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Short Communication

An enigmatic microorganism from the Upper Pennsylvanian
Grand-Croix cherts (Saint-Etienne Basin, France)
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Microorganisms are critical in the bio- and geosphere
today, and are responsible for the sustainability of ecosystem
functions ranging from decomposition and bioerosion, to the
catalyzation of nutrient cycles. With this recognition of the
significance of microorganisms today, detailed knowledge
about the evolutionary history of these organisms and their
roles in biological and ecological processes in the past is pivotal
to understanding ancient ecosystems.

Chert deposits are among the most important sources of
information about fossil microorganisms. While the Early
Devonian Rhynie chert is perhaps the most widely known
example of a chert deposit containing a diversity of microor-
ganisms (e.g., TAYLOR & KRINGs 2005), there are several other
cherts that contain microorganisms preserved in a similar
manner. However, these cherts have received considerably
less attention, and thus represent an important source of new
data on ancient microbial activity. Some of the most interes-
ting cherts come from several Carboniferous sites in central
France, and were initially studied by the French paleobotanist
Bernard RENAULT.

The Upper Pennsylvanian cherts from Grand-Croix (Saint-
Etienne Basin, France) are widely known for their exquisitely
preserved terrestrial plants (see GALTIER 2008). Co-occurring
with the plants in these deposits is a diverse assemblage of mi-
croorganisms. Although some of these fossils were described as
early as the late 19 century (RENAULT 1896, 1900), the micro-
organisms from Grand-Croix have not attracted subsequent

scholarly interest, and thus remain largely unknown.

Two interesting specimens of an unusual, hitherto unknown
microfossil (Figs 1,2) were recently identified in a thin section
of Grand-Croix chert that was prepared by RENAULT or one of
his co-workers during the late 19 or early 20" century. The
slide is today housed in the Muséum National d’Histoire Na-
turelle (Laboratoire de Paléontologie) in Paris (France) under
accession number REN-2195. The specimens occur isolated
within the chert matrix and are associated with fungal hyphae
and an accumulation of degrading plant fragments. The fossils
are spherical and approximately 55 pm in diameter (including
projections); the wall is up to 3.2 pm thick. Extending from
the wall are prominent conical projections, up to 9 pm high
and proximally 7 pm wide, with simple (Fig. 1c,d) or forked
(Figs le[arrows],2c[arrow]) tips. Projections are uniformly
distributed over the entire surface of the sphere. The proximal
portion of the projections is hollow, whereas the distal portion
and tip appear to be solid. The wall of the projections corre-
sponds in thickness to that of the sphere.

If these microfossils were found in a palynological sample,
they would probably be referred to the acritarchs because of
their uncertain affinities. Acritarchs represent a heterogeneous
group of organic-walled microfossils that consist of a central
cavity enclosed by a single- or multi-layered wall; symmetry,
shape, structure, and ornamentation may be highly variable.
The central cavity is closed or communicates with the exterior
by varied means, including pores, slit-like or irregular ruptures,
and circular openings (MARTIN 1993; MONTENARI & LEPPIG
2003). The majority of acritarchs have been described from
marine and brackish water strata, but there are also reports
from non-marine deposits (MULLINS & SErvATs 2008). Many
acritarchs have ornamented surfaces that resemble the surface
ornament of the Grand-Croix microfossils (see TAPPAN 1980).

*Author for correspondence and reprint requests: E-mail: m.krings@lrz.uni-muenchen.de
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Figures 1 & 2: Two specimens of the microfossil from the Upper Pennsylvanian Grand-Croix cherts in different focal planes; arrows in 1e and

2c¢ indicate wall projections with forked tips; the lobed structures seen in la—c and 2a,b result from the removal of the projections and parts of

the fossil during the preparation of the thin section; each lobe represents the former position of a projection base; scale bars = 20 pm.

PrrozyNskI (1976) hypothesized that certain forms of acri-
tarchs may represent the remains of peronosporomycetes, a
suggestion that at the time received little attention. The Perono-
sporomycetes (Oomycota in older treatments) are fungal-like
microorganisms that thrive as saprotrophs and parasites of
plants, animals, and other fungi (Dick 2001). Although they
were likely among some of the first eukaryotes on Earth, the
fossil record of peronosporomycetes remains very incomplete.
To date only one peronosporomycete has been described from
the Carboniferous. This organism, Combresomyces cornifer
DortzLER et al. from the upper Visean (Mississippian) of central
France, occurs as a spherical oogonium with antler-like surface
extensions positioned on hollow projections of the oogonial
wall (DOTZLER et al. 2008). Although they are considerably
larger, the wall projections of the fossils from Grand-Croix
reported here are reminiscent of the projections seen in C.

cornifer. Moreover, several extant peronosporomycetes (espe-
cially members of the genus Pythinm PRINGSH.) are known to
possess oogonia that are characterized by a surface ornament
composed of prominent projections (DICK 1969; VAN DER
PLAATS-INITERINK 1981).

An alternative interpretation views the Grand-Croix
microfossils as prasinophyte phycomata. Prasinophytes are
single-celled, flagellate green algae. The life history of several
species includes a unique non-motile stage that is characte-
rized by the formation of a cyst-like structure termed the
phycoma. Phycomata are resistant structures, and thus may be
well-preserved as fossils (TEYSSEDRE 2006). However, the alga
remains metabolically active during the phycoma stage and
eventually undergoes vegetative reproduction. As a result, the
phycoma increases in size over time (TAPPAN 1980). Because of
the thick walls (>3 pm) of the Grand-Croix fossils it appears



unlikely that the affinities lie with the prasinophytes. Moreover,
excystment structures, which occur in prasinophyte phycomata
in the form of a rupture along a preformed line of weakness
within the outer wall layer (CoLBaTH & GRENEFELL 1995), have
not been observed in any of the Grand-Croix fossils.
Although the affinities of the microfossils from Grand-
Croix remain elusive, they provide additional information
about the biodiversity of microorganisms in this Late Penn-
sylvanian continental ecosystem. We anticipate that additional
specimens will be discovered as work on the microbial life
preserved in the Grand-Croix cherts continues. This will
hopefully lead to a more accurate picture of this intriguing mi-
croorganism, and help to more completely understand the full
extent of the biodiversity in the Grand-Croix paleoecosystem.
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