Graptolite faunas of the Llandovery “phtanites”
at Les Fresnaies (Chalonnes-sur-Loire, southeastern
Armorican Massif): Palaeontology and biostratigraphy
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In the SE of the Armorican Massif (France), the Ordovician-Silurian transition and the lower part of the Silurian are ex-
posed at the locality Les Fresnaies at Chalonnes-sur-Loire. The Silurian graptolitic “phtanites” (black cherts) are richly
fossiliferous. Detailed sampling allows a description of the graptolite faunas and a precise stratigraphical analysis of the
succession that comprises the whole of the Rhuddanian and Aeronian stages. Both the Llandovery graptolite assem-
blages and the lithologies of Les Fresnaies are similar to those of other lower Silurian successions throughout
peri-Gondwanan Europe, like Portugal, Spain, Sardinia, Bohemia, Germany and Carnic Alps, and in the Middle East
(Jordan and Saudi Arabia). « Key words: Silurian, Armorican Massif, France, graptolites, biostratigraphy.
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The study of a new section in the so-called graptolite-
bearing “phtanites” (i.e. black cherts), exposed ca 300 m
from the locality reported by Davy (1895, 1906) at Les
Fresnaies (Chalonnes-sur-Loire, S.E. Armorican Massif),
has recently shown (Pigarra et al. 2002) that the overturned
succession comprised (in ascending stratigraphical order):

1. clast-bearing argillites, dated as Hirnantian by chi-
tinozoans of the Tanuchitina elongata Biozone, correspond-
ing to the Late Ordovician glaciomarine deposits (Robardet
et al. 1994) known from most north-Gondwanan regions, 2.
black shales and black cherts that yield a succession of
graptolite assemblages indicating the whole Rhuddanian
(including its basalmost part) and the Aeronian.

The present paper is based on a more complete sam-
pling of the section and gives a more precise stratigraphical
analysis of the succession.

The fossiliferous locality of Les Fresnaies, although
known for more than a century (Davy 1895, 1906), has a
special significance because the new section offers without
doubt the most complete succession that can be observed in
the Llandovery of the Ligerian Domain (Fig. 1), and there-
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fore is a reference for the whole southeastern part of the
Armorican Massif.

The graptolites described here (numbers prefixed
MHNN.P.) are deposited in the Museum d’Histoire
Naturelle de Nantes.

Geological setting

The Variscan basement of the Armorican Massif (Fig. 1),
has been dissected by major shear-zones: the North Armo-
rican Shear Zone (NASZ) and the two branches (North and
South) of the South Armorican Shear Zone (SASZ). The
NASZ has no palaecogeographical significance as the
pre-Carboniferous successions are very similar in the mid-
and north-Armorican regions (Mid-North Armorican Do-
main of Paris & Robardet 1977, 1994). The northern
branch of the SASZ which separates the Mid-North Armo-
rican Domain and the South Armorican Ligerian Domain
(Cogné 1974, Dubreuil et al. 1989, Lardeux & Cavet 1994)
separates pre-Carboniferous Palacozoic successions that
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Figure 1. Geographical distribution of Palacozoic strata (dotted areas)
in the Armorican Massif (Ancenis Unit in black), with location of the
studied graptolitic locality (black star). NASZ — North-Armorican Shear
Zone; SASZ — South-Armorican Shear Zone; (N) — northern branch;
(S) — southern branch.

show important differences (Paris & Robardet 1977, 1994;
Robardet et al. 1994).

Within the Ligerian units of Saint-Julien-de-Vouvantes,
Saint-Georges-sur-Loire and Ancenis, the pre-Carboniferous
Palaeozoic rocks occur as small outcrops, dispersed within
formations whose age remains uncertain in the first two units
but is Early Carboniferous in the Ancenis Unit (Riviere
1977). The most satisfactory interpretation (Dubreuil 1980,
1986) is that these small outcrops are olisthostromes and
olistholiths redeposited within Early Carboniferous basins.

In the Ancenis Unit, and in the other parts of the Ligerian
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Domain, the original pre-Carboniferous Palacozoic succes-
sion, reconstructed from the isolated outcrops, differs
clearly from that of the Mid-North Armorican Domain, al-
though both show North Gondwanan characteristics. The
Ligerian succession does not show the shallow-water depos-
its that are so characteristic of the Mid-North Armorican Do-
main (e.g., the Lower Ordovician “Grés Armoricain” and
the lowermost Devonian “Greés a Platyorthis monnieri”); it
comprises more argillaceous lithologies, with more abun-
dant pelagic faunas and benthic faunas that have strong af-
finities with those of the Barrandian rocks of the Czech
Republic (Lardeux & Cavet 1994).

The absence of any transitional area between the southern
part of the Mid-North Armorican Domain and the Ligerian
units, and their present juxtaposition along the Northern
Branch of the South Armorican Shear Zone, indicates that the
present situation was established during the Variscan Orogeny.

In the Ligerian units, the Silurian comprises numerous
outcrops of graptolite-bearing “phtanites” which do not ex-
ist in the Mid-North Armorican Domain where the
lithologies are different (Paris & Robardet 1977, Lardeux
etal. 1977). These “phtanites” are black siliceous rocks, of
centimetric or decimetric bed thicknesses, intercalated
with black shales. Under the microscope they appear as
microquartzites sometimes with radiolarian remains. Their
outcrops are always discontinuous, a few metres thick, and
the relations with the surrounding rocks can never be seen
clearly. These phtanites, their graptolite faunas and their
Llandovery age have been known for a long time (Barrois
1892, Davy 1895, Philippot 1950).

Les Fresnaies locality

The outcrops of Les Fresnaies at Chalonnes-sur-Loire
(Fig. 1), in the southeastern part of the Ancenis Unit (i.e. in
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Figure 2. Uppermost Ordovician and Lower Silurian (Llandovery) section at Les Fresnaies. a — clast-bearing siltstones, b — grey shales, ¢ — black cherts

and black shales, d — tectonised levels.
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the southernmost part of the Ligerian Domain) are the most
famous graptolite bearing sections of the Armorican Mas-
sif, owing to the abundance, diversity and relatively good
preservation of the graptolites. This locality was discove-
red by Davy (1895, 1906) and the graptolite faunas were
first studied by Barrois and later revised on several occasi-
ons. In the most recent revision, Philippot (1950) identified
17 species but considered that the fauna was the same in the
different beds, with no possibility of subdivision into dis-
tinct biozones, and that, taken as a whole, it was indicative
of the “middle” part of the Llandovery (Aeronian and basal
Telychian in modern terminology). The collection of grap-
tolites studied by Philippot (1950) is not accessible at pre-
sent, due to reorganization of the building where they are
stored in the University Rennes I. In this historical locality
of Les Fresnaies, however, only part of the Llandovery se-
quence was exposed.

New data have been obtained from an artificial section
(Fig. 2) excavated in a new commercial area to the SE of
Chalonnes-sur-Loire (Lambert coordinates X = 366,1
Y = 265,25, topographic map 1 : 50,000 Chalonnes-sur-
Loire XIV-22). Although the rock sequence is overturned,
the exposure, already described by Picarra et al. (2002), is
exceptional because it exposes a sequence of phtanites
(about 10 m) much thicker than the 2 or 3 m previously ac-
cessible in the natural exposures of the historical locality
(Dubreuil 1986, p. 51) and shows clearly the contact with the
late Ordovician glaciomarine diamictites. The phtanites and
the intercalated black shales are well stratified and the whole
sequence has yielded rather well preserved graptolites.

A first study (Pigarra et al. 2002) identified successive
graptolite assemblages indicating the presence of the
whole Rhuddanian, probably the whole Aeronian (in spite
of some uncertain data in the middle part) and a level
thought to correspond to the lower part of the Telychian.

Since that time, additional and more detailed sampling
has been carried out and the graptolites collected allow a
much more precise biostratigraphical analysis, based on
additional records (Fig. 3). In the present paper we have re-
tained the original numbering (level 24 to level 43) of the
fossiliferous levels used in figures 3 and 4 of Picarra et al.
(2002).

It should be emphasized that the results obtained in this
locality are considered as representative for the Silurian of
the whole Ligerian Domain.

Biostratigraphy

Akidograptus ascensus-Parakidograptus
acuminatus Biozone

The lowermost graptolites, Neodiplograptus lanceolatus ?
Storch & Serpagli, Neodiplograptus elongatus? Churkin &
Carter, Normalograptus angustus (Perner) and Normalog-
raptus normalis? (Lapworth), were found 5 cm above the
base of the phanites (level 24). Up to level 29, i.e. 1.1 m
above their base, the phtanites contain assemblages inclu-
ding Parakidograptus acuminatus (Nicholson) (Fig. 4A),
Akidograptus ascensus Davies (Fig. 4B), Neodiplograptus
lanceolatus (Fig. 4G), Neodiplograptus elongatus?, Nor-
malograptus angustus, Normalograptus trifilis (Manck)
(Fig. 4D), Normalograptus normalis? (Fig. 4E), Norma-
lograptus longifilis (Manck), Normalograptus ajjeri
(Fig. 4F), Cystograptus ancestralis Storch (Fig. 4C) and
Glyptograptus sp. This assemblage characterizes the Para -
kidograptus acuminatus Biozone which was until recently,
the lowermost graptolite biozone of the Rhuddanian (and
thus of the Llandovery Series and of the Silurian System).

Akidograptus ascensus has its first appearance 0.2 m
above the base of the phtanites (level 25), i.e. slightly before
Parakidograptus acuminatus which is identified at 0.3 m
above the base of these phtanites. Both species co-occur for
0.5 m up to level 29 (i.e., 0.8 m above the base of the
phtanites). A similar small lag between the first appearance of
these two species had been noted in Thuringia (Jaeger 1976,
1988), in the Ossa Morena Zone of Spain (Jaeger & Robardet
1979), in Bohemia (Storch 1986, 1994, 1996, 2006), Sardinia
(Storch & Serpagli 1993), NE Russia (Koren’” & So-
bolevskaya 1983) and China (Mu 1988, Chen et al. 2007 and
references therein). This has led several authors to distinguish
a separate Akidograptus ascensus Biozone below the
Parakidograptus acuminatus Biozone (see discussion in
Loydell 2007). It must be noted that a similar situation has
been documented recently at Dob’s Linn (Melchin 2004 and
references therein), in the type section (GSSP) of the base of
the Silurian System. The assemblage mentioned above in-
cludes the taxa that are the most important for biostratigraphy
and that also occur in most north-Gondwanan regions, as in
Bohemia where 15 species of biserial graptolites have been
identified (Storch 1994) in the combined Akidograptus ascen-
sus-Parakidograptus acuminatus Biozone. Neodiplograptus

Figure 4. Graptolites of the Akidograptus ascensus-Parakidograptus acuminatus (A-G), Cystograptus vesiculosus (H-J), Coronograptus cyphus
(K-M) and Demirastrites triangulatus -Demirastrites pectinatus (N, O) biozones. ¢ A — Parakidograptus acuminatus, MHNN.P. 053268.
* B — Akidograptus ascensus, MHNN.P. 053269. ¢ C — Cystograptus ancestralis, MHNN.P. 053270. « D — Normalograptus trifilis, MHNN.P. 053271.
¢ E - Normalograptus normalis?, MHNN.P. 053272. ¢« F — Normalograptus ajjeri, MHNN.P. 053273. G - Neodiplograptus lanceolatus, MHNN.P.
053274. « H — Cystograptus vesiculosus, MHNN.P. 053275. « I — Atavograptus atavus, MHNN.P. 053276. ¢ J — Dimorphograptus confertus, MHNN.P.
053277. « K — Glyptograptus ex gr. tamariscus, MHNN.P. 053278. ¢« L — Coronograptus cyphus?, MHNN.P. 053279. « M — Monograptus austerus
vulgaris, MHNN.P. 053280. ¢ N — Coronograptus gregarius , MHNN.P. 053281. ¢ O — Petalolithus ovatoelongatus . All x 5.
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lanceolatus characterizes the lower and middle part of the
biozone in peri-Gondwanan Europe (but was found also in the
upper part of the biozone in Jordan; Loydell 2007), and
Normalograptus trifilis and Cystograptus ancestralis the
middle part. This Akidograptus ascensus-Parakidograptus
acuminatus Biozone has been identified also in other regions
in Europe such as S Portugal (Pigarra et al. 1995), NW Spain,
Austria, E Serbia, Bulgaria (see references in Storch 1996),
and Poland (Masiak et al. 2003), although with a smaller
number of species. Recently, Loydell (2007) noted that the
Jordan Akidograptus ascensus-Parakidograptus acuminatus
assemblages are similar to those of peri-Gondwanan Europe,
but with a few “North African” species also present.

Bourahrouh (2002) reported chitinozoans of the
Spinachitina fragilis Biozone from the phtanites of the
Akidograptus ascensus-Parakidograptus acuminatus Bio-
zone of Les Fresnaies.

Cystograptus vesiculosus Biozone

The Cystograptus vesiculosus Biozone of the middle part
of the Rhuddanian has been identified on both sides of the
fault that cuts through the succession, on the NE side bet-
ween levels 30 and 31 (Fig. 3). The strata on either side of
the fault show identical lithologies with similar graptolite
assemblages, the southwestern block being slightly up-
thrown (Fig. 2). Between levels 30 and 31, the phtanites
have yielded Cystograptus vesiculosus (Nicholson)
(Fig. 4H), Normalograptus angustus?, Normalograptus cf.
medius (Tornquist), Normalograptus normalis, Neodip-
lograptus sp., Dimorphograptus confertus (Nicholson) and
“Monograptus” austerus austerus Tornquist.

The species identified on the SW side of the fault include
Cystograptus vesiculosus, Atavograptus atavus (Jones)
(Fig. 4I), Normalograptus normalis, Neodiplograptus elon-
gatus?, Dimorphograptus confertus (Fig. 4J) Rhaphido-
graptus extenuatus (Elles & Wood) and ‘“Monograptus” a.
austerus. Atavograptus atavus occurs in the lower part of the
Cystograptus vesiculosus Biozone, as is the case in Bohemia
(Storch 1994), which correlates with the Atavograptus
atavus Biozone of Great Britain (Rickards 1976) and Arctic
Canada (Melchin 1989). In the middle part of the biozone,
we have identified a distal fragment questionably attributed
to Huttagraptus acinaces (Tornquist).

The assemblages listed above are similar to those
found, at the same level, in the Portuguese and Spanish
parts of the Ossa Morena Zone (Robardet et al. 1998), in
the West Asturian-Leonese Zone of Spain and in Catalonia
(see references in Robardet & Gutiérrez-Marco 2002), Bo-
hemia (Storch 1994), Poland (Masiak et al. 2003) and also
in Jordan (Loydell 2007), here with “North African” spe-
cies also present. In these regions, as well as at Les Fresn-
aies, several monograptids found by Koren’ & Bjerreskov
(1997) in Bornholm and in the Urals are unknown.

Coronographus cyphus Biozone

In the interval between levels 32 and 34 we have found dis-
tal fragments that could possibly belong to Coronograptus

cyphus (Lapworth) but could equally well be fragments of
other monograptids such as “Monograptus” austerus auste-
rus, “M.” austerus vulgaris or “M.” difformis (T6rnquist),
when tectonically deformed or not very well preserved. The
species identified are Coronograptus cyphus? (Fig. 4L),
Normalograptus normalis, Neodiplograptus thuringiacus
(Kirste), Neodiplograptus sp. (cf. fezzanensis), Rhaphi-
dograptus toernquisti (Elles & Wood), Glyptograptus ex
gr. tamariscus (Nicholson) (Fig. 4K), Pseudorthograptus

obuti (Rickards & Koren’), Campograptus cf. communis
(Lapworth), “Monograptus” a. austerus and “M.” a. vulga-
ris Hutt (Fig. 4M). This assemblage comprises most of the
species known in other regions of north-Gondwanan Europe
—e.g., Portugal and Spain (Robardet et al. 1998) and Bohe-
mia (Storch 1994). At Les Fresnaies, “M.” a. vulgaris occurs
in the upper part of the biozone (level 34) as in Bohemia.

Demirastrites triangulatus-Demirastrites
pectinatus Biozone

The Demirastrites triangulatus -Demirastrites pectinatus
Biozone of the lower part of the Aeronian begins 10 cm be-
low level 35 and extends up to level 37. The graptolite as-
semblage found in this interval includes Neodiplograptus
thuringiacus, Normalograptus normalis, Normalograptus
rectangularis? (McCoy), Rhaphidograptus toernquisti,
Glyptograptus ex gr. tamariscus, Rivagraptus cf. cyperoides
(Nicholson), Petalolithus ovatoelongatus (Kurck) (Fig. 40),

Figure 5. Graptolites of the Demirastrites triangulatus-Demirastrites pectinatus (A, B), Pribylograptus leptotheca (L), Lituigraptus convolutus (C-J)
and Stimulograptus sedgwickii (K, M—P) biozones. * A — Demirastrites triangulatus, MHNN.P. 053283. ¢« B — Demirastrites pectinatus, MHNN.P.
053284. « C — Lituigraptus convolutus, MHNN.P. 053285. « D — Campograptus lobiferus, MHNN.P. 053286. ¢ E — Rastrites peregrinus, MHNN.P.
053287. « F — Torquigraptus denticulatus, MHNN.P. 053288. ¢ G — Monograptus mirificus, MHNN.P. 053289. « H — Petalolithus praecursor , MHNN.P.
053290. * I — Rivagraptus bellulus, MHNN.P. 053291. ¢ J — Pristiograptus cf. regularis, MHNN.P. 053292. ¢« K — Stimulograptus sedgwickii or
Stimulograptus halli, MHNN.P. 053293. ¢« L — Neodiplograptus thuringiacus, MHNN.P. 053294; M - Rastrites schaueri, MHNN.P. 053295.
* N — Torquigraptus magnificus, MHNN.P. 053296. « O — Monograptus cf. mirus, MHNN.P. 053297. « P — Monograptus cf. pulcherrimus, MHNN.P.

053298. All x 5.
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Demirastrites triangulatus (Harkness) (Fig. 5A), Demiras-
trites pectinatus (Richter) (Fig. 5B), Rastrites longispinus
Perner, Campograptus communis, Coronograptus grega-
rius (Lapworth) (Fig. 4N), “Monograptus” austerus vulga-
ris and Lagarograptus sp.

Demirastrites pectinatus has been identified only in
level 37, associated with Demirastrites triangulatus. The
joint occurrence of the two index species is also known in
Bohemia (Storch 1994) and in the Portuguese part of the
Ossa Morena Zone (Robardet et al. 1998). Although much
less diverse, this assemblage resembles that which occurs
(Storch 1994) in the Barrandian region of the Czech Repub-
lic. Similar assemblages (with a higher or lower diversity)
have been recognized also in other regions of Spain and Por-
tugal (see references in Robardet et al. 1998, Gutiérrez-
Marco & Storch 1998, Pigarra et al. 2006) and in Sardinia
(Storch & Serpagli 1993). Demirastrites triangulatus was
mentioned at Les Fresnaies and also in the Poligné-Pléchatel
syncline (Philippot 1950, pp. 82, 111) but there was no illus-
tration and we have not been able to see the material.

Pribylograptus leptotheca Biozone

After an initial study of the poorly preserved graptolites
found in level 38, it was considered that they could indicate
the “Monograptus” argenteus Biozone (Pigarra et al.
2002), but this conclusion is doubtful as neither “M”. ar-
genteus nor the other taxa characteristic of this biozone are
present at Les Fresnaies. New samples have allowed iden-
tification of Neodiplograptus thuringiacus (Fig. SL), Nor-
malogratus normalis, Glyptograptus ex gr. tamariscus, Pe-
talolithus praecursor Boucek & Pribyl, Coronograptus
gregarius , Campograptus sp., Lituigraptus richteri Perner,
Rastrites peregrinus Barrande, “Monograptus” mirus Per-
ner and Pristiograptus concinnus ? (Lapworth).

The presence of Lituigraptus richteri in the level 38 and
0.35 m above, without the occurrence of Lituigraptus
convolutus, suggest that this interval may be assigned to the
Pribylograptus leptotheca Biozone. A similar situation was
recognized in the locality of Tmari of the Barrandian (Storch
1998), where the two species do not coexist. The first ap-
pearance of Pribylograptus leptotheca occurs 0.35 m above
the level 38, associated with Lituigraptus convolutus.

Lituigraptus convolutus Biozone

The Lituigraptus convolutus Biozone of the middle Aero-
nian extends between 0.35 m above level 38 and 0.5 m
above level 41. The graptolite assemblage found in this
interval includes Neodiplograptus thuringiacus, Norma-
lograptus normalis?, Normalograptus sp. (scalaris ?),
Glyptograptus ex gr. tamariscus, Cephalograptus cometa
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cometa Boucek & Pribyl, Rivagraptus bellulus (T6rnquist)
(Fig. 51), Pseudorthograptus insectiformis (Nicholson),
Metaclimacograptus hughesi (Nicholson), Petalolithus cf.
minor (Elles), Petalolithus praecursor (Fig. SH), Petalolit-
hus folium? (Hisinger), Coronograptus gregarius, Coro-
nograptus maxiculus Storch, Campograptus lobiferus
(McCoy) (Fig. 5D), Campograptus millepeda (McCoy),
Campograptus sp., Lituigraptus convolutus (Fig. 5C),
Lituigraptus richteri, Torquigraptus denticulatus Tornqu-
ist (Fig. 5F), Torquigraptus decipiens Tornquist, Rastrites
approximatus Perner, R. peregrinus (Fig. SE), Monograp-
tus respectabilis, Monograptus mirificus (Fig. 5G), "Mo-
nograptus “ mirus, "Monograptus* limatulus? Tornquist,
Monoclimacis cf. crenularis (Lapworth), Pristiograptus
concinnus, Pristiograptus cf. regularis (T6rnquist)
(Fig. 5J), Pribylograptus leptotheca (Lapworth) and Strep-
tograptus sp.

The lower part of the biozone is characterized by the
presence of Petalolithus praecursor , Coronograptus gre-
garius, Coronograptus maxiculus, Campograptus mil-
lepeda and Lituigraptus richteri ; the upper part has yielded
Cephalograptus cometa cometa, Rivagraptus bellulus,
Torquigraptus denticulatus and Torquigraptus decipiens.

This assemblage is rather similar to that described from
Bohemia by Storch (1994), but it contains a smaller number
of identified species; however, it is more diverse than those
found in other regions of SW Europe, such as the Iberian
Peninsula (Robardet et al. 1998, Gutiérrez-Marco & Storch
1998) and SW Sardinia (Storch & Serpagli 1993), or in
Saudi Arabia (Zalasiewicz et al. 2007). L. convolutus was
reported by Philippot (1950, p. 82), but without illustration.

Stimulograptus sedgwickii Biozone

The Stimulograptus sedgwickii Biozone of the upper Aero-
nian, represented here by 40 cm of strata, begins 10 cm below
level 42 and extends up to level 43. In the first study (Pigarra
et al. 2002), it was considered that these beds were situated in
the basal part of the Telychian, but this cannot be confirmed.

Identified taxa are: Normalograptus? sp., Glypto-
graptus sp., Cephalograptus cometa extrema Boucek &
Pribyl, Metaclimacograptus sp., Petalolithus sp., Rastrites
cf. gracilis, Rastrites schaueri Storch & Loydell (Fig. SM),
Torquigraptus magnificus Pfibyl & Miinch (Fig. 5N), Li-
tuigraptus urceolus, Monograptus cf. marri Perner, Mono-
graptus cf. mirus (Fig. 50), Monograptus cf. pulcherrimus
Manck (Fig. 5P), Spirograptus andrewsi (Sherwin),
Stimulograptus sedgwickii (Portlock) or Stimulograptus
halli (Fig. 5K), Pristiograptus sp., Streptograptus sp. and
Paradiversograptus ? sp.

The presence of the index species is not confirmed be-
cause the specimens could possibly belong to this species
but could equally well be fragments of Stimulograptus halli.
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The assemblage listed above, although less diverse, is sim-
ilar to that of the Barrandian in Bohemia (Storch 1994, 2001).

Cephalograptus cometa extrema and Torquigraptus
magnificus occur only in the lowermost part of the interval.
The presence of T. magnificus may indicate the lower part
of the biozone, from which it is known in the Barrandian
area (Storch 2001) and in the Ossa Morena Zone in Spain
(Storch, pers. comm.).

Lituigraptus urceolus, Rastrites cf. gracilis, Mono-
graptus cf. pulcherrimus and M. cf. marri, appear only in
the upper part of the interval and characterize the middle
and upper parts of the biozone, as it occurs in Bohemia.

In western mid-Wales, outside the north-Gondwanan re-
gions, Stimulograptus sedgwickii occurs also in strata from
the overlying Stimulograptus halli Biozone, through to the
top of the Stimulograptus utilis Subzone (Loydell 1991).

In the Armorican Massif, Philippot (1950) mentioned
(without any illustration) the presence of “Monograptus
Sedgwicki’ at Les Fresnaies (p. 82), at Réminiac (p. 101),
in the Poligné-Pléchatel syncline (pp. 106, 111) and in the
Meénez-Belair area (pp. 129, 147 and 154), in association
with other taxa of various ages.

Stimulograptus halli Biozone?

The Stimulograptus halli Biozone may correspond to the up-
permost part of the studied sequence, 0.30 m above level 43.
Like in the preceding biozone, it is difficult to distinguish
between Stimulograptus halli from Stimulograptus sedgwic-
kii. Besides, the graptolite assemblage found in this interval is
poorly preserved and includes Petalolithus sp., Metaclima-
cograptus sp., Monograptus cf. marri, Stimulograptus halli
and Pristiograptus sp.

This biozone is only individualized in the western
mid-Wales, above the Stimulograptus sedgwickii Biozone
(Loydell 1991). In Bohemia, S. halli appears at the base of
the Rastrites linnaei Biozone (Storch 1994), and the same
situation occurs in Spain (Ossa Morena Zone and Western
Iberian Cordillera) (Jaecger & Robardet 1979, Gutiérrez-
Marco & Storch 1998).

Final remarks

Euxinic black shale-black chert sedimentation started at the
beginning of the Silurian and continued throughout the
whole Rhuddanian and Aeronian, and most probably later,
but this cannot be documented in the studied locality be-
cause of structural disturbances that interrupt the succession.
The condensed character of the euxinic succession, with-
out any influx of coarser siliclastic material, observed at Les
Fresnaies clearly differs from that of the Silurian succes-
sions that occur in the Mid-North Armorican Domain.

The sedimentological characteristics and the specific
composition of the graptolite assemblages identified at Les
Fresnaies are strongly similar to those of the coeval succes-
sions that occur in several parts of north-Gondwanan Eu-
rope, such as Thuringia, Bohemia, the Ossa Morena Zone
of the Iberian Peninsula and Sardinia. It can be considered
that, in Early Silurian North-Gondwana, all of these re-
gions were situated in a distal offshore position, beyond
any siliciclastic influx coming from emerged land areas.
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