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ABSTRACT

Body fossils have been discovered in the Fortunian deposits of the Rozel Cape, in Normandy
(N'W France). The material consists of about 80 specimens preserved on a shale surface, recently ob-
served at the base of a cliff at the Cap Rozel, in the Cotentin region. The fossils, centimetric in size,
have an elliptical outline, with a peripheral bulge, generally without other conspicuous ornamenta-
tion, but showing sometimes concentric or radial lines possibly of taphonomic origins. In addition,
these body fossils are preserved parallel to the bedding plane, locally rich in horizontal trace fossils
(e.g. Archaeonassa Fenton & Fenton, 1937, Helminthoidichnites Fitch, 1850, Helminthopsis Heer,
1877) and also complex treptichinids burrows (e.g. Treptichnus pedum (Seilacher, 1955)) sometimes
associated with microbial mats. The sedimentological characteristics of these deposits (ripple marks,
syneresis cracks) correspond to a shallow marine shelf environment, with a variable hydrodynamism
in the intertidal zone, low for surfaces showing elliptic fossils and syneresis cracks, higher for surfaces
with ripple marks. These new discoveries unravel the potential of the Fortunian strata from Normandy
and provide new information about the early Cambrian biocenoses.
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RESUME

Organismes fossiles elliptiques du Fortunien (Cambrien inférieur) de Normandie (NO France).

Des organismes fossiles ont été découverts dans les dépots d’age Fortunien, en Normandie (NO France).
Le matériel comporte environ 80 spécimens préservés sur une méme surface, dans des siltites récemment
observées A la base des falaises du Cap Rozel, dans le Cotentin. Les fossiles, de taille centimétrique, ont
un contour elliptique, avec un bourrelet périphérique, généralement sans autre ornementation nette, mais
comportant exceptionnellement des structures radiales ou concentriques pouvant étre d’origine taphono-
mique. Ces fossiles sont associés a diverses traces fossiles horizontales (e.g. Archaconassa Fenton & Fen-
ton, 1937, Helminthoidichnites Fitch, 1850, Helminthopsis Heer, 1877), et des terriers complexes de type
treptichinides (e.g. Zreptichnus pedum (Seilacher, 1955)). Les organismes et traces fossiles sont recouverts
de mattes algaires. Les caractéristiques sédimentologiques de ces dépots (rides oscillatoires et unidirection-
nelles, fentes de synérése) correspondent & un environnement de plateforme marine peu profonde, avec
un hydrodynamisme variable en zone intertidale, faible pour les surfaces a organismes elliptiques ou fentes
de synérese, plus forte pour les faciés a rides de vagues. Ces découvertes révelent le potentiel des couches
fortuniennes de Normandie et apportent de nouvelles informations fondamentales pour la connaissance

NO France.

INTRODUCTION

The Fortunian biota (541-529 Ma) represents the first step
of the Cambrian metazoan biodiversification referred as the
“Cambrian explosion” (Conway Morris 1989; Erwin ezal. 2011;
Kouchinsky ez al. 2012). The stratotype defined in Newfound-
land, Canada, is located at the Fortune Head locality in the
north of the Burin peninsula. The palacontological content is
mainly documented by ichnofossils (e.g. Mdngano & Buatois
2017; Laing ez al. 2019), especially treptichnids like Treptichnus
pedum (Seilacher, 1955), an ichnospecies long considered as
the stratigraphical marker of the Cambrian GSSP (Narbonne
et al. 1987; Brasier et al. 1994). However, treptichnids /ato
sensu (Treptichnus ichnosp. indet.) are known in older levels
(Buatois 2017) and the Precambrian/Cambrian boundary is
not so easy to define. As far as body fossils are concerned, the
end of the Fortunian is marked by an increase in Small Shelly
Fossils or worm imprints in various areas worldwide (Land-
ing et al. 2013), and especially well documented in China
(e.g. Shao et al. 2015; Zhang ez al. 2015, 2017).

Fortunian fossilized organisms are documented by several
localities throughout the world in addition to the outstand-
ing stratotype. Until now, limited data are available from
the western part of Europe and no body fossils have been
described from well-dated early Cambrian deposits from
France. Only a few elliptical fossils, close to Nimbia Fedonkin,
1980, have been mentioned in the Brioverian deposits of
Brittany, more likely late Ediacaran in age (Néraudeau ez al.
2016, 2018; Gougeon ez al. 2019). However, Normandy
(N'W France) may be regarded as an optimal geological
framework to record early Fortunian organisms. Indeed,
the Cotentin peninsula, at the NE of the Armorican Mas-
sif, provides large exposures of marine early Cambrian strata
(Jenkins 1984). On the one hand, body fossils (archaeocy-
athids, hyolithids, trilobites) were recorded in the southern
and younger outcrops of the local Cambrian, especially near
Carteret and Saint-Jean-De-La Riviere (Bigot 1925; Pillola
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1993; Doré 1994; Pillola et al. 1994; Went 2020; Néraudeau
et al. pers. obs. 2020) (Figs 1B; 2). On the other hand, a lot
of ichnofossils have been found in the northern and older
part, of Fortunian age, at the Rozel Cape (Doré ez al. 1984;
Doré 1994; Went 2020).

This paper presents the first potential body fossils from the
Fortunian of France, in deposits well dated by the abundance
of the ichnostratigraphical index Treptichnus pedum and U-Pb
zircon dating.

GEOLOGICAL FRAMEWORK

The Cambrian series from the Rogel Cape

The North of the Cotentin peninsula, at the NE of the Armori-
can Massif, provides large exposures of marine Paleozoic strata
(Fig. 1A). On the western coast, the Cambrian series outcrop
mainly at the northern and southern parts, Ordovician and
Devonian deposits outcropping in the intermediate areas
(Fig. 1B). At the north, an Hercynian granitic intrusion has
intersected the previous deposits and widely outcroups around
Flamanville (Fig. 1B). The Cambrian series are deposited
unconformably on top of a volcanic basement (Cadomian
orogeny) from the Saint-Germain-le-Gaillard complex, out-
cropping near the Grosville village (Guerrot ez 2/. 1992; Doré
1994) (Figs 1B; 2). On the Rozel Cape cliffs and shore, the
contact between the fossiliferous Cambrian strata and the
volcanic rocks cannot be observed, the coast being 2 kms
away from the basement outcrops.

The Cambrian deposits are progressively younger from the
North, at the Rozel Cape (with Treptichnus pedum), to the
South, on the coast of Carteret and Saint-Jean-de-La Riviére
(containing archeocyathids, hyolithids and trilobites) (Fig. 2).
At the Rozel Cape, the deposits are mainly sandstones and
siltstones, showing many sedimentary structures (ripple marks,
syneresis cracks, diagenetic nodules) and sometimes conspicu-
ous microbial mats (Fig. 1C). The elliptical fossils studied
herein come from the older Cambrian layers, outcropping
on the Rozel Cape coast.
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Fic. 1. — A, Geological location of the Cambrian fossiliferous outcrops from the Rozel Cape, in Normandy (NW France); B, detailed geological map of the Rozel
Cape area, with location of the earlymost Cambrian formation of the Rozel Cape and the younger Cambrian formation of Carteret; C, simplified sedimentological
section of the Rozel Cape with location of the main ichnofossils and the level providing elliptical fossils.

The fossiliferous facies exquisite and various ichnofossils (mainly Treptichnus pedum),
The fossiliferous layer (Figs 1C; 3B) is located on a fine mica-  typical of the early Cambrian (Fig. 4). This layer is about 2 m
ceous siltstone surface (Fig. 1C) extremely rich in well preserved  above two key horizons with large (c. 10 cm) diagenetic nodules
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Stratigraphy Fossils
Trilobites (Bigotina)
Stage 3 Fs Archaeocyathids
b == =m0 = e = e e ==

Stage 2 FCA Hyolithids (Eot_‘heca)

Trace fossils

) Trace fossils

Fortunian Microbial mats
550.6 £ 5 Ma

Fic. 2. — Synthetic stratigraphy of the Ediacaran-Cambrian geological units
of the Cotentin peninsula, in Normandy (NW France). Abbreviations: FCA, silt-
stones and sandstones of the Carteret Formation; FCO, conglomerates and
arkoses of the Couville Formation; FLR, siltstones and sandstones of the
Rozel Cape Formation; FSJ, limestones of Saint-Jean-la-Riviere Formation?;
SGl, ignimbrites complex of Saint-Germain-le-Gaillard; U-Pb dating on zircon
gave a radiochronological age about 551 + 5 Ma. Credits: Doré 1994, modi-
fied by the authors.

and 2 m under 5 m of deposits especially rich in syneresis cracks
(Fig. 1C). The fossiliferous surface shows a few sedimentary
structures due to sedimentary transport processes:

— ripples are present, but of small wavelengths (about 150 mm)
and width (about 20 mm), inconspicuous with a very faint relief
(Fig. 4A); large and conspicuous ripple marks can be observed on
younger (3 m above) and older (2 m under) beds only (Fig. 1C);

— all the elliptical fossils have the same orientation, their
alignment by the current being approximately SW-NE and
crossing the previous slight ripples with an angle about 45°;

—most of the elliptical fossils have been tilted by the current,
their “northern” edge being in relief on the substrate when
their “southern” edge is hidden by sediment;

— the cluster of elliptical structures located at the NE of the
fossiliferous surface includes several overlappings or repeated
slippings of elliptical imprints; specimens have been accumu-
lated either displaced on the substrate surface;

— two isolated elliptical specimens seem out of current
effects and are more horizontal, with a more visible complete
outline: the first one at the northern part of the shale bed
surface (Fig. 4A: 1) and the other one at the southern part,
near a treptichnid trace fossil (Fig. 4B: 2);

— two parts of the fossiliferous surface can be distinguished:
a part with a lot of ichnofossils and elliptical structures and
a part where fossils are rarer but load cast cup imprints very
abundant (area in the lower mid part of Fig. 3B, beginning

in the left lower side of Fig. 4B).
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FiG. 8. — General views of the outcrop providing the elliptical fossils: A, part of
the cliff where have been found the elliptical fossils — the red star indicates the
level providing the elliptical fossils; B, overview of the surface bearing elliptical
fossils (they are located in the area pointed by the yellow arrow, in the upper
right quarter of the picture). Scale bar: 20 cm. Photo credit: Didier Néraudeau.

Except for the ripple marks present in various levels of the sec-
tion, above the fossiliferous layer the sediments are rich in syneresis
cracks (Fig. 1C). Thus, sedimentary and ichnological character-
istics are compatible with a very shallow platform environment,
periodically subjected to unidirectional current on a tidal flat area.
The activity of the burrow makers and the elliptical fossils pres-
ervation took place during mud deposition at low energy levels.

MATERIAL AND METHODS

The elliptical fossils are preserved on a single shale surface,
observed at the base of a cliff at the Rozel Cape, during field
trips in February 2021 (Figs 1C; 3). The precise location of
the fossiliferous outcrop is 49°28°19.46”N, 1°50°42.06”O.
The shale surface shares approximately 80 specimens. How-
ever, it is difficult to precise their real number because they
are more or less complete and covered by sediments (Fig. 4).
The specimens are gathered in two clusters, with a first one on
the cliff side of the outcrop (Fig. 4A), and the other one on
the seaside (Fig. 4B). The total size of the shale bed is about
50 cm long and 30 cm width. The shale bed was collected
and is housed at the University of Rennes, in the Collections
of the Geological Institute, with the number IGR-23261A.
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Fic. 4. — Details of the shale surface providing the two clusters of elliptical fossils: A, cluster on the cliff side where several elliptical structures are “duplicated”
(overlapping or rebound) and are associated to slight ripples, and trace fossils, some burrows “piercing” previous body fossils imprints (specimen 3), a single
elliptical structure being almost complete (specimen 1); a load cast from a younger layer deform the elliptical fossils bearing surface; B, cluster on the sea side
where several elliptical structures are associated to trace fossils, some burrows “piercing” or crossing previous body fossils imprints (specimens 4, 5, 6), a single
elliptical structure being almost complete (specimen 2); a load cast from a younger layer deform the elliptical fossils bearing surface. Abbreviations: CD, current
direction; He, Helminthopsis Heer, 1877 or Helminthoidichnites Fitch, 1850 segments; MLC, load cast; R, slight ripples; Tr, Treptichnus Miller, 1889. Scale bars:
20 cm. Photo credit: Didier Néraudeau.

A thin section of the fossiliferous shale (IGR-23261B) has A sample (GRO21-2) from the Saint-Germain-le-Gaillard
been realized, crossing three elliptical fossils, to understand  ignimbrite was collected in a small quarry along the road
if they are surface reliefs only or 3D structures. D367 (49°31°02.1"N/1°44’16.6”0), near the Grosville village
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Fic. 5. — Wetherill U-Pb concordia diagram for the zircon grains from the Saint-Germain-le-Gaillard ignimbrite.

(Fig. 1). After the crushing and the mineral separation, mag-
matic zircon grains were mounted in an epoxy puck, polished
to expose their inner parts and imaged by cathodoluminescence.
The U-Pb dating was performed in the GeOHeLiS analytical
platform (Université de Rennes) by laser ablation ICP-MS
(LA-ICP-MS). More information on the analytical protocol
can be found in Manzotti e# /. (2015) and in Appendix 1.

GEOCHRONOLOGICAL CONSTRAINTS

Twenty-three analyses were acquired on 20 different zircon
crystals (Appendix 2). Reported in a Wetherill’s concordia dia-
gram (Fig. 5), they all plot in a concordant position yielding a
concordia age of 550.6 + 5 Ma (MSWD (conc+Equiv) = 0.67,
n = 23) that we interpret as the emplacement age for this vol-
canic flow. This age is within error of the poorly constrained
evaporation age of 531 + 20 Ma (Guerrot ez al. 1992), dem-
onstrating that the volcanic activity in the region took place
during the late Ediacaran. As the fossiliferous sediments
from the Rozel Cape were unconformably deposited on top
of these ignimbrites, their oldest possible deposition age is
therefore late Ediacaran.
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The suite of the sedimentation of the Rozel Cape outcrops
10 kms to the south, in the Carteret coast (Fig. 1B) where it has
been dated to the lower and mid-Cambrian by stratigraphical
fossil index such as hyolithids and trilobites (Pillola e 2. 1994).

Thus, the Cambrian deposits from the Rozel Cape are older
than Cambrian series containing hyolithes or trilobites and
younger than 550 Ma ignimbrites basement. Consequently,
the Rozel Cape fossils can only be the earliest Cambrian in
age, probably Fortunian.

Biostratigraphically, complex burrows such as Treptichnus
pedum (Dzik 2005), typical of the base of the Cambrian, are
abundant in the Fortunian strata from Rozel Cape and are
associated to simple horizontal trails on the shale bed surface
with the elliptical fossils studied in this paper.

ICHNOFOSSILS AND MICROBIAL MATS

ICHNOLOGY

Trace fossils are associated with the elliptical fossils. The first part
of the ichnofossils corresponds to elongated, straight (Helminthoid-
ichnites Fitch, 1850) to slightly meandering (Helminthopsis Heer,
1877) horizontal trails, with a constant millimetric diameter
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Fic. 6. — Thin section (IGR-23261B) of elliptical fossils from the Fortunian of the Rozel Cape, Normandy: A, general view of the shale part where the thin section has
been realized, between the two arrows; the section crosses three specimens (M1, M2, M3) and one treptichnid ichnofossil; B, zoom on the two main specimens
(M2, M3) crossed by the thin section, and the adjacent treptichnid; C, general view of the thin section showing the profile of the elliptical fossils M2 and M3 and the
adjacent treptichnid, deposited on fine-grained sediment made of quartz and phylosilicates; phyllosilicates are lacking in the inner structure of the elliptical fossils;
D, zoom on the specimen M3, showing its “pancake” shape covered by a microbial mat, excepted the arched bulge (B) visible in surface (A, B), and inside a struc-
ture delimited by an inner wall; E, zoom on the left side of the specimen M2 showing its covering by a microbial mat made of three layers (a clear layer one between
two brownish ones); F, high magnification on the specimen M3 (with position of its inner wall), showing that the microbial mat does not coat the elliptical fossil. Ab-
breviations: IW, inner wall; mm, microbial mat; Tr, treptichnid ichnofossil. Scale bars: A, 10 mm; B, C, 5 mm; D, E, 2 mm; F, 1 mm. Photo credit: Didier Néraudeau.

(“He” on Fig. 4). A few horizontal trails with lateral levees have
a larger, plurimillimetric, diameter (Archaeonassa Fenton &
Fenton, 1937). Other ichnofossils correspond to varying typical
treptichnids, with a rectilinear (“Tt” on Fig. 4A) or an arched
arrangement (“Ti” on Fig. 4B). When arched, their alignment
constitutes an oval arrangement of 2.5 by 2 cm. It can be noticed
that the two areas where elliptical fossils are numerous and make
clusters are close to Helminthopsis and Helminthoidichnites when
the areas rich in treptichnids are very poor, but not devoid, of
elliptical specimens, a complete elliptical structure being close to
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Treptichnus Miller, 1889 (Fig. 4B: specimen 2), and a few other
ones being crossed by treptichnid burrows (Fig. 4A: specimen 3;
B: specimens 4- 6). As treptichnids “pierce” the elliptical fossils,
it can be concluded that these burrows were realized after a first
step of body fossil preservation.

MICROBIAL MATS

Like in Present-day marine environments, the Fe oxidation
of the bedding surface bearing elliptical fossils can be related
to a microbial mat (Chan ez 2/ 2016). A thin section of the

445



» Néraudeau D. er al. 2023

fossiliferous layer, crossing three elliptical fossils (Fig. 6A, B)
and a treptichnid, reveals a triple layer mat, with a clear lamina
between two dark, brownish laminae (Fig. 6C-F). The mat
covers the elliptical fossils and could have played a key role
in the preservation of these structures very uncommon in the
Cambrian series from the Rozel Cape. The elliptical fossils are
not microbial mat folds or fragments, nor elliptical holes in
a microbial mat due to gas bubbles, like the ones illustrated
by Davies e al. (2016: fig. 10G). Finally, no conspicuously
wrinkled mats, observed in overlaying layers (Fig. 1C), can
be distinguished in association with the elliptical fossils.

ELLIPTICAL FOSSILS

Description
The elliptical fossils from the Rozel Cape have been deposited
on a fine-grained mud, without load effect deforming the
sediment, and cannot be confused with load casts (Fig. 6C-F).
They have the same SW-NE orientation by currents, but are
not lengthened by elongated impressions that characterize flute
casts and tool marks (Figs 4; 6A; 7A, B). They correspond to
both reliefs on the shale surface and 3D structures within the
sediment. They have a “pancake” shape in section view, with
an unconspicuous inner wall and a clear sedimentary content
different from the surrounding sediment, darker and richer in
phyllosilicates with a sub-horizontal arrangement (Fig. 6C-F).
The zoom observation of the thin section, both in natural and
polarized light, shows that the phyllosilicates are present with
various orientations within the elliptical fossils and correspond
to a re-crystallization and not to a sedimentary filling. The
elliptical fossils are relatively irregular in size, ranging between
5 mm and 12 mm in length. However, their precise size is
sometimes difficult to measure, when their right end (SE,
according to the orientation on Fig. 6A; 7A, B, D) slightly dives
or disappears in the sediment (Fig. 6B). They are often slightly
tilted by the currents in the mud, like the similar specimens
from the Brioverian of Brittany described by Néraudeau ez 4/.
(2018) (Fig. 7G, H). Their thickness, about 0.8-1 mm, gener-
ally increases and forms a larger bulge on the upstream side (on
the left of the section) (Fig. 7D-F). The bulge crosses partly the
microbial mat covering (Fig. 6C, D). On the shale surface, the
peripheral bulge is 1 to 2 mm in width, and surround a large
central disc, generally flat or slightly depressed (Figs 6; 7C, E).
The elliptical fossils stand on a single sediment surface, but
are not regularly spaced, with two main clusters and a few
isolated specimens. The first cluster, located at the NW of the
shale bed surface, is composed of specimens with a conspicu-
ous peripheral bulge, some imprints seeming to overlap other
ones (Fig. 7A, B, E, F). It is difficult to distinguish between
two possibilities: first, it corresponds to the real overlapping of
several specimens, gathered by the current; secondly a single
elliptical fossil produced several imprints, after repeated slipping,.
The second cluster, located at the SE of the shale bed surface,
is composed of specimens with a less conspicuous peripheral
bulge and a more variable shape. The more conspicuous and
complete specimens are relatively small (6 mm), uncommon
and isolated near treptichinid trace fossils (Fig. 4: 1, 2). Apart
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from these small, isolated specimens, the elliptical fossils have
the same orientation and the same N'W-SE axis of elongation
in their clusters, with always the northern part conspicuous
with a crescent of marginal bulge on the upstream side.

DISCUSSION

According to their conspicuous elliptical outline and “pancake”
profile, their permanent peripheral bulge, their little variable
size, and their overlappings, the fossils of the Rozel Cape can-
not correspond to sedimentary structures such as load cast
or groove casts, or even raindrop imprints, and no more to
surface openings of burrows (e.g. Monocraterion Torell, 1870;
Schlirf & Uchman 2005).

According to their single peripheral bulge, without ornamen-
tation, elliptical fossils from the Rozel Cape clearly differ from
typical Ediacaran discoid fossils such as Aspidella Billings, 1872,
Cyclomedusa Sprigg, 1947, Liaonanella Liu & Yang, 1988, Mar-
sonia Raghav et al., 2005 and Medusinites Sprigg, 1949 which
show strong concentric lines or regular radial structures (Wade
1972; Narbonne & Hofmann 1987; Narbonne & Aitken 1990;
McCall 2006; Zhang ez al. 2006; McGabhann 2007; Kumar &
Ahmad 2012; Burzynski & Narbonne 2015; Tarhan ez a/. 2015).
The “pseudo-concentric” lines observed on few specimens from
Le Rozel correspond to overlapping or repeated slipping of their
elliptical imprints (Fig. 7A, B, E, F). The overlappings and slip-
pings group generally two (Fig. 7E, F) to four or five specimens
(Fig. 7A, B), with 220 to 280° of they elliptical outline being
conspicuous. Itis clearly different from the linear series of numer-
ous arches or lobes forming the fossil Palacopascichnus Palij, 1976
(Palij 1976; Dong ez al. 2022). The fossils from the Rozel Cape
more likely correspond to elliptical organisms accumulated on
fine sediment surface. The unconspicuous radial lines observed
between two consecutive concentric bulges (overlapping or
repeated slipping) of a single specimen are probably linked to
slipping and taphonomic folds of its body (central specimen of
Fig. 7A, F).

The low thickness, the peripheral bulge and the lack of a
deep central depression differentiate the Fortunian speci-
mens of Normandy from the Intrites punctatus of Ediacaran
deposits of United Kingdom and from the very variable and
unconspicuous “Medusinites aff. asteroides” from the same
outcrops (Mcllroy e al. 2005; Liu 2011).

The elliptical outline, the thick peripheral rim and the lack of
both fine concentric lines and dome shape challenge an affinity
with most of the convex rounded fossils corresponding to Belta-
nelloides-like structures such as the Beltanelliformis, Beltanelloides,
and Nemiana known from the Ediacaran-Cambrian transition in
South America (Beltanelloides sp. from Argentina; Acenolaza &
Acefolaza 2005), in North America (Beltanelliformis brunsae
Menner in Keller, Menner, Stepanov & Chumakov, 1974 from
Canada; Hofmann ez 4/. 1983; Narbonne & Hofmann 1987;
McCall 20006), in China (Beltanelliformis sp.; Xiao et al. 2013),
in Europe (Beltanelliformis minutae Mcllroy et al., 2005 and
B. brunsae from United Kingdom; Mcllroy ez al. 2005; B. brunsae
from United Kingdom; Liu 2011; B. brunsae from Romania; Saint
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Fic. 7. — A-F, Nimbia sp., Fortunian of the Rozel Cape, Normandy, shale IGR-PAL-23261: A, cluster with several elliptical fossils showing overlapping or/and
slipping, close to Helminthoidichnites trace fossils. The specimen no. 7 from Figure 4 shows unconspicuous radial lines; B, group of specimens showing over-
lapping or/and slipping, with some of them crossed by the pustular structures of treptichnids, along a Helminthoidichnites Fitch, 1850 trace fossil; C, almost
complete specimen (no. 1 in Fig. 4) with its peripheral bulge, close to a Helminthoidichnites trace fossils; D, specimen with a single crescentic bulge (no. 8 in
Fig. 4); E, F, specimens with overlapping or slipping showing pseudo-concentric arched lines; the specimen of picture F (no. 7 from Fig. 4) shows unconspicu-
ous radial lines (pointed by the arrows) on its left side; G, H, Nimbia sp., Brioverian of Saint-Gonlay, Brittany, shale IGR-PAL-2778: G, specimen IGR-PAL-2778a;
H, specimen IGR-PAL-2778b; each specimen size is about 10 mm; I-K, specimens of Nimbia published in previous works (their sizes vary from a few millimeters
to almost two centimeters): I, type specimen from Siberia; J, specimen from West Africa; K, specimen from Kazakhstan. Abbreviations: He, Helminthoidichnites;
Tr, treptichnids. Photo credits: A-H, Didier Néraudeau; |, Fedonkin 1980; Fedonkin et al. 2007; J, Bertrand-Sarfati et al. 1995; K, Meert et al. 2011. Scale bars: 1 cm.

Martin & Saint Martin 2018), and in Siberia (Beltanelliformis
sorichevae Sokolov, 1965; Leonov & Rud’ko 2012; Ivantsov ez al.
2014) or Ukraine (Nemiana simplex; Leonov 2007).

The flat elliptical fossils observed at the Rozel Cape strongly
differ from the lower Cambrian plug-shape burrow Bergaueria,
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such as Bergaueria perata Prantl, 1945 or B. langi (Hallam,
1960) (Jensen 1997; Paczesna 2010; Hosgor & Yilmaz 2018).
In fact, Bergaueria is present in Le Rozel Formation within the
siltstone bearing the elliptical structures and are clearly differ-
ent (Coutret ez al., in prep). However, the ichnospecies B. sucta
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Seilacher, 1990, corresponding doubtfully to the same ichno-
genus, is rather similar to the specimens from the Rozel Cape
according to their subcircular disc shape displaying laterally a
repeated pattern of crescent-shaped impressions (Hofmann ez a/.
2012), but without a conspicuous peripheral bulge. Bergaueria
sucta has probably to be considered as an ichnological species
belonging to another ichnogenus than Bergaueria, considered
as a short, plug-shaped, vertical sea anemone burrow (Prantl
1945; Pickerill 1989; Lima & Netto 2012), and not as the
imprint of the disc shape base of an actinian cnidarian, as sug-
gested by Seilacher (1990), the laterally repetitive crescentic
pattern recording the sideway-migration of the trace-maker.

Finally, according to their elliptical shape, their conspicuous
peripheral rim, their size, and the lack of central depression, the
Fortunian elliptical fossils from Normandy are similar to the
Cambrian discoidal structures from New Brunswick (Haga-
dorn & Miller 2011: fig. 4g, h), and the elliptical fossils from
California (Sappenfield e a/. 2017: fig. 3h). In addition the
fossils described herein are close to Nimbia occlusa from the
White Sea, in Russia (Fedonkin 1980; Fedonkin ez 2/ 2007;
Fig. 7A, B), or from the Ediacaran of Africa (Bertrand-Sarfati
et al. 1995; Fig. 7C), Kazakhstan (Meert ¢z 4. 2011; Fig. 7D)
and Nevada (Hagadorn & Waggoner 2000), even to other
specimens without central tubercle (Crimes & Mcllroy 1999;
Fig. 3C; McGabhann 2007). However, they are different from
the Nimbia from Brazil (Becker-Kerber e a/. 2020) and East
Siberia (Liu ez al. 2013), much bigger and circular (about
30 mm and 80 mm respectively), and the Nimbia occlusa from
Eire that have a large central tubercle (Crimes ez /. 1995).
The Fortunian specimens from Normandy are finally close to
the elliptical structures recently described from the Ediacaran-
Fortunian beds (Brioverian) from Brittany, putatively referred
to “Nimbia-like” fossils (Fig. 7E, F) (Néraudeau ez a/. 2018).

The biological attribution of Nimbia is not consensual and
different interpretations are possible. Nimbia was generally
viewed as a cnidarian (Fedonkin 1980; Sepkoski 2002; Meert
et al. 2011) or as a microbial mat structure (Grazhdankin &
Gerdes 2007; Liu et al. 2013). Sometimes Nimbia as been
interpreted as a scratch circle formed by the site of attachment
of organisms (Jensen et al. 2002). However, various elliptical
fossils were named Nimbia and the genus is probably a catch-
all term. Consequently, Erwin ez a/. (2011) removed the three
classical species of the genus (V. dniestrei, N. occlusa, N. paula)
from their phylogenetic analysis of the Ediacaran biota because
they consider the taxa poorly or incorrectly described.

The Nimbia occlusa from Eire, interpreted as scratch cir-
cles by Jensen er al. (2002), were previously interpreted as
transported rigid-bodied fossils by Crimes ez a/. (1995) and
correspond to two possibilities linked to body fossils. But
generally, the alternative is between a “medusoid” body fossil
option and a microbial mat one.

Grazhdankin & Gerdes (2007) have considered that
many enigmatic discoidal fossils from the Neoproterozoic,
such as Cyclomedusa or Paliella, are microbial mats only,
when Young & Hagadorn (2020) have concluded that
medusan preservation is attested for Cambrian strata but
not for Neoproterozoic ones. Unfortunately, these two
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last publications do not illustrate their conclusion by any
microstructural observation provided by thin sections or
Microtomographic Imaging of the fossils. Even if their
conclusions are questionable, they refer to Ediacaran cir-
cular or elliptical fossils very different in shape and size of
the small, centimetric and non-concentric typical Nim-
bia sensu Fedonkin (1980). On the other hand, the big
non-concentric Ediacaran Nimbia published by Liu ez al.
(2013) as microbial mats do not correspond to the centi-
metric elliptical fossils from the Brioverian of Brittany and
the Fortunian of Normandy. Overall, by combining both
observations from thin sections or microtomography, the
elliptical fossils reveal 3D structures with a “pancake shape”,
clearly covered by a microbial layer, but not corresponding
to a fold, a fragment, or a development of a microbial mat,
nor a sedimentary structure as a load cast. We tentitavely
consider the elliptical fossils from the Rozel Cape as body
fossils, possibly ctenarian comb jellies such as the modern
Pleurobrachia pileus (O.F. Miiller, 1776), also named “sea
gooseberry”, a centimetric and ovoid gelatinous animal.

The deposit environment of the Nimbia-like fossils from the
Rozel Cape was coastal and shallow, according to the abundance
of ripple marks and syneresis cracks at different levels in the
geological formation. It is difficult to compare the palacoenviron-
mental characteristics of these body fossils with the ones of the
previously published specimens because various fossil structures
have been named Nimbia (see above). Nimbia-like fossils are
known generally in shallow water sequences, but Crimes ez /.
(1995), mentioned deep-water habitat for the Eire specimens
with a central tubercle. However, at the scale of the Armorican
Massif, the Fortunian Nimbia from Normandy had probably a
slightly shallower habitat than the ones from the Ediacaran of
Brittany, found in sedimentry series poor in ripple marks and
devoid of syneresis cracks (Néraudeau ez a/. 2018).

CONCLUSIONS

The body “pancake” fossils from the Rozel Cape are slightly
elliptical with a pancake profile, a peripheral bulge and a
centimetric size. In addition they have a dominant orienta-
tion and the composition of their filling is like the surround-
ing sediments. According to the characteristics previously
described, we assume that the elliptical fossils from the Rozel
Cape cannot be interpreted as surface sedimentary structures
(e.g. load-cast imprints), nor as burrow openings. Therefore,
we suggest that they could be interpreted as body fossils close
to the genus Nimbia, previously related to elliptical fossils
found in late Ediacaran-Fortunian deposits from Brittany,
approximately 200 km away from the Rozel outcrop. U-Pb
dating on magmatic zircon grains extracted the Saint-Germain-
le-Gaillard ignimbrite yields a late Ediacaran (c. 550 Ma)
maximum deposition age for this sample, a result compatible
with an early Cambrian age for this fossiliferous shale. This
new discovery reveals the interest of the Cambrian series from
Normandy to investigate the biodiversity evolution around
the Ediacaran-Cambrian boundary in NW Europe.

COMPTES RENDUS PALEVOL - 2023 - 22 (19)



Acknowledgments

The authors thank Xavier Le Coz for the realization of the thin
section, the Thin Section Lab for the crushing and mineral
separation of the ignimbrite sample used for U-Pb zircon dat-
ing, Manuel Brazidec for the photography of the thin section,
and Matthieu Martinez for his participation to a field trip.
This publication is a contribution to the REVACAM pro-
ject of the Observatoire des Sciences de I'Univers de Rennes
(OSUR). The authors are greatly indebted to J. Antcliffe and

an anonymous reviewer for their corrections and suggestions.

REFERENCES

ACENOLAZA F. & ACENOLAZA G. 2005. — La formacion Puncovis-
cana y unidades estratigraficas vinculadas en el Neoproterozoico —
Cambrico Temprano del Noroeste Argentino. Latin American
Journal of Sedimentology and Basin Analysis 12 (2): 1-24.

BECKER-FERBER B., DE BARROS G. E. B., Paim P. S. G,
PrRADO G. M. E. M., DA Rosa A. L. Z., EL ALBANI A. &
LAFLAMME M. 2021. — Iz situ filamentous communities from
the Ediacaran (approx. 563 Ma) of Brazil. Proceedings of The
Royal Sociery B288 (1942): 20202618. https://doi.org/10.1098/
rspb.2020.2618

BERTRAND-SARFATI I., MOUSSINE-POUCHKINE A., AMARD B. & AIT
KacrA. A. 1995. — First Ediacaran fauna found in Western Africa
and evidence for an Early Cambrian glaciation. Geology 23 (2): 133-
136. https://doi.org/10.1130/0091-7613(1995)023<0133:FEF
FIW>2.3.CO;2

BIiGOT M. A. 1925. — Sur la présence de trilobites et d’archéocyathidés
dans les couches cambriennes des environs de Carteret (Man-
che). Compres Rendus de ’Académie des Sciences 180: 1237-1239.

BRASIER M. D., COWIE J. & TAYLOR M. 1994. — Decision on the
Precambrian-Cambrian boundary stratotype. Episodes 17 (1-2):
3-8. https://doi.org/10.18814/epiiugs/1994/v17i1.2/002

Buators L. 2017. — Treptichnus pedum and the Ediacaran-Cambrian
boundary: significance and caveats. Geological Magazine 155 (1):
1-7. hteps://doi.org/10.1017/S0016756817000656

BURZYNSKI G. & NARBONNE G. M. 2015. — The discs of Avalon:
relating discoid fossils to frondose organisms in the Ediacaran of
Newfoundland, Canada. Palaeogeography, Palaeoclimatology, Paleo-
ecology 434: 34-45. https://doi.org/10.1016/j.palaco.2015.01.014

CHAN C. S., MCALLISTER S. M., LEavITT A. H., GLAZER B. T.,
KREPSkI S. T. & EMERSON D. 2016. — The architecture of
iron microbial mats reflects the adaptation of chemolithotrophic
iron oxidation in freshwater and marine environments. Fron-
tiers in Microbiology 7 (796): 1-18. hteps://doi.org/10.3389/
fmicb.2016.00796

CONWAY MORRIS S. 1989. — Burgess Shale faunas and the Cambrian
explosion. Science 246 (4928): 339-346. https://doi.org/10.1126/
science.246.4928.339

CRIMES T. P. & McILROY D. 1999. — A biota of Ediacaran aspect
from lower Cambrian strata on the Digermul Peninsula, Arctic
Norway. Geological Magazine 136 (6): 633-642. https://doi.
org/10.1017/50016756899003179

CRIMES T. P., INSOLE A. & WILLIAMS B. J. P. 1995. — A rigid-bodied
Ediacaran biota from Upper Cambrian strata in Co. Wexford,
Eire. Geological Journal 30 (2): 89-109. https://doi.org/10.1002/
gj.3350300202

Davies N. S., Liu A. G., GIBLING M. R. & MiLLER R. F. 2016. —
Resolving MISS conceptions and misconceptions: a geological
approach to sedimentary surface textures generated by micro-
bial and abiotic processes. Earth-Science Reviews 154: 210-246.
hetps://doi.org/10.1016/j.carscirev.2016.01.005

DONG L., X120 S., SHEN B. & Znou C. 2022. — Silicified Horo-
dyskia and Palaeopascichnus from upper Ediacaran cherts in South

COMPTES RENDUS PALEVOL - 2023 « 22 (19)

Elliptical body fossils from the Fortunian (Early Cambrian) of Normandy (NW France) 4

China: tentative phylogenetic interpretation and implications
for evolutionary stasis. Journal of the Geological Society 165 (1):
367-378. hteps://doi.org/10.1144/0016-76492007-074

DORE F. 1994. — Cambrian of the Armorican Massif, 7z KEp-
PIE J. D., CHANTRAINE J., ROLET J., SANTALLIER D. S. &
PIQUE A. (eds), Pre-Mesozoic Geology in France and Related
Areas. Springer, Berlin: 136-141. https://doi.org/10.1007/978-
3-642-84915-2_10

DoREF., DUPRET L. & LE GALL J. 1984. — Les premiers temps de
la transgression cambrienne sur le socle dans le Cotentin. Bulletin
de la Société géologique et minéralogique de Bretagne 18: 49-59.

DzIK ]J. 2005. — Behavioral and anatomical unity of the earliest
burrowing animals and the cause of the “Cambrian explosion”.
Paleobiology 31 (3): 503-521. https://doi.org/10.1666/0094-
8373(2005)031[0503:BAAUOT]2.0.CO;2

ErwIN D. H., LAFLAMME M., TWEEDT S. M., SPERLING E. A.,
Pisant D. & PETERSON K. J. 2011. — The Cambrian conun-
drum: early divergence and later ecological success in the early
history of animals. Science 334 (6059): 1091-1097. hteps://doi.
org/10.1126/science. 1206375

FEDONKIN M. A. 1980. — New representatives of the Precambrian
coelenterates in the northern Russian platform [in Russian].
Paleontologicheskij Zhurnal 2: 7-15.

FEDONKIN M. A., GEHLING J. G., GREY K., NARBONNE G. M. &
VICKERS-RICH P. 2007. — 7he Rise of Animals: Evolution and
Diversification of the Kingdom Animalia. The Johns Hopkins
University Press, Baltimore, xvi + 326 p-

GOUGEON R., NERAUDEAU D., DABARD M. P., PIERSON-WICK-
MANN A. C., POLETTE F., PoujoL M. & SAINT-MARTIN]J. P.
2019. — Trace fossils from the Brioverian (Ediacaran-Fortunian)
in Brittany (NW France). Ichnos 25 (1): 11-24. heeps://doi.org
/10.1080/10420940.2017.1308865

GRAZHDANKIN D. & GERDES G. 2007. — Ediacaran microbial
colonies. Lethaia 40 (3): 201-210. https://doi.org/10.1111/j.1502-
3931.2007.00025.x

GUERROT C., CALVEZ ]. Y., BONJOUR J. L., CHANTRAINE J., CHAU-
VEL]. J., DUPRET L. & RABU D. 1992. — Le Briovérien de Bretagne
centrale et occidentale : nouvelles données radiométriques. Compres
Rendus de ’Académie des Sciences 315: 1741-1746.

HAGADORN J. W. & MILLER R. F. 2011. — Hypothesized Cam-
brian medusae from Saint John, New Brunswick, reinterpreted
as sedimentary structures. Atlantic Geoscience 47: 1-16. hteps://
doi.org/10.4138/atlgeol.2011.002

HAGADORN J. W. & WAGGONER B. 2000. — Ediacaran fossils
from the southwestern Great Basin, United States. Journal of
Paleontology 74 (2): 349-359. https://doi.org/10.1666/0022-
3360(2000)074<0349:EFFTSG>2.0.CO;2

HorMaNN H. J., Fritz W. H. & NARBONNE G. M. 1983. —
Ediacaran (Precambrian) fossils from the Wernecke Mountains,
Northwestern Canada. Science 221 (4609): 455-457. https://doi.
org/10.1126/science.221.4609.455

HOFMANN R., MANGANO M. G., ELICKI O. & SHINAQ R. 2012. —
Paleoecologic and biostratigraphic significance of trace fossils
from shallow- to marginal-marine environments from the mid-
dle Cambrian (Stage 5) of Jordan. journal of Paleontology 86 (6):
931-955. https://doi.org/10.1666/11-129R1.1

HorstwooD M. S. A., KOSLER J, GEHRELS G, JACKSON S. E.,
MCcLEAN N. M., PATON C., PEARSON N. J., SIRCOMBE K., SyL-
VESTER P., VERMEESCH P., BOWRING J. F., CoNDON D. J. &
SCHOENE B. 2016. — Community-derived standards for LA-
ICP-MS U-(Th-)Pb geochronology — uncertainty propagation,
age interpretation and data reporting. Geostandards and Geo-
analytical Research 40 (3): 311-332. hteps://doi.org/10.1111/
j-1751-908X.2016.00379.x

HosGor 1. & Yitmaz 1. O. 2018. — Occurrence of the Lower
Cambrian anemone-style trace fossils in the Zabuk Formation
(Mardin-Derik, SE Turkey). Comptes Rendus Palevol 17 (8): 495-
503. https://doi.org/10.1016/j.crpv.2018.02.004

449


https://doi.org/10.1098/rspb.2020.2618
https://doi.org/10.1098/rspb.2020.2618
https://doi.org/10.1130/0091-7613(1995)023<0133:FEFFIW>2.3.CO;2
https://doi.org/10.1130/0091-7613(1995)023<0133:FEFFIW>2.3.CO;2
https://doi.org/10.18814/epiiugs/1994/v17i1.2/002
https://doi.org/10.1017/S0016756817000656
https://doi.org/10.1016/j.palaeo.2015.01.014
https://doi.org/10.3389/fmicb.2016.00796
https://doi.org/10.3389/fmicb.2016.00796
https://doi.org/10.1126/science.246.4928.339
https://doi.org/10.1126/science.246.4928.339
https://doi.org/10.1017/S0016756899003179
https://doi.org/10.1017/S0016756899003179
https://doi.org/10.1002/gj.3350300202
https://doi.org/10.1002/gj.3350300202
https://doi.org/10.1016/j.earscirev.2016.01.005
https://doi.org/10.1144/0016-76492007-074
https://doi.org/10.1007/978-3-642-84915-2_10
https://doi.org/10.1007/978-3-642-84915-2_10
https://doi.org/10.1666/0094-8373(2005)031[0503:BAAUOT]2.0.CO;2
https://doi.org/10.1666/0094-8373(2005)031[0503:BAAUOT]2.0.CO;2
https://doi.org/10.1126/science.1206375
https://doi.org/10.1126/science.1206375
https://doi.org/10.1080/10420940.2017.1308865
https://doi.org/10.1080/10420940.2017.1308865
https://doi.org/10.1111/j.1502-3931.2007.00025.x
https://doi.org/10.1111/j.1502-3931.2007.00025.x
https://doi.org/10.4138/atlgeol.2011.002
https://doi.org/10.4138/atlgeol.2011.002
https://doi.org/10.1666/0022-3360(2000)074<0349:EFFTSG>2.0.CO;2
https://doi.org/10.1666/0022-3360(2000)074<0349:EFFTSG>2.0.CO;2
https://doi.org/10.1126/science.221.4609.455
https://doi.org/10.1126/science.221.4609.455
https://doi.org/10.1666/11-129R1.1
https://doi.org/10.1111/j.1751-908X.2016.00379.x
https://doi.org/10.1111/j.1751-908X.2016.00379.x
https://doi.org/10.1016/j.crpv.2018.02.004

» Néraudeau D. er al. 2023

IVANTSOV A. Y., GRITSENKO V. P., KONSTANTINENKO L. I. &
ZAKREVSKAYA M. A. 2014. — Revision of the problematic Ven-
dian macrofossil Beltanelliformis (= Beltanellloides, Nemiana).
Paleontological Journal 48: 1423-1448. https://doi.org/10.1134/
S$0031030114130036

JACKSON S. E., PEARSON N. J., GRIFFIN W. L. & BELOUSOvA E. A.
2004. — The application of laser ablation-inductively coupled
plasma-mass spectrometry to iz situ U-Pb zircon geochronology.
Chemical Geology 211 (1-2): 47-69. https://doi.org/10.1016/j.
chemgeo.2004.06.017

JENKINS R. J. F. 1984. — Ediacaran events: boundary relation-
ships and correlation of key sections, especially in ‘Armorica’.
Geological Magazine 121 (6): 635-643. https://doi.org/10.1017/
S0016756800030788

JENSEN S. 1997. — Trace fossils from the Lower Cambrian Mickwit-
zia sandstone, south-central Sweden. Fossils ¢ Strata 42: 1-110.

JENSEN S., GEHLING J. G., DROSER M. L. & GRANT S. W. F. 2002. —
A scratch circle origin for the medusoid fossil Kullingia. Lethaia 35
(4): 291-299. hetps://doi.org/10.1111/j.1502-3931.2002.tb00089.x

KOUCHINSKY A., BENGTSON S., RUNNEGAR B., SKOVSTED C.,
STEINER M. & VENDRASCO M. 2012. — Chronology of early
Cambrian biomineralization. Geological Magazine 149 (2): 221-
251. hetps://doi.org/10.1017/50016756811000720

KUMAR S. & AHMAD S. 2012. — Restudy of an Ediacaran medu-
soid Marsonia artiyansis Raghav et al., 2005, from the Jodhpur
sandstone, Jodhpur district, western Rajasthan. Journal of the
Palaeontological Society of India 57 (2): 135-142.

LAING B. A., MANGANI M. G., BUATOIS L., NARBONNE G. M. &
GOUGEON R. 2019. — A protracted Ediacaran-Cambrian transi-
tion: an ichnological ecospace analysis of the Fortunian in New-
foundland, Canada. Geological Magazine 156 (9): 1623-1630.
hteps://doi.org/10.1017/50016756819000141

LANDING E., GEYER G., BRASIER M. D. & BOWRING S. A. 2013. —
Cambrian Evolution Radiation: context, correlation, and chron-
ostratigraphy — Overcoming deficiencies of the first appearance
datum (FAD) concept. Earth Sciences Reviews 123: 133-172.
hteps://doi.org/10.1016/].EARSCIREV.2013.03.008

LEONOV M. V. 2007. — Comparative taphonomy of Vendian genera
Beltanelloides and Nemiana: taxonomy and lifestyle. Geological
Society of London, Special Publication 286 (1): 259-267. hteps://
doi.org/10.1144/SP286.18

LeoNOV M. V. & RUD’KO S. V. 2012. — Finding of the Ediacar-
ian-Vendian Fossils in the Far Taiga Deposits, Patom highlands.
Stratigraphy and Geological Correlation 20: 497-500. hetps://doi.
org/10.1134/50869593812050061

LiMaJ. H. D. & NETTO R. G. 2012. — Trace fossils from the Per-
mian Teresina Formation at Cerro Caveiras (S Brazil). Revista
Brazileira de Paleontologia 15 (1): 5-22. https://doi.org/10.4072/
tbp.2012.1.01

Liu A. G. 2011. — Reviewing the Ediacarian fossils of the Long
Mynd, Shropshire. Proceeding of the Shropshire Geological Society
16: 31-43.

Liv A. G., BRASIER M. D, BOGOLEPOVA O. K., RAEVSKAYA E. G. &
GUBANOV A. P. 2013. — First report of a newly discovered Edi-
acaran biota from the Irkineeva Uplift, East Siberia. Newsletter
on Stratigraphy 46 (2): 95-110. hteps://doi.org/10.1127/0078-
0421/2013/0031

McCarLL G. J. H. 2006. — The Vendian (Ediacaran) in the geo-
logical record: enigmas in geology’s prelude to the Cambrian
explosion. Earth-Science Reviews 77 (1-3): 1-229. https://doi.
org/10.1016/j.carscirev.2005.08.004

MCGABHANN B. A. 2007. — Discoidal fossils of the Ediacarian
biota: a review of current understanding, iz VICKERS-RICH P. &
KOMAROWER P. (eds), The Rise and Fall of the Ediacarian Biota.
Geological Society London, Special Publication 286 (1): 297-313.
hteps://doi.org/10.1144/SP286.21

McILROY D., CRIMES P. & PAULEY J. C. 2005. — Fossils and mat-
grounds from the Neoproterozoic Longmyndian Supergroup,

450

Shropshire, UK. Geological Magazine 142 (4): 441-455. hteps://
doi.org/10.1017/S0016756805000555

MANGANO M. G. & BuaTois L. 2017. — The Cambrian revolu-
tions: trace fossil record, timing, links and geobiological impact.
Earth-Science Reviews 173: 96-108. hteps://doi.org/10.1016/j.
earscirev.2017.08.009

MANzOTTI P., POUJOL M. & BALLEVRE M. 2015. — Detrital zircon
geochronology in blueschist-facies meta-conglomerates from the
Western Alps: implications for the late Carboniferous to early
Permian palacogeography. International Journal of Earth Sciences
104: 703-731. hteps://doi.org/10.1007/s00531-014-1104-8

MEERT J. G., GIBSHER A. S., LEvAsHOVA N. M., Grice W. C.,
KaMENOV G. D. & RYABININ A. B. 2011. — Glaciation and
770 Ma Ediacara (?) fossils from the Lesser Karatau microconti-
nent, Kazakhstan. Gondwana Research 19 (4): 867-880. hteps://
doi.org/10.1016/j.gr.2010.11.008

NARBONNE G. M. & AITKEN J. D. 1990. — Ediacaran fossils from
the Sekwo Brook area, Mackenzie Mountains, Northwestern
Canada. Palaeontology 33 (4): 945-980.

NARBONNE G. M. & HOFMANN H. J. 1987. — Ediacaran biota
of Wernecke Mountains, Yukon, Canada. Palacontology 30 (4):
647-676.

NARBONNE G. M., MYROW P. M., LANDING E. & ANDERSON M. M.
1987. — A candidate stratotype for the Precambrian-Cambrian
boundary, Fortune Head, Burin Peninsula, southeastern New-
foundland. Canadian Journal of Earth Sciences 24 (7): 1277-1293.
hteps://doi.org/10.1139/e87-124

NERAUDEAU D., GOUGEON R., DABARD M. P. & PoujoL M.
2016. — Les traces de vie de la limite Ediacarien-Cambrien dans
le Massif armoricain. Géochronique 140: 26-28.

NERAUDEAU D., DABARD M. P., EL ALBANI A., GOUGEON R.,
MAZURIER A., PIERSON-WICKMANN A. C., POUjoL M., SAINT
MARTIN J. P. & SAINT MARTIN S. 2018. — First evidence of
Ediacaran-Fortunian elliptical body fossils in the Brioveran series
of Brittany, NW France. Lethaia 51 (4): 513-522. https://doi.
org/10.1111/let.12270

PACZESNA J. 2010. — Ichnological record of the activity of Anthozoa
in the early Cambrian succession of the Upper Silesian Block
(southern Poland). Acta Geologica Polonica 60 (1): 93-103.

PALl] V. M. 1976. — Remains of non-skeletal fauna and trace
fossils from upper Precambrian and Lower Cambrian deposits
of Podolia, in RYABENKO V. A. (ed.), Paleontology and Stra-
tigraphy of the Upper Precambrian and Lower Paleozoic of the
South-western Part of the East European Platform. Naukova
Dumka, Kiev: 63-77.

PatoN C., WOODHEAD J. D., HELLSTROM J. C., HERGT J. M.,
GREIG A. & MAAS R. 2010. — Improved laser ablation U-Pb
zircon geochronology through robust downhole fractionation
correction. Geochemistry, Geophysics, Geosystems 11 (3) hteps://
doi.org/10.1029/2009GC002618

PICKERILL R. K. 1989. — Bergaueria perata Prantl, 1945 from the
Silurian of Cape George, Nova Scotia. Arlantic Geology 25 (3):
191-197. https://doi.org/10.4138/1683

PiLLora G. L. 1993. — The Lower Cambrian trilobite Bigotina
and allied genera. Palaeontology 36 (4): 855-881.

PiLrora G. L., LEONE F., GAMEZ-VINTANED J. A., LINAN E.,
DABARD M. P. & CHAUVEL J. J. 1994. — The lower Cambrian
ichnospecies Astropolichnus hispanicus: palacoenvironmental and
palacogeographical significance, 77 MATTEUCI R. ez al. (eds), Studies
on Ecology and Paleoecology of Benthic Communities. Bolletin
della Societa Paleontologica italiana Special Volume 2: 253-267.

PRANTL F. 1945. — Dvé zahadné Zklamenéliny (stopy). Z vrstev
chrustenickch. Tridy Ceské Akademie 55: 3-8.

SAINT MARTIN J. P. & SAINT MARTIN S. 2018. — Beltanelliformis
brunsae Menner in KELLER, MENNER, STEPANOV & CHUMAKOV
(eds), 1974: an Ediacaran fossil from Neoproterozoic of Dobro-
gea (Romania). Geodiversitas 40 (23): 537-548. https://doi.
org/10.5252/geodiversitas2018v40a23

COMPTES RENDUS PALEVOL - 2023 - 22 (19)


https://doi.org/10.1134/S0031030114130036
https://doi.org/10.1134/S0031030114130036
https://doi.org/10.1016/j.chemgeo.2004.06.017
https://doi.org/10.1016/j.chemgeo.2004.06.017
https://doi.org/10.1017/S0016756800030788
https://doi.org/10.1017/S0016756800030788
https://doi.org/10.1111/j.1502-3931.2002.tb00089.x
https://doi.org/10.1017/S0016756811000720
https://doi.org/10.1017/S0016756819000141
https://doi.org/10.1016/J.EARSCIREV.2013.03.008
https://doi.org/10.1144/SP286.18
https://doi.org/10.1144/SP286.18
https://doi.org/10.1134/S0869593812050061
https://doi.org/10.1134/S0869593812050061
https://doi.org/10.4072/rbp.2012.1.01
https://doi.org/10.4072/rbp.2012.1.01
https://doi.org/10.1127/0078-0421/2013/0031
https://doi.org/10.1127/0078-0421/2013/0031
https://doi.org/10.1016/j.earscirev.2005.08.004
https://doi.org/10.1016/j.earscirev.2005.08.004
https://doi.org/10.1144/SP286.21
https://doi.org/10.1017/S0016756805000555
https://doi.org/10.1017/S0016756805000555
https://doi.org/10.1016/j.earscirev.2017.08.009
https://doi.org/10.1016/j.earscirev.2017.08.009
https://doi.org/10.1007/s00531-014-1104-8
https://doi.org/10.1016/j.gr.2010.11.008
https://doi.org/10.1016/j.gr.2010.11.008
https://doi.org/10.1139/e87-124
https://doi.org/10.1111/let.12270
https://doi.org/10.1111/let.12270
https://doi.org/10.1029/2009GC002618
https://doi.org/10.1029/2009GC002618
https://doi.org/10.4138/1683
https://sciencepress.mnhn.fr/en/periodiques/geodiversitas/40/23
https://doi.org/10.5252/geodiversitas2018v40a23
https://doi.org/10.5252/geodiversitas2018v40a23

SAPPENFIELD A. D., TARHAN L. G. & DROSER M. L. 2017. — Earth’s
oldest jellyfish strandings: a unique taphonomic window or just
another day at the beach? Geological Magazine 154 (4): 859-874.
hteps://doi.org/10.1017/50016756816000443

SCHLIRF M. & UCHMAN A. 2005. — Revision of the ichnoge-
nus Sabellarifex Richter, 1921 and its relationship to Skolithos
Haldeman, 1840 and Polykladichnus Fuirsich, 1981. Journal of
Systematic Paleontology 3 (2): 115-131. https://doi.org/10.1017/
S1477201905001550

SEILACHER A. 1990. — Paleozoic trace fossils, 7z SAID R. (ed.), 7he
Geology of Egypt. Routledge, London: 649-670.

SEPKOSKI J. J. JR 2002. — A compendium of fossil marine animal
genera. Bulletin of American Paleontology 363: 1-560.

SHAO T., Liu Y., WANG Q., ZHANG H., TanG H., Ca0 X., HEH.,
ZHANG Y., L1'Y., ZHENG P., ZHU C. & Hu J. 2015. — New
Small Shelly Fossils (Acanthocassis and Xinlispina Gen. Nov.)
from the Fortunian Stage (Early Cambrian) in Southern China.
Acta Acya Geologica Sinica 89 (5): 1470-1481. https://doi.
org/10.1111/1755-6724.12558

SLAMA J., KOSLER J., CONDON D. J., CROWLEY J. L., GERDES A., HAN-
CHAR J. M., HORSTWOOD M. S. A., MORRIS G. A., NASDALA L.,
NORBERG N., SCHALTEGGER U., SCHOENE B., TUBRETT M. N. &
WHITEHOUSE M. J. 2008. — Plesovice zircon — A new natu-
ral reference material for U-Pb and Hf isotopic microanalysis.
Chemical Geology 249 (1-2): 1-35.

TarRHAN L. G., DROSER M. L., GEHLING J. G. & DzaucGis M. P.
2015. — Taphonomy and morphology of the Ediacara form

COMPTES RENDUS PALEVOL - 2023 « 22 (19)

Elliptical body fossils from the Fortunian (Early Cambrian) of Normandy (NW France) 4

genus Aspidella. Precambrian Research 257: 124-136. hteps://
doi.org/10.1016/j.precamres.2014.11.026

WADE M. 1972. — Hydrozoa and Scyphozoa and other medusoids
from the Precambrian Ediacara fauna, South Australia. Pazlaeon-
tology 15 (2): 197-225.

WENT D. J. 2020. — Lower Cambrian facies architecture and
sequence stratigraphy, NW France: framework for evaluation of
basin-wide processes of sedimentation. Geological Magazine 158
(3): 407-424. hteps://doi.org/10.1017/50016756820000540

X1A0 S., DROSER M., GEHLING ]. G., HUGHES I. V., WaAN B.,
CHEN Z. & YUAN X. 2013. — Affirming life aquatic for the
Ediacara biota in China and Australia. Geology 41 (10): 1095-
1098. https://doi.org/10.1130/G34691.1

YOUNG G. A. & HAGADORN J. W. 2020. — Evolving preservation and
facies distribution of fossil jellyfish: a slowly closing taphonomic win-
dow. Bollettino della Societi Paleontologica Italiana 59 (3): 185-203.

ZHANG X., HUA H. & REITNER J. 2006. — A new type of Precambrian
megascopic fossils: the Jinxian biota from northeastern China.
Facies 52:169-181. https://doi.org/10.1007/s10347-005-0027-z

ZHANG H., X140 S., LIu Y., YUAN X., WAN B., MUSCENTE A. D.,
SHAO T., GONG H. & Ca0 G. 2015. — Armored kinorhynch-
like scalidophoran animals from the early Cambrian. Scientific
Reports 5:16521. hteps://doi.org/10.1038/srep16521

ZHANG X., Liu W., Isozak1 Y & SATO T. 2017. — Centimeter-
wide worm-like fossils from the lowest Cambrian of South
China. Scientific Reports 7: 14504. hteps://doi.org/10.1038/
541598-017-15089-y

Submitted on 30 November 2021;
accepted on 19 December 2022;
published on 15 June 2023

451


https://doi.org/10.1017/S0016756816000443
https://doi.org/10.1017/S1477201905001550
https://doi.org/10.1017/S1477201905001550
https://doi.org/10.1111/1755-6724.12558
https://doi.org/10.1111/1755-6724.12558
https://doi.org/10.1016/j.precamres.2014.11.026
https://doi.org/10.1016/j.precamres.2014.11.026
https://doi.org/10.1017/S0016756820000540
https://doi.org/10.1130/G34691.1
https://doi.org/10.1007/s10347-005-0027-z
https://doi.org/10.1038/srep16521
https://doi.org/10.1038/s41598-017-15089-y
https://doi.org/10.1038/s41598-017-15089-y

» Néraudeau D. er al. 2023

APPENDICES

ApPPENDIX 1. — Operating conditions for the LA-ICP-MS equipment.

Laboratory & sample preparation
Laboratory name
Sample type/mineral
Sample preparation
Imaging

GeOHeliS Analytical Platform, OSUR, University of Rennes 1, France

Magmatic Zircon

Individual crystals mounted in an epoxy puck

CL: RELION CL instrument, Olympus Microscope BX51WI, Leica Color Camera
DFC 420C

Laser ablation system
Make, Model & type
Ablation cell
Laser wavelength
Pulse width
Fluence
Repetition rate
Spot size
Sampling mode / pattern
Carrier gas
Background collection
Ablation duration
Wash-out delay
Carrier gas flow (He)

ESI NWR193UC, Excimer
ESI NWR TwoVol2

193 nm

<5 ns

5.4 J/cm2

4Hz

30 pm

Single spot

100% He, Ar make-up gas and N2 (3 ml/mn) combined using in-house smoothing device
20 seconds

60 seconds

15 seconds

0.80 I/min

ICP-MS Instrument
Make, Model & type
Sample introduction
RF power
Sampler, skimmer cones
Extraction lenses
Make-up gas flow (Ar)
Detection system
Data acquisition protocol

Scanning mode
Detector mode

Masses measured
Integration time per peak
Sensitivity / Efficiency

Agilent 7700x, Q-ICP-MS

Via conventional tubing

1350 W

Ni

X type

0.85 I/min

Single collector secondary electron multiplier

Time-resolved analysis

Peak hopping, one point per peak

Pulse counting, dead time correction applied, and analog mode when signal
intensity > ~ 106 cps

204(Hg + Pb), 206Pb, 207Pb, 208Pb, 232Th, 238U

10-30 ms (207Pb)

23000 cps/ppm Pb (50 um, 10 Hz)

Data Processing
Gas blank
Calibration strategy

20 seconds on-peak
GJ1 zircon standard used as primary reference material, PleSovice used as
secondary reference material (quality control)

Common-Pb correction, composition and uncertainty No common-Pb correction.

Reference Material info
Data processing package

Uncertainty level and propagation

Quality control / Validation

GJ1 (Jackson et al. 2004), PleSovice (Slama et al. 2008)

lolite (Paton et al. 2010)

Ages are quoted at 2 sigma absolute, propagation is by quadratic addition
according to Horstwood et al. (2016). Reproducibility and age uncertainty of
reference material are propagated.

PlesSovice: concordia age = 339.9 + 4.5 Ma (n = 6; MSWD (conc + Equiv) = 0.94)
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