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Abstract – This paper is a contribution to the redefinition of the base of Carboniferous system. At
present the criterion for the definition of the Devonian–Carboniferous boundary is the first occurrence
of a conodont species. In order to evaluate the stratigraphic potential for new criteria for the definition
of the Devonian–Carboniferous boundary, the distribution of conodont species of Bispathodus, Bran-
mehla, Palmatolepis, Polygnathus, Protognathodus, Pseudopolygnathus and Siphonodella across the
boundary is presented and discussed. An updated biozonation scheme across the boundary based on
the First Appearance of Bispathodus ac. aculeatus, Bispathodus costatus, Bispathodus ultimus, Proto-
gnathodus kockeli, Siphonodella bransoni and Siphonodella duplicata is proposed, and it is suggested
that the new criterion for the definition of the base of the Carboniferous system be the First Appearance
Datum of Pr. kockeli or Si. bransoni.

Keywords: conodonts, Devonian–Carboniferous boundary, biostratigraphy, biozonation.

1. Introduction

The criterion for defining the base of the Car-
boniferous system is placed to coincide with the
First Appearance Datum (FAD) of the conodont
species Siphonodella sulcata; the GSSP (Global
Stratotype Section and Point) is located in La Serre
Trench E’ section (Paproth, Feist & Flajs, 1991). Prob-
lems in discrimination of Si. sulcata from the supposed
ancestor Si. praesulcata were already known when
the GSSP was established (e.g. Wang & Yin, 1984;
Ji, 1987). Flajs & Feist (1988) published a biometric
study of S. praesulcata and S. sulcata based on the La
Serre faunas, demonstrating that transitional forms are
very common. Despite these taxonomical uncertainit-
ies, the FAD of Si. sulcata was chosen to define the
base of the Tournaisian. Further studies on the stra-
totype section have revealed other problems, such as
lack of other important stratigraphic guides and the ex-
istence of reworking (e.g. Ziegler & Sandberg, 1996;
Casier, Lethiers & Préat, 2002; Kaiser, 2009).

A redefinition of the Devonian–Carboniferous
boundary (DCB) was determined necessary, and in
2008 the International Commission on Stratigraphy es-
tablished a working group with the goal of proposing
a new criterion for defining the boundary and find-
ing a new GSSP. For that purpose several sections
are under investigation around the world, including
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already-known localities (Mossoni, Corradini & Spal-
letta, 2013; Kumpan et al. 2014b; Malec, 2014) and
new locations (Bahrami, Corradini & Yazdi, 2011;
Becker et al. 2013; Girard et al. 2014; Komatsu et al.
2014; Kumpan et al. 2014b; Kalvoda, Kumpan &
Babek, 2015; Mossoni et al. 2015; Qie et al. 2015), and
main fossil groups are subject to revision. Multiproxy
studies including isotope stratigraphy, gamma-ray and
magnetic susceptibility are also in progress (Kumpan
et al. 2014a; Matyja et al. 2015).

This paper is a contribution to the activities of the
working group, presenting a summary of the distribu-
tion of important uppermost Devonian and lowermost
Carboniferous conodont species.

The interval from the Middle expansa Zone to the
Lower duplicata Zone is considered in this paper, span-
ning a time interval of about 4 Ma across the present
boundary according to more recent geochronologic cal-
ibration (Becker, Gradstein & Hammer, 2012; Davy-
dov, Korn & Schmitz, 2012). Possible new positions
of the DCB in terms of conodont stratigraphy are
presented and discussed and a new biozonation for the
uppermost Devonian and lowermost Carboniferous is
proposed.

2. Conodont taxa across the DCB

The distribution of the stratigraphically most import-
ant species of Bispathodus, Branmehla, Palmatolepis,
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Figure 1. Distribution of Bispathodus across the Devonian–Carboniferous Boundary (data after Ziegler, Sandberg & Austin, 1974;
Sandberg et al. 1978; Ziegler & Sandberg, 1984; Corradini, 2003; S. I. Kaiser, PhD Thesis, Ruhr-University Bochum, 2005; Kaiser
et al. 2009; Kononova & Weyer, 2013).

Polygnathus, Protognathodus, Pseudopolygnathus and
Siphonodella and other genera were investigated, in or-
der to analyse their potential for biostratigraphy across
the DCB (Figs 1–4). All data available in literature
were considered and integrated with unpublished data
from our collections, mainly from the Carnic Alps and
Sardinia.

It should be noted that some other genera have been
proposed recently (e.g. Bizignathus Gatovsky, 2009;
Neopolygnathus Voronsova, 1991 (in Barskov et al.
1991) and Polynodosus Vorontsova, 1993), detaching
part of the species from another genus, mostly from
the ‘mega-genus’ Polygnathus. This paper is not based
on supraspecific taxonomy, and we do not want to enter
into systematic discussions here even if, in our opinion,
a single morphological variation is not sufficient to es-
tablish a new genus. We therefore maintain the classical
generic attribution for the species claimed to belong
to Bizignathus, dubitatively included in Pseudopolyg-
nathus; those of Neopolygnathus and Polynodosus are
maintained in Polygnathus. These new genera are not
widely accepted. Finally, it is important to note that
most of the species included in Neopolygnathus are
not widely distributed and are likely endemic forms, so
their stratigraphic potential for a new criterion for the
definition of the Devonian–Carboniferous boundary is
rather limited.

The ranges of the taxa are presented on the basis of
present standard zonations for the uppermost Devonian
(Ziegler & Sandberg, 1984) and lowermost Carbon-
iferous (Sandberg et al. 1978). For comments on the
zonation and discussion of the new zonation scheme
depicted in Figures 1–4, see Section 3.

2.a. Bispathodus

Bispathodus is a genus widely distributed in the Famen-
nian and Tournaisian strata and is represented by sev-
eral species (Fig. 1), most of which have a broad geo-
graphical distribution. In first approximation the genus
can be subdivided into two stocks, one characterized
by taxa with a relatively small basal cavity (‘aculeatus
branch’ of Ziegler, Sandberg & Austin, 1974) and the
second with a wide basal cavity that extends to the pos-
terior end (‘bispathodus branch’ of Ziegler, Sandberg
& Austin, 1974).

The genus was revised first by Ziegler, Sandberg
& Austin (1974), and later the ‘ultimus Group’ by
Ziegler & Sandberg (1984). Hartenfels (2011) elev-
ated the morphotypes of Bi. stabilis to subspecies
rank, and introduced a new subspecies. More recently
Kononova & Weyer (2013) approached the ‘ultimus
Group’ in a different way, partly refusing the revision by
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Figure 2. Distribution of Branmehla, Palmatolepis and Protognathodus across the Devonian–Carboniferous Boundary (data after
Ziegler & Sandberg, 1984; Ji & Ziegler, 1993; Corradini, 2008; Kaiser et al. 2009; Corradini et al. 2011; and unpublished data).

Ziegler & Sandberg (1984), but their revision needs to
be carefully evaluated and is not followed here.

Bispathodus represents an important genus for the
uppermost Famennian biostratigraphy. Ziegler (1962)
named the last pre-Hangenberg Event zone after Bi.
costatus (Branson) and Ziegler & Sandberg (1984) se-
lected Bi. aculeatus aculeatus (Branson & Mehl) and
Bi. ultimus (Bischoff) as markers of the Middle and
Upper expansa zones, respectively.

A large radiation of species of Bispathodus occurred
during latest Famennian time: 11 taxa have their first
appearance between the Lower and the Upper expansa
zones. Bi. stabilis stabilis (Branson & Mehl) (= Bi.
stabilis Morphotype 2 of Ziegler, Sandberg & Aus-
tin, 1974) is often documented from the base of the
Lower expansa Zone. The taxon was used by Harten-
fels (2011) to approximate the base of the Lower ex-
pansa Zone, renamed stabilis Zone in his ‘Overregional
Zonation’, because the marker Pa. gracilis expansa is
not present in Central Europe and Morocco. However,
it should be noted that the species has an early first
occurrence in the Carnic Alps and Thuringia, where
it enters within the Upper trachytera Zone (Spalletta
& Perri, unpubl. data; Girard et al. unpubl. data). Bi.
jugosus branched from Bi. st. stabilis in the upper part
of the Lower expansa Zone.

The early part of the Middle expansa Chron rep-
resented a period of wide radiation of Bispathodus: as

already mentioned Bi. ac. aculeatus is the marker of
the base of the zone, and Bi. ac. anteposicornis (Scott)
and Bi. ac. plumulus (Rhodes at al.) appeared slightly
later. The latter taxon was moved to Clydagnathus by
Hartenfels (2011), but this change of generic attribu-
tion should be carefully evaluated. Both the morpho-
types of Bi. costatus (Branson) enter in the central part
of the zone. The last radiation of Bispathodus happened
in the Late expansa Chron, and involved the ‘ultimus
Group’: the two morphotypes of Bi. ultimus have an
almost simultaneous first appearance at the base of the
zone, and related taxa have been reported regionally in
slightly higher levels: Bi. ultimus bartschi Kononova &
Weyer in Thuringia and Bispathodus sp. A Corradini
in Sardinia. No species of Bispathodus originated after
the Upper expansa Zone (Fig. 1).

Bispathodus bispathodus Ziegler et al., Bispatho-
dus costatus and Bispathodus ultimus did not survive
the Hangenberg Event (Ziegler & Sandberg, 1984),
whereas Bispathodus stabilis, Bi. spinulicostatus and
Bi. aculeatus are reported in the lower Carboniferous
at least up to the Lower crenulata Zone (Sandberg et al.
1978).

2.b. Branmehla and Mehlina

Branmehla and Mehlina are ozarkodinids character-
ized by a single row of denticles on the processes. In
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Figure 3. Distribution of selected taxa of Polygnathus across the Devonian–Carboniferous Boundary (data after Sandberg et al. 1978;
Ziegler & Sandberg, 1984; Wang & Yin, 1988; Perri & Spalletta, 1991, 2000a; Ji & Ziegler, 1993; Corradini, Barca & Spalletta, 2003;
Corradini, 2008; Hartenfels 2011; Qie et al. 2014; and unpublished data).

general they do not represent a major component of the
conodont association, even if some species are quite
abundant in some levels.

The distribution of Branmehla is limited to the up-
permost Devonian and lowermost Carboniferous strata
(Fig. 2). Branmehla bohlenana (Helms) ranges up to
the Upper expansa Zone, while Br. fissilis (Branson
& Mehl) enters in the Lower praesulcata Zone. Bran-
mehla suprema (Ziegler), with a wide asymmetrical
basal cavity, is a characteristic species of the Upper ex-
pansa and Lower praesulcata zones, but is tentatively
recorded also from the lowermost Tournaisian strata
of the Graz Palaeozoic and French Pyrenees (Kaiser
et al. 2009). The report (not figured) of Br. fissilis from
the Tournaisian of China (Hou et al. 1985) should be
confirmed and possible reworking should be excluded
before considering these unusually high occurrences;
the presence of Br. werneri in the Carboniferous of
Dapoushang section (Wang & Yin, 1988) is disreg-
arded because the figured specimens belong to another
taxon.

Branmehla inornata (Branson & Mehl) is a long-
ranging taxon that survived the Hangenberg Event (Zie-
gler & Sandberg, 1984) and entered the Carbonifer-
ous system (Over, 1992; Kaiser et al. 2009; Bahrami,
Corradini & Yazdi, 2011). Mehlina strigosa (Branson
& Mehl) was once considered extinct at the DCB,
but recently it has been documented together with

definitely Carboniferous associations (Kaiser et al.
2009; Bahrami, Corradini & Yazdi, 2011).

2.c. Palmatolepis

Palmatolepis is the dominant genus of the Upper Devo-
nian pelagic environment. Numerous species and sub-
species have been established in the Frasnian and Fa-
mennian strata, but the diversity decreases within the
upper Famennian and only a few taxa are documented
in the uppermost Famennian deposits (Fig. 2).

The most common taxon in that stratigraphic inter-
val is Pa. gracilis, represented by several subspecies.
Pa. gr. expansa Sandberg & Ziegler ranges from the
base of the Lower expansa Zone up to the level of the
Hangenberg Event, but in some parts of the world it
is a rare taxon (i.e. central Europe). Palmatolepis gr.
gonioclymeniae Müller is documented from the Upper
expansa Zone to just below the Hangenberg Event; its
LAD was chosen by Ziegler & Sandberg (1984) to in-
dicate the base of their Middle praesulcata Zone, but
this definition is often not applicable because the taxon
is very rare or absent (Corradini, 2008; Kaiser et al.
2009). The most successful taxa of this stock are the
nominal species, Pa. gr. gracilis Branson & Mehl and
Pa. gracilis sigmoidalis Ziegler, which ranged for most
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of the Famennian age and became extinct within the
Hangenberg Event, or slightly later.

Beside Pa. gracilis, only a few taxa of Palmatolepis
belonging to the ‘perlobata’ and ‘rugosa’ groups occur
up to the Upper expansa Zone: Pa. perlobata postera
Ziegler; Pa. p. schindewolfi Müller; and Pa. rugosa
ampla Müller (Fig. 2).

2.d. Polygnathus

Polygnathus is the most abundant and differentiated
conodont genus of the Devonian and Carboniferous
strata: Becker (2012, 2013) listed hundreds of names
of species (and subspecies) attributed to Polygnathus.
About 40 taxa are documented in the uppermost Devo-
nian and lowermost Carboniferous strata (Fig. 3), but
few have an important stratigraphic value either due to
a long range or a restricted regional distribution.

Many species became extinct within the Middle and
Upper expansa zones (Fig. 3). Polygnathus znepolensis
Spassov is documented up to the top of the Middle
praesulcata Zone, and Po. vogesi Ziegler ranges up to
the Hangenberg Event. It should be noted that the latter
taxon was reported from Tournaisian deposits after a
Lazarus phase (see Kaiser et al. 2009, p. 124), but these
occurrences should be confirmed in order to exclude
homeomorphism or taxonomic confusion with Po. c.
carinus, which is quite similar in upper view.

The most common polygnathid species across the
DCB is Polygnathus communis Branson and Mehl
(= Neopolygnathus Vorontsova), which has been sub-
divided into several subspecies. Some of the subspe-
cies have a wide geographical distribution, such as Po.
c. communis, Po. c. carinus Hass and Po. c. dentatus
Druce, but are documented from the Famennian into
the Tournaisian strata, whereas Po. c. collinsoni Druce
is limited to the uppermost Famennian deposits. Other
subspecies (e.g. Po. c. quadratus Wang, Po. c. renatae
Corradini & Spalletta, Po. c. shangmiaobeiensis Qin
et al. and others) have shorter ranges but are geograph-
ically limited.

Polygnathus purus purus, which Voges (1959) in-
dicated as an index of the basal Carboniferous, have
been reported from Upper Devonian strata before the
entry of Siphonodella in several North Gondwana re-
gions (Corradini, Barca & Spalletta, 2003; Bahrami,
Corradini & Yazdi, 2011; Girard et al. 2014). Poly-
gnathus purus subplanus enters more or less around
the present DCB (Kaiser et al. 2009), but it is not a
common taxon; this also applies for Po. spicatus Hinde,
which has a range limited to the present sulcata Zone
(Sandberg et al. 1978; Qie et al. 2014).

Other species such as Polygnathus inornatus and
P. symmetricus originate in the upper Famennian and
range well into the Tournaisian strata (Sanz López et al.
1999; Corradini, 2008; Bahrami, Corradini & Yazdi,
2011). Polygnathus longiposticus have been reported
before the Hangenberg Event only in China (Wang &
Yin, 1988).

2.e. Protognathodus

Protognathodus is a short-ranging genus, known from
the uppermost Famennian to the Tournaisian strata. Its
stratigraphic potential around the DCB is well known
since Ziegler (1969) introduced the ‘Protognathodus
fauna’ to define the uppermost Devonian strata, and
later Ziegler & Sandberg (1984) defined the base of the
last Devonian zone, the ‘Upper praesulcata Zone’, by
the entry of Pr. kockeli. However, it should be noted
that in some regions such as in Poland the genus is very
rare.

The genus has been revised by Corradini et al.
(2011). Four species of Protognathodus are known in
the time frame across the DCB (Fig. 2): Pr. meischneri
Ziegler; Pr. collinsoni Ziegler; Pr. kockeli (Bischoff);
and Pr. kuehni Ziegler & Leuteritz. Two more species
occur in the middle Tournaisian: Pr. praedelicatus Lane
et al. and Pr. cordiformis Lane et al.

Protognathodus meischneri, the oldest species of
the genus, evolved from Bispathodus stabilis (Zieg-
ler, 1969) during late Famennian time by a variation in
the position and shape of the basal cavity (cup). In Pro-
tognathodus the basal cavity extends to the posterior
end of the element and is more rounded and inflated;
Pr. meischneri has an almost symmetrical and unor-
namented cup. The first occurrence of Pr. meischneri
is reported from the Upper expansa Zone (Corradini,
Barca & Spalletta, 2003; Corradini et al. 2011). In the
very early part of its range Pr. meischneri gave rise
to Pr. collinsoni, characterized by the occurrence of
scattered nodes on the upper surface of the slightly
asymmetrical cup. Both these species range to within
the Upper duplicata Zone (Over, 1992).

Protognathodus kockeli, characterized by an asym-
metrical cup covered by at least one longitudinal row
of nodes, evolved from Pr. collinsoni just after the
Hangenberg Event. It ranges up to the lower part of
the Lower crenulata Zone in North America (Sand-
berg et al. 1978), whereas elsewhere it is limited to the
sandbergi Zone. Protognathodus kockeli is the marker
of the Upper praesulcata Zone (= kockeli Zone after
Kaiser et al. 2009, the last Devonian biozone) and is the
most abundant and widely documented species of Pro-
tognathodus. It has a wide geographic distribution, but
in many regions it occurs only in Carboniferous strata
(Corradini et al. 2011). However, it should be noted
that a hiatus occurs above the Hangenberg Shales equi-
valents in several sections around the world, and the
older part of the range of Pr. kockeli is therefore often
not documented.

Protognathodus kuehni is distinguished by robust
transverse ridges on the upper surface of the cup run-
ning radially from the margins to the carina, which can
be suppressed. It evolved from Pr. kockeli and ranges
from at or just above the present DCB to the sandbergi
Zone (Lane, Sandberg & Ziegler, 1980). The first oc-
currence of Pr. kuehni was used by Kaiser et al. (2009)
to approximate the DCB in sections where siphonodel-
lids are absent. However, it is in general an extremely

5

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S001675681600039X
https://www.cambridge.org/core


Conodonts across the Devonian–Carboniferous boundary 893

Figure 4. Distribution of Pseudopolygnathus and Siphonodella across the Devonian–Carboniferous Boundary (data after Sandberg
et al. 1978; Klapper in Ziegler, 1981; Ziegler & Sandberg, 1984; Perri & Spalletta, 1991; Ji & Ziegler, 1993; Corradini, Barca &
Spalletta, 2003; Corradini, 2003, 2008; Kaiser et al. 2009; Hartenfels, 2011; and unpublished data).

rare taxon with a restricted range in many sections and,
outside the type area, it often occurs only in higher
stratigraphic levels (Corradini et al. 2011).

2.f. Pseudopolygnathus

Pseudopolygnathus is a relatively abundant and widely
distributed genus in the uppermost Famennian and
lowermost Tournaisian strata (Fig. 4). However, the
genus underwent a crisis during the Middle and Late ex-
pansa chrons, when several Devonian species became
extinct: Ps. brevipennatus Ziegler; Ps. controversus
Sandberg & Ziegler; Ps. dissimilis (Helms & Wolska);
Ps. marburgensis marburgensis Bischoff & Ziegler;
and Ps. micropunctatus Bischoff & Ziegler. Pseudo-
polygnathus? kayseri Bischoff & Ziegler entered into
the Lower praesulcata Zone. It should be noted that
Ps.? kayseri and Ps. dissimilis were moved to the new
genus Bizignathus by Gatovsky (2009) and Hartenfels
(2011), respectively.

Only a few taxa are documented around the
Devonian–Carboniferous boundary: Ps. dentilineatus
Branson; Ps. marburgensis trigonicus Ziegler; Ps.
multistriatus Mehl & Thomas; and Ps. primus Branson
& Mehl. None of these seem to have a strong strati-
graphic importance.

Pseudopolygnathus marburgensis trigonicus be-
came extinct during the Hangenberg crisis (Ziegler
& Sandberg, 1984). Pseudopolygnathus dentilineatus,
once reputed to have its first occurrence together with
Protognathodus kockeli above the Hangenberg Event
(Voges, 1959), has been reported from the Middle
expansa Zone in Devonian strata (Klapper in Zieg-
ler, 1981). Pseudopolygnathus primus and Ps. dentili-
neatus have long ranges, at least from the Lower ex-
pansa Zone (Klapper in Ziegler, 1981) to the Lower
crenulata Zone (Sandberg et al. 1978).

Pseudopolygnathus multistriatus enters at the base
of Carboniferous system, but it is a rare taxon. A larger
radiation of Pseudopolygnathus took place during the
Tournaisian age, when several species have their first
appearance within the Lower duplicata Zone and in
higher levels.

2.g. Siphonodella

Two taxa have been established within the early range
of the genus Siphonodella lineage: Siphonodella prae-
sulcata Sandberg and Siphonodella sulcata (Huddle).
Although problems in discrimination of S. praesulcata
from S. sulcata were evidenced by numerous authors
in several parts of the world (Ji, 1987; Flajs & Feist,
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1988; Wang & Yin, 1988), the base of the Carbon-
iferous system was defined by the First Occurrence of
Siphonodella sulcata within the claimed S. praesulcata
– S. sulcata lineage (Paproth, Feist & Flajs, 1991).

The diagnoses of the two taxa are not clear and they
overlap each other (Kaiser & Corradini, 2011). Accord-
ing to the original diagnosis (Sandberg, in Sandberg,
Streel & Scott, 1972), Siphonodella praesulcata has a
slightly arched, narrow platform ornamented on both
sides by weak to obsolescent transverse ridges, separ-
ated from the straight to slightly curved carina by wide
adcarinal troughs; the basal cavity is straight to slightly
curved. The author reports that the species can be dis-
tinguished from S. sulcata from the fact that the lat-
ter has a more asymmetrical, slightly curved, platform
with a stronger ornamentation and, mainly, a strongly
curved pseudokeel. In fact, the emended diagnosis
(Sandberg, in Sandberg, Streel & Scott, 1972) of Si.
sulcata reads: ‘slightly asymmetrical arched platform
is ornamented on both sides by transverse ridges, which
are separated from the strongly curved nodose carina
by narrow adcarinal grooves. The strongly curved basal
cavity . . . ’

However, as demonstrated by Kaiser & Corradini
(2011), only a few specimens fit one or the other defin-
ition well; the great majority of specimens show fea-
tures intermediate between those listed for the two taxa.
Furthermore, the claimed phylogenetic transition from
S. praesulcata to S. sulcata is not recorded in the DCB
GSSP section at La Serre, where the supposed S. praes-
ulcata – S. sulcata lineage was based on reworked ele-
ments found in sediments derived from different source
areas (Ziegler & Sandberg, 1996; Kaiser, 2009).

It should also be noted that specimens assignable
to Siphonodella praesulcata-sulcata group, both with
straight and curved shape of the carina and basal cavity,
have been illustrated and described as species of Poly-
gnathus in the literature (e.g. some of the specimens of
Polygnathus sp. D and Polygnathus sp. E of Kononova
& Weyer, 2013). Often these specimens came from
levels yielding an uppermost Famennian association.

It is worthwhile mentioning that the lost holotype
of S. sulcata was from a level likely yielding Carbon-
iferous conodonts at least referable to the duplicata
Zone (Evans et al. 2013), therefore representing a late
morphotype. However, after a complete revision of the
early siphonodellids, it cannot be excluded that other
species of Siphonodella may be discriminated within
the early part of the lineage.

In higher levels a very good datum point is represen-
ted by the FAD of Si. bransoni Ji (=Si. duplicata M1)
(Fig. 4), a well-known, easy to identify and relatively
abundant species with a wide geographical distribution.
Establishing the species, Ji (1985) reported the descrip-
tion of Si. duplicata M1 of Sandberg et al. (1978), but
did not indicate a holotype. The designation of a type is
needed, possibly reconsidering the collections by Canis
(1968), mentioned by Sandberg et al. (1978) and Ji
(1985). According to Sandberg et al. (1978, p. 105), Si.
bransoni ‘evolved from Si. sulcata by development of

a complete rostrum on both side of the anterior end of
the platform’.

A different group of species of Siphonodella are rep-
resented by the so-called ‘naked Siphonodellas’, re-
garded by several authors as typical of shallow-water
facies. These forms are documented at the base of the
Carboniferous system, mainly in China and Russia (Ji
& Ziegler, 1992; Qie et al. 2014) and are rare else-
where. Siphonodella homosimplex Ji & Ziegler is the
oldest representative of the group and has its FAD close
to the present DCB. Shortly after, Si. levis (Ni), Si. semi-
chatovae Kononova & Lipnjagov and Si. bella
Kononova & Migdisova first appear; Si. sinensis Ji and
Si. quasinuda Gagiev, Kononova & Pazukin enter at
the base of the Lower duplicata Zone. Other taxa, such
as Si. dasaibaensis Ji et al. and Si. eurylobata Ji, are
documented higher in the Tournaisian strata.

Ji & Ziegler (1992) proposed an alternate zonation
scheme for the shallow-water facies of the lower and
middle Tournaisian strata, defining six zones based on
the entries of species of naked siphonodellas: homosim-
plex Zone; levis Zone; sinensis Zone; dasaibaensis
Zone; Early eurylobata Zone; and Late eurylobata
Zone.

3. Conodont zonation across the DCB

The conodont zonation scheme in use for the Upper
Devonian and lower Tournaisian strata is a combination
of the ‘Late Devonian Standard Conodont Zonation’
(Ziegler & Sandberg, 1990), and the Late Devonian –
early Carboniferous zonation of Sandberg et al. (1978).
Variations and improvements to these schemes were
proposed by Ji (1985), Corradini (2008), Kaiser et al.
(2009) and Hartenfels (2011), but these modifications
have not been widely used up to now. Some of these
proposals are accepted here.

The taxonomic revision of taxa and the updating
of their stratigraphic and geographic distribution im-
ply a reconsideration of the zonation scheme for up-
permost Famennian and lower Tournaisian strata, in
order to achieve a new, global, zonation. Before focus-
ing on open problems in the zonation schemes in use,
it is necessary to briefly summarize the history of the
conodont zonation across the Devonian–Carboniferous
Boundary.

3.a. Review of former zonation schemes

The first zonation scheme for the Upper Devonian strata
was provided by Ziegler (1962) who discriminated 24
conodont zones before the Hangenberg Event, mainly
based on sections in Germany. In the uppermost Famen-
nian strata Po. styriacus and Spathognathodus costatus
(now Bi. costatus) were chosen as index taxa for two
zonal groups, both subdivided into a Lower, a Middle
and an Upper part. The time frame of interest of this
paper includes the Upper styriacus, the Lower costatus,
the Middle costatus and the Upper costatus zones sensu
Ziegler (1962) (Fig. 5). The Upper styriacus Zone cor-
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Figure 5. Main conodont zonation schemes across the Devonian–Carboniferous boundary, with indication of the main bioevents useful
for stratigraphy. Thickness of zone is calibrated according to their length, as estimated in the Devonian and Carboniferous chapters of
The Geologic Time Scale 2012 (Becker, Gradstein & Hammer, 2012; Davydov, Korn & Schmitz, 2012).

responded to the upper part of the range of Po. styriacus,
above the entry of Ps. brevipennatus, Ps. dentilineatus
and Sp. jugosus (now Bi. jugosus). The base of Lower
costatus Zone was indicated by the FAD of the nom-
inal species; the Middle costatus Zone fell in the central
part of the range of Bi. costatus together with Pa. gr.
gonioclymeniae and Bi. ultimus; and the Upper costa-
tus Zone was defined as the upper part of the range of
Bi. costatus and Bi. ultimus after the extinction of Pa.
gr. gonioclymeniae. This zonation was confirmed by
Ziegler (1971, 1979), with the addiction of the Lower
Protognathodus Fauna that Ziegler (1969) documented
from the uppermost part of the Wocklumeria-Stufe.

Voges (1959, 1960) introduced a zonation scheme
for the lowermost Carboniferous in Germany. In the
‘Gattendorfia Stufe’ he distinguished three zones: the
kockeli-dentilineata Zone; the Siphonodella-triangulus
inequalis Zone; and the Siphonodella-triangulus tri-
angulus Zone. Ziegler (1969) updated this zonation
renaming the oldest zones Siphonodella sulcata – Pro-
tognathodus kockeli Zone and Siphonodella duplicata-
triangulus inequalis Zone, and proposed the equival-
ence of these zones with the Siphonodella sulcata
and Siphonodella duplicata zones described in North
America by Klapper (in Sandberg & Klapper, 1967).

Sandberg et al. (1978) introduced a zonation
scheme for the uppermost Famennian and most of the
Tournaisian strata based on the evolution of genus Si-
phonodella. In this scheme the entry of Si. praesulcata
discriminates the last Devonian zone and that of Si.
sulcata markes the base of the Carboniferous. The sub-

sequent Lower duplicata Zone is distinguished by the
FAD of Si. duplicata, and the Upper duplicata Zone by
the entry of Si. cooperi Morphotype 1.

Ziegler & Sandberg (1984) revised the upper part of
the Upper Devonian zonation, naming all the zones be-
fore the entry of Si. praesulcata after species of genus
Palmatolepis. The styriacus and costatus zonal groups
of Ziegler (1962) were replaced by the postera and ex-
pansa zonal groups. The former Upper styriacus Zone
was replaced by the Lower expansa Zone, the base of
which is indicated by the FAD of Pa. gr. expansa; the
Middle expansa Zone is marked by the entry of Bi.
ac. aculeatus; and the Upper expansa Zone is marked
by those of Bi. ultimus. Siphonodella praesulcata was
chosen to name the last group of zones of the Devo-
nian, in order to connect the Upper Devonian zonation
based on Palmatolepis with the lower Carboniferous
zonation based on Siphonodella. The Lower praesul-
cata Zone is marked by the FAD of the nominal species,
the Middle praesulcata Zone by the extinction of Pa.
gr. gonioclymeniae and the Upper praesulcata Zone by
the entry of Pr. kockeli. Surprisingly, even though some
of the boundaries of the new zones are defined exactly
as those of the former zones, in both the text and figures
of Ziegler & Sandberg (1984) there are some discrep-
ancies in the correlation and definition of the old and
the new zonal schemes. The LAD of Pa. gr. goniocly-
meniae in Ziegler (1962) defines the base of the Upper
costatus Zone, whereas in Ziegler & Sandberg (1984)
it indicates the base of the Middle praesulcata Zone.
Further, the bases of the biozones do not correspond
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(see Ziegler & Sandberg, 1984, p. 184, figs 1–4) al-
though they are supposed to be defined with the same
criterion. Only the equivalence between the Lower Pro-
tognathodus fauna and the Upper praesulcata Zone was
correctly indicated.

Later the same authors (Ziegler & Sandberg, 1990)
updated the Upper Devonian zonation without mak-
ing any variation in the uppermost Famennian strata,
and renamed the scheme the ‘Late Devonian Standard
Conodont Zonation’. In addition, Ziegler & Sandberg
(1994) claimed this zonation as a ‘phylogenetic zon-
ation’, where zones are ‘defined from the first occur-
rences of an ancestral species to the first occurrence
of the next younger descendant species’ (Sandberg &
Ziegler, 1996, p. 261). This definition was strongly cri-
ticized (Corradini, 2008; Kononova & Weyer, 2013) be-
cause that scheme is based on both first occurrences and
extinction within several genera and therefore, apart
from a few short intervals, was not a phylogenetic zon-
ation. The taxonomic concept on which the so-called
standard zonation is based had already been rejected
by Klapper & Foster (1993) for Frasnian species.

The Ziegler & Sandberg (1990) scheme was widely
used in the last decades, even if some problems arose. In
the uppermost Famennian strata the main concern was
with the definition of the Middle praesulcata Zone,
defined by the extinction of Pa. gr. gonioclymeniae, a
taxon that is not common outside Germany. Problems
in discrimination of that zone were evidenced by Over
(1992), Perri & Spalletta (2000a) and Corradini (2008).
S. I. Kaiser (PhD Thesis, Ruhr-University Bochum,
2005) reported that ‘the base of the Middle praesul-
cata cannot be regarded as the approximation of an
isochronous level, and its recognition does not allow re-
liable biostratigraphical and geochemical correlations’.
On the basis of these considerations, Corradini (2008)
proposed to expand the Lower praesulcata Zone up
to the entry of Pr. kockeli, essentially eliminating the
Middle praesulcata Zone.

Kaiser et al. (2009) accepted the proposal to aban-
don the Middle praesulcata Zone and introduced a
new interval zone, the ‘costatus-kockeli Interregnum
(CKI)’, corresponding to the Hangenberg conodont ex-
tinction event. This interval is equivalent to the upper-
most part of the former Middle praesulcata Zone. In
addition these authors renamed the zones across the
Devonian–Carboniferous boundary by the name of the
index taxon, and adopted for the Tournaisian strata
proposal by Ji (1985) based on Siphonodella: sulcata
Zone, bransoni Zone, duplicata Zone, hassi Zone, etc.
(Fig. 5). All these zones, as well as several middle and
upper Famennian zones renamed by Hartenfels (2011),
are named after the index taxon where the first appear-
ance indicates the base of the zone. Kaiser et al. (2009)
also renamed the sulcata Zone as sulcata/kuehni Zone,
suggesting the use of the FAD of Pr. kuehni as an index
when Si. sulcata was not present.

Finally, a chronologic calibration of the zones was
attempted in the Geological Time Scale 2012 (Devo-
nian: Becker, Gradstein & Hammer, 2012; Carbonifer-

ous: Davydov, Korn & Schmitz, 2012). The biozones
in Figure 5 are calibrated according to these results
where a few zones, such as the Middle praesulcata and
the kockeli zones, were very short and others definitely
longer (i.e. Middle expansa Zone).

3.b. Proposal of a new zonation

A zonation that can be used globally should be based
on index taxa easy to recognize, with a well-known
stratigraphic range and a broad geographic distribution.
Taxa whose taxonomic attribution is not clear and/or
need taxonomic revision should be avoided. In the ma-
jority of cases candidate species do not have a wide
geographical distribution or their first occurrence is
not simultaneous in different regions, or in some areas
are rare.

Zonation schemes can also be developed for limited
geographic areas only. These regional zonations can be
based on endemic taxa, or on taxa with a wide and
limited geographic distribution, and may allow more
detailed correlation within the region than the standard
zonation.

In the uppermost Devonian and lowermost Carbon-
iferous strata only a few taxa have the characteristics
to define the zones of a possible global zonation. As an
example, species of Siphonodella in the upper part of
the range of the genus (the entry of Si. bransoni and
above) may be very good markers, but it is better to
avoid the use of the early representatives because of
significant taxonomic uncertainties. Some species of
Bispathodus can be good markers in the uppermost Fa-
mennian strata. Among Protognathodus only Pr. kocke-
li can be used, while the other representatives of the
genus have a very low stratigraphic potential due to
their rarity (Corradini et al. 2011).

A new zonation for the uppermost Famennian and
lowermost Tournaisian strata is presented in the fol-
lowing (Fig. 5). The stratigraphic interval considered is
equivalent to the former Middle expansa to the Lower
duplicata zones. All the zones are defined by First Ap-
pearance Datum (FAD) of well-known taxa and are
named after the index species. Taxonomic references
of the index taxa are indicated, and the type specimens
(or reference specimens) are illustrated in Figure 6.

3.c. The Bispathodus ac. aculeatus Zone

Lower limit: FAD of Bispathdus aculeatus aculeatus

Upper limit: FAD of Bispathodus costatus

Remarks: The Bi. aculeatus Zone is equivalent to the
lower part of the Middle expansa Zone of Ziegler &
Sandberg (1984) and to the upper part of the Upper
styriacus Zone of Ziegler (1962). Hartenfels (2011)
proposed a Bi. aculeatus Zone in his ‘Overregional
Zonation’, but extended the upper boundary up to the
FAD of Bi. ultimus, therefore also including the Bi.
costatus Zone which he considered as a subzone.
Notes on the index taxon: The holotype was not in-
dicated by Branson & Mehl (1934a) when the species
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Figure 6. (a) Bispathodus aculeatus aculeatus (Branson & Mehl). Lectotype, lateral (a1), upper (a2), upper-lateral (a3) and lower
(a4) views. Tributary of South Fork of North River, Marion County, Missouri. Refigured after Ziegler, Sandberg & Austin (1974).
(b) Bispathodus aculeatus aculeatus (Branson & Mehl), upper view. Corona Mizziu section, Sardinia, sample CM I 25 of Corradini
(2003). (c) Bispathodus costatus (Branson). Holotype, inner-lateral (c1), outer-lateral (c2), upper (c3) and lower (c4) views. Hannibal
Shale, section at Lovers Leap. refigured after Ziegler (in Ziegler, 1975). (d) Bispathodus ultimus (Bischoff). Holotype, lateral (d1),
upper (d2) and lower (d3) views. Abandoned quarry between the villages of Wocklum and MelIen, SW slope of Burg-Berg, Rhenish
Slate Mountain. Refigured, after Bischoff (1957, pl. 4, fig. 24a–c). (e) Bispathodus ultimus (Bischoff). Morph 1 of Ziegler & Sandberg
(1984), upper view. Corona Mizziu section, Sardinia, sample CM I 24 of Corradini (2003). (f) Bispathodus ultimus (Bischoff).
Morph 2 of Ziegler & Sandberg (1984), upper view. NW Poland (Pomerania), borehole section Rzeczenica-1, depth 3002.5 m. (g)
Bispathodus ultimus (Bischoff). Morph 2 of Ziegler & Sandberg (1984), upper view. Corona Mizziu section, Sardinia, sample CM I 26
of Corradini (2003). (h) Bispathodus costatus (Branson), upper view. Corona Mizziu section, Sardinia, sample CM I 25B of Corradini
(2003). (i) Bispathodus costatus (Branson), upper view. NW Poland (Pomerania), borehole section Rzeczenica-1, depth 3002.5 m. (j)
Protognathodus kockeli Bischoff. Holotype, upper (j1) and lower (j2) views. Abandoned quarry between the villages of Wocklum
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was erected; Ziegler (1962) chose the lectopype as the
element figured by Branson & Mehl (1934a) in plate
17, figure 11. The lectotype was refigured by Ziegler,
Sandberg & Austin (1974, pl. 2, fig. 1) and Ziegler (in
Ziegler 1975, Bispathodus pl. 1, fig. 1). For a revised
diagnosis and description refer to Ziegler et al. (1974).

3.d The Bispathodus costatus Zone

Lower limit: FAD of Bispathdus costatus

Upper limit: FAD of Bispathodus ultimus

Remarks: The Bi. costatus Zone is equivalent to the
upper part of the Middle expansa Zone of Ziegler &
Sandberg (1984) and to the Lower costatus Zone of
Ziegler (1962). Hartenfels (2011) proposed a Bi. costa-
tus subzone in Germany and Poland, to discriminate the
upper part of the Bi. aculeatus Zone.

Notes on the index taxon: The species was erected by
Branson (1934) who illustrated the holotype in plate
27, figure 13. For a revised diagnosis and description
refer to Ziegler, Sandberg & Austin (1974).

3.e. The Bispathodus ultimus Zone

Lower limit: FAD of Bispathdus ultimus

Upper limit: FAD of Protognathodus kockeli

Remarks: The Bi. ultimus Zone is equivalent to the Up-
per expansa, Lower and Middle praesulcata zones of
Ziegler & Sandberg (1984), to the Middle and Upper
costatus zones of Ziegler (1962) and to the Upper ex-
pansa and praesulcata zones and the costatus-kockeli
Interregnum by Kaiser (2009). This zone extends for a
quite long time frame compared to the adjacent zones
in the uppermost Famennian strata, up to the Hangen-
berg Extinction Event. However, at present, there are
no definite markers for a possible subdivision: the entry
of Si. praesulcata was used for subdividing this inter-
val, but this is not suitable due to the problems on
the taxonomy of early siphonodellids. Protognathodus
meischneri and Pr. collinsoni enter in the central part
of this zone, but are rare and in many regions only doc-
umented above the Hangenberg Event (Corradini et al.

2011). Polygnathus purus and Po. symmetricus enter in
the lower part of the Zone, but their first occurrence
looks to be asynchronous worldwide.

The Bispathodus ultimus Zone can be roughly sub-
divided into two parts, the lower characterized by a
more diverse fauna. In the central part of the zone,
approximately in correspondence to the entry of pro-
tognathodids, conodonts actually experience a severe
crisis marked by the extinction of several taxa (Pa.
perlobata, Pa. rugosa, Ps. m. marburgensis and Ps.
brevipennatus) and several polygnathids became ex-
tinct. It is possible that a more precise zonation can be
proposed after a complete revision of the early species
of Siphonodella.

In the upper part of the Bi. ultimus Zone the Hangen-
berg extinction took place: according to Kaiser et al.
(2009) up to 70 % of conodont taxa disappeared in
a short interval represented by the ‘costatus-kockeli
Interregnum’. However, uncertainties of contemporan-
eous extinctions among conodonts may result in prob-
lems of long-distance correlations. Also, this interval
cannot be discriminated in places due to sedimento-
logical features connected to the Hangenberg Event.
However, where present it is a useful tool to discrimin-
ate the upper part of the Bi. ultimus Zone.

Notes on the index taxon: The species was erected by
Bischoff (1957) who illustrated the holotype in plate
4, figure 24. The species was first revised by Zieg-
ler, Sandberg & Austin (1974), and later by Ziegler &
Sandberg (1984). In the latter paper the species was
expanded to include Bi. ziegleri Rhodes et al. For a
revised diagnosis and description refer to Ziegler &
Sandberg (1984).

3.f. The Protognathodus kockeli Zone

Lower limit: FAD of Protognathodus kockeli

Upper limit: FAD of Siphonodella bransoni

Remarks: The Pr. kockeli Zone is equivalent to the Up-
per praesulcata and sulcata zones of Ziegler & Sand-
berg (1984) and to the kockeli and sulcata/kuehni zones
of Kaiser et al. (2009).

and Melien, SW slope of Burg-Berg, Rhenish Slate Mountains. Refigured after Bischoff (1957, pl. 3, fig. 27a–b). (k) Protognathodus
kockeli Bischoff, upper view. Plan di Zermula A section, Carnic Alps, sample PZA 2a1 of Perri & Spalletta (2000b). (l) Protognathodus
kockeli Bischoff, upper view. Plan di Zermula C section, Carnic Alps, sample PZC 4 of Perri & Spalletta (2000b). (m) Protognathodus
kockeli Bischoff, upper view. Passo di Monte Croce Carnico section, Carnic Alps, sample PMC 1. (n) Siphonodella bransoni Ji (=
Siphonodella duplicata Morph 1 of Sandberg et al. 1978), upper (n1) and lower (n2) views. Element figured by Canis (1968, pl. 72, figs
22, 23) as Si. sulcata and indicated by Sandberg et al. (1978) as example of typical specimen of Si. duplicata Morph 1. (o) Siphonodella
bransoni Ji (= Siphonodella duplicata Morph 1 of Sandberg et al. 1978). Hannibal Shale, 1.7 m above base, exposure on Grassy
Creek, Cuivre Township, Pike County, Missouri (type Cuivre Shale Member). (p) Siphonodella bransoni Ji (= Siphonodella duplicata
Morph 1 of Sandberg et al. 1978), upper (p1) and lower (p2) views. Woodford Shale, E110 at Ebey Dam, locality of Over (1992). (q)
Siphonodella duplicata (Branson and Mehl) (= Siphonodella duplicata Morph 2 of Sandberg et al. 1978). Lectotype, upper (q1) and
lower (q2) views. Bushberg Sandstone, exposure at Brickeys on the Mississippi River, Ste. Genevieve County, Missouri. Refigured
after Klapper (in Ziegler, 1975). (r) Siphonodella duplicata (Branson and Mehl) (= Siphonodella duplicata Morph 2 of Sandberg et al.
1978), upper (r1) and lower (r2) views. Hannibal Shale, 1.7 m above base, exposure on Grassy Creek, Cuivre Township, Pike County,
Missouri (type Cuivre Shale Member). (s) Siphonodella hassi Ji (= Siphonodella duplicata sensu Hass of Sandberg et al. 1978), upper
(s1) and lower (s2) views. Woodford Shale, Hass G-1 locality of Over (1992).
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The marker Pr. kockeli is the only species that has its
FAD just above the Hangenberg Event, and its valid-
ity for stratigraphic correlations is well known. Pro-
tognathodus kuehni, Ps. multistriatus and Po. purus
subplanus enter in the lower part of the zone, more or
less around the present DCB, but none is a good marker
taxon.

Notes on the index taxon: The species was erected by
Bischoff (1957) who illustrated the holotype in plate 4,
figure 24. For a revised diagnosis and description refer
to Corradini et al. (2011).

3.g. The Siphonodella bransoni Zone

Lower limit: FAD of Siphonodella bransoni (= Si. du-
plicata M1)

Upper limit: FAD of Siphonodella duplicata (= Si.
duplicata M2)

Remarks: The Si. bransoni Zone was introduced by Ji
(1985) and newly proposed by Kaiser et al. (2009). It
is equivalent to the lower part of the Lower duplicata
Zone of Sandberg et al. (1978).

Notes on the index taxon: The species was erected by Ji
(1985), but a holotype was not indicated. The species
is equivalent to Si. duplicata M1 sensu Sandberg et al.
(1978), who referred to the specimen figured by Canis
(1968, pl. 72, figs 22, 23) as a typical specimen. For
a description of the taxon refer to the account of Si.
duplicata M1 by Sandberg et al. (1978). However, the
designation of a type is needed, possibly reconsidering
the collections by Canis (1968) mentioned by Sandberg
et al. (1978) and/or Ji (1985).

3.h. The Siphonodella duplicata Zone

Lower limit: FAD of Siphonodella duplicata (= Si. du-
plicata M2)

Upper limit: FAD of Siphonodella hassi (= Si. du-
plicata sensu Hass)

Remarks: This definition of the Si. duplicata Zone, here
accepted, was introduced by Ji (1985) and newly pro-
posed by Kaiser et al. (2009). It is equivalent to the
upper part of the Lower duplicata Zone of Sandberg
et al. (1978).

Notes on the index taxon: The species was erected by
Branson & Mehl (1934b), but a holotype was not in-
dicated. Klapper (in Ziegler, 1975) choose a lectotype
and illustrated it Siphonodella-plate 2, figure 6. For a
description of the taxon refer to the account of Si. du-
plicata M2 by Sandberg et al. (1978).

4. Possible DCB position based on conodonts

In order to redefine the Devonian–Carboniferous
boundary, it is necessary to find a criterion that guar-
anties stability in the future and does not significantly

change the present stratigraphic position. As stated in
Section 2, the few conodont species that appear close
to the present boundary do not have the characteristics
of a stratigraphic index taxon since all are quite rare.

For the new definition of the boundary other fossil
groups could be considered and checked for use as
index fossils, but if the DCB working group decides
to remain on conodonts there are two possible solu-
tions: the FAD of Protognathodus kockeli and the FAD
of Siphonodella bransoni. Both of these possible posi-
tions of DCB boundary have advantages and problems,
briefly discussed in the following sections.

4.a. FAD of Protognathodus kockeli

Protognathodus kockeli is the most abundant and
widely distributed species of Protognathodus and has
long been used as an index taxon where the FAD is
just above the Hangenberg Event but, as evidenced by
Corradini et al. (2011), in many regions it only occurs
above the present DCB. However, this can be related to
the post-Hangenberg evolution of sedimentary basins
that at places caused hiatuses above the Hangenberg
shale equivalents (e.g. Sardinia: Corradini, Barca &
Spalletta, 2003; Mossoni, Corradini & Spalletta, 2013;
Mossoni et al. 2015).

Aretz (2014, p. 230) stated that placing the ‘bound-
ary at the Hangenberg level (biostratigraphically
defined) offers the advantage that, in many cases, the
DCB can be placed with sufficient accuracy without
specific knowledge of the taxonomy of a specific fossil
group’. The entry of Pr. kockeli respects this criterion,
even if its local first occurrence is just above a facies
break.

4.b. FAD of Siphonodella bransoni

Siphonodella bransoni (= Si. duplicata M1) is a well-
known, abundant and widely distributed species. The
species is probably the best index taxon in the whole
time frame around the DCB where the FAD is already
used to define the base of the Si. bransoni Zone (=
Lower duplicata Zone), which has long been con-
sidered the second zone of the Carboniferous. How-
ever, as pointed out by Aretz (2014), the FAD of Si.
bransoni occurs well above the entry of Gattendorfia;
it therefore does not respect the historical dimension of
the boundary criterion, because Gattendorfia and other
historically lowermost Carboniferous taxa would then
become Devonian.

4.c. Discussion of the new DCB criterion

The new criterion for the definition of the DCB will be
proposed by the working group and later voted on by
the International Commission on Stratigraphy. In this
article we can only give some advice.

If we consider the matter only from the view of con-
odont biostratigraphy, the FAD of Siphonodella bran-
soni would be the best choice: Si. bransoni is distributed
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worldwide and is quite easy to identify. However, the
choice of Si. bransoni as criterion for the DCB would
create problems regarding the historical position of the
boundary; if the FAD of Si. bransoni was chosen, the
historical first part of the Carboniferous system will be
included in the Devonian system.

The FAD of Protognathodus kockeli corresponds
more or less, or is exactly equivalent, to the historical
Devonian–Carboniferous boundary, much better than
the supposed FAD of Si. sulcata. It enters just above
the Hangenberg Event, which is recognizable around
the world in most marine strata and is a more natural
boundary (Walliser, 1985) between the two systems.

A boundary placed just after the Hangenberg Event
has the advantage that it will be possible to indicate an
approximate position of DCB even in sections where
Pr. kockeli is not present. We therefore support this
criterion as preferable.

5. Conclusion

Recent studies show that a different level should be used
to define the DC boundary. Rarity of some important
stratigraphic guides in the uppermost Famennian strata
and close to the DCB, as well as inconsistency in the
taxonomic concept of early siphonodellids, compel us
to propose a new zonation scheme for this stratigraphic
interval.

The distribution of the most important conodont spe-
cies have been investigated in order to evaluate their
stratigraphic potential for a revised zonation of the up-
permost Famennian and lowermost Tournaisian strata
and for the redefinition of the Devonian–Carboniferous
boundary. In this stratigraphic interval only a few con-
odont taxa meet the requirements of global index taxa:
easy to recognize, a well-documented stratigraphic
range and a broad geographic distribution. Some spe-
cies of Bispathodus are good markers in the upper-
most Famennian strata. Among Protognathodus only
Pr. kockeli could be used, while the other representat-
ives of the genus have a very low stratigraphic poten-
tial due to their rarity. Species of Siphonodella in the
Tournaisian part of the range of the genus, the entry of
Si. bransoni and above, may be very good markers, but
it is better to avoid the use of the early representatives
because of significant taxonomic uncertainties in the
identification of Si. sulcata from the supposed ancestor
Si. praesulcata.

The proposed revised part of the conodont scheme
comprises seven zones. In ascending order, these are:
Bispathodus aculeatus Zone; Bispathodus costatus
Zone; Bispathodus ultimus Zone; Protognathodus
kockeli Zone; Siphonodella bransoni Zone; Sipho-
nodella duplicata Zone; and Siphonodella hassi Zone.
The bases of these zones are defined by FADs of con-
odont species of the nominative taxa.

As for the new definition of the DCB, we propose
the FAD of Si. bransoni or the FAD of Pr. kockeli. The
latter is preferable, because it is very close to the his-
torical position of the base of the Carboniferous system

and, placed just above the Hangenberg Event, has the
advantage that it can be recognized in localities where
the taxon is not present.
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