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0. <Paleozoic deposits around Graz>

It is correct, as the comment notes, that the Paleozoic deposits around
Graz have been the subject of geological research since they were
first mentioned by Leopold von Buch (1820). Hubmann and Krenn
(2022) recently provided an overview of the highlights of the 200-year
research history of these geological sequences, which were much later
referred to as the “Graz Paleozoic.” And yes, it is also true that the
less metamorphic sequences of the Graz Paleozoic “fave been the subject
of numerous paleontological and sedimentological studies,” as Kaiser and
Hubmann (2024) correctly mentioned. A comprehensive bibliographic
review of the geological literature on the Graz Paleozoic covering the
period up to the turn of the millennium is available (Hubmann 2000).
Itlists almost 590 specialist articles and around 150 references to “gray
literature.” Therefore, we consider it justified to mention only the
most recent works on “paleontological and sedimentological investigations™
and “the nappe structure of the Graz Paleozoic” as examples (hence “e.g.”),
because this is necessary for the readability of our study — its focus is,
after all, on the significance of the “Devonian-Carboniferous boundary”,
as the title suggests.

1. <Worldwide the Hangenberg Event at the DCB is
characterized by either the transgressive Hangenberg
Black Shale and regressive Hangenberg sandstone
deposits.>

It is correct that several authors, among them Walliser (1984),
Caplan and Bustin (1999) and Schmidt (1924), first mentioned the
Hangenberg Shale at the Devonian-Carboniferous boundary (DCB).
However, Kaiser et al. (2016) has been cited in Kaiser and Hubmann
(2024) because this publication gives an extended review summary,
and all these three works mentioned above are cited in Kaiser et al.
(2016). Further, the Hangenberg Shale is meanwhile differentiated,
based on the Rhenish successions, into the Hangenberg Black Shale
(HBS), subordinary the regressive Hangenberg Shale (HS), and the
regressive Hangenberg Sandstone (HBS), see for example Bless et al.
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(1993), Kaiser et al. (2016) and Becker et al. (2016,
2021).

2. <Overview of geology and facies
development in the Graz Paleozoic>

The thin shaly layer (argillaceous layer) is
interpreted by Kaiser’s studies as an equivalent
of the Hangenberg Black Shale (HBS), or
kI, respectively. This assumption is based on
the stratigraphic position of this layer (main
extinctions among conodonts, major conodont
faunal change, last occurrence of Buspathodus
costatus below and first occurrence of Protognathodus
kockeli  above=costatus-kockeli Interregnum, ckI)
which is correlative with the Hangenberg Black
Shale (or Hangenberg Shale/Hangenberg
Sandstone) level. This interpretation does not
exclude a tectonic disturbance (steep fault zone) at
this level as described by Fliigel & Ziegler (1957).
Therefore, Fligel and Ziegler (1957) have been
cited by Kaiser (2005), Kaiser et al. (2008), Kaiser
et al. (2020) and Kaiser and Hubmann (2024)
when referring to the lithologic section at Trolp.

3. <Geochemistry and conodonts of the
DCB transition at Trolp>

It 1s correct that the first occurrence (FO) of
Siphonodella sulcata defines the DCB, and we agree
with this definition, and use the FO of Siphonodella
sulcata for defining the DCB.

Bojar et al. (2013) fix the DCB level with
the FO of Siphonodella sulcata recorded by Ebner
(1980) - which is Bed 8 of Ebner (1980), and
not the bottom of Bed 7 as the authors wrote
(see their Fig. 3a in Bojar et al. 2013) —and they
correlate this Bed 8 (Bed 7?) with Kaiser’s FO of
Stphonodella sulcata in Bed 16 (see IFig. 3b in Bojar
et al. 2013). Kaiser’s DCB position (Kaiser et al.
2020, Kaiser and Hubmann 2024) which is based
on the joint FO of Siphonodella sulcata, Polygnathus
purus subplanus, and Protognathodus kiihni (Bed 16),
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is correlated by Kaiser and Hubmann (2024) with

Ebner’s DCB position (Bed 4: FO of Polygnathus

purus subplanus, Ebner 1980). Because Siphonodella

sulcata could have a late entry, and has obviously a

late record in Ebner (1980), alternative index fossils

such as Polygnathus purus subplanus or Protognathodus
kithni are used in conodont stratigraphy to fix the

DCB position (e.g., Kaiser et al. 2009; Spalletta et

al. 2017; see extended discussions in Kaiser et al.

2020).

Regarding Fig. 8 in Kaiser and Hubmann
(2024), we do not state that Ebner (1980) recorded
Protognathodus kiihni (he did not) but the joint sulcata/
kiihni Z.one 1s used as a biozone; this biozone was
established previously, instead of the sulcata Zone
(see extended discussions in Kaiser et al. 2020;
Becker et al. 2021).

A further comment to La Serre E: The position
of the DCB and the GSSP was ratified at the base
of Bed 89 at La Serre (Flajs and Feist 1988), but
conodont studies of Kaiser (2005, 2009) recorded
the I'O of Siphonodella sulcata as defining species of
the DCB in stratigraphic older levels (Bed 84b).
Regarding the conodont record of Néssing (1975),
* Section 2 and Section 3 were exchanged in

Fig. 1 by Nossing (1975).

*  The sampling density of Nossings studies was
relatively low.

* The successions shown in his Fig. 1 are
inverted. Kaiser and Hubmann (2024) in
I'ig. 8 referred to the FO of relevant index
conodonts of Nossing (1975). Therefore, only
sample numbers of the oldest stratigraphic
level (=the first occurrence) are shown in
Fig. 8 (which is Sample 118, and Sample 209
of the basal sulcata Zone=DCB level). Nossing
(1975) recorded at the top of the thin-bedded
limestones the FO of Siphonodella sulcata (oldest
stratigraphic level=Sample 118, Section 1) and
FO of Protognathodus kockeli (oldest stratigraphic
level=Sample 118, Section 1, Sample 209,
Section 2), Polygnathus purus subplanus (oldest
stratigraphic level= Sample 209, Section 2)
and Protognathodus kiihni (oldest stratigraphic
level= Sample 209, Section 2). Therefore,
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Sample 115 yielding Protognathodus kiihni is not
relevant for the study of Kaiser and Hubmann
(2024) and therefore not shown in Fig. 8,
because it is a younger stratigraphic level
probably in the Tournaisian.

e In summary, Nossing (1975) recorded the FO
of Siphonodella sulcata in Section 1, preceeding
the IO of Polygnathus purus subplanus, and he
recorded at coeval levels the FO of Polygnathus
purus subplanus in Section 2, preceeding the
FO of Swhonodella sulcata. Probably, this
record of Nossing (1975) led to the conclusion
of Ebner (1980) to fix the DCB with the FO of
Polygnathus purus subplanus (his Table 8).

Last, moving the boundary 10 cm below,
as the authors stated, the negative excursion of
Bojar et al. (2013) is not just at the DCB, and is
thus not associated with environmental changes
during the Hangenberg Event, but it is in younger
stratigraphic levels in the Tournaisian (sulcata-
duplicata conodont Zones).

We agree with the authors that the occurrence
of Stphonodella sulcata (note: Si. sulcata M5) remains
a reliable criterion for establishing the DCB
worldwide, and for establishing the DCB at
Steinberg/Trolp. It has to be mentioned that
the work of Bojar et al. (2013) is an important
contribution to the studies at Trolp and studies at
the DCB, and the investigated locality, as shown
in their Figure 3d (Bojar et al. 2013), is exceptional
because it is deposited in continuous limestones
facies during the first order Hangenberg mass-
extinction Event at the DCB.
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