelles Portlandiennes, Néocomiennes et
Mésocrétacées du Sud-Est de la France. – Mémoires de la Société Paléontologique Suisse,
39: 1–82; 11 Pls.
Janssen, N.M.M. (2010): Barremian invertebrates from Serre de Bleyton (Drôme, SE France):
Belemnites. – Annalen des Naturhistorischen Museums in Wien, Serie A, 112: 659–672.
Kaesler, R.L. (1997–2006): Treatise on Invertebrate Paleontology, Part H: Brachiopoda Revised,
1–5 – pp. 1–2320, Lawrence, Kansas (The Geological Society of America and the University
of Kansas).
King, W. (1850): A monograph of the Permian fossils of England. – Palaeontographical Society,
Monograph, 3/1: 1–258, 29 Pls.
Kroh, A., Lukeneder, A. & Moosleitner, G. (2010): The invertebrate fauna from the Barremian
of Serre de Bleyton (Drôme, SE France). – Annalen des Naturhistorischen Museums in Wien,
Serie A, 112: 569–574.
Kuhn, O. (1949): Lehrbuch der Paläogeologie. – 326 p., 244 Figs, Stuttgart (E. Schweizerbart’sche
Verlagsbuchhandlung).
Makridin, V.P. (1955): Some Jurassic rhynchonellids from the European part of the USSR. –
Zapiski Geologischeskogo Universiteta imeni A.M. Gor’Kogo, 12: 81–91, 3 Pls.
Middlemiss, F.A. (1959): English Aptian Terebratulidae. – Palaeontology, 2/1: 94–142,
Pls 15–18.
––– (1976): Lower Cretaceous Terebratulidina of Northern England and Germany and their
geological background. – Geologisches Jahrbuch, 30: 21–104, Pls 1–11.
Muir-Wood, H.M. (1955): A history of the classification of the phylum Brachiopoda. – 124 p.,
London (British Museum).
––– (1965): Mesozoic and Cenozoic Terebratulidina. – In: Moore, R.C. (ed.): Treatise on
Invertebrate Paleontology, Part H, Brachiopoda. – pp 762–816, Figs 622–695, Lawrence,
Kansas (The Geological Society of America and the University of Kansas).

Gaspard: Barremian fossils of Serre de Bleyton. 10. Brachiopods

667

d’Orbigny,

A. (1847–51): Paléontologie Française. Description zoologique et géologique de tous
les animaux mollusques et rayonnés fossiles de France, Terrains Crétacés, Tome 4 (1847):
1–157, Paris (Bertrand, A. (ed.)); 1851: Pls 490–525, Paris (Masson, V. (ed.)).

Owen, E.F. (1965): Some Lower Cretaceous Terebratelloidea. – Bulletin of the British Museum
(Natural History), Geology, 11/2: 49–72, 3 Pls.
Pajaud, D. (1970): Monographie des Thecidées (Brachiopodes). – Mémoires de la Société
Géologique de France. (N.S.), 49/112: 1–349, Pls 1–46, Paris.
Pictet, F.J. (1872): Description des fossiles du terrain crétacé des environs de Sainte Croix: 6°
serie, 5° partie terminée par de Loriol. – 158 p., Genève, Bâle, Lyon (Georg).
Polavder, S. & Radulovic, B. (2005): Microfossils and brachiopods from the Lower Barremian
at Prekonozi, eastern Serbia. – Annales Géologiques de la Péninsule Balkanique, 66: 55–61,
Belgrade.
Reboulet, R., Klein, J., Barragan, R., Company, M., Gonzales-Arreola, C., Lukeneder, A. et
al. (2009): Report on the 3rd international meeting of the IUGS Lower Cretaceous Ammonite
Working Group, the “Kilian Group” (Vienna, Austria, 15th April 2008). – Cretaceous
Research, 30/2: 496–502.
Richardson, J.R. (1975): Loop development and the classification of terebratellacean brachiopods. –
Palaeontology, 18/2: 285–314, Pl. 14.
Roemer, F.A. (1839): Die Versteinerungen des norddeutschen Oolith-Gebirges, Nachtrag.
pp. 1–22, Hannover.
Rzhonsnitskaia, M.A. (1956): Systematization of Rhynchonellida. – In: Guzman, E. et al. (eds):
Resumenes de los Trabajos presentados. – International Geological Congress. Report, 20:
125–126, Mexico.
Smirnova, T.N. (1962): O novom podvide Thecidiopsis (Thecidiopsis) tetragona (Roemer). –
Bulletin of the University of Moscow, 3: 54–57.
––– (1990): Systematics of Lower Cretaceous brachiopods. – 239 p., Moscow (Nauka
Moscow).
Thomson, J.A. (1926): A revision of the subfamilies of the Terebratulidae (Brachiopoda). – Annals
and Magazine of Natural History (Series 9), 18/107: 523–530.
––– (1927): Brachiopod morphology and genera (Recent and Tertiary). – New-Zealand Board of
Science and Art, Manual, 7: 1–338, 2 Pls.
Vermeulen, J. (2005): Boundaries, ammonite fauna and main subdivisions of the Barremian
stratotype. – In: Adatte, T., Arnaud-Vanneau, A., Arnaud, H. et al (orgs): The HauterivianBarremian-Lower Aptian sequence stratigraphy from the Jura platform to the Vocontian basin:
a multidisciplinary approach-Field-trip guide-book of the 7th International Symposium on the
Cretaceous (Sept. 1–4, 2005). – Géologie Alpine, série spéciale «Colloque et Excursions»,
7: 147–173.
Waagen, W.H. (1883): Salt Range Fossils.- Productus-limestones fossils. – Palaeontologia Indica
(Series 13), 4/2: 391–546.
Williams, A., Carlson, S.J., Brunton, C.H.C., Holmer, L.E. & Popov, L.E. (1996): Supraordinal classification of the Brachiopoda. – Philosophical Transactions of the Royal society
of London (Series B), 351: 1171–1193, 6 Figs.

668

Annalen des Naturhistorischen Museums in Wien, Serie A 113

Plate 1
Cyclothyridinae
Figs 1a–b. Lamellaerhynchia aff. multicostata Burri, 1956, from locality 1, Serre
de Bleyton, dorsal (a) and anterior (b) views; scale bar equals 2 mm. NHMW
2010/0204/0001.
Fig. 2. Lamellaerhynchia aff multicostata Burri, 1956, Tonils; scale bar equals 1 mm.
NHMW 2010/0204/0002.
Fig. 3. Lamellaerhynchia aff multicostata Burri, 1956, Tonils, details of fig 2: deltidial
plates and foramen; scale bar equals 500 µm.
Fig. 4. Lamellaerhynchia aff multicostata Burri, 1956, Tonils; scale bar equals 1 mm.
NHMW 2010/0204/0003.
Figs 5a–b. Lamellaerhynchia sp., locality 3, Serre de Bleyton; scale bar equals 2 mm.
NHMW 2010/0204/0004.
Fig. 6. Juvenile Rhynchonellid with initial deltidial plates; scale bar equals 1 mm. NHMW
2010/0204/0005.
Fig. 7. Lamellaerhynchia sp., juvenile specimen from Serre de Bleyton with initial deltidial plates; scale bar equals 1 mm. NHMW 2010/0204/0006.
Fig. 8a–b. Lamellaerhynchia sp., worn specimen from locality 3 at Serre de Bleyton, revealing coarser costae and pseudo–oolitic grains inside the shell; scale bar equals
2 mm. NHMW 2010/0204/0007.
Fig. 9. View highlighting the initial deltidial plates in a juvenile specimen from Tonils;
scale bar equals 1 mm. NHMW 2010/0204/0008.
Fig. 10. Juvenile worn specimen of Lamellaerhynchia sp., showing the imprints of
pseudo–oolitic grains inside the shell, and the initial deltidial plates; scale bar
equals 1 mm. NHMW 2010/0204/0009.
Figs 11–12. Detail of the surface of the shell illustrated Fig. 2 (median zone (11) and
antero–lateral zone (12)) revealing details of the costae and microgrowth–lines;
scale bar equals 500 µm.
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Plate 2
Thecidiopsis tetragona (Roemer, 1839)
Fig. 1. Ventral valve, from locality 1; scale bar equals 1 mm. NHMW 2010/0204/0010.
Fig. 2. Ventral valve interior from locality 2; scale bar equals 1 mm. NHMW
2010/0204/0011.
Figs 3–7. Young dorsal valve (DV), from locality 1, illustrating part of the development of the brachioskeletal and revealing the cardinal process, the inner sockets ridges, the median septum with median concavity obviously announcing
the coming lateral septae (3–4), small tubercles delineating brachial lobes (4:
white arrows), and the polyseptate aspect (5–7); scale bar equals 1 mm. NHMW
2010/0204/0012–0016.
Fig. 8. Early juvenile stage (DV); scale bar equals 500 µm. NHMW 2010/0204/0017.
Terebratulida
Figs 9–13. Young different terebratulid representatives, from locality 2 (10–12) and locality 1 (13), revealing the hypothyrid foramen, a well exposed pedicle collar and
the initial deltidial plates; scales respectively = 1 mm (9–10), 500 µm, (10–12)
and 250 µm (13). NHMW 2010/0204/0018 – 0022.
Fig 14. Moutonithyris aff. moutoniana (d’Orbigny, 1847), locality 2 of Serre de Bleyton;
scale bar equals 1 mm. NHMW 2010/0204/0023.
Fig 15. Loriolithyris aff. germaini (Pictet, 1872) from Tonils; scale bar equals 2 mm.
NHMW 2010/0204/0024.
Fig 16. Praelongithyris sp., locality 1, Serre de Bleyton; scale bar equals 1 mm. NHMW
2010/0204/0025.
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Plate 3
Terebratulina aff. biauriculata d’Orbigny, 1847
Fig. 1. Dorsal view, locality 1, Serre de Bleyton: scale bar equals 2 mm. NHMW
2010/0204/0026.
Fig. 2. Detailed antero–lateral surface of Fig. 1 highlighting the intercalations of the costae (arrows) and major growth–lines (arrow heads); scale bar equals 500 µm.
Psilothyris tamarindus (J. de C. Sowerby in Fitton, 1836)
Fig. 3. Dorsal view of a specimen from locality 2; scale bar equals 1 mm. NHMW
2010/0204/0027.
Figs 4,8. Partly ragged specimens, the primary layer has disappeared leaving the secondary layer exposed with the punctae, locality 2 and 1respectively; scale bar equals
1 mm. NHMW 2010/0204/0028, 0032.
Fig. 9. Detailed external surface of specimen illustrated Fig. 8; scale bar equals 50 µm.
Fig. 5. Ventral valve interior revealing the cardinal process (top of image), the dental
sockets, the median septum supporting the septalium and the attached point of the
broken brachial loop on it, locality 1 at Serre de Bleyton; scale bar equals 500 µm.
NHMW 2010/0204/0029.
Figs 6, 7, 10. Dorsal view of specimens progressively ragged what reveals the presence
of the median septum and part of the septalium from the external part of the shell,
locality 2; scale bar equals 1 mm. NHMW 2010/0204/0030 – 0031, 0033.
Fig. 13. Detail of Fig. 7 revealing the exposed fibrous median septum and left part of the
septalium; scale bar equals 500 µm.
Ismenia sp.
Figs 11–12. External (11) and internal dorsal valve (12); scale bar equals 2 mm. NHMW
2010/0204/0034 – 0035; locality 1 at Serre de Bleyton.
Fig. 14. Detailed external surface of the specimen illustrated Fig. 11, major growth–lines
and punctae are revealed; scale bar equals 1 mm.
Fig. 15. Detailed dorsal valve interior illustrated Fig. 12, revealing wide punctae surrounded by the fibre ends near the anterior margin; scale bar equals 100 µm.
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