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Abstract: The Ediacaran–Cambrian deposits of Brittany (Brioverian series) contain both a few isolated
pluricentimetric discoid structures, dome-shaped or “donut”-shaped, and a multitude of centimetric
to infracentimetric more or less elliptical fossils or pseudofossils. The discoid and elliptical Brioverian
structures are compared to similar fossils and pseudofossils found worldwide, and interpreted consider-
ing both sedimentary and biological hypotheses. This synthesis of more or less enigmatical fossils from
the Ediacaran–Fortunian deposits of Brittany completes the previous descriptions of more well-known
discoid and elliptical Brioverian structures such as Nimbia-like and Chuaria-like fossils. It provides a
better understanding of the diversity of the Brioverian fossils and original sedimentary structures.
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1. Introduction

Discoid and elliptical fossils from Ediacaran–Cambrian deposits have been found
worldwide [1]. Among these fossils, the smallest and more abundant, ranging in size from
millimeters to centimeters, have almost always been referred to the same taxa, Beltanelliformis
Menner 1974, Beltanelloides Sokolov 1965, or Nemiana Palij 1976, the two last genera being
generally considered as synonymous to the first one [2]. But their biological and taxonomical
interpretations have sometimes changed, from algae to cyanobacteria [3]. Larger discoid
fossils are also known in numerous Ediacaran–Cambrian deposits, and were assigned to
various genera such as Aspidella Bilings 1872, Cyclomedusa Sprigg 1947, Heliomedusa Sun and
Hou 1987, or Medusinites Sprigg 1949, previously termed “medusoids” and interpreted as
coelenterate-grade organisms [4–7]. However, Grazhdankin and Gerdes [8] have considered
that enigmatic discoidal fossils from the Ediacaran White Sea deposits were in fact microbial
mats. Banerjee et al. [9] have also considered that circular fossils similar to Cyclomedusa [10]
from Ediacaran deposits in India can be explained as mat fragment impressions. Finally,
Young and Hagadorn [11] have concluded that medusan preservation is maximal for Cam-
brian deposits and then decreases through time, but is not attested for Neoproterozoic
strata. In 2007, Grazhdankin and Gerdes [8] indicated the presence of filamentous structures
and pyritization in “medusoid” fossils from the White Sea area. Although they described
the preservation of microbial colonies, they could not exclude that, in some cases, these
microbial colonies developed on medusae corpses. Finally, the existence of fossil medusae
in Ediacaran deposits remains possible, but needs to be clearly demonstrated.

In northwestern France, the Neoproterozoic strata have never been completely or
clearly described and dated, and the precise location of the Ediacaran/Cambrian boundary
is still unknown. Deposits covering the end of the Proterozoic and the base of the Paleozoic
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are regrouped in the Brioverian facies, which is widespread in Brittany and south-west
Normandy [12] (Figure 1). The lower part of the Brioverian deposits is mainly Ediacaran in
age, even Cryogenian at the base, according to previous stratigraphical and palynological
works [13–18]. In Brittany, the Cryogenian deposits are restricted to the northern coast,
near Saint-Brieuc, while the Late Ediacaran/Early Cambrian series constitute the upper
Brioverian strata of Central Brittany, especially between Néant-sur-Yvel and Nouvoitou,
near Rennes [12,19] (Figure 1). The upper Brioverian biostratigraphy is poorly known,
although, in recent years, radiochronological dating and paleontological studies have been
carried out to place the fossils in a timeframe and to discuss the stratigraphic position
of the different facies [19–27]. The upper Brioverian paleontological content, previously
documented by Lebesconte [28] and recently revised [20–23,25], is mainly composed of
thin ichnofossils (e.g., Helminthoidichnites, Helmintopsis) [29] corresponding to grazing trails
of vermiform organisms made on microbial mats in shallow environments. The early
Cambrian ichnofossil index, Treptichnus pedum, has never been observed in spite of the
richness of the upper Brioverian deposits in ichnofossils. However, radiochrological dating
does not allow confirmation whether the upper Brioverian deposits are solely Ediacaran in
age or if they include the lower Fortunian (Early Cambrian) strata [21,26].
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Figure 1. Location of the Late Brioverian outcrops (Ediacaran–Fortunian) from Brittany. (A) Location
of the Armorican Massif in NW France; (B) geological map of the Armorican Massif with location
(red spots) of the main Brioverian localities in northwestern France mentioned in the text: Montfort-
sur-Meu, locality where the first Brioverian ichnofossils were discovered by Lebesconte [30]; Néant-
sur-Yvel, locality where the first Brioverian microbial mats were discovered by Lebesconte [30];
Saint-Armel and Amanlis, localities where Lebesconte [30] discovered the enigmatical fossils Armelia
and Amanlisia; Nouvoitou and Saint-Gonlay (red stars), localities where the fossils described in the
present paper have been collected; the black stars indicate the main big cities from northwestern
France (from Néraudeau et al. [26]).
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Following previous discoveries of ichnofossils, the Ediacaran–Cambrian deposits in
Brittany were searched for body fossils. Two kinds of small elliptical fossils have been
recently described [24,26]: centimetric elliptical structures, with a slight relief, related to
the genus Nimbia Fedonkin 1980 [26] and small flattened glossy carbonaceous structures,
5 to 8 mm in size, identified as Chuaria Walcott 1899 [24]. During the last five years,
two categories of new discoid or elliptical structures have been found. The first type is
represented by clusters of hundreds of more or less elliptical centimetric to infracentimetric
forms. The second type corresponds to a few isolated pluricentimetric dome-shaped or
“donut”-shaped discoid structures. The first objective of the present work is to describe
these new elliptical or discoid structures from the Brioverian of the Armorican Massif.
Secondly, various hypotheses are examined to explain the origins of the Breton structures
and to assign them, when possible, to fossils or pseudofossils.

2. Geological Setting

Geological context—The elliptical and discoid structures (fossils or pseudofossils) pre-
sented in this study were sampled by the authors from 2018 to 2023 in two localities of
Brittany (NW France), Saint-Gonlay and Nouvoitou (Figure 1).

At Saint-Gonlay, the shale with ichnofossils, body fossils and sedimentary figures
were collected on a slag heap located on the edge of a backfilled and vegetated quarry.
At Nouvoitou, the fossiliferous siltites and fine sandstones were collected on a pile of
rocks dug for the foundations of a house. It was therefore not possible to construct a
stratigraphical column in the two localities.

The rocks containing the elliptical and discoid structures are grey-green fine sands
and siltites (Nouvoitou) to grey-blue shales (Saint-Gonlay). Because of the way the samples
were collected (slag heap and rock fragment), it was not possible to determine with certainty
the stratigraphic top and bottom (younging direction) of each sample.

Geochronological constraints—Gougeon et al. [21,23] reported geochronological con-
straints obtained by the U-Pb method on detrital zircon grains from the sandstones in-
terbedded in the fossiliferous Brioverian shale series of Néant-sur-Yvel and Saint-Gonlay
(Figure 1). The U-Pb data argue for maximum deposition ages between 551 ± 7 Ma and
540 ± 5 Ma. The radiochronological dating of a sandstone from the Nouvoitou locality is
presented in this paper.

Paleontological context—Ichnofossils are abundant both on shale and sandstone sur-
faces [21,25,26]. The main part of the ichnofossils have a constant diameter between 1
to 2 mm and are horizontal, elongated with straight to meandering trails. These trace
fossils were historically described by Lebesconte (1886) within the ichnogenera Montfortia
Lebesconte 1886, in reference to the locality Montfort-sur-Meu (Figure 1). Gougeon et al. [21]
revised the ichnogenera and have demonstrated that, according to the morphology of these
ichnofossils, they are junior synonyms of Helminthoidichnites Fitch 1850 (millimetric and
sub-straight), Helminthopsis Heer 1877 (millimetric and meandering), and Gordia Emmons
1844 (millimetric and intertwined) [31]. These thin ichnofossils are interpreted as trails of
locomotion or nutrition (grazing trace) made by vermiform organisms (e.g., polychaetes,
priapulids, nematods) [32,33]. In addition, larger sub-horizontal burrows with variable
diameters of several millimeters, previously named Amanlisia by Lebesconte [30] (refer-
ring to the locality Amanlis, Figure 1), were synonymized with Palaeophycus Hall 1847
by Néraudeau [24]. The shale surfaces that bear elliptical or discoid fossils are generally
poor in ichnofossils [26]. The absence of typical Cambrian fossils and ichnofossils and
the radiochronological dating give a Late Ediacaran maximum deposition age for the
fossiliferous beds, although an Early Cambrian age (Fortunian) cannot be disregarded.

At Saint-Gonlay, the shale surfaces that bear elliptical fossils are often rich in Micro-
bially Induced Sedimentary Surfaces (MISS), previously named “Neantia” by Lebesconte [30]
with reference to the locality of Néant-sur-Yvel (Figure 1). These MISS are conspicuous
when wrinkled ([21]: Figure 7; [25]: Figures 7 and 10), and can be highlighted by thin
sections for more smooth shales [21,27].
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3. Material and Methods

Radiochronological dating—For the purpose of this study, we selected one sandstone
sample from the Nouvoitou deposit in order to perform U-Pb dating on detrital zircon
grains (as mentioned earlier, Saint-Gonlay dating was previously published by Gougeon
et al. [23]). U-Pb dating was conducted in-situ by laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS) at the GeOHeLiS analytical platform (Université
de Rennes) using an ESI NWR193UC Excimer laser coupled to an Agilent 7700x quadrupole
ICP-MS equipped with a dual pumping system to enhance sensitivity [34]. The analytical
procedure followed the method described in Nosenzo et al. [35]. The analytical protocol
is provided in Supplementary Table S1, while the zircon standard analyses (GJ-1 [36]
and Plešovice [37]) are listed in Supplementary Table S2. KDE and Concordia diagrams
(Figure 2) were generated using IsoplotR [38].

Figure 2. (A) KDE diagram (Kernel Density Estimation) for the more than 90% concordant data
from the U-Pb dating of detrital zircon grains from Nouvoitou. (B) Wetherill concordia diagram for
the zircon grains that are younger than 700 Ma. The calculated age of 554 ± 2 Ma is given by the
youngest cluster of concordant data.

One hundred and forty-two grains were analyzed (Supplementary Table S2), out of
which 116 were 90% concordant or more (see Figure 2A). Most of the analyses yield apparent
ages between ca. 800 and 550 Ma, while a few others are Palaeo- to Meso-Proterozoic,
between 2000 and 1000 Ma (Figure 2A). The youngest group of nineteen concordant data
yield a concordia date of 554 ± 2 Ma (MSWD = 1.7; n = 19) that we interpret as the maximum
age of deposition for this sandstone (Figure 2B).

Fossil analysis and storage—The samples were simply washed in water before being
measured and photographed. The elliptical and discoid structures were measured with a
caliper and photographed with a Panasonic DMC-FZ62 camera. Thirty specimens found
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on the shale sample as a cloud of elliptical structures were measured (length and width).
Measurements were also realized on every isolated large specimen of the other shale
samples. Polished sections were realized to observe the potential 3D structures present
in the cluster of elliptical structures and to define the relationship between the sediment
grain size, the microbial mats and the specimens. However, if only one single specimen
was available, or for the isolated discoid structures, thin slides or polished sections were
not made in order to preserve them.

The samples are housed at the Geological Institute of the University of Rennes under
the numbers IGR-PAL-90201 to IGR-PAL-90208.

4. Results
4.1. Clusters of “Nimbia-like” Structures

The clusters of “Nimbia-like” fossils from Saint-Gonlay: Elliptical centimetric struc-
tures with a peripheral bulge, close to the Nimbia morphology, have been recently de-
scribed for small clusters of specimens from the Late Ediacaran/Fortunian deposits of
Brittany [26] and from the Fortunian deposits of Normandy [27]. The discovery, in the Late
Ediacaran/Fortunian deposits of Saint-Gonlay, of dense clusters including thousands of
centimetric elliptical structures (Figure 3A,B) gives a new insight on these fossils, previously
observed in the Armorican Massif (Brittany and Normandy).

Material: Three shales (IGR-PAL-90201 to IGR-PAL-90203) that bear between 100 and
150 more or less conspicuous specimens (e.g., Figure 3A), separated from each other by 0.5
to 2 cm.

Description: The best specimens show clearly an elliptical and acuminated outline, a
peripheral rim and a central depression (Figure 3B–D). The size of the more conspicuous
specimens is always about 7–8 mm in length and 4 to 5 mm in width. The peripheral
rim is about 1.4 mm in width, and its maximum elevation above the lamina surface is
about 0.4–0.5 mm. On the same fossiliferous shale, conspicuous elliptical specimens are
associated to more elongated ones, but all are (1) oriented in the same direction, (2) more or
less inclined in the sediment with one side more elevated on the sediment surface than the
other side, and (3) with a subrounded extremity opposite to a more acuminated extremity,
the last one being opposed to the flow of current, and constituting a small “tail” for some
elongated specimens (Figure 3B,C). Some specimens are more or less tilted in the sediments.
This explains why parts of these structures are more visible at the surface of the sediment,
giving an asymmetrical and sometimes crescent-like depression (Figure 3A).

Discussion: These dense clusters of elliptical structures could be interpreted either
as sedimentary features (tool mark, flute cast, load cast) or as raindrop impressions or
gas bubbles.

But the relatively regular size and elliptical acuminated outline of the fossils, preserved
in epirelief, is clearly different from flute casts or tool marks, which are elongated erosion
figures. Their horizontal pancake profile covering the sediment laminae does not correspond
to load casts either, as they would have deformed the sedimentary substrate (Figure 3E).

Raindrop impressions are generally subcircular, crateriform or concave–convex
(e.g., [39–41]). For the crateriform ones, raised rims around depressions that are up to
2 cm in diameter are typical of raindrop impressions [42]. The size of the Brioverian speci-
mens is congruent with the previous characteristics, but raindrop impressions frequently
coalesce to form linear furrows [43] and frequently show overlap between two or several
imprints. None of these last characteristics can be observed on the Brioverian surfaces
bearing elliptical structures.

If we consider their organization and the shape of each fossil, the elliptical Brioverian
structures are clearly different than the previously published fossil bubbles [44]. Foam
bubbles, with several coalescent bubbles in a same area, are totally lacking on the Brioverian
fossiliferous surfaces, and the sizes of the elliptical structures are very similar; the fossils
are elliptical, acuminated and flat, never hemispherical. Microbial mats are frequent in the
fossiliferous layers of Saint-Gonlay, but the polished perpendicular sections of the surfaces
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bearing clusters of elliptical fossils do not show hemispherical structures such as the ones
published by Arrouy et al. ([3]: Figure 3) and Bozak et al. [45] for fossil or modern bubbles
preserved by microbial laminae.
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Figure 3. Clusters of Nimbia-like fossils from the Late Brioverian (Ediacaran–Fortunian) of Saint-
Gonlay, Brittany, NW France. (A) General view of a shale bearing numerous Nimbia-like fossils
(IGR-PAL-90201); (B–D) high magnification of three specimens showing their relatively regular shape
and size, from the previous sample; (E) polished section of a second sample (IGR-PAL-90202) showing
that the Nimbia-like fossils (pointed at by white arrows) are 3D structures with a pancake shape
deposited on fine laminae. Scale bar: 1 cm.

These new elliptical fossils from Saint-Gonlay correspond in polished sections to
flat “pancakes” regularly spaced and resemble the biological Nimbia-like structures from
the Fortunian of Normandy ([27]: Figure 6C–F). But their true nature and origin remain
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uncertain. Indeed, depending on the authors and the year of publication, Nimbia sensu
lato are interpreted as cnidarians [46–49], microbial mat structures ([8,50], scratch circles
formed by the attachment site of organisms [51] or remain uncertain [31,52]. Our elliptical
structures are similar to Nimbia-like structures, but their size and shape are more irregular,
making it even more difficult to interpret their origin.

4.2. Clusters of “Beltanelliformis-like” Structures

Elliptical flat structures have been discovered in the Brioverian deposits of Nouvoitou
(Figure 4A–D). The presence of ichnofossils close to treptichnids in the local sedimentary
succession, but not in association to the elliptical structures, could indicate a Fortunian
age for part of the deposits. But these treptichnids are not typical of Treptichnus pedum,
the index of the Cambrian base [53,54], and even with the radiochronological dating it is
difficult to conclude either on a late Ediacaran or early Fortunian (earliest Cambrian) age
for the fossiliferous deposits. Either way, the elliptical structures are numerous (several
dozens) and present in successive silty laminae of a fine sandstone.

Material: One piece of sandstone (13 cm in length by 5.5 cm in width) with three
dozen large specimens (Figure 4B,D) (IGR-PAL-90204); one piece of sandstone (5 cm in
length by 3 cm in width) with a dozen of large specimens (IGR-PAL-90206); a third piece of
sandstone with both dozens of small specimens in a part of the laminae (Figure 4A) and
five large specimens in another laminae (8 cm in length by 6.5 cm in width) (Figure 4C)
(IGR-PAL-90205). The previous measurements of sandstone pieces with elliptical structures
give an idea of the density of the elliptical structures on each sample, the different pieces
being collected ex situ in a pile of dug rock.

Description: The structures are flat and have an elliptical outline, with a regular size
in the same cluster, about 3–3.5 mm in length by 2–2.5 mm in width for the biggest ones
(Figure 4B–D), about 1 mm in length by 0.7 mm for small ones (Figure 4A), and are made
of a black oxidized material (iron and manganese). The large specimens have almost the
same orientation in the fossiliferous laminae (Figure 4B–D). On one piece of sandstone, the
large specimens are surrounded by a brown halo of oxides (Figure 4C).

Discussion: The specimens of Nouvoitou, which are very flat, regular in size and
shape, with a conspicuous outline and a dark color, cannot be interpreted as sedimentary
structures made by the sinking or the groove of natural objects (e.g., load casts or tool marks).
Also, because of their regularity and peculiar shapes, they cannot be interpreted as microbial
mat spots or as simple traces of oxidation. They differ from the Nimbia-like fossils of the
Ediacaran–Fortunian deposits of the Armorican Massif [25,27] (see previous Section 4.1)
and various other localities (e.g., [55]) by lacking a peripheral rim. They are similar in shape
(elliptical, flattened with local overlapping), size and color to the specimens illustrated
by Brasier et al. [56], Vidal et al. ([57]: Figure 16b), McCall ([58]: Figure 110B,C) or Jensen
et al. ([59]: Figure 3a). But these last specimens are carbonaceous discs, corresponding
more likely to Chuaria, whereas our specimens are ferruginous. Moreover, our specimens
do not have the glossy surface and the conspicuous concentric ridges of other Brioverian
fossils from Brittany assigned to Chuaria algae [24]. Finally, they are more similar in size
and shape to the “Beltanelloides sorichevae” illustrated by Ivantsvov et al. ([2]: Figure 3) and
synonymized by the same authors with Beltanelliformis brunsae (or B. minutae). Indeed, these
authors indicate that the lower size known from Beltanelliformis is about a few millimeters,
like our specimens. Moreover, our specimens are flattened and elliptical such as the
specimens published by Ivantsov et al. ([2]: Figures 3, 6–8) or Saint Martin and Saint
Martin [60], and not dome-shaped (convex) and contiguous like the typical Beltanelliformis
published by McCall ([58]: Figure 89) or Ivantsov ([61]: Figure 2a). Ivantsvov et al. [2]
mention that the “accumulation of these fossils to thin interbeds inside more or less homogeneous
strata and accumulation on one or closely positioned bedding planes suggest that remains were
transported and accumulated rather than dropped from plankton. It is plausible that multilayer
burials of Beltanelloides were formed as a result of transportation and accumulation”. Therefore,
we interpret the elliptical structures from Nouvoitou as “Beltanelliformis-like” fossils.
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Figure 4. Clusters of Beltanelliformis from the Late Brioverian (Ediacaran–Fortunian) of Nouvoitou
(A–D) and Saint-Gonlay (E,F), Brittany, NW France. (A) Sample with spaced tiny specimens (IGR-
PAL-90205); (B) sample very rich in large specimens, overlaid in successive laminae (IGR-PAL-90204);
(C) large specimens surrounded by a brownish oxidized halo (bh) (IGR-PAL-90205); (D) zoom on
specimens from (B) with arrows indicating the direction of the current according to three specimens
deposited in successive laminae: specimen 1 is located in the upper lamina and separated from
specimen 2 by a thin layer of sediment (s); specimen 3 is located in a lower lamina separated from
specimen 2 by a thin sediment layer (s’); (E) dense cluster of tiny specimens (IGR-PAL-90203);
(F) zoom on a part of the cluster of (E). Scale bar: 5 mm.

4.3. Clusters of Micro-Elliptical Structures

Inframillimetric elliptical structures have been discovered in the Brioverian deposits
of Saint-Gonlay, near Rennes, in a piece of greenish shale (Figure 4E,F). These structures
are preserved in a piece of shale devoid of ichnofossils. However, in the same locality, the
shales generally show a great abundance of ichnofossils (Helminthoidichnites, Helminthopsis,
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Palaeophycus; see Section 4.1 above), but without Treptichnus pedum, the index of the Cam-
brian base, it is difficult to conclude either on a late Ediacaran or early Fortunian (earliest
Cambrian) age for the fossiliferous deposits. Either way, the tiny elliptical imprints are very
numerous and present in successive silty laminae of fine sediment (Figure 4E,F).

Material: A single piece of shale (14 cm in length by 12.5 cm in width) with more than
one thousand specimens.

Description: The fossils are preserved on the upper surfaces of successive laminae.
They are flat and have a slightly elliptical outline, with a regular size in the same cluster
part, about 0.7 mm in length by 0.5 mm in width for the biggest ones (Figure 4E right part
and Figure 4F), about 0.4 mm in length by 0.3 mm for small ones (Figure 4E, left part), and
are made of dark material. The orientation of the specimens from the same lamina is rather
variable, according to their main axis of elongation.

Discussion: These tiny specimens are close in color, elliptical outline, flat shape and
presence in successive laminae to the “Beltanelliformis-like” fossils found at Nouvoitou (see
Section 4.2 above). But they are much smaller, more rounded, and lack any unidirectional
orientation. In their synthesis about Beltanelliformis-like fossils, Ivantsov et al. ([2]: Table 1)
give the size range known and previously published for this kind of rounded to elliptical
fossil: from 2 mm [62] to 44 mm [63], and varying from circular to elliptical in outline.
Consequently, the inframillimetric elliptical structures from Saint-Gonlay are clearly too small
to correspond to the classical “Beltanelliformis-like” fossils. Their tiny size, very thin thickness
and dense accumulation in successive laminae differentiate them from subcircular sedimentary
features (e.g., gas bubbles or load casts) or rounded ichnological structures (e.g., scratch circles
or burrow openings). If they are body fossils, their accumulation as thin interbeds may
correspond to multilayer burials, formed as a result of transportation and accumulation. We
can consider the possibility that it is an accumulation of unicellular algae. But a hypothesis of
MISS spots can be proposed as well, with colonies of cyanobacteria developed on successive
sedimentary layers. Finally, their rarity (a single piece of shale) and their original shape and
accumulation encourage us to interpret them as possible fossils of biological (organic) origins.

4.4. The Isolated Pluricentimetric Discoid or Elliptical Structures

Apart from the previous specimens close to the centimetric (or smaller) Beltanelliformis,
Chuaria and Nimbia commented in the previous chapters, the Brioverian deposits of Brittany
contain a few large isolated elliptical fossils from 2 to 4 cm in size. Three main shapes have
been observed in the Brioverian shales of Saint-Gonlay: “elliptical concentric imprint”,
“circular donut shape” and “concentric dome”.

4.4.1. Elliptical Concentric Imprint

Material: A single piece of shale (31 cm in length by 14 cm in width) with a conspicuous
concentric elliptical structure and an inconspicuous similar imprint associated to six smooth
pit shape structures preserved in hyporelief according to geometry of the dawnlap laminae
(Figures 5 and 6F).

Description: The piece of shale bears eight more or less deep elliptical cup-shaped
pits, preserved on the upper surface of the bed. The six smaller ones (1 to 6 on Figure 5A,C),
of centimetric diameter, are devoid of concentric or radial ornamentation and very similar
in size and shape. Another specimen shows a rather conspicuous outer elliptical outline
around inconspicuous concentric lines (7 on Figure 5A,B), the central pit being partly filled
by the covering sediment. The last specimen is slightly larger, with a large peripheral ring
around the central pit (8 on Figure 5A,D), its central pit being also filled by a part of the
covering sediment. The maximum diameter of the outer outline (Figure 5D) is about 21 mm
when its width is 16 mm. The inner ellipse’s (Figure 5D) dimensions are about 13 mm
and 9 mm in length and width, respectively. The specimen shows a conspicuous elliptical
outline, with an enlargement of the peripheral ring on one side (5/6 mm on the left part,
4 mm on the right part), as if it had suffered a slip or a tilt. The central pit is partially
filled by the sediment of the overlying lamina. The eight specimens show a main axis of
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elongation in the same direction, as if they were oriented by a current, and this direction is
the same for the enlargement axis of the peripheral ring of the more conspicuous concentric
specimen (Figure 5A).
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Figure 5. Elliptical concentric imprints from the Late Brioverian (Ediacaran–Fortunian) of Saint-
Gonlay, Brittany, NW France. (A) General view of the fossiliferous shale (IGR-PAL-90206), with six
small smooth cup-shaped structures (numbers 1 to 6), an inconspicuous concentric imprint (7) and
a single conspicuous concentrical structure (8); the white arrow indicates both the direction of the
major axis of elongation of the elliptical structures and the direction of enlargement of the peripheral
ring of the conspicuous concentrical specimen; the double black arrow (S) indicates where the section
illustrated on Figure 6F was made; (B) high magnification of the inconspicuous concentrical imprint
(7 on (A)); (C) high magnification of the smooth cup-shaped structure (6 on (A)); the white arrow
indicates the outer outline of the structure; (D) high magnification of the conspicuous concentrical
structure (8 on (A)); the imprint shows a peripheral ring (p.r.) with an enlargement (e.p.r.) and a
central pit (c.p.). Scale bar: (A) = 1 cm; (B–D) = 5 mm.
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Figure 6. Discoid or elliptical isolated specimens from the Late Brioverian (Ediacaran–Fortunian)
of Saint-Gonlay, Brittany, NW France. (A,B) “Donut shaped” specimen corresponding possibly to a
Astropolithon-like sedimentary structure, supposed to be a sand volcano (IGR-PAL-90207); (A) upper
face; (B) lower face; (C–E) “dome-shaped” specimen of unknown origin (biological ?, sedimentary ?)
(IGR-PAL-90208); (C) general view; (D) side with concentrical ribs (arrow 1 on (C)); (E) slightly
pustular side (arrow 2 on (C)); (F) section of the shale sample bearing the structures illustrated on
Figure 5; the geometry of the downlap of the laminae (white arrow) indicates that these structures
are preserved on the lower surface of the shale (f.l.s. = fossiliferous lower surface); (G) section of
the shale bearing the specimen illustrated on pictures (C–E); the geometry of the downlap of the
laminae (white arrow) indicates that these structures are preserved on the upper surface of the shale
(f.l.s. = fossiliferous lower surface). Scale bar: 1 cm.

Discussion: The six smooth pits are difficult to interpret. But their regular size and
shape indicate that they correspond to the same kind of structure, biological or sedimen-



Foss. Stud. 2024, 2 134

tological. It is impossible to conclude if there were six different specimens or if some
specimens correspond only to ricochets of a part of them (for example the specimens 1,
2 and 3 on Figure 5A). These smooth pits could be the imprints of specimens from the
underlying deposit, imbedded between two laminae and forming bumps on the sediment
surfaces (hyporelief), such as the ones published by Néraudeau et al. ([26]: Figure 4C) for
the same outcrop of Saint-Gonlay.

The large concentric specimen (8 on Figure 5A,D) has a more complex structure, and
its elliptical peripheral ring, enlarged in an extremity with a sloped position in the sediment
and its central pit, recall features of Nimbia-like fossils, such as specimens previously
observed in the same Brioverian locality ([26]: Figure 4A). However, the new specimen
is twice as big as the previous Nimbia-like specimens found at Saint-Gonlay. Finally, the
cup-shape of the central pit filled by the underlying sediment (also visible on specimen
7 in Figure 5B) indicates that the whole structure was probably a bump surface on the
epirelief of the underlying layer, as mentioned above for the six associated smooth pits.
These characteristics differentiate the concentric specimen(s) from Nimbia-like fossils and
correspond more likely to a 3D structure that cannot be interpreted as a simple microbial
mat disc or a sedimentary discoid imprint. For the same reason, it cannot be a scratch
circle, a structure realized by a tethered organism rotated by currents, with the upper parts
of the organism dragged on the substrate surface around the attachment point, leaving
circular marks on the sediment [51,64,65]. The similarities in size and shape between the
six smooth pits on the one hand, and between the two concentric specimens on the other
hand (Figure 5), exclude the hypothesis of load cast imprints. Therefore, they could maybe
correspond to body fossils imprints, in what is often called “medusoid” fossils [6]. However,
Grazhdankin and Gerdes [8] have considered that many enigmatic discoidal fossils from
the Neoproterozoic of the White Sea, such as specimens related to Cyclomedusa or Paliella,
are in fact microbial mats. Young and Hagadorn [66] and Van Iten et al. [18] concluded that
most Ediacaran “medusoids” represent, in fact, non-medusan fossils, and should rather
be interpreted as ichnofossils, inorganic features such as fluid escape structures, microbial
decomposition structures or even scratch circles. Also, Young and Hagadorn [11] added that
cnidarian medusae preservation is attested for Cambrian strata but not for Neoproterozoic
ones. In conclusion, we exclude the possibility that these elliptical concentric imprints
correspond to sedimentary structures, microbial mats or scratch circles, but we cannot
conclude their biological origin.

4.4.2. “Donut Shape” Specimen

Material: A single piece of shale (16 cm in length by 12.5 cm in width) with a single
specimen preserved in epirelief (Figure 6C,D) according to geometry of the dawnlap
laminae (Figure 6G).

Description: The only known specimen is about 25 mm in average diameter and
about 8.5 mm thick/high (Figure 6A,B). The diameter of the central pit is about 3 to 5 mm,
according to its deepness. The structure is in “donut-shape” relief on the bed surface
(Figure 6A), and its imprint constitutes a ring bowl on the underlying bed (Figure 6B).
Observation with a binocular magnifier allows one to observe that the volume of the fossil
is mainly composed of infra-millimeter quartz grains and tiny pyrite crystals, while the
surrounding sediment is a siltstone. The central pit is full of fine clayey sediment, mainly
preserved on the counter impression (Figure 6B). The lower face of the structure can be
partly observed on the other side of the shale and is rounded.

Discussion: A first comparison can be made between the Brioverian specimen and the
one published by Arrouy et al. ([67]: Figure 2c) from Ediacaran deposits of South America.
Their specimen has the same size range (about 35 mm) and the same donut shape, with
a central rounded pit, but it is associated with several other specimens with a more or
less hard ornamentation of radial ribs that are lacking on the Brioverian specimen. These
both radial and concentric features encourage the authors to place their fossils in the genus
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form Aspidella [68,69], generally used for disc-like Ediacaran fossils, but it is impossible to
propose the same interpretation for our specimen, lacking radial ribs and concentric rings.

The Brioverian specimen is very similar in size and shape to the one published by
Hagadorn and Miller ([70]: Figure 2b,d). Like the structures described by Hagadorn and
Miller [70], it measures about 30 mm in diameter and is hemisphere-shaped, with a clayey
central sediment plug, but without outward-radiating arrays of markings. However, con-
versely to the second specimen described by these authors ([70]: Figure 2d), the specimen
from Brittany lacks conspicuous concentric rings.

Our specimen has also similarities with the specimen published by Farmer et al. ([71]:
Figure 6e) and is considered by the author as a (pseudo)fossil resembling Medusinites or
Bergaueria. It has almost the same size (about 3 cm versus 2 cm) and a large peripheral
bulge around a central depression. However, the specimen of Farmer et al. [71] has a
protuberance in the center of the depression, which is lacking on our specimen.

Hagadorn and Miller [70] have considered that most of the structures containing a
central sediment plug, radial lineation, concentric rings and a broad trough surrounding
or underlying ring margins are not scyphozoan medusae or other circular organisms
but sedimentary structures named Astropolithon. They correspond to sand-volcano-like
structures linked to upward movement of gases or other fluids from underlying beds.
Thus, the Brioverian “donut” structure could be a small sand-volcano such as Astropolithon,
according to its general shape and sediment organization. However, deposits bearing
Astropolithon generally exhibit several specimens [70,72,73] whereas the Brioverian deposit
is a single case observed among thousands of shales extracted from the outcrop. Thus,
it is difficult to exclude a biological origin. The presence of pyrite crystals in the fossil, a
mineral very uncommon in the Brioverian series and fossils, can indicate either the initial
presence of organic matter (biological tissues?) or the circulation of a fluid or a gas rich in
iron sulfide (sedimentary phenomenon?).

The similarity of these probable pseudofossils to circular body fossils demonstrates the
difficulty in ascribing a biotic origin and taxonomic designation to many circular/elliptical
structures in sedimentary units, and the Brioverian fossil remains enigmatical.

4.4.3. “Concentric Dome” Specimen

Material: A single piece of shale (21 cm in length by 19 cm in width) with a single
specimen preserved on epirelief (Figure 6G).

Description: The specimen is slightly oval and measures about 37 mm in maximum
diameter by about 29 mm in width (Figure 6C). It has the same composition and the same
fine (silt) granulometry of the surrounding sediment. In raking light, six to seven irregular
and discontinuous fine concentric ribs (Figure 6D) can be distinguished on the longest side,
an a more pustular surface on the shortest side (Figure 6E).

Discussion: Like some structures described by Hagadorn and Miller [70], it measures
about 30 mm in diameter and has a hemisphere-shape and concentric rings. However, it
is different because it lacks a clayey central sediment plug and outward-radiating arrays
of markings. The specimen looks like the one published by Farmer et al. ([71]: Figure 4C)
under the name “Beltanella sp.”, an elliptical and convex structure, but our material is a
third smaller and has irregular concentric ribs.

Rounded subconical structures with an elliptical outline and concentrical lines have
been often published as “Scenella-like” fossils [74]. They are generally known as being 2
to 20 mm in maximum size [74,75], such as Scenella tenuistriata Chapman 1911, but larger
similar structures, defined as “Scenella-like” fossils, have also been published, raised about
30 mm or more, like our specimen [76]. However, typical Scenella, and similar fossils such as
Marocella, are characterized by a blunt subcentral or eccentric prominent apex that is lacking
on our specimen [74,75,77,78]. A basal Cambrian fossil published by Narbonne et al. [79],
previously interpreted as a medusoid hydrozoan and then reviewed as a helcionacean
mollusk [28], has been linked to Scenella and has some similarities with our specimen (in
size, outline and ornamentation) but is much more flattened, as in Narbonne et al. ([79]:
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Figure 2.1). Moreover, these different elliptical fossils have conspicuous and continuous
concentric ridges when our specimen shows only discontinuous and weak concentric lines.

The dome shape and the concentric ornamentation of our specimen may look like a
microbial or an algal build up, but its concentric ribs are very weak and are clearly not
linked to a laminated organization, typical of stromatolitic/oncolitic structures. Secondly,
microbial and algal build-ups are generally numerous in the same place (e.g., [80]), whereas
our specimen is a single example observed during 10 years of excavation and among
thousands of “fossiliferous” shale fragments. Finally, the carbonates, often associated with
stromatolitic structures, are lacking in the Brioverian deposits providing the fossils and
pseudofossils of Saint-Gonlay. Sand bulges with one or several concentric ridges, resem-
bling Ediacaran fossils, are also known in association with discoidal microbial colonies, but
never with the regular dome shape characterizing our specimen [8,9].

Without identical fossils in the literature it is difficult to argue for a biological or a
sedimentological structure to interpret our dome-shaped Brioverian structures.

5. Paleoenvironmental Discussion

The lithology of the fossiliferous layers providing circular and elliptical fossils consists
of variously laminated alternations of silty clay (Saint-Gonlay) and very fine micaceous
arenites (Nouvoitou), with small 2D–3D ripples of unidirectional current [26]. These ripples
have straight or sinuous ridges, and their height is small (1 to 8 mm). Stratification is
typically flaser, and numerous ichnofossils (mainly Helminthoidichnites and Helminthopsis)
are observed associated with elliptical fossils and pseudofossils [21,22]. Macroscopic sedi-
mentary figures [81], such as load casts, flute casts and tool casts, are absent in the laminae
that share trace fossils or elliptical structures. When elliptical (pseudo)fossils are numerous,
they are generally oriented by a unidirectional current in the same direction of ripples
(Nimbia-like specimens from Saint-Gonlay and large Beltanelliformis from Nouvoitou), but
not always (tiny Beltanelliformis from Saint-Gonlay). The silty argillites of Saint-Gonlay
consist of the repetitive overlapping of numerous millimetric laminae of argillite and are-
naceous siltstones (Figure 6F,G), while the fine arenites of Nouvoitou contain only very
thin argillaceous laminae. At Saint-Gonlay, the respective thickness of silt and clay laminae
vary in an increasing–decreasing way, with deposition cycles referable to semidiurnal
and semilunar tidal cycles [26]. These sedimentary characteristics correspond to shallow
platform environments subject to unidirectional currents and cyclic processes compatible
with a tidal flatland environment. The elliptical (pseudo)fossil preservation took place
during mud deposition at low energy levels, while more hydrodynamic conditions were
responsible for silt and fine sand depositions (Figure 6F,G). Microbial mats are lacking
in the fossiliferous fine sandstones and siltites of Nouvoitou when they have been previ-
ously highlighted in the shales of Saint-Gonlay, especially for the preservation of small
medusoids [26] and grazing traces [25].

6. Conclusions

At the scale of the Brioverian (Ediacaran–Fortunian) deposits of Brittany, elliptical
structures are particularly difficult to interpret, because they are both uncommon and
non-typical when compared to what has been previously described. Except for the large
elliptical structures from Nouvoitou, corresponding to some Beltanelliformis-like fossils
illustrated in the literature, it is difficult to opt either for a body fossil interpretation or a
sedimentary structure identification for the elliptical fossils of Saint-Gonlay. The clouds
of tiny specimens could be considered as an accumulation of unicellular algae or spots
of microbial colonies. The two larger concentrical specimens are similar to Nimbia-like
specimens previously found in the same outcrop, but their biological origin remains
uncertain. The “donut-shape” structure looks like a sand-volcano Astropolithon, but the fact
that the structure was limited to a unique specimen is surprising for sand volcanoes, and
a biological origin cannot be excluded. The concentric dome fossil is more problematical
and cannot be clearly interpreted without the discovery of other specimens. However,
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these different findings reveal more and more the potential of the Brioverian strata in
providing fossils structures to understand the Ediacaran–Cambrian paleoenvironments
of the Armorican Massif. The new radiochronological dating obtained for the outcrop of
Nouvoitou (554 ± 2 Ma) clearly gives a late Ediacaran maximum age of deposition for the
fossiliferous sandstone, and the lack of the Cambrian fossil index Treptichnus pedum, both at
Nouvoitou and Saint-Gonlay, reinforce that Ediacaran age.
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