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Abstract: New discoveries of fossil plant macroremains from the Remigiusberg Formation (lowermost Rotliegend group)
considerably enlarge our knowledge about the flora of the basal-most part of the lithostratigraphically defined Rotliegend group
within the Saar-Nahe Basin in SW-Germany. Most taxa are plants that grew in relatively humid habitats near rivers, or around
margins of the lake in whose sediments the plant macroremains were found. This, together with previously reported palynological
data, suggests that the wetlands in which these plants grew were large enough to act as taphonomical barriers against the
deposition of plant macroremains from dryer habitats.
Based on some of the new taxa, it is also possible to constrain the base of the biostratigraphic Autunia conferta zone in this
basin, a task that was not possible before, due to the scarcity of macrofloristic data from the basal Rotliegend group. The new
data provide evidence that the upper part of the Remigiusberg Formation is probably not older than late Gzhelian. This
corresponds to earlier biostratigraphic interpretations based on palaeozoological remains.
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Introduction
The Saar-Nahe Basin in SW-Germany is the largest
intramontane basin containing Carboniferous and Permian
sediments within the Varican mountain chain that is currently
exposed at the surface. The Remigiusberg Formation in this
basin has attracted a lot of scientific interest during recent
years, due to an increasing number of finds of some of the
oldest European terrestrial vertebrates. The oldest sediments
within the basin are known from the Yeadonian (Spiesen
formation), and continental sedimentation continued, with
several discontinuities, at least up to the Kungurian
(Schindler 2007, Boy et al. 2012 and citations therein).
Due to the commercial mining of coals that occur in the
upper Pennsylvanian strata (i.e. Duckmantian – Gzhelian;
Steinkohlen group), the macroflora from this period is known
quite well (e.g. Kerp et al. 2007a, b, Cleal 2008 and citations
therein). Workable coal seams occur up to the top of the
Gzhelian Breitenbach formation, although the youngest
seams never had great commercial value, and were mostly
mined for local or regional usage (e.g. Schindler 2007).
The lithostratigraphically defined boundary between the
Steinkohlen group and the Rotliegend group is at the top of
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the Breitenbach Formation (e.g. Schindler 2007, Boy et al.
2012). The lithological changes are also reflected by changes
in the composition of the basin’s fossil fauna and flora (e.g.
Boy and Schindler 2000, 2012, Kerp et al. 2007b, Boy et al.
2012). During deposition of the Rotliegend group, an
aridization trend occurred in the basin, which mirrored a
general trend in facies development (Stapf 1990, 1997, Kerp
2000). Parallel to these environmental trends, there is also
a decrease of macrofloras dominated by basinal elements
from permanently wet environments, and an increase
of macrofloras dominated by hinterland elements from
environments that were dry at least seasonally (e.g. Kerp
2000, Kerp et al. 2007b).
Additionally, sediments from the lower Rotliegend group
(Glan subgroup; uppermost Gzhelian – Asselian) yield more
frequently fossil plants than sediments from the upper
Rotliegend group (Nahe subgroup; Asselian/Sakmarian –
Kungurian). This led to increased patchiness of localities
yielding fossil plant remains in the Nahe subgroup, as
compared to the Glan subgroup (Kerp and Fichter 1985, Uhl
et al. 2004, Kerp et al. 2007a, b).
Fossil macroflora of the Rotliegend deposits from this
basin has been reviewed by Kerp and Fichter (1985), as well
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Table 1. Overview on plant taxa so far recognized from the
Remigiusberg Formation.
Taxon

Kerp and
Fischer (1985)

This work

Calamites sp.

x

Eucalamites cruciatus

x
x

Asterophyllites equisetiformis
Asterophyllites longifolius

?

x

Scolecopteris sp.
Pecopteris cf. cyathea
(= Cyathocarpus cf. cyatheus)

x

x

x
x

cf. “Sphenopteris” germanica
Samaropsis sp.
indet. seeds

x
x

Autunia conferta
Autunia naumannii

x
x

Pecopteris cf. densifolia
Pecopteris sp.

?

x

?
x

as Kerp et al. (2007a, b), and a number of recent studies dealt
with selected aspects of the macroflora (e.g. Lausberg and
Kerp 2000, Lausberg 2002, Lausberg et al. 2003, Uhl and
Heidtke 2003, Uhl 2006, 2008, Uhl and Lausberg 2008, Uhl

and Raisch 2009). However, for some stratigraphic levels in
this basin, there are still gaps in our knowledge concerning
fossil macroflora (cf. Uhl 2008).
One example is the macroflora of the Remigiusberg
Formation, consisting of the basalmost sediments of the
Rotliegend group within the Saar-Nahe Basin (Boy et al.
2012). Kerp and Fichter (1985), in their comprehensive
review of then-known data about the macroflora from the
Rotliegend of the Saar-Nahe Basin listed four plant bearing
localities from this unit, each yielding one to four taxa, though
rather badly preserved. In total, these authors recognized only
five taxa from this stratigraphic level (cf. Tab. 1). Since that
review, no new data concerning macroflora of the Remigiusberg Formation have been published.
However, in recent years, the Remigiusberg Formation
has experienced considerable scientific interest, due to
numerous findings of terrestrial vertebrates, including the
so-far oldest amniote remains from Central Europe (e. g.
Fröbisch et al. 2012, Voigt et al. 2014, Voigt and Uhl 2015).
In the present study, new data on the macroflora of the
Remigiusberg Formation are provided, based on new finds
from two localities on Remigiusberg (a small mountain in the
vicinity of the city of Kusel; Text-fig. 1), which is the type
area of this formation. These finds considerably expand
our knowledge about the flora during deposition of the
Remigiusberg Formation, and they also help develop a better
understanding of the habitats of the recently-discovered
terrestrial vertebrates. Additionally, these new findings

Text-fig. 1. Geological overview map of Saar-Nahe Basin (modified from Stapf (1990) and Uhl et al. (2004)). Asterisk (✽) marks position
of localities at Remigiusberg.
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Material
The material on which this study is based comes from two
localities within the Remigiusberg Formation (Boy and
Schindler 2000, Boy et al. 2012), which were temporarily
exposed in 2007 at the western margin of the so called
Southern-quarry at Remigiusberg in the vicinity of Haschbach
village. The sediment containing most of the plant remains
(locality No. 1) is a dark, blue-grey contact-metamorphous
lacustrine claystone, directly overlying a volcanic intrusion.
These volcanic rocks, a diorite variety locally named as
Kuselite, have been quarried at Remigiusberg since the 19th

SteinkohlenGroup

?

Donnersberg Formation

Thallichtenberg Formation
Oberkirchen Formation
Disibodenberg Formation
Meisenheim Odernheim member
Formation
Jeckenbach member
Lauterecken Formation
Quirnbach Formation
Wahnwegen Formation
Altenglan Formation
Remigiusberg Formation
Breitenbach Formation
Heusweiler Formation
Dilsburg Formation
Göttelborn Formation

Nahe-Subgroup

Wadern Formation

Glan-Subgroup

Rotliegend-Group

Permian

The Saar-Nahe Basin is a half-graben structure, with a
surface extension of approximately 100 km from SW to NE,
and 40 from NW to SE (Stapf 1990, Henk 1993). Within
Central Europe, it is one of the largest and best exposed
intramontane basins of the Variscan orogenic belt in Central
Europe with a purely continental sedimentary infill (Schäfer
1986, Schäfer and Korsch 1998). Sedimentation started in the
Yeadonian and lasted up to the Kungurian (Early Permian:
Schindler 2007, Boy et al. 2012). Although some authors have
claimed that there are no discordances or unconformities
between the Breitenbach and Remigiusberg Formations in the
Saar-Nahe Basin (Boy and Schindler 2000, Schindler 2007),
palynological data hint towards at least a minor discontinuity
at the top of the Breitenbach Formation (Cleal 2008).
Within the basin, the Rotliegend group is divided into the
Glan subgroup (~ Lower Rotliegend; Gzhelian – Asselian) and
the Nahe subgroup (~ Upper Rotliegend; Asselian – Kungurian)
(Boy and Fichter 1982, German Stratigraphic Commission
2002, Menning et al. 2005, Boy et al. 2012).
So far, the exact position of the Pennsylvanian-Permian
boundary within the Saar-Nahe Basin is controversial (e.g.
Boy and Schindler 2000, 2012, Menning et al. 2005, Roscher
and Schneider 2005, Schneider and Werneburg 2006, 2012,
Uhl and Lausberg 2008, Boy et al. 2012). Absolute ages
derived from volcanic markers beds within the Glan subgroup are contradictory, and provide inconsistent age models
(see discussion in Menning et al. 2005). Also, biostratigraphic data are contradictory. Some authors place the
Pennsylvanian-Permian boundary within the “Stephanian C”
(Breitenbach Formation in the Saar-Nahe Basin), based on
inter-basin correlations of selected biostratigraphic data, like
shark-tooth and insect-zonations (e.g. Roscher and Schneider
2005, Schneider and Werneburg 2006, 2012). Others place
the boundary within the Altenglan Formation, based on
ecostratigraphic correlations (e.g. Boy and Schindler 2000,
2012, Boy et al. 2012). Up to now, it was not possible to
use palaeobotanical data to provide any biostratigraphic
constraints on the Pennsylvanian-Permian boundary in this
basin, due to the scarcity of fossil plants from the basal
Rotliegend group.

Carboniferous

Geology and stratigraphy

Kreuznach
Formation Standenbühl
Formation
Sponheim
Formation

OttweilerSubgroup

include several biostratigraphically relevant taxa, so it is
possible for the first time to provide constraints for the base
of the Autunia conferta zone (sensu Opluštil et al. 2016) of
macropalaeobotanical biostratigraphy in this particular basin.

Text-fig. 2. Overview of stratigraphy of Permocarboniferous
succession in Saar-Nahe Basin (based on German Stratigraphic
Commission (2002), Menning et al. (2005), Boy et al. (2012).
Stratigraphic position of localities at the Remigiusberg is
marked by horizontal grey bar.

century. Besides plant remains, the sediment contains isolated
scales of relatively rare actinopterygians and osteolepid fishes
(Boy et al. 2012). Other plant material comes from grey-green
and red clay- and siltstones, which have been removed as
overburden during quarrying of the Kuselite, and piled on
spoil-tips at the western end of the Southern quarry (locality
No. 2). These types of sediments are typical for the upper part
of the Remigiusberg Formation (Boy et al. 2012), and can also
be found in situ within the quarry.
The material used for this study comes from the following
collections:
• Landessammlung Rheinland-Pfalz, Mainz, Germany
(LS-RLP);
• Private collection O. Emrich, Kottweiler-Schwanden,
Germany (SEK);
• Private collection Isbarn, Tiefenthal, Germany (SIT).
Additionally, we analyzed the published literature on the
macroflora of this basin as a source for Text-fig. 7 (i.e. Kerp
and Fichter 1985, Schindler et al. 2004, Kerp et al. 2007a, b,
Cleal 2008, Uhl 2008).

The flora
Sphenophytes
Unidentifiable fragments of axis of sphenophytes
(probably belonging to Calamitaceae) can be found in a
number of horizons (mainly grey-green silt- and claystones)
throughout the entire Remigiusberg Formation. In individual
241

Text-fig. 3. Sphenophyte and fern remains from Remigiusberg Formation. A) Asterophyllites equisetiformis, Inv.-Nr. PB 2010/5809
LS (LS-RLP), scalebar = 2.5 cm; B) Asterophyllites equisetiformis (right) and Pecopteris sp. (left), Inv.-Nr. PB 2010/5813 LS (LS-RLP),
scalebar = 2 cm; C) Long-leafed variety of Asterophyllites equisetiformis, Inv.-Nr. PB 2010/5808 LS, scalebar = 2 cm; D) Calamites
sp., Inv.-Nr. PB 2010/5804 LS (LS-RLP), scalebar = 2.5 cm; E) Eucalamites cruciatus, Inv.-Nr. PB 2016/5034 LS (LS-RLP), scalebar
= 2 cm.

layers, these remains can be quite numerous, covering almost
entire bedding-planes. Large fragments of Calamites are also
frequent in the sediments at locality No. 1. A few of these
specimens, exhibiting scars of branches in the nodal areas,
can be assigned to Eucalamites cruciatus STERNBERG
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(Text-fig. 3E). Besides these relatively large remains, smaller
calamitalean axes also occur frequently (Text-fig. 3D).
Asterophyllites equisetiformis (SCHLOTHEIM ex STERNBERG) BRONGNIART (Text-fig. 3A–B), a foliage type which is
most likely associated with Calamites undulatus STERNBERG

(Barthel 2004), is abundant at locality No. 1. This taxon
represents the most common calamitacean foliage type in the
entire Rotliegend of the Saar-Nahe Basin (Kerp and Fichter
1985, Uhl 2008), and is seen as a typical element of humid
environments (Barthel 2004, DiMichele et al. 2006).
One specimen of Asterophyllites from the new material has
relatively large leaves, and somewhat resembles Asterophyllites longifolius (STERNBERG) BRONGNIART (Text-fig. 3C),
a taxon whose questionable occurrence in sediments of the
Remigiusberg Formation had already been mentioned by Kerp
and Fichter (1985). Based on the fragmentary remain with an
(incomplete) leaf length of ca. 20 mm, it is not possible to proof
an unequivocal affiliation of this remain to this species. As it
occurs together with Asterophyllites equisetiformis on the same
bedding plane, it seems possible that this specimen just
represents a long-leaved variety of the latter species.
Sphenophytes represent the most abundant plant remains
in all horizons of the Remigiusberg Formation (data presented
here, and additional observations in the field), and thus it is
somewhat surprising that this group has not been mentioned
earlier in the literature from this formation (e.g. Kerp and
Fichter 1985, Boy and Schindler 2010, Boy et al. 2012). This
discrepancy can probably be explained by the fact that
previous studies were mainly based on material in existing
university and museum collections (H. Kerp pers. comm.
2001), in which the ubiquitous calamitalean remains had not
been incorporated. This was probably due to the fact that they
were too “common” to be considered as relevant by collectors,
who mainly focused on other groups of organisms (e.g.
vertebrate fossils). Such a sampling bias is also known from
other localities, where the most common fossils in the outcrops
are underrepresented in the corresponding collections.
Filicophytes
Sterile as well as fertile fragments of pecopterids
dominate the flora, besides the ubiquitous sphenophyte
remains at locality No. 1. Due to rather poor preservation
of the venation, and if present, sporangia caused by the
contact-metamorphism, most of these remains cannot be
determined down to the species level.
Most sterile specimens can thus only be assigned to the
genus Pecopteris BRONGNIART, based on frond architecture
and pinnule outline. It is even worse for most fertile
specimens; it is not even clear to which genus they belong,
due to the poor preservation of fine details of sporangia.
Some of the specimens, like the one figured in Text-fig. 4E,
most likely belong to Asterotheca PRESL, based on the form
and position of the sporangia. Some sterile specimens can
most likely be matched with Pecopteris densifolia GOEPPERT
(Text-fig. 4A) and Pecopteris cyathea SCHLOTHEIM ex
BRONGNIART (= Cyathocarpus cyatheus (SCHLOTHEIM ex
BRONGNIART) MOSBRUGGER; for a detailed taxonomic treatment of the taxa see Cleal 2015) (Text-fig. 4B), based on the
form and size of pinnules and poorly visible details of the
venation (cf. Barthel 2005). However, as an unequivocal
determination of these pecopterids down to the species
level is not possible, and since the likely species are
morphologically very similar, we can only state that several
of the pecopterid remains from locality No. 1 seem to belong
to the Pecopteris arborescens/cyathea group.
An interesting observation at locality No. 2 is the fact
that, although sphenophytes clearly dominate in grey-green

silt- and claystones, unidentifiable remains of pecopterid ferns, though not frequent, are more abundant in red
sediments intercalated between these grey-green sediments,
whereas calamites are almost missing in this red facies.
Pteridosperms
Remains of pteridosperms are rare at locality No. 1, and
totally missing at locality No. 2. So far, only a single
specimen of Autunia conferta (STERNBERG) KERP has been
discovered at locality No. 1 (Text-fig. 5A). Autunia naumannii (GUTBIER) KERP, previously reported by Kerp and Fichter
(1985) from the Remigiusberg Formation, is missing from
both new localities. First occurrence of both taxa is frequently
used to define the base of the Autunia conferta zone (e.g.
Wagner and Álvarez-Vázquez 2010, Opluštil et al. 2016 and
citations therein).
Three rather badly preserved specimens can best be
matched with “Sphenopteris” germanica WEISS, based on their
general morphology (Text-fig. 5B–C) (cf. Barthel 2006,
DiMichele et al. 2013). This taxon represents a typical element
of the mesophilous-xerophilous Rotliegend vegetation,
growing at some distance from lakes and rivers (e.g. Gothan
and Gimm 1930, Arnhardt 1972, Barthel 2006). It is relatively common in the Central European Rotliegend, e.g. in
NW-Saxony, Thuringia and the Sudetic basins (e.g. Remy
1978, Barthel 2006). Although Barthel (2006), in a study on
Rotliegend plants from the Thuringian Forest Basin mentioned
the occurrence of this taxon in the Rotliegend of the Saar-Nahe
Basin, there seems to be no confirmed published record of this
taxon from this particular basin so far. An American record of
this taxon from the Early Permian of Colorado (Pfefferkorn
and Resnik 1980) was later questioned by Dimitrova et al.
(2010) as a potential misidentification. However, a similar
form has also been reported from the Pennsylvanian of Texas
as “Sphenopteridium of the Sphenopteris germanica type”
(e.g. DiMichele 2014: fig. 12). As pointed out by DiMichele
et al. (2013), “Sphenopteris” germanica should be included in
Sphenopteridium SCHIMPER, but since a formal synonymy (as
announced by these authors) has so far not been published,
we refrain from using the combination Sphenopteridium
germanicum for the time being.
Carpological remains
Seeds are abundant on some slabs from locality No. 1.
All are rather badly preserved, and occur mostly as small dots
with a shiny luster on the surface of rocks (not necessarily
on bedding planes). Due to their overall poor preservation, it
is not possible to determine whether these seeds are winged
or not, although some larger ones exhibit a kind of shiny and
flat halo around a rounded central body (Text-fig. 6A–B).
These features resemble the genus Samaropsis GOEPPERT,
which was previously mentioned by Kerp and Fichter (1985)
from the Remigiusberg Formation, but due to the poor
preservation of the material, an unequivocal affiliation to this
taxon is not possible.

Taphonomy and palaeoenvironment
Based on palynological data (from an unpublished
report), Boy and Schindler (2000) postulated that the more
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Text-fig. 4. Fern remains from Remigiusberg Formation. A) pecopterid remain belonging to Pecopteris arborescens/cyathea group,
Inv.-Nr. PB 2016/5033 LS (LS-RLP), scalebar = 2 cm; B) pecopterid remain belonging to Pecopteris arborescens/cyathea group, Inv.-Nr.
PB 2016/5029a+b LS (LS-RLP), scalebar = 2 cm; C) Pecopteris sp., Inv.-Nr. PB 2010/5809 LS (LS-RLP), scalebar = 2.5 cm; D) Pecopteris
sp., Inv.-Nr. PB 2016/5029b LS (LS-RLP), scalebar = 2 cm; E) Asterotheca sp., Inv.-Nr. PB 2010/5812 LS (LS-RLP), scalebar = 2 mm.

meso- to xerophilous “hinterland” vegetation spread into
basinal habitats during deposition of the Remigiusberg
Formation, in some places even replacing plants which grow
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in substrates saturated with water for longer periods of time,
like most ferns and sphenophytes from the riparian zone.
Such an increase of more dry-adapted plants, and a

Text-fig. 5. Pteridosperm remains from Remigiusberg Formation. A) Autunia conferta, coll. Emrich, scalebar = 2 cm; B) “Sphenopteris”
germanica, Inv.-Nr. PB 2010/5806 LS (LS-RLP), scalebar = 2.5 cm; C) “Sphenopteris” germanica, Inv.-Nr. PB 2016/5029b LS (LS-RLP),
scalebar = 2 cm.

replacement of typical wetland vegetation from riparian
habitats (or wet lands in a wide sense) is so far not indicated
by the macroflora from this formation. However, palyno-

logical data and macrofloral data do not necessarily
contradict each other, if some basic taphonomic aspects are
considered. Palynomorphs are usually transported over larger
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Text-fig. 6. Selected carpological remains from Remigiusberg
Formation. A) cf. Samaropsis sp., Inv.-Nr. PB 2016/5038 LS
(LS-RLP); B) cf. Samaropsis sp., Inv.-Nr. PB 2016/5029a LS
(LS-RLP).

distances than most plant macroremains, and thus typical
hinterland palynomorphs can occur in depositional systems,
like lacustrine or marine environments, even if the source
habitats are located some distance from these environments
(e.g. Traverse 2007). For most macroremains, riparian
vegetation can provide effective barriers for the transport
from the source habitat into such areas of deposition (e.g.
Ferguson 1985). Only when the wetland “belt” becomes
smaller, and a (hypothetical) taphonomic threshold is
crossed, the probability that a considerable number of nonwetland macroremains can be transported into the areas of
deposition increases significantly. The rather low number of
typical elements from the “hinterland” vegetation, adapted
to seasonal or continuous dry conditions in the Remigiusberg
Formation, and the dominance of plants adapted to (at least
seasonally) wet conditions, like sphenophytes and ferns,
implies that the riparian vegetation was still dominated by
typical wetland plant communities, and that the riparian belt
still acted as a considerable taphonomic barrier, preventing
a significant input of mesophilous (rare) or even xerophilous
remains (so far completely missing) into the lake.
Thus we can reconstruct the margin of the lake (and
probably also the margins of its major tributaries) as
colonized by a typical wetland community, consisting of
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sphenophytes and ferns. Some distance from the lake and its
major tributaries (maybe less than a hundred meters), the
habitats of the more mesophilous plants, like the two Autunia
species and “Sphenopteris” cf. germanica might have been
located. At the moment, nothing can be said about how
far this mesophilous “belt” stretched, or where habitats of
xerophilous plants, like conifers, were located in relation to
the lake margin, but palynological data hint at their presence
somewhere in the “hinterland” of the lake.
In contrast with the palynoflora of the Remigiusberg
Formation, which contains a number of “modern”, mesoxerophilous hinterland-elements (cf. Boy and Schindler
2000), the macroflora is dominated by “archaic” elements
from wet habitats. This discrepancy can probably be
explained by taphonomic filters, and differences between this
flora and the flora from the unconformably (?) underlying
Breitenbach Formation (“Stephanian C”, Gzhelian) (Cleal
2008), as well as a hinterland flora from the Heusweiler
Formation (“Stephanian B”, Kazimovian – Gzhelian) (Kerp
et al. 2007b) can probably be explained by climatic and/or
tectonic changes, which also led to considerable changes in
the depositional systems of the basin (e.g. Boy et al. 2012).
These changed from a landscape dominated by braided rivers
and extensive, long lasting coal swamps (the permanently
most humid end member of plant habitats) to a landscape
dominated by meandering rivers and lakes in the lower
Rotliegend (Glan subgroup). This led to a spatial reduction
of wetlands, which covered large landscapes during the
Carboniferous, to marginal “wet spots”. Such a change is
typical for the development of the vegetation all over
Euramerica during the Carboniferous-Permian transition (e.g.
DiMichele et al. 2006).

Biostratigraphic implications
The most important marker for the base of the Autunia
conferta biozone is the first occurrence of the name-giving
pteridosperm A. conferta. Originally it was assumed that this
taxon would be an index fossil for the Permian (e.g.
Jongmans 1928, Jongmans and Gothan 1937), but subsequent
work uncovered an earlier appearance in the late Pennsylvanian (Stephanian; e.g. Havlena 1970, Remy 1978, Kerp
1988).
Recently Barthel (2006) stated that Autunia conferta
would only occur in the Lower Permian parts of the profiles in the Central European Rotliegend basins, and cited
W. Gothan and W. Remy as authorities for such a statement,
unfortunately without providing explicit references published
by these eminent palaeobotanists. In any case, Opluštil et al.
(2016) demonstrated that the taxon indeed appeared in the
Late Pennsylvanian in many Central and Eastern European
sedimentary basins.
Besides the name-giving taxon, other representatives of
the genus Autunia are frequently used to support the base of
this biozone (e.g. Opluštil et al. 2016, and citations therein).
“Sphenopteris” germanica is also considered as an index
fossil for the Autunia conferta zone (e.g. Remy 1978), and
in many (but not all) other contemporary basins, Cyathocarpus cyatheus has its first appearance near the base of the
Autunia conferta zone (e.g. Opluštil et al. 2016).

Text-fig. 7. Stratigraphic ranges of selected, biostratigraphically relevant taxa from Late Pennsylvanian and Early Permian of
Saar-Nahe Basin. Based on data from Kerp and Fichter (1985), Lausberg et al. (2003), Schindler et al. (2004), Kerp et al. (2007a, b),
Cleal (2008) and Uhl (2008). Absolute age of 300.0 ± 1.2 Ma in middle of Remigiusberg Formation based on Ar-Ar dating of sanidins
published by Burger et al. (1997).

This places the oldest evidence for the Autunia conferta
zone within the Saar-Nahe Basin in the upper part of the
Remigiusberg Formation, whereas the top of the underlying
Breitenbach Formation belongs to the Sphenophyllum
angustifolium zone (Cleal 2008, cf. Text-fig. 7).
In other Central and Eastern European basins, the base of
the Autunia conferta zone is clearly located in the late
Gzhelian, but it became also clear that the base of the A.
conferta zone is diachronous across Europe (Opluštil et al.
2016). This implies that the upper part of the Remigiusberg
Formation is probably not older than the late Gzhelian. Cleal

(2008) suggested the possibility of a minor discontinuity at
the top of the Breitenbach Formation (“Stephanian C” –
Gzhelian), and thus it is not clear if a part of the late Gzhelian
(or even a part of the lower Asselian) is missing in this basin.
An Asselian age of the plant bearing sediments cannot be
excluded based on the palaeobotanical data alone, as the
Autunia conferta zone reaches widely up into the Early
Permian.
Following Henderson et al. (2012), the best interpolation
for the base of the Asselian and thus the entire Permian
provides an age of 298.9 ± 0.2 Ma. For the Saar-Nahe Basin,
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Burger et al. (1997), based on Ar-Ar dating of sanidins,
provided an absolute age of 300.0 ± 1.2 Ma for a tuff near
the “Stephanian C”/Rotliegend boundary in the northern part
of the Saarland. According to Boy et al. (2012), this age
comes from the so-called “Dirmingen-Tuff”, which is
situated in the middle part of the Remigiusberg Formation.
It would thus be slightly older than the new plant remains
described here. However, as pointed out by different authors
(e.g. Davydov et al. 2012), the Ar-Ar technique often
provides rather imprecise age dates, compared to other
techniques, due to intrinsic analytical and systematic errors.
Thus such ages have to be interpreted with great care.
Considering only the numerical errors of both absolute
age data, the Gzhelian-Asselian boundary could be within the
middle to upper part of the Remigiusberg Formation. Without
the errors, the “Dirmingen” tuff would clearly be of late
Gzhelian age, supporting a late Gzhelian age for the only
slightly younger plant-bearing sediments of the Remigiusberg Formation, but unfortunately this age has still to be
considered with great care, as it might be rather imprecise,
due to technical reasons (cf. Davydov et al. 2012). If this age
were precise, it would imply that the Gzhelian-Asselian
(Pennsylvanian-Permian) boundary is either near the top of
the Remigiusberg Formation or within the following
Altenglan Formation, as previously suggested by Boy and
Schindler (2000, 2012), based on ecostratigraphic data. In
contrast, both alternatives would contradict other biostratigraphic schemes based on inter-basinal correlations of
palaeozoological remains (e.g. Roscher and Schneider 2005,
Schneider and Werneburg 2006, 2012). Due to inconsistencies and technical problems with absolute ages derived from
different volcanic marker beds within the Saar-Nahe Basin
(cf. Menning et al. 2005, Davydov et al. 2012), there is still
a big problem using such data from this basin. Thus it is still
not possible to provide an unambiguous solution for
positioning the Gzhelian-Asselian boundary within the
Saar-Nahe Basin.
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