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a  b  s  t  r  a  c  t

The  Chalonnes-sur-Loire  outcrop  is  the most  complete  Llandovery  section  in  the  Ligerian
domain  (Armorican  Massif,  NW France);  it displays  a ca.  10 m-thick  sequence  of  organic-
rich  black  bedded  cherts  alternating  with  black  graptolitic  shales,  which  were  deposited
above  glaciomarine  diamictites  of the Hirnantian  glaciation.  It is likely  the  black  cherts  accu-
mulated  under  eutrophic  waters,  on the  outer  shelf  part  (distal  offshore)  of  a Gondwanan
margin,  situated  at intermediate  to high  latitudes  of  the  Southern  hemisphere.  Hydrofluoric
acid processing  allowed  the  extraction  of  radiolarians;  seven  species  are  identified  in the
best preserved  sample  discovered  so  far. All  seven  are  common  species  in tropical  assem-
blages known  from  Alaska  and Nevada,  which  are  characteristic  of the  Orbiculopylorum
assemblage,  of  Aeronian  to early  Telychian  age.  This  age  is  in good  agreement  with  inde-
pendent  age  control  from  graptolites  in  the Chalonnes  section,  suggestive  of  an Aeronian
age  for  the  radiolarian-yielding  level.

©  2014  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.

ots clés :
adiolaires

r  é  s  u  m  é

L’affleurement  de Chalonnes-sur-Loire  représente  la série  la  plus  complète  du  Llandovérien
du Domaine  ligérien  (Massif  armoricain,  France  nord-occidentale),  avec  environ  10  m  de
htanites
aspes
ilurien inférieur
éronien
assif armoricain

rance

phtanites (jaspes  lités,  riches  en  matière  organique)  alternant  avec  des  argilites  noires  à
Graptolites,  déposées  au-dessus  de diamictites  glacio-marines  de la  glaciation  hirnantienne.
La série  jaspeuse  s’est  accumulée  probablement  sous  des  eaux  eutrophiques,  sur  la plate-
forme externe  (offshore  distal)  d’une  marge  continentale  gondwanienne,  située  dans  les
moyennes–hautes  latitudes  de l’hémisphère  sud. Des  extractions  à l’acide  fluorhydrique  ont
permis la  détermination  de  sept  espèces  de  radiolaires  dans  l’échantillon  le plus prometteur.
Ces  sept  espèces  sont  communes  avec  les  assemblages  tropicaux  connus  d’Alaska  et du
Nevada  ; cette  faune  est  caractéristique  de  la  zone  d’assemblage  à Orbiculopylorum, qui
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s’étend  de  l’Aéronien  au  Télychien  inférieur.  Cet  âge est en  bon accord  avec  l’âge Aéronien
établi  indépendamment  par  des  graptolites  pour  ce niveau  à Radiolaires  de  la coupe  de

émie  d

Chalonnes.

©  2014  Acad

1. Introduction

Radiolaria live today in all oceans, at all depths. The del-
icate siliceous skeleton of polycystine Radiolaria is known
since the Early Cambrian (Botomian; Korovnikov et al.,
2013; Pouille et al., 2011); they have contributed to the
accumulation of siliceous sediments in the oceans since
the Late Cambrian (Tolmacheva et al., 2001) and possi-
bly since even the Early Cambrian (Zhang et al., 2013).
Given their lengthy fossil record, Radiolaria have the poten-
tial to provide valuable insights into the biotic response of
heterotrophic plankton to paleoclimatic or biogeochemical
events during the entire Phanerozoic. However, our current
knowledge of Lower Palaeozoic radiolarian assemblages is
still fragmentary, especially for the high paleolatitudinal
realm (Danelian et al., 2013).

The present contribution aims at documenting “North-
Gondwana” radiolarian assemblages from Lower Silurian
organic-rich black bedded cherts, known in French as
“phtanites”. According to Cayeux (1929), “phtanites” are
siliceous deposits that have undergone secondary sili-
cification. This term is used both for the Palaeozoic
radiolarites (present study) and for the Proterozoic sili-
cified rocks (Dabard, 2000). Intercalated graptolitic black
shales offer good biostratigraphic control for this particular
succession (Piç arra et al., 2002, 2009), and directly under-
lying glaciomarine diamictites testify to a Lower Silurian
post-glacial climatic framework, following the Hirnantian
glaciation. The black cherts were deposited in an inter-
mediate to high southern paleolatitudinal setting of the
southern Hemisphere (Ghienne et al., 2007; Robardet and
Doré, 1988). Although mentioned initially from thin sec-
tions (Piç arra et al., 2009), radiolarians were not specifically
studied and identified. Rhuddanian and Aeronian radiolar-
ians are still poorly known, especially from high latitudes,
which make the study of this section significant in terms of
its age range and paleogeographic position.

New sampling and specific laboratory preparation were
undertaken in order to extract radiolarians and identify
them to the species level. Comparison of our assem-
blage with other Llandoverian, assemblages worldwide
will improve our understanding of Lower Silurian radio-
larian biogeographic distribution and diversity. This is a
preliminary report focusing specifically on the radiolarian
fauna identified in the sample with the best preservation
of radiolarian skeletons.

2. Geological and stratigraphical settings

2.1. Depositional setting
In the Armorican Massif, the Proterozoic basement
and its Lower Palaeozoic cover were deformed dur-
ing the Variscan orogeny. A number of tectonically
es  sciences.  Publié  par Elsevier  Masson  SAS.  Tous  droits  réservés.

juxtaposed domains bounded by major shear zones (e.g.
North Armorican, northern and southern South Armorican
Shear Zones; Fig. 1) are characterized by distinct depo-
sitional and metamorphic histories. In the southeastern
Armorican Massif, most of the suggested reconstruct-
ions acknowledge a suture zone separating an Armorican
microplate and the northern margin of the Gondwana
supercontinent, although the exact location of the terrane
limits, as well as the importance and age of the subducted
oceanic crust(s,) are still under discussion (Ballèvre et al.,
2009 and references therein).

The study area is located in the Ligerian domain, which
is characterized by an imbrication of fault-bounded tec-
tonic units in which some pre-Carboniferous series are
interpreted by Dubreuil (1980, 1986) as olisthostromes
and olistolithes, redeposited within Lower Carboniferous
basins. However, a Lower Palaeozoic stratigraphy is recon-
structed based on currently dismembered stratigraphic
sedimentary sequences (Cavet et al., 1971; Ducassou
et al., 2009; Lardeux, 1980; Lardeux and Cavet, 1994;
Strullu-Derrien et al., 2010). On top of a Brioverian
(Neoproterozoic) metamorphosed basement, the Lower
Palaeozoic strata include: (i) an Ordovician succession
(basal conglomerates, sandstones and siltstones and locally
end-Ordovician diamictites), overlain conformably by (ii)
Lower Silurian black cherts grading upwards into (iii) Mid-
dle to Upper Silurian shales. Lowermost Devonian strata are
not palaeontologically characterized, the oldest deposits
being limestones assigned to the Pragian/Emsian.

This succession is in general understood as being ini-
tially deposited either at the southern margin of the
Armorican microplate, or over a distal segment of the
northern continental margin of Gondwana (Ballèvre et al.,
2009). Given that the depositional setting of the sampled
Silurian black cherts lies immediately south of the Nort-
sur-Erdre Fault, which is thought to represent a Variscan
suture zone (see discussion in Ballèvre et al., 2009), the
latter reconstruction is preferred. Palaeogeographic rela-
tionships relative to the structure of the Gondwana margin
are however still unclear (outer shelf setting, extensional
allochthonous or drifted continental block?).

2.2. The Chalonnes-sur-Loire outcrop

The outcrop is located along the southern boundary of
the Ancenis basin in the Tombeau Leclerc Unit, 700 m to
the southeast of Chalonnes-sur-Loire (near Angers, WGS84
coordinates: 47◦20′44.29′ ′N, 0◦45′35.83′ ′O) and close to the
historical “Les Fresnaies” section. This unit is interpreted
as a continuous stratigraphical sequence (Ducassou et al.,

2011) comprising five formations (Fm) successively: the
“Pélites à fragments” Fm (Late Ordovician), the Monograp-
tus Black Chert Fm (Llandovery), the Graptolites Siltstone
Fm (Wenlock to Ludlow), the Tentaculites Limestones
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Fig. 1. Distribution of Paleozoic outcrops (grey areas) and of the main tectonic zones of the Armorican Massif. The locality of the studied section is indicated
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ig. 1. Carte de la distribution des terrains paléozoïques et des diverses z
st  indiquée par une étoile.

Pragian) and the “La Grange” Limestones (Emsien). The
ection exhibits an end-Ordovician to Lowermost Silurian
uccession (Piç arra et al., 2002). The end-Ordovician inter-
al includes a ca. 30 m-thick, poorly bedded argillaceous
iamictite with subordinate sandstone beds (interval a on
ig. 2), which is overlain by ∼ 2-m-thick shales and sub-
rdinate diamictite lenses (interval b). Both of these two
ntervals are assigned to the Hirnantian Tanuchitina elon-
ata chitinozan biozone (Bourahrouh, 2002); they reflect
he Hirnantian glacial event and the Latest Ordovician
eglaciation, respectively. The Lower Silurian organic-rich
hert succession (interval c) overlies conformably the
ppermost Ordovician sediments. It consists of an up to 10-
-thick pile of cm-  to dm-thick, commonly laminated, grey

o black chert beds alternating with thin (< 2 cm), pyrite-
ich, black-shale interlayers. A Llandovery age has been
cknowledged for a long time for this sequence, based on

 graptolite fauna (Barrois, 1892; Philippot, 1950); how-
ver, it is only recently that the lowermost Silurian was
onfirmed, using both chitinozoan and graptolite assem-
lages. In addition, the Rhuddanian and Aeronian stages
ave been formally recognized in this sequence (Piç arra
t al., 2009). According to the latter authors, this outcrop
isplays the most complete Llandovery succession of the
igerian Domain of the Armorican Massif. Finally, the upper
orizons of the studied section are tectonized (interval d
n Fig. 2) and thought to be Early Telychian in age (Piç arra
t al., 2009); however, they were not sampled due to the
ifficulties in accessing this part of the section.
. Material and methods

The sequence of black cherts was sampled at reg-
lar intervals (27 samples from the interval c, Fig. 2).
ctoniques majeures du Massif armoricain. La localité de la coupe étudiée

Thin sections were prepared in order to select samples
with observable radiolaria for laboratory processing with
hydrofluoric acid. Thin sections were observed under a
polarizing microscope in order to better understand the
lithological composition of the studied samples and their
depositional setting. In addition, RAMAN spectroscopy
(Jobin Yvon, LabRam HR 800 UV) observations were also
conducted occasionally on thin sections to confirm the
composition of some elements.

In order to extract radiolarians, samples were washed,
oven-dried and crushed into small pieces before being left
in a plastic beaker in which diluted (ca. 5% HF) hydroflu-
oric acid was added. After 24 h, the contents were sieved
and rinsed. The fraction between 63 �m and 630 �m was
picked while the fraction larger than 630 �m was  left
again for a renewed 4,8% HF dilution during 24 hours and
the whole process was  repeated 6 times. The residues
were examined and picked under a binocular microscope;
the radiolarians collected were mounted on carbon stubs,
metal coated, scanned and magnified with a Scanning Elec-
tron Microscope (FEI, Quanta 200).

4. Results

Although all 27 collected samples were processed in
the laboratory, this preliminary report focuses specifi-
cally on sample MT18, from which over 200 moderately
well preserved radiolarian specimens were recovered. In
most other samples, the extracted radiolarians are rela-
tively poorly preserved. In thin section preparations, the

main microfacies is characterized by a finely laminated
microquartzitic and clayey matrix in which intervals full
of radiolarian relics (spheres less than 0,5 mm  in diame-
ter) may  be recognized; they appear to have rather clear
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Fig. 2. Lithostratigraphy of the studied Chalonnes-sur-Loire outcrop,
including the graptolite biozones identified by Piç arra et al. (2009) and
the stratigraphic position of the radiolarian-yielding sample MT18.

Fig. 2. Lithostratigraphie de l’affleurement étudiée à Chalonnes-sur-
Loire, y compris les biozones à graptolites déterminées par Piç arra et al.
(2009) et la position de l’échantillon à radiolaires MT18.

boundaries with the intervals devoid of radiolaria (Fig. 3,
photograph 10). All beds are rich in organic matter and
pyrite crystals.

Seven species were identified from sample MT18 and
all are illustrated in Fig. 3. Four of them belong to the
Archaeospicularian family Secuicollactidae (Secuicollacta
bipola Won  et al., 2002, S. hexactinia Won  et al., 2002,
S. multispinosa Won  et al., 2002 and S. parvitesta Won
et al., 2002). The three other species identified belong
to the Spumellarian family Haplotaeniatidae (Haplotae-
niatum aperturatum Noble et al., 1998, Orbiculopylorum
marginatum Noble et al., 1998 and O. spendens Noble et al.,
1998).
The radiolarian fauna extracted from sample MT18
can be assigned to the Early Silurian Orbiculopylorum
assemblage zone of MacDonald (2006), characterized
essentially by the first and the last occurrence of genus
 13 (2014) 483–488

Orbiculopylorum. According to the latter author, the Orbcu-
lopylorum zone may  be correlated with the Earliest
Aeronian to Early Telychian interval, because it extends
from the base of the Campograptus curtus to the middle of
the S. turriculatus graptolite zones.

5. Discussion

Piç arra et al. (2009) published a very detailed and
revised biostratigraphic report of the occurrence of grap-
tolite species throughout the Chalonnes-sur-Loire outcrop.
Based on their Fig. 3, it is rather straightforward to assign
our radiolarian-bearing sample MT18 to the Middle Aero-
nian Lituigraptus convolutus graptolite biozone (Fig. 2),
which is in good agreement with the known age of the
Orbiculopylorum Radiolarian assemblage.

The assemblage we obtained from sample MT18 shares
six common species with the Upper Aeronian to Lower/Mid
Telychian radiolarian fauna of Won  et al. (2002) from
Alaska. It is also fairly similar to the Upper Rhudda-
nian assemblage described by Noble et al. (1998) from
Nevada. These similarities are interesting indeed, because
paleogeographically the Alaskan and Nevadan radiolarian
localities were situated during the Early Silurian in the
tropical realm (15◦N and 10◦S, respectively), while Armor-
ica was  situated in an intermediate-high latitudinal region
of the southern hemisphere.

Black cherts appear only in the Ligerian domain of the
Armorican Massif; the Chalonnes-sur-Loire outcrop is the
thickest and most representative for this paleogeographic
realm (Piç arra et al., 2009). According to these authors, the
absence of coarse terrigenous material in this Llandovery
sequence contrasts with other coeval sequences of the
Armorican Massif. It is also worth mentioning that based
on the study of Ordovician Trilobites Henry (1989) found
differences between the northern and central Armorican
realm on one hand, and with the South Armorican realm, on
the other. Moreover, the Trilobites found in the latter realm
reflect a deeper environment and appear to show some
Bohemian affinities. As mentioned earlier, our preferred
paleogeographic location of the sedimentary sequence at
Chalonnes-sur-Loire is along the northern margin of Gond-
wana, possibly in a distal offshore (outer shelf) depositional
environment, starved of any coarse siliciclastic and carbon-
ate input.

In today’s oceans, Radiolaria are abundant in eutrophic
waters, such as the upwelling areas, where nutrients and
tiny prey are abundant (De Wever et al., 1994, 2001).
Although an actualistic approach may  have its limitations
for pre-Cretaceous oceans (see discussion in Racki and
Cordey, 2000), abundant and well-preserved radiolaria are
often found in fine-grained and organic rich deposits and
considered as the result of elevated plankton productivity
(Danelian and Baudin, 1990; De Wever and Baudin, 1996).
The sedimentary facies of the studied black chert sequence
at Chalonnes-sur-Loire, namely the abundance of organic

matter, radiolarian biogenic silica and pyrite crystals, could
reflect the accumulation of fine grained pelagic sediments
under eutrophic waters and associated reducing conditions
on the sea-floor.
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Fig. 3. Identified radiolaria and microfacies of sample MT18. 1, Secuicollacta bipola (Won  et al., 2002), MT18. 2, Secuicollacta hexactinia (Won  et al., 2002),
MT18.  3, Secuicollacta multispinosa (Won  et al., 2002), MT18. 4, Secuicollacta parvitesta Won  et al., 2002, Morphotype 1, MT18.  5, Secuicollacta parvitesta
Won  et al., 2002, Morphotype 2, MT18.  6, Haplotaeniatum aperturatum Noble et al., 1998, MT18. 7, Orbiculopylorum marginatum Noble et al., 1998, MT18.
8,  Orbiculopylorum spendens Noble et al., 1998, MT18.  Scale bar 100 �m for photographs 1–8. 9, close-up view of a well-preserved radiolarian (probably
Orbiculopylorum sp.) and of a sponge spicule in a dark siliceous-clayey matrix, MT18. 10,  overall view of the two main microfacies observed in sample
MT18;  500 �m for photographs 9–10.
Fig. 3. Radiolaires déterminés et microfaciès de l’échantillon MT18. 1, Secuicollacta bipola (Won  et al., 2002), MT18. 2, Secuicollacta hexactinia (Won  et al.,
2002), MT18. 3, Secuicollacta multispinosa (Won  et al., 2002), MT18. 4, Secuicollacta parvitesta Won  et al., 2002, Morphotype 1, MT18. 5, Secuicollacta parvitesta
Won  et al., 2002, Morphotype 2, MT18. 6, Haplotaeniatum aperturatum Noble et al., 1998, MT18. 7, Orbiculopylorum marginatum Noble et al., 1998, MT18. 8,
O n radiol
d  faciès, a
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s
s
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rbiculopylorum spendens Noble et al., 1998, MT18. 9, vue rapprochée d’u
’éponge et de la matrice très sombre, MT18. 10,  vue d’ensemble des deux
00  �m pour les clichés 9–10.

. Conclusion

The 10 m-thick black chert outcrop of the Chalonnes-
ur-Loire section is the most representative Llandovery
equence of the Ligerian domain of the Armorican Massif. It
onsists of an argillaceous-siliceous sedimentary sequence,

ich in organic matter and pyrite. It is likely that it accu-
ulated in an outer offshore depositional environment,

long an intermediate-high latitudinal Gondwanan mar-
in of the Southern Hemisphere, in which graptolites and
aire bien préservé, probablement du genre Orbiculopylorum, d’un spicule
vec et sans sphère, MT18. Barres d’échelle: 100 �m pour les clichés 1–8 ;

radiolarians proliferated under eutrophic conditions. An
assemblage of seven Radiolarian species is recognized
in a promising sample, which shares many similarities
with coeval tropical assemblages known from Alaska and
Nevada. The fauna can be assigned to the Orbiculopylorum
assemblage established in North America and correlated

with the Aeronian to early Telychian. This Radiolarian age is
in good agreement with the middle Aeronian age assigned
previously based on graptolites, more specifically of the
Lituigraptus convolutus zone.



. Palevol
488 M. Tetard et al. / C. R

Acknowledgments

Laurence Debeauvais helped with laboratory processing
of cherts and Philippe Recourt with the SEM. Constructive
remarks by Fabrice Cordey and an anonymous reviewer
improved the initial manuscript.

References

Ballèvre, M.,  Bosse, V., Ducassou, C., Pitra, P., 2009. Palaeozoic history of
the Armorican Massif: models for the tectonic evolution of the suture
zones. C. R. Geosci. 341, 174–201.

Barrois, C., 1892. Mémoire sur la distribution des Graptolites en France.
Ann. Soc. Géol. Nord 20, 75–191.

Bourahrouh, A., 2002. Chitinozoaires et palynomorphes de l’Ordovicien
supérieur nord-gondwanien : impact de la glaciation ahsgillienne.
Thèse, 1. Univ. Rennes, 300 p.

Cavet, P., Lardeux, H., Philippot, A., 1971. Ordovicien et Silurien aux envi-
rons de Montjean et Chalonnes (Maine-et-Loire Sud-Est du Massif
armoricain). Mém.  BRGM 73, 199–212.

Cayeux, L., 1929. Les roches sédimentaires de France. Roches siliceuses.
Imprimerie Nationale, Paris, 696 p.

Dabard, M.P., 2000. Petrogenesis of graphitic cherts in the Armorican seg-
ment of the Cadomian orogenic belt (NW France). Sedimentology 47,
787–800.

Danelian, T., Baudin, F., 1990. Découverte d’un horizon carbonaté, riche en
matière organique au sommet des radiolarites d’Epire (zone ionienne,
Grèce) : le Membre de Paliambela. C.R. Acad. Sci., Paris Ser. II 311,
421–428.

Danelian, T., Noble, P., Pouille, L., Maletz, J., 2013. Palaeogeographic distri-
bution of Ordovician Radiolarian occurrences: patterns, significance
and limitations. In: Harper, D.A.T., Servais, T. (Eds.), Early Palaeozoic
Biogeography and Palaeogeography, 38, pp. 399–405, Geol. Soc., Lon-
don, Mem.

De Wever, P., Baudin, F., 1996. Palaeogeography of radiolarite and organic-
rich deposits in Mesozoic Tethys. Geol. Rundsch. 85, 310–326.

De Wever, P., Azéma, J., Fourcade, E., 1994. Radiolaires et radiolarites : pro-
duction primaire, diagenèse et paléogéographie. Bull. Centres Rech.
Explor. – Prod. Elf. Aquitaine 18, 315–379.

De Wever, P., Dumitrica, P., Caulet, J.P., Nigrini, C., Caridroit, M.,  533 p
2001. Radiolarians in the Sedimentary Record. Gordon and Breach,
Amsterdam.

Dubreuil, M., 1980. Hypothèse sur la mise en place, au Dinantien, du
complexe du Tombeau-Leclerc (Bassin d’Ancenis, Sud-Est du Massif
armoricain) sous forme d’un olistostrome. Conséquences géody-
namiques. C. R. Acad. Sci. Paris, Ser. D 290, 1455–1458.

Dubreuil, M.,  1986. Évolution géodynamique du Paléozoique ligérien
(Massif armoricain). Thèse d’État. Univ. Nantes, 258 p.

Ducassou, C., Strullu-Derrien, C., Ballèvre, M.,  Dabard, M.P., Gerrienne,
P.,  Lardeux, H., Robin, C., 2009. Age and depositional environment
of the Sainte-Anne Formation (Armorican Massif, France): the old-
est  (Emsian) evidence for mountain erosion in the Variscan belt. Bull.
Soc. Geol. France 180, 529–544.
Ducassou, C., Ballèvre, M.,  Lardeux, H., Robin, C., 2011. Evidence for
pre-orogenic, Early Devonian rifting in the Variscan belt: stratig-
raphy and structure of the Palaeozoic cover of the Mauges Unit
(Upper Allochthon, Armorican massif, France). Int. J. Earth Sci. 100,
1451–1476.
 13 (2014) 483–488

Ghienne, J.F., Le Heron, D., Moreau, J., Denis, M.,  Deynoux, M.,  2007.
Late Ordovician glacial sedimentary system of the North Gondwana
platform. In: Hambrey, M.,  Christoffersen, P., Glasser, N., Janssen, P.,
Hubbard, B., Siegert (Eds.), Glacial Sedimentary Processes and Prod-
ucts, 39. Spec. Publ. Int. Ass. Sediment, pp. 295–319.

Henry, J.L., 1989. Paléoenvironnements et dynamique de faunes de Trilo-
bites dans l’Ordovicien (Llanvirn supérieur Caradoc basal) du Massif
Armoricain (France). Palaeogeogr., Palaeoclimatol., Palaeoecol. 73,
139–153.

Korovnikov, I., Sennikov, N., Danelian, T., Obut, O., Pouille, L., 2013. The
biostratigraphic and palaeoenvironmental significance of Lower Cam-
brian (Botomian) trilobites from the Ak-Kaya section of the Altai
Mountains (southern Siberia Russia). Ann. Pal. 99, 79–89.

Lardeux, H., 1980. Les faunes de Tentaculites des calcaires dévoniens du
horst du Tombeau Leclerc (Synclinorium d’Ancenis Massif armori-
cain). Mém.  Soc. Etudes Sci. Anjou 4, 43–47.

Lardeux, H., Cavet, P., 1994. Paleozoic of the Ligerian Domain. In: Keppie,
J.D.  (Ed.), Pre-Mesozoic Geology in France and related areas. Springer-
Verlag, Berlin, pp. 152–156.

MacDonald, E.W., 2006. A preliminary radiolarian biozonation for the
Lower Silurian of the Cape Phillips Formation, Nunavut, Canada. Can.
J. Earth Sci. 43, 205–211.

Noble, P.J., Braun, A., McClellan, W.,  1998. Haplotaeniatum faunas (Radi-
olaria) from the Llandoverian (Silurian) of Nevada and Germany. N.
Jahrb. Geol. Paläont. Mh.  12, 705–726.

Philippot, A., 1950. Les Graptolites du Massif Armoricain. Étude strati-
graphique et paléontolologique. Mém. Soc. Géol. Minéral. Bretagne
11,  1–295.
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