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THE AMMONOID FAUNAL CHANGE NEAR THE
DEVONIAN-CARBONIFEROUS BOUNDARY

by
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(13 figures)

ABSTRACT.- The Upper Famennian ammonoid fauna is characterized by the predominance of the clymeniids,
which became extinct in the topmost Devonian. The Hangenberg Black Shale marks the incision of ammonoid
diversity. Survivors are only Mimimitoceras, Wocklumeria, Lissoclymenia and Cymaclymenia, which in two sections
(Missenberg, Drewer) occur in beds above the Hangenberg Blach Shale together with species of Acutimitoceras
in the prorsum Zone. TheGattendorfia Stufe fauna evolved rapidly after the extinction of the clymeniids. The
new taxa Globimitoceras gen. nov., Nicimitoceras gen. nov., and Mimimitoceras hoennense Sp. nov. are proposed.

INTRODUCTION

The bioevent near the D-C boundary is an
important one in the evolution of organisms. The
ammonoids in particular show a decline in the
topmost Devonian and then a rapid evolution in the
lowermost Carboniferous. They are excellent objects
to study because they are comparatively abundant
on both sides of the boundary and are morpholo-
gically diverse.

The D-C boundary was for a long time characte-
rized by the entry of Gattendorfia subinvoluta, but is
now defined by the first appearance of Siphonodella
Sulcata (2nd meeting of the IUGS D-C boundary
working group, Washington, 1979). This agreement
caused some difficulties in the correlation of the
ammonoid and conodont zonations which had been
established, for the most part, in different localities.
It was commonly supposed that the new D-C
boundary with S. sulcata as its index is situated
somewhat below the old one defined by G. sub-
involuta (see Bless et al., 1988; Becker, 1988, etc.).

This assumption is based mainly on the fact that
Protognathodus kuehnihas been used as a valuable
substitute index fossil for Siphonodella sulcata
(Ziegler & Sandberg, 1984; Clausen et al., 1989). If

this is accepted, the Acutimitoceras fauna (prorsum
Zone) of several outcrops (Stockum, Missenberg,
etc.) would fall into the Carboniferous. But simul-
taneous -collections of both ammonoids and cono-
donts show that P. kuehniin some sections precedes
S. sulcata (Clausen et al., 1989, 1990; Schéniaub
et al., 1992). Also S. sulcata has not been found in
the same horizons as the Acutimitoceras fauna; con-
sequently, the latter has to be regarded as Devonian
according to the current definition of the base of the
Carboniferous system.

Many D-C boundary sections have been inten-
sively examined over the last ten years. They can
be subdivided in terms of the distribution of the
ammonoids. This detailed ammonoid zonations
consists of four zones within the Clymenia Stufe
(Korn, 1981), five zones within the Wocklumeria Stufe
(Korn, 1986), and four zones within the Gattendorfia
Stufe (Vohringer, 1960). This zonation can be applied
also in other regions. As shown in Figure 11, many
of these zones can be subdivided even further,
though, at the moment, this is only possible in the
fossiliferous sections of the Rhenish Massif. Am-
monoid-bearing sections in other regions essentially
verify the stratigraphical scheme, although many
sections of North America and China cannot be
correlated in detail.

1. Institut und Museum fiir Geologie und Paldontologie, Sigwartstrasse 10, D-7400 Tubingen.
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THE AMMONOID STRATIGRAPHY
NEAR THE D-C BOUNDARY

The base of the Wocklumeria Stufe has been
defined in terms of the entry of the genus Kallo-
clymenia (see Schindewolf, 1937). This interpretation
cannot, however, be used because Kalloclymenia
occurs with typical forms in the upper Clymenia Stufe
(Price & Korn, 1989). Since a modification of the
Wocklumeria Stufe range is not reasonable, Price &
Korn took Sphenoclymenia brevispina as the index
fossil for the base of the Wocklumeria Stufe. This
decision permits the original range definition to be
retained. The subdivision of the Wocklumeria Stufe
given by Schindewolf can be adopted with a few
modifications obtained by examining other localities
in the neighbourhood of the Ober-Rédinghausen
section.

The lower part of the Wocklumeria Stufe which
does not contain Wocklumeria and Parawocklumeria
was not subdivided by Schindewolf, but can be spilit
into a lower part (= Lower subarmata Zone) without
and a higher part (= Upper subarmata Zone) with
Muessenbiaergia bisulcata as its index (Korn &
Luppold, 1987) [Kalloclymenia subarmataitself is no
longer used as an index for defining a zone]. The
Upper subarmata Zone is not a uniform timespan -
the genera Balvia and Glatziella appear in the upper

Griine Schneid

ntioned in this

portion of it and suggest a finer subdivision. Hence,
in the Rhenish Massif it is possible to subdivide the
Upper subarmata Zone.

The upper part of the Wocklumeria Stufe is
characterized by rapid ammonoid evolution. Several
distinct ammonoid horizons can be separated : the
Lower paradoxa Zone (whose base is defined in
terms of the first entry of Parawocklumeria paprothae)
consists of a lower part with Parawocklumeria
paprothae and species belonging to Kamptoclymenia,
and an upper part with Parawocklumeria paradoxa.
Perhaps such a subdivision can be documented also
in other regions, such as Carnic Alps.

The Upper paradoxa Zone begins with the
appearance of Wocklumeria sphaeroides. This zone
has three different horizons : a lower one with
Postglatziella carinata but without Epiwocklumeria
applanata; the middle one containing the maximum
frequency of Wocklumeria sphaeroides and charac-
terized by E. applanata; and the upper part is
distinguished by the abrupt facies change to the
Hangenberg Black Shale that contains just a few
ammonoids. Only two species of Cymaclymenia, and
one of Mimimitoceras? are present (Korn, 1991). Of
these species, C. evoluta can already be found in
clastic intercalations between the Wocklum Limestone
(Korn, 1988); C. nigrahas only been reported from
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the black shale; and M. ? substriatum is too poorly
known and anyway cannot be assigned to distinct
stratigraphic levels [most specimens of Véhringer,
1960, etc. which are regarded as substriatum, in fact
belong the Acutimitoceras kleinerael.

Finally, the top of the Wocklumeria Stufe, which
is the top of the Upper Devonian, is marked by the
Acutimitoceras fauna (prorsum Zone), when accepting
the conodont D-C boundary. With a few exceptions
(four clymeniids), the fauna consist only of different
Acutimitoceras species. None of the typical goniatites
from the Gattendorfia Stufe, such as Gattendorfia and
Eocanites are yet present.

Another nomenclature for the Wocklumeria Stufe
subdivision was proposed by Becker (1988), using
the terms subarmata-brevispina Zone, endogona
Zone, and sphaeroides Zone. The main argument
for adopting the traditional Schindewolf (1937) names
was that "the zonal definitions remain unchanged"
(Becker 1988 : 199). But this statement is incorrect
because Schindewolf defined the top of his
sphaeroides Subzone by the first entry of

Gattendorfia, Eocanites etc. - the range of the
sphaeroides Subzone is therefore much longer than
that of the sphaeroides Zone in Becker’s sense.
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Also, Becker used two more stratigraphic units; -
firstly the evoluta Zone with Cymaclymenia evoluta
as its index, and secondly the evoluta-prorsum-
Interregnum. Both are unnecessary since
Cymaclymenia evoluta is distributed more widely than
previously assumed (Korn, 1988) and is probably
restricted to clastic sediments. Thus theevoluta Zone
proposed by Becker is not a definable timespan; or
if one uses the zonal name only for the Hangenberg
Black Shale, it would be an eventstratigraphic but not
a biostratigraphic unit. An evoluta-prorsum-
interregnum does not exist because the
Acutimitoceras fauna occurs immediately above the
Hangenberg Black Shale, as can be demonstrated
in the Drewer section (Korn, 1991). Cymaclymenia
evoluta and species of Acutimitoceras also occur
together.

Becker (1988) also distinguished a Stockum level
(which he correlated with the sulcata Zone) and the
prorsum Zone below it, which was held to contain less
advanced species of Acutimitoceras. Again, such a
subdivision is not necessary because all the known
occurrences of the Acutimitoceras fauna are rather
similar in composition, differences being mainly due
to the number of specimens available.
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Ober-Rodinghausen
railway section

Fig. 2.- The ammonoid distribution in the Hangenberg Limestone at Ober-Rédinghausen railway section (Rhenish Massif, Germany).
Data mainly from Véhringer, 1960.
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Fig. 3.- The ammonoid distribution in the D-C boundary beds at Miissenberg (Rhenish Massif, Germany)

‘The subdivision of the Gattendorfia Stufe (beginning

with the first entry of Gattendorfia subinvoluta)
proposed by Vdéhringer (1960) is still accepted.
However, his subzones are now regarded as zones.
The zonation embracing the acutum Zone, dorso-
planus Zone, westfalicus Zone, and patens Zone from
the bottom to the top can be recognized in other
regions such as Lower Silesia (Weyer, 1965) and
Thuringia (Bartzsch & Weyer, 1982). It is not clear
whether the four zones can be subdivided more finely
as the range chart of the ammonoids given by
Vohringer suggests; apart from the Ober-Réding-
hausen section, there are no rich ammonoid assem-
blages available for study that were collected on a
bed by bed basis.

THE D-C BOUNDARY AMMONOID
FAUNA CHANGE

The clymeniids have their evolutionary peak in the
Upper subarmata Zone and the Lower paradoxa Zone
(Korn, 1986). More than 15 genera are present here
with a high number of different species. Of particular
interest are the genera Kamptoclymenia, Solilymenia
and Glatziella, which are restricted to this timespan.
Some other genera appear, such as Parawocklumeria
and Lissoclymenia, whereas some longer ranging

genera, like Kosmoclymenia, Cymaclymenia,
Cyrtoclymenia etc. are already present in older
deposits.

The faunal spectrum of the Upper paradoxa Zone
is significantly reduced. Many of the short-ranging
genera from the beds below do not exist within it,
while Postglatziella, Finiclymenia, Wocklumeria and
related forms such as Epiwocklumeria are typical.
Some long ranging genera besides these are still
present. Most species from this zone are smoothly
ornamented.

Only three clymeniid genera survived the facies
change from carbonate to black shale sedimentation.
Two almost smooth shelled species of Cymaclymenia
are known from the Hangenberg Black Shale, and
the species Cymaclymenia striata, Lissoclymenia
wocklumeri and Wocklumeria sphaeroides are still
present in the prorsum Zone, immediately before the
order Clymeniida became extinct.

The significance of the goniatites in the Upper
Famennian is much less than that of the clymeniids.
Beside long-ranging forms like the sporadoceratids
and tornoceratids, there are especially the priono-
ceratids which produced many new taxa (Korn, in
press).
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Fig. 4.- The ammonoid distribution of the D-C boundary beds
at Hasselbachtal (Rhenish Massif, Germanyy).

One of these is the genus Balvia that evolved from
Mimimitoceras in the lower part of the Wocklumeria
Stufe. Species of this genus are very common and
typical from the Upper subarma Zone to the Upper
paradoxa Zone, but it appears that Balvia did not
survive the Hangenberg Event.

According to present knowledge, Mimimitoceras
was the single goniatite genus to survive the
Hangenberg Event. Similar species of this genus are
present in the Wocklum and in the Hangenberg
Limestone, but typical specimens have not, as yet,
been collected from the Hangenberg Black Shale and
the Stockum Limestone. It is not sure that the species
substriatum, found at Schiibelhammer and Drewer
(at this locality in black nodules within the
Hangenberg Black Shale) in fact belongs to
Mimimitoceras since the early ontogeny in still
unknown. Perhaps it belongs to the descendant
genus Acutimitoceras that evolved rapidly in the
prorsum Zone into several species. It is notable that
an accumulation of Acutimitoceras individuals is

present in many Middle Europaean D-C boundary
sections. The evolution of the genera Gattendorfia,
Eocanites, Paprothites, Pseudarietites etc. happened
after some delay in the Gattendorfia Stufe and forms
the basis of its subdivision.

The new genus Globimitoceras (type species is
Imitoceras globiforme V6hringer, 1960) is introduced
for involute imitoceratids without constrictions.
Nimitoceras gen. nov. (type species is Imitoceras
subacre Véhringer, 1960) is erected for species with
a very small external lobe and a much deeper
adventive lobe. Ornament and conch form resemble
Acutimitoceras. Sulcimitoceras Kuzina 1985 is
regarded as a subgenus of Acutimitoceras .

Also newly erected is the species Mimimitoceras
hoennense sp. n. (= Imitoceras liratum liratum of
Véhringer 1960, p. 125). The holotype is the spe-
cimen GPI Tibingen Ce 1130/18.

THE AMMONOID D-C BOUNDARY
SUCCESSION IN VARIOUS REGIONS

1.- RHENISH MASSIF

Since the classical examination of the Wocklum
Limestone ammonoid fauna by Schindewolf (1937)
and of the Hangenberg Limestone by Véhringer
(1960), some progress could be made by concen-
trating on the beds in between these two cephalopod
limestones (Alberti et al., 1971; Clausen et al., 1987,
1989, 1990; Groos-Uffenorde & Uffenorde, 1974;
Higgs & Streel, 1984; Korn, 1981, 1984, 1988, 1990,
1991; Korn &Thomas, 1988; Luppold et al., 1984;
Ziegler et al., 1988). Rich ammonoid faunas from the
Stockum horizon have been collected from Stockum
itself as well as from some other localities of the
Remscheid-Altena Anticline (at Hasselbachtal and
Ober-Rédinghausen from shales; at Drewer and
Missenberg from the base of the Hangenberg
Limestone) and of the Herzkamp Syncline (Aprath).

The standard succession of the D-C boundary
beds from the base to the top consists of :

- Wocklum Limestone (Lower subarmata Zone to
middle part of the Upper paradoxa Zone). In basin
sections it can be replaced partially or completely by
shales. All the known occurrences from the top of the
Wocklum Limestone yielded the same ammonoid
faunas, with Wocklumeria sphaeroides, Parawock-
lumeria paradoxa, Finiclymenia wocklumensis,
Lissoclymenia wocklumeri predominating. These beds
contain a Middle praesulcata Zone conodont fauna
which is more evidence for the isochroneity of this
horizon.
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Fig. 5.- The ammonoid distribution in the D-C boundary beds at Drewer, profiles WJ and WB (Rhenish Massif, Germany).
Data of profile WB after collections by K. Bartzsch, D. Korn and D. Weyer.

- Hangenberg Black Shale (upper part of the Upper
paradoxa Zone). In all the sections (of both shoals
and basin), this member starts contemporaneously
and forms an important index horizon. The ammonoid
fauna is composed of only three species (Korn,
1991). Only a few localities (all situated on anticlines)
are known in which this horizon is lacking
(Hangenberg, Effenberg, Miissenberg).

- Hangenberg Sandstone/Hangenberg Shale. This
member formed by turbidity currents is not present
in all the sections - laterally the sandstones can
disappear and reappear very quickly or can be
replaced by siltstones or shales. Ammonoid faunas
are rare and have only been collected at Drewer. The
crushed specimens belong to the genus Acutimito-
ceras and suggest that this horizon belongs to the
prorsum Zone.
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Fig. 12.- Diversification of ammonoid genera from the Clymenia Stufe to the Gattendorfia Stufe.
Note the acme of diversity in the middle part of the Wocklumeria Stute and the incision during the Hangenberg Black Shale timespan.

- Stockum Limestone (prorsum Zone). The typical
goniatite-bearing lenses are known only from Stockum
where they are situated in between beds of the
Hangenberg Sandstone. At Drewer section WJ (Fig.
5) a thin layer of black detritic nodules containing
Acutimitoceras species is known (Korn, 1991) which
resembles the Stockum lenses.

- Hangenberg Limestone (prorsum Zone to patens
Zone) : The heterochronous base of the Hangenberg
Limestone can be substantiated by the ammonoid
and the conodont faunas. While in the "normal”
sections like Drewer (Fig. 5), Missenberg (Fig. 3),
and Effenberg carbonate sedimentation started in the
prorsum Zone (or alternatively Upper praesulcata
Zone), the sections more to the west - such as Ober-
Rédinghausen (Fig. 2), Hasselbachtal (Fig. 4), show
a somewhat later beginning for carbonate
sedimentation in the acutum Zone (or alternatively
sulcata Zone) [pace Bless et al., 1988; Becker, 1988].
In the Hasselbachtal section the index goniatite
Acutimitoceras acutum can be collected below the
lowest bed of the Hangenberg limestone.

2.- THURINGIA, FRANCONIA

The sections near Saalfeld (Pfeiffer, 1954; Weyer,
1976; Bartzsch & Weyer, 1982, 1986) basically show
the same succession of ammonoid faunas as the
Rhenish localities. The lower four zones of the
Wocklumeria Stufe are very similar, only the Hangen-
berg Black Shale is missing near Saalfeld. The
"Upper Quarzit" is an equivalent of the Hangenberg
Sandstone, and a comparable poor Acutimitoceras
fauna has been collected immediately above the
quartzite in the lowest nodules of the uppermost
Kalkknollenschiefer. A short distance above this
horizon, a typical Gatfendorfia Stufe fauna has been
collected (Fig. 6).

The classical outcrop near Kirchgattendorf has
been re-examined from the standpoint of its stratigra-
phical features (Korn, in prep.). The top of Schinde-
wolf's (1923) bed 20 yielded Kalloclymenia sp. and
therefore cannot be stratigraphically younger than the
Lower paradoxa Zone.
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Fig. 13.- Evolution of the prionoceratid and eocanitid ammonoids during the Upper Famennian and lowermost Carboniferous.
Note that while the prionoceratid genera in the Upper Famennian only show minor diversification, they rapidly evolved after extinction
of the clymeniids. Cross sections mostly after Véhringer (1960) and Weyer (1977). Also shown is the sutural development from
Acutimitoceras to Eocanites. This shows a continuous migration of the lateral lobe due to evolution of the conch geometry.

Above these nodular limestones a thin clastic bed
is intercalated and succeeded by bed 21 (which has
been subdivided in six portions, Fig. 7). The lowermost
part contains an ammonoid fauna consisting only of
Acutimitoceras species (Acutimitoceras kleinerae,
Acutimitoceras intermedium, Acutimitoceras prorsum
etc.) and evidently is to be placed in the prorsum
Zone. Gattendorfia appears a little later in higher
horizons.

An indication of an Acutimitoceras faunal presence
is found in the old clymeniid locality at Schiibel-
hammer, immediately above the clymeniid limestones
(Korn, in prep.). As at Gattendorf, a gap within the
higher part of the Wocklumeria Stufe is present that
includes the Upper and probably also the Lower
paradoxa Zone.

3.- LOWER SILESIA

The Dzikowiec section is also characterized by
a gap. The youngest Upper Devonian beds belong
(with their content of Parawocklumeria and
Kamptoclymenia species) in the Lower paradoxa
Zone (Schindewolf, 1937; Lewowicki, 1959); the
limestones following immediately above this have a
higher Gattendorfia Stufe age (Weyer, 1965).

4.- CARNIC ALPS

Several D-C boundary sections have been
investigated over the last few years. Most ammonoids
could be collected from the Griine Schneid section
(Schonlaub et al., 1988, 1992; Korn, 1992).
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All the ammonoid zones from the Lower paradoxa
Zone up to the acutum Zone are represented here
and are characterized by typical index fossils (Fig.
8). The Hangenberg Black Shale, which is known
from the nearby Kronhof Graben section (Schénlaub,
1969), is missing, but may have been replaced by
the argillaceous component of bed 6B1. Otherwise
the section is completely composed of cephalopod
limestones. It is important to note that Gattendorfia
subinvoluta and Siphonodella sulcata enter in the
same horizon.

5.- MONTAGNE NOIRE

While the shallow water section at La Serre
yielded only a few wocklumeriids from the top of the
Upper Devonian (Flajs & Feist, 1988), the other
localities show a succession comparable to that in
the Rhenish Massif. The sections at the Puech de
la Suque (Fig. 9) and Pic de Vissous contain a
Hangenberg Black Shale equivalent of 30 to 50 cm
thickness that is intercalated in a sequence of
cephalopod limestones. Directly below it, specimens
of Wocklumeria can be collected. Above the shales,
an accumulation of Acutimitoceras individuals is
present, and the section at the Puech de la Suque
yielded Gattendorfia a short distance above this
horizon. Again, Siphonodella sulcata is not present
in the Acutimitoceras horizon (R. Feist, pers. comm.).

6.- CORNWALL

Selwood (1960) described ammonoids from
Stourscombe and Yeolmbridge. They belong to the
lower four zones of the Wocklumeria Stufe as well
as the higher part of the Gattendorfia Stufe.

7.- MUGODZHARS

The well-known, extremely fossiliferous section
at the Kiya river yielded an Upper paradoxa Zone
ammonoid fauna from the base of bed 11 (Simakov
et al., 1985). Ammonoids from higher beds are not
known.

Another D-C boundary section is known from
Berchogur (Barskov et al., 1984; Kuzina, 1985;
Simakov et al., 1985; Bogoslovskiy, 1987, 1988), but
ammonoids have only been collected from two
horizons which are situated very close to the D-C
boundary. This ammonoid fauna is composed mainly
of Acutimitoceras species and contains no typical
forms of the Gattendorfia Stufe.

8.- GUIZHOU

Rich ammonoid faunas from the Wocklumeria
Stufe and also the Gattendorfia Stufe have been
described by Ruan (1981) from Wangyou. Unfor-
tunately, this material has not been strictly collected
bed by bed. There is probably no gap in the suc-
cession, however, because all the typical index fossils
are present. Beside the Ober-Rédinghausen section,
Wangyou yielded the richest ammonoid fauna of the
Gattendorfia Stufe.

The nearby Muhua and Dapoushang sections
(Sheng, 1989), are very interesting in the context of
the D-C boundary. They are composed only of
limestones with a thin intercalation of clastic material
between the Daihua and the Wangyou Formations.
The uppermost bed of the Daihua Formation at
Dapoushang contains Parawocklumeria paradoxa and
Cymaclymenia sp. and is thought to belong in the
Upper paradoxa Zone. The conodont fauna of this
bed is of Middle praesulcata Zone age. The Wangyou
Formation above this contains ammonoid faunas of
the Gattendorfia Stufe in the Dapoushang Member
and the Linushan Member, but a correlation with
distinct ammonoid zones is still impossible.

9.- GUILIN

The section at Nambiancun (Ruan, 1988) was also
a stratotype candidate for the D-C boundary, but
yielded only a few ammonoids (especially from the
Wocklumeria Stufe beds). A subdivision of the section
with the ammonoids is still very incomplete.
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