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Abstract

Many sections are known from Iran which exhibit sediments across the Devonian-Carboniferous (D-C) boundary. In contrast to
the majority of published D-C sections worldwide from pelagic/hemipelagic environments, successions in Iran are mainly
composed of shallow-water sediments. Correlation with hemipelagic or pelagic palacoenvironments remains difficult due to
biostratigraphic uncertainties in most sections and/or hiatuses. On the other hand, a limited number of sections dealing with
shallow-water facies settings in Iran at this particular time period are known and further research is necessary. Several sections in
the Alborz Mountains provide an excellent opportunity to study successions across the D-C boundary in shallow-water facies. In
Iran, protognathoids are represented by Protognathodus meischneri and Protognathodus collinsoni. The two biostratigraphically
important protognathoids (Protognathodus kuehni and Protognathodus kockeli) were not reported or did not occur for the first
time in the Late Tournaisian. Early siphonodellids were described instead. In the frame of an Iranian/German research project, we
study different palacoenvironments to reduce serious palacoenvironmental and palacogeographical sampling bias which may
limit our knowledge on the Hangenberg Event particularly in shallow-water facies. We present a summary on published D-C
sections in Iran (Ghale-Kalaghu, Howz-e-Dorah 1, Howz-e-Dorah 2 and Shahmirzad) and sections which are under study

(Mighan, Chelcheli and Khoshyeilagh) at the time of this writing.

Keywords Hangenberg Crisis - Shallow-water palacoenvironments - Conodonts - Alborz Mountains - Shotori Range

Introduction

Based on recent discussions on climate change, the study of
extinction events, dynamics and reasons for environmental
and climate changes in Earth’s history is of fundamental im-
portance. The Devonian-Carboniferous (D-C) transition is one

This article is a contribution to the special issue “Global review of
the Devonian-Carboniferous Boundary”.
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of the most interesting time slices in Earth’s history as this
period was characterised by extreme climate and faunal
changes which led to the end-Devonian biodiversity crisis.
Based on the ecological severity index by McGhee et al.
(2013), the end-Devonian extinction is known as the fourth
severe mass extinction in Earth’s history. This first-order mass
extinction eliminated nearly 20% of marine invertebrate gen-
era and reduced the long-term biodiversity of all vertebrates
by about 50% (Sepkoski 1996; Walliser 1996; Sandberg et al.
2002). As shown in the review paper by Kaiser et al. (2016),
these estimates are poorly constrained for many fossil groups
and much more work is necessary (for instance, in shallow-
water realms) to get a better understanding of the complex
interactions between palacoclimate dynamics, palacoecosystem
changes and faunal diversity.

The D-C transition is characterised by several trans-
gressive/regressive cycles, and widespread ocean anoxia has
been recognised along continental margins or epicontinental
basins known as the Hangenberg Black Shale (HBS) Event.
Close to the D-C boundary, a major sea level fall (Hangenberg
Sandstone (HSS) Event) of more than 100 m (Kaiser et al.
2016) can be recognised in many sections around the world.
Deposition of these black shales and sandstones is known as
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early and middle phases of the Hangenberg Crisis as defined
by Kaiser et al. (2016) and Becker et al. (2016). The classic
hemipelagic “Rhenish standard succession” of the Drewer
section in the Rhenish Massif (Germany) exhibits the charac-
teristic succession of the Hangenberg Crisis and was used to
correlate different D-C sections from epicontinental basins
and continental margins elsewhere (see summary by Kaiser
et al. 2016). Depending on facies setting, equivalents of the
regressive Hangenberg Sandstone Event can also be
recognised as an unconformity and/or reworked sediments
as shown by Cole et al. (2015), Babek et al. (2016) and
Kaiser et al. (2016). Stratigraphical gaps and non-deposition
related to this major regression are also known from Eastern
Iran (Bahrami et al. 2011). This eustatic sea level fall (HSS
Event) might be associated with a glaciation on Gondwana.
Evidence for this hypothesis is based on sedimentological as well
as palaeontological criteria, and data are published from South
America, North Africa and the Appalachians (e.g. Isaacson et al.
1999, 2008; Streel et al. 2000, 2001; Caputo et al. 2008;
Brezinski et al. 2010; Lakin et al. 2016). Based on these data in
combination with the magnitude of the sea level change, glacia-
tion seems to be the main reason for that major eustatic sea level
fall. However, the trigger mechanisms for anoxia and glaciation
at the D-C boundary are discussed controversially and require
further research. Regarding the latter one, it seems likely that
widespread volcanism at that time was underestimated as there
is a lack of large igneous provinces preserved in the rock record.
On the other hand, evidence of widespread volcanic activity
(pyroclastic ash flow deposits) around the D-C boundary is
known from many countries such as in Germany, Spain,
Uzbekistan, South China, Vietnham and Mongolia (Bai 2001;
Liu et al., 2016; Komatsu et al. 2014; Lai et al. 2014; Racki
et al. 2018a; Paschall et al. 2019; Stribrny et al. in press).

The D-C boundary has been defined on conodont biostra-
tigraphy from the Global Stratotype Section and Point (GSSP)
location La Serre Trench E’ section in the Montagne Noire,
France, where it is based on the first appearance of the basal
Carboniferous conodont Siphonodella sulcata (Flajs and Feist
1988; Paproth et al. 1991). However, under the state of taxo-
nomic knowledge when the GSSP was established at La Serre,
the definition of the D-C boundary, and the stratotype section
itself, is considered problematic to maintain. The early
siphonodellids are taxonomically difficult to distinguish, and
therefore, morphotype groups were established for the more
precise discrimination of phylogenetically early and late
faunas (Kaiser and Corradini 2011).

Therefore, the GSSP position has to be re-located at La
Serre (Kaiser 2009), or the D-C boundary needs to be
re-evaluated, either by new biostratigraphic indicators (Aretz
2013; Corradini et al. 2016) or by a combined biostratigraphic
and sedimentological set of criteria (e.g. Becker et al. 2016).
Another problem is obviously caused by the palacogeographic
sampling bias as the majority of investigated sections are from
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epicontinental basins and continental margins, whereas from
shallow-water successions, detailed descriptions are limited.
In this report, we use the revised conodont biozonation pub-
lished by Spalletta et al. (2017) until the first occurrence of
Siphonodella praesulcata, then we continue to apply the co-
nodont biozonation published in Kaiser et al. (2009) which
means praesulcata Zone (old Lower praesulcata Zone), ckl
(extinction-based costatus-kockeli Interregnum), kockeli
Zone (old Upper praesulcatus Zone) and sulcata/kuehni
Zone (old sulcata Zone). This is due to the fact that Spalletta
etal. (2017) delete the praesulcata Zone, and the ultimus Zone
includes the praesulcata Zone and the ckl. Thus, the conodont
biozone ranges of Kaiser et al. (2009) and Spalletta et al.
(2017) are not congruent.

In this report, we present the state-of-the-art Devonian-
Carboniferous boundary (DCB) in Iran. But, we do not de-
scribe all sections which exhibit Devonian and Carboniferous
rocks across the D-C boundary in Iran due to large hiatuses
close or around the D-C boundary and/or limited stratigraphy.
In that case, we refer to relevant references. Most D-C sections in
Iran are composed of shallow-water sediments, but some have
potential to define the D-C boundary in palacoenvironmental
settings, of which we have a lack of information. Herein, we
summarise published data of Bahrami et al. (2011) and provide
new data on sections under study (Mighan, Chelcheli and
Khoshyeilagh) in shallow-water facies.

Geological background

During the Palaeozoic, Iran was located at the northern margin
of Gondwana (Berberian and King 1981; Scotese 2001). A
small area in the north-east, the Kope-Dagh, was part of
Laurussia (Berberian and King 1981). According to Golonka
et al. (1994), most of Iran in the mid-Palacozoic was located
about 20-25° south of the palacoequator. Upper Devonian
and Carboniferous rocks are widespread in Iran but often be-
long to different structural units, and therefore, correlation is
difficult. Iran can be subdivided into several structural units,
some of which are separated by suture zones (Alavi 1991;
Davoudzadeh 1997; Stocklin 1968). The most important
structural units are (a) the Zagros fold belt; (b) the central
domain, comprising the southern Alborz Mountains, north-
western Iran and the Binalud Mountains in Eastern Iran; (c)
the northern Alborz Mountains with the Caspian Depression;
and (d) the east-Central Iran microplate (Fig. 1).

A number of sections across the D-C boundary in Iran were
studied in the last decades, providing very variable informa-
tion on the quality and quantity of different fossil groups, and
limited information on geochemical proxies and sedi-
mentology/facies is available. The sections summarised herein
concentrate on successions across the D-C boundary even if
some sections have a much larger stratigraphic range as it is
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Fig. 1 Structural units of Iran with the position of the most useful D-C sections

shown herein. The sections described are already published
and/or sections are under study, and some can be used to
determine the D-C boundary based on Siphonodella sulcata.
But, much biostratigraphic work is necessary in order to get a
well-constrained DCB level and, thus, a profound overview
on the Hangenberg Crisis in Iran. Our publication did not
consider short reports and/or comments providing less de-
tailed information on the D-C boundary and some unpub-
lished master’s theses and reports which have only been partly
accessible. We summarise sections from the Central Iran
(Shotori Range) and the Alborz Mountains, and we provide
an improved correlation chart of most important D-C sections
in Iran.

D-C boundary sections in Iran
Shotori Range

The Shotori Range belongs to the east-Central Iran microplate
which was situated approximately 33° S of the palacoequator in
the Carboniferous (Golongka 1994). The area was part of the
western Palaco-Tethys, covered by a large shelf sea, and sedi-
ments were mainly formed in shallow neritic palacoenvironments
(e.g. Wendt et al. 2002, 2005). Several D-C localities were studied
in the Shotori Range in the last decades with a special focus on
different fossil groups (e.g. Ashouri 1990, 1997a, b, 1998, 2002,
2004, 2006; Ghavidel-Syooki and Moussavi 1996; Ashouri and
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Yamini, 2006; Yazdi 1999; Yazdi and Tumer 2000; Wendt et al.
2005; Bahrami et al. 2011). Due to the overall shallow-water
palaeoenvironments of sections in the Shotori Range, a remark-
able stratigraphical gap of variable range around the D-C bound-
ary was proposed by several authors (Ashouri 1995, 1997b; Yazdi
1999; Wendt et al. 2005). Based on more detailed sampling,
Bahrami et al. (2011) described three sections in the southern
Shotori Range (Ghale-Kalaghu section, base of the section 33°
20" 40.86" N, 57° 20" 09.72" E; Howz-e-Dorah 1 section, base of
the section 33° 22’ 21.07" N, 57° 20" 22.85" E; Howz-e-Dorah 2
section, base of the section 33° 22 16.67" N, 57° 20" 23.0"” E) with
a focus on conodont stratigraphy. The authors describe conodont
assemblages from each section (Fig. 2a—), but the paper lacks
detailed information on a sedimentological/facies description and
other fauna. Furthermore, no information is provided on geochem-
ical proxies.

The investigated sections of the Shotori Range exhibit a
continuous sedimentological record except a small hiatus
close to the D-C boundary which covers the upper part of
the praesulcata Zone and, most probably, the lower part of
the sulcata Zone (Bahrami et al. 2011). However, due to dif-
ferent terminologies concerning the praesulcata (old Lower
praesulcata) or kockeli Zone (old Upper praesulcata Zone),
the stratigraphic range of the hiatus is not evident currently.

The stratigraphical gaps are in compliance with the sedi-
mentological record. Around the D-C boundary, oolites and
gypsiferous shales occur. Due to the overall shallow-water
palacoenvironments, the conodont record is not abundant
and the faunas of the three sections are mainly composed of
shallow-water genera (Bahrami et al. 2011) whereas pelagic
index species are scarce (e.g. only one Siphonodella sulcata
occurs in each section). However, previous biofacies models
and concepts are recently under considerations (see
discussions in Kaiser et al. 2017), and the occurrence of
Siphonodella, which was regarded previously as pelagic fau-
na, and Protognathodus, which was considered previously as
shallow-water fauna, is more likely due to biotic opportunism
rather than sea level indicator (Kaiser et al. 2019). In the study
by Bahrami et al. (2011), the authors used species of
Polygnathus and Pseudopolygnathus to identify the zonal
boundaries. Macrofauna such as brachiopods, corals and os-
tracods occur in all sections but have not been studied system-
atically. The number of ostracod specimen is high, but in
comparison to other shallow-water sections of late
Famennian age from Mongolia (Nazik et al. in press), the
ostracod fauna from Iran is less diverse.

Vertebrates were investigated in the Howz-e-Dorah section
and in the Kale Sardar section, Shotori Range by Yazdi and
Turner (2000), which helped to improve understanding of
linkages between western and eastern Gondwana but were
not useful in terms of a detailed biostratigraphy.

In Eastern Iran, the Nias section (33° 39.512' N, 57°
08.568" E) (Yazdi 1999; Wendt et al. 1997, 2005) seems to

@ Springer

represent a relatively undisturbed section probably including
the D-C boundary. Frasnian and Famennian sediments includ-
ing the Annulata Event are reported by several authors from
that section (Feist et al. 1999; Morzadec 2002; Becker et al.
2004). Wendt et al. (2005) determined conodonts from the last
carbonate layer of this section (but conodonts were not fig-
ured) which may indicate a middle Tournaisian age, but the D-
C boundary was not yet constrained and future investigations
are necessary. More sections were studied such as a section
near Tabas (section A, 2 km NW from Tang-e-Abbassi; see
Yazdi 1999), but the D-C boundary interval is characterised
by a sedimentological hiatus/erosional surface. Thus, in the
Shotori Range, the sections published by Bahrami et al.
(2011) are the best D-C sections known so far even if hiatuses
may occur. Thus, a more detailed stratigraphic framework is
necessary, as well as a more detailed sedimentological record,
and a systematic record of other fossil groups, and the study of
geochemical proxies in order to get a better understanding for
trigger mechanisms of the ecological collapse of the
Hangenberg Crisis in shallow-water palacoenvironments.

Alborz Mountains

The range of Alborz Mountains is 60—130 km wide and ex-
tends from NW Iran (East Azerbaijan Province) along the
Caspian Depression into the Kope-Dagh and northwestern
Afghanistan. In the Kope-Dagh, which was part of Laurussia
(Berberian and King 1981), Palaeozoic rocks occur in remote
settings close to the Turkish-Afghan border, and two sections
were described by Wendt et al. (2005). The sedimentological
record considerably differs from that of the other sections in
Iran, and whether the successions contain Carboniferous rocks
remains questionable.

Mid-Palaeozoic rocks in the central part of the Alborz
Mountains are known for a long time (e.g. Wendt et al.
2005, cum lit.). Rocks are characterised by platform-type sed-
iments, such as limestones, dolostones, sandstones and shales.
Some sections exhibit more hemipelagic successions, but also
hiatuses and unconformities obviously occur in Palaeozoic
rocks in the central Alborz Mountains. Devonian and
Carboniferous deposits in eastern Alborz are much thicker
and more fossiliferous than the deposits of central and western
Alborz and thus has become of special interest to study D-C
boundary sections (e.g. Weddige 1984; Wendt et al. 2005;
Habibi et al. 2008; Mohammadi 2009). Whereas the Upper
Devonian Jeirud Formation (Assereto 1963) generally is com-
posed of intratidal to supratidal sediments, the Lower
Carboniferous Mobarak Formation (Stepanov 1971) exhibits
the most extensive carbonate cycle along the northern margin
of Gondwana (Torsvik and Cocks 2004; Wendt et al. 2005).

The sedimentological record of the type section of the
Jeirud Formation (e.g. Gaetani 1965; Djafarian 1973; Wendt
et al. 2005) is not useful to define the D-C boundary as the top
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Palaeobio Palaeoenv

<« Fig. 2 a Lithology, sample position and conodont biozonation around
the D-C boundary of the Ghale-Kalaghu section (modified after Bahrami
et al. 2011). b Lithology, sample position and conodont biozonation
around the D-C boundary of the Howz-e-Dorah 1 section (modified
after Bahrami et al. 2011). ¢ Lithology, sample position and conodont
biozonation around the D-C boundary of the Howz-e-Dorah 2 section
(modified after Bahrami et al. 2011)

of the Upper Famennian is covered by a 300-m-thick basalt
flow (Sartenaer 1964; Gaetani 1965). The type section of the
Mobarak Formation investigated by Assereto (1963) requires
much more detailed sedimentological as well as stratigraphi-
cal studies. Furthermore, the underlying Jeirud Formation is
strongly faulted.

In the central Alborz Mountains, the Shahmirzad section
(base of the section 35° 47.29' N, 53° 18.84' E; Fig. 3) is the
best studied section in that region. The several-hundred-
meter-thick Jeirud Formation which unconformably lies upon

the upper part of the Mila Formation (Ordovician) (Peng et al.
1999; Wendt et al. 2005) is mainly composed of greenish and
reddish shales, quartzites, reddish sandstones, dolomitic and
conglomeratic sandstones and sandy limestones which point
to a fluvial-deltaic palacoenvironment with intervals of fully
marine sediments (Ueno et al. 1997). Based on rare fossils,
this formation has a stratigraphic range from Mid-Devonian to
Lower Carboniferous (e.g. Gaetani 1965; Kimyai 1972;
Ghavidel-Syooki 1995). The Jeirud Formation is continuously
overlain by the Mobarak Formation which is represented by
fossiliferous limestones, black shales and marly limestones,
suggesting a subtidal palacoenvironment. The Carboniferous
part of the Shahmirzad section contains a number of different
fossil groups such as crinoids, brachiopods, bryozoans and
gastropods (Ueno et al. 1997; Webster et al. 2007). The most
detailed stratigraphy based on conodonts was published by
Habibi et al. (2008) (see Fig. 3).
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Fig. 3 Lithology, sample position
and conodont biozonation around
the D-C boundary of the
Shahmirzad section (modified
after Habibi et al. 2008).
Siphonodella sulcata M4 was
found in sample 16

Range)

I

Polygnathus communis commun,

—e e Bispathodus aculeatus aculeatus
e Pseodupolygnathus primus

i. praesulcata

Si. sulcata

Upper expansa to Upper praesulcata interval zone

Protognathodus kockeli

Gnathodus cueniformis

—e- Protognathodus praedelicatus

Upper duplicata Zone

—e- Bispathodus stabilis

Lower typicus to
anchoralis-latus
zones

] limestone
— Fandyf
imestone

shale

sandy shale
[ shaly sandstone
quartzite and sandstone

v

é%%&»@oe

brachiopods
corals

crinoids
gastropods
goniatites

shell fragments
fish remains

)
o
o
— «
E = .
% o8 Shahmirzad
0w Zo .
e =z section (Alborz
S | X2a -45
= |Q®
ﬁ EE -41 =
Av >4
-40
c 13 Y
®©
[}]
2
5
c
o
=
(5]
£
£ S
o
c [T
©
ol 4
(2]
= ®
© £ S
<
= @
>
o Q
~| o
=
DCB]
c
«©
c
c
(]
€
©
wlc
o| ©
2
A
.| R
1 ®
£
ol
c
8|2
c
c
£
B T
w| s
' -
C|
)
£
1=
S
|18
B | Mila Fm.
o

@ Springer



Palaeobio Palaeoenv

Due to the palacoenvironmental setting, the conodont fauna
is quite scarce and not well preserved. Nevertheless, these au-
thors discriminated six conodont zones and the D-C boundary
which is defined by the first occurrence of Siphonodella sulcata
in sample 16 (Fig. 3). The disadvantage of this section is based
on the very shallow-water sediments of the Jeirud Formation.
Thus, a very limited number of conodonts were found in the
uppermost part of the succession (uppermost Famennian), and
most conodonts were described from the overlying
Carboniferous Mobarak Formation. On the other hand, the oc-
currence of a rich acritarch association and the rare conodont
findings allow to place the D-C boundary below sample num-
ber 16 (Habibi et al. 2008). The spore Retispora lepidophyta
was found in sample P2 in this section. According to Streel and
Loboziak (1996, p. 582), Retispora lepidophyta has his first
occurrence within the Late expansa Zone (ultimus Zone of
Spalletta et al. 2017) and became extinct just below the D-C
boundary, while the other taxa have a longer range. The first
occurrence (FO) of Protognathodus kockeli in this section can-
not be used for conodont zonation and cannot be applied to
determine the kockeli Zone as this species was found after
Habibi et al. (2008) for the first time which was much higher

in the section (sample 30, L. typicus-anchoralis-latus interval).
Therefore, the new proposed zonation by Spalletta et al. (2017)
is not helpful here since the DCB interval would remain undi-
vided by conodonts. Since Protognathodus kockeli is not
known from the typicus-anchoralis-latus Zone but became ex-
tinct already in the crenulata Zone after the current state of
knowledge, a re-evaluation of ranges in different environmental
settings is necessary. Also, confusion with the homeomorphic
Gnathodus fauna which occurs in the typicus-anchoralis-latus
Zone could be one possible reason (Kaiser and Hubmann in
prep.).

In the light of ongoing discussions, three sections in the
Alborz Mountains are under study by an Iranian/German
working group. These sections have a potential to increase
knowledge on the Late Devonian biodiversity crises in differ-
ent neritic palacoenvironments and the Hangenberg Biocrisis
in particular. The state of knowledge at the time of this writing
is given for the three sections.

The Mighan section is located about 22 km northeast of
Shahroud City (36° 38’ 38.2" N, 54° 56’ 55.8" E; Fig. 4) and
was described by many authors (e.g. Jenny 1977; Karimi
2001; Wendt et al. 2005). The section has a stratigraphic range

@ Springer

Fig. 4 Mighan section in the Alborz Mountains. Detail of the sampled interval across the D-C transition
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from (?) Silurian to Permian (Wendt et al. 2005). This succes-
sion includes uppermost sediments of the Devonian
Khoshyeilagh Formation (74.35 m thick) and the lowermost
Carboniferous Mobarak Formation (16.65 m thick). It is
subdivided from base to top into six lithological units (units
A to F; Fig. 5).

—  Unit A (34.32 m thick) starts with 3-m alternation of grey
to dark medium-bedded limestones and shales with trilo-
bites, brachiopods, corals, gastropods and crinoids. It is
followed by 10.20-m-thick succession of green to grey
marls with rare fossils. The marls are overlain by an al-
ternation (5.32 m thick) of grey medium-bedded lime-
stones and marls showing the same fauna as at the base
of unit A. The topmost part of unit A is composed of
green to grey marls which have a thickness of 18.80 m.

—  Unit B has a thickness of 30.4 m and is characterised by
more calcareous sediments compared to the previous unit.
The medium-bedded limestones exhibit a nodular fabric,
and occasionally, they are bioturbated.

—  Unit C which is 3 m thick contains grey medium-bedded
marly limestones. Rare macrofossils such as trilobites oc-
cur. This unit contains the conodont Siphonodella
praesulcata and is conformably overlain by grey shales.

—  Unit D is composed of mainly grey shales with rare bra-
chiopods and trilobites and has a thickness of 1.25 m.
This succession is most probably the equivalent of the
HBS.

—  Unit E (2.5 m thick) contains mainly white cross-bedded
sandstones (in distinct layers, also reddish sandstones oc-
cur) with some shell fragments and crinoids representing
a shallow-neritic palacoenvironment. The sandstones of
unit E can be considered as an equivalent of the HSS.

— Unit F has a thickness of 16.53 m and starts with
30-cm-thick grey medium-bedded limestones which
yielded Siphonodella sulcata. This Lower
Carboniferous limestone is overlain by 5.23-m green
and dark grey shales following upwards to grey
medium-bedded shaly limestones (11 m thick). In the
uppermost part of this unit, an increase of bioclasts such
as brachiopods, gastropods, ostracods, crinoid stems and
corals occurs. A general sedimentological change from
sandstones in unit E to carbonates in unit F indicates more
distal palaco-environments.

The investigated part of the Mighan section ranges
stratigraphically from the Bispathodus aculeatus aculeatus
conodont Zone (Spalletta et al. 2017) to the Siphonodella
sulcata/Protognathodus kuehni (Kaiser et al. 2009) conodont
Zone (Fig. 5, Table 1). Herein, we present an overview on
conodonts found in the section, and more details will be pub-
lished by Parvizi et al. (in prep.) as a part of Parvizi’s PhD

thesis. As this research is work in progress, data on other
fauna, a detailed sedimentology/facies description and geo-
chemical data will be published later.

Unfortunately, most conodont samples of the Mighan sec-
tion were barren, and only 28 samples out of about 45 yielded
conodont elements. The abundance is quite scarce with few
elements/kg only, except sample M26 which yielded 41
elements/kg (Table 1), and the preservation of conodont ele-
ments is not good, since many specimens are broken and
incomplete. We discriminated 23 species and subspecies
which belong to 4 genera (Bispathodus, Polygnathus,
Pseudopolygnathus, Siphonodella). The genus Bispathodus
is, by far, the most abundant, representing 25.7% of the entire
fauna. Due to facies setting (most conodonts are broken), we
counted 62% of unassigned conodont elements.

The disadvantage of conodont samples in that section is the
lack of significant conodonts such as Profognathodus kockeli
and P. kuehni; the former one was used for the new conodont
biozonation (Spalletta et al. 2017) as marker species, and
P. kuehni can be considered as a reliable index fossil for the
sulcata Zone (see Kaiser et al. 2019, cum lit.). However, we
found two specimens of Siphonodella praesulcata (samples
M32 and M36) and one specimen of Siphonodella sulcata
(sample M36) instead. Thus, it is possible to define the D-C
boundary in this section based on the presently valid biostrat-
igraphic criteria. Whether the combined biostratigraphic, sed-
imentological and future geochemical set of criteria confirms
the position of the boundary depends on current research.
Preliminary sedimentological criteria support the suggested
position of the D-C boundary in the Mighan section as shown
in Fig. 5.

The Chelcheli section (base of the section 36° 36’
15.54" N, 54° 32’ 55.57" E) is also characterised by
shallow-water facies. In distinct layers, limestones and
shales exhibit diverse fauna which is composed of corals,
bryozoans, vertebrate remains, brachiopods and gastropods
among others. Work in progress concerns a detailed de-
scription of the fauna, sedimentology and the study of geo-
chemical proxies. Herein, we present a preliminary record
on conodont occurrences of this section (Fig. 6). It is note-
worthy that specimens of Protognathodus are not
completely absent and obviously co-occur with the early
but rare siphonodellids. However, the Protognathodus and
Siphonodella records from Iran have to be confirmed in
more detailed taxonomic studies. In this respect, the spec-
imens of Protognathodus are represented by morphotypes
which can be regarded as atypical morphotypes (Ghale-
Kalaghu section and Howz-e-Dorah section (Bahrami
et al. 2011), Plate 4, Figs. 14—17, and unpublished faunal
record from Chelcheli) due to their affinity to the homeo-
morphic Gnathodus faunas.

The D-C transition of the Khoshyeilagh section (base of the
section 36° 55" 11.03" N, 55° 26 53.95" E) is also part of our
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Total

Siphonodella sulcata

Siphonodella
praesulcata

Bispathodus costatus Bispathodus ultimus

Bispathodus aculeatus

aculeatus

Table 1 (continued)

Conodont zones
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Mighan section

M2 M3 M4 M5 M6 M9 M10 MIl MI2 MI13 Ml14 MI5 M16 MI9 M22 M26 M28 M29 M30 M31 M32 M34 M36 M37 M39 M40 M4l
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P. cf. longiposticus

2

Polygnathus sp.

Pseudopolygnathus

sp.
S. praesulcata

S. sulcata

175

28

26

13 3 18

1330

16

Unassigned

elements

Total

280

30

15 10

10

4 28

15

1330

24

joint research project. The entire section has a thickness of
about 1300 m and was first described by Bozorgnia (1973).
Several workers studied this section, focussing on different
fossil groups (e.g. Brice et al. 1974, 1978; Ahmadzadeh
Heravi, 1971; Blieck et al. 1980; Hamdi and Janvier 1981;
Weddige 1984; Ghods 1982; Morzadec 2002; Wendt et al.
2005). Sediments around the 1.5-m-thick D-C transition are
composed of an alternation of grey to black shales with hema-
titic nodules and siltstones with small brachiopods (? equiva-
lent to the HBS) which are conformably overlain by sand-
stones and shales (? equivalent to the HSS). As conodont
determination and microfacies analysis are not yet finished
at the time of this writing, we present a preliminary overview
of our study (Fig. 7).

The Jaban section (35° 39’ 34.57" N, 52° 15’ 3.36" E) in
the central Alborz Mountains was described recently by
Sardar Abadi et al. (2015). Lower Carboniferous sediments
(Mobarak Formation) conformably overlie siliciclastic Late
Devonian (Geirud Formation) successions, but the authors
of that report have had a focus on Lower Carboniferous rocks
and older sediments were not described. Thus, there is no
detailed information whether this section contains equivalent
rocks representing the Hangenberg Biocrisis. Moreover, the
early Tournaisian interval is characterised by a hiatus, so that
the D-C boundary cannot be determined (Sardar Abadi et al.
2015). Several other fossiliferous sections in the eastern
Alborz were repeatedly investigated in the last decades (e.g.
Blieck et al. 1980; Weddige 1984; Ashouri 1990; Wendt et al.
2005) such as the Deh Molla section (36° 38’ 38.2" N, 54° 56’
55.8" E) (see Wendt et al. 2005), but this section exhibits a
considerable reduction in thickness and shows an incomplete
succession and thus it is not useful to study the D-C transition.
Another section in central Alborz was studied by Falahatgar
etal. (2015). Their study focused on Tournaisian foraminifers.
The Tournaisian seems to be complete and continuous which
allows the discrimination of MFZ1 to MFZ8 biozones, but the
disadvantage is that the base of the Kahanag section is only
characterised lithostratigraphically (Falahatgar et al. 2015).

Central Iran

One of the most fossiliferous D-C sections ranging from the
Late Devonian to the Carboniferous (Late Mississippian) in
Central Iran is the Anarak 1 section (base of the section 33°
11.327" N, 53° 53.655" E) (see Reyer and Mohafez 1970;
Sharkovski et al. 1984; Wendt et al. 2005), but close to the
D-C boundary, this section exhibits minor faults and a major
gap which comprises almost the entire Famennian and the
Tournaisian (Wendt et al. 2005).

Late Devonian conodonts (Siphonodella praesulcata Zone
sensu Kaiser et al. (2009), Shishtu Formation) from the
Dalmeh section were described by Hairapetian and Yazdi
(2003). Younger sediments are not reported, and the conodont



- Ch35

-0—0000-0-8- /oqE/biwasnpoosd snpoyjeud

-0-0—-0-0——0————8- .oqe/bjwes snpoyjeus
—@-@0———@—————@- 5/LL.I0jIBUND SNpoyjeus)
-——@- snjejound snpoyjeus)
snoisodibuoj snyjeubfjod -@—@—0-0—00——0—
siuLojsnAea snyjeubeph|) -0 —e—
ZW snwiud snyjeubfjodnpoesd —0-0—09—@——@—
oejuswifooluob sijioeib sidsjojewjed—@—
ejeojnsoe.d ejjopouoydiS—@—
snjeuious snjeuloul snyjeubAjod -@—————0-0—00——O0—0——@-
uauyosiaw snyjeubojoid-0-0—8——@———@———@-
ZW snjejsod snpoyjedsid -@-@———e—8-
snjysooinuids snpoyjedsiy - @—@— @—
snjeajnoe snjeajnoe snpoyjedsig—@———@—@—@—
snjnwnjd snyjeubepf|D-@——@—0—@—
L Snjejsod snpoyjedsig-@———@—0—8—
sijiqe;s sijiqejs snpoyjedsiq -@———@———0——0—0-0—0-
esuedxa sijioelb sidsjojewed -@——0—0—0-0—@-
snpoyjedsiq snpoyjedsiy ——0—0—-0-0—0-
snsobnf snpoyjedsig -0—0—@-@—@-
gjeuioul ejjswueld -90-00—80————0———0—0—-0—0—@-
suebinA sijiqejs snpoyjedsig—@9—@————@———0—0-0—0—@-
snsojnuesb snyjeubfjod -0—0—-0-0—8—@-
gidwe elyoswuelg -@—@—@-
siiepiowbis sijioe.b sidsjojewjed ———0—0—-0-0—@——@—
esobljs euljyo)—@——@—0—0—0—@—
eio)fyoel) esobn. sidsjojewjed -@—
eweuws|yoq eueusjyoq ejyswueld-@—@——0—0—0-
sueinbai suenbai snyjeubouss)y - @—@——0—0—@-
J8jljon Jsjijon snyjeubiydeoS-@-0—e—e-
smejAydy snyjeubhjod -0—@—@-
ejeunoad eiqelb sidsjojewed —@—@-
sij1oe.b sjjjoe.b sidsjojewje] ~-0-00—0—8——0—8—0—0—0—
snjeuljoul snyjeubsfysjed -@—@——0—0—0—0—0—
snjejiAyaly snyyeubAjod —@—
iueaoped snyjeubfjod -0—@—8—@——@-
ejeqojesopounueipenb sidsjojewjed @~
snjejsoojwses snyjeubfjod -0—0—-0-0—0———0—0—0—0—0—0—
sjuowwos snyjeubfjodooy —0—0-0-0—0—0—0—0—0—0—0—0—
SNjejso0o0pou snjejsooopoou snyjeubfjod-@—@—0—0—0—8—0—@—
enuiw enuiw sidsjojewjed —0-0—0—0—0—0—0—0—
snujweyinelq snyjeubfjo4-0—0——8—@—0—
snjejuapeliss snyjeubshyojod -@—@—

oolitic

limestone

1 limestone
and¥
imestone
haly

pringer

Qs

imeStone

n=|n=

(= trilobites
@& goniatites
«=shell fragments

® crinoids

€7 bivalvia

€ corals
<& brachiopods = <%= fish remains

tentaculites
¢ bryozoa

|

20
om

$Njouiod snpoLd| -9—0—0—8—0—0—-0—0—0—
snyjeussyje snyjeulsje snpoLo|-@—@—e—@—

Iswyey snyjeuisije snpoLo-@—e—e—

snosipisnbue snyjeubAjod -@—@—

3985 82 85 2 @ Q e

3285 8% 8% § 8 8 ¢ . " _—

282 88 88§ g g g z = 2 e

§666 66 66 5 & 5 5 & 5 5 5
» oep
© §po

o~
=
o

- Cht

o

section (Alborz Range)

Chelcheli

N
T

‘oN 10308 ]

[w] ssewyory 1

)
IO
e

85(11

uonewuo

uojjewlod Yeieqopn 8 uoljewlod ybBejrakAysoyy)

obeys! uelsleuino] | ueljuuaweq aje"
L

Palaeobio Palaeoenv

& gastropods
well-bedded, laminated limestones and shales of the Bahram

Formation nor in the Lower Carboniferous dolostones (Hutk

Formation). The sediments were obviously slightly metamor-
phosed, and thus, conodont samples from the base to the top
were barren. Correlation with the Kuh-e-Bashi section which

(2005), but they did not find conodonts neither in the

Fig. 6 Lithology and preliminary conodont distribution of the Chelcheli section of the Alborz Mountains. The D-C is not well defined, but it is most

probably to be placed at the lower part of package 6

fauna is mainly composed of shallow-water species such as
Icriodus forms. Youngest sediments of this section are com-
posed of massive oolitic limestones. Hairapetian et al. (2000)
mentioned late Famennian vertebrate remains from this sec-
tion, but an overview on the entire faunal elements is not
documented. The same section was sampled by Wendt et al.
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is located approximately 25 km to the southeast is mainly
based on lithology. The Lower Carboniferous rocks of this
section are composed of dolostones whose age is still unclear
(Wendt et al. 2005). Due to the biostratigraphic uncertainties
and not suitable facies, more detailed studies on the D-C
boundary in both sections are not worthwhile.

Another two D-C sections (Rahdar and Bakshi sections)
further to the east are exposed in the Rahdar-Gachal Anticline
(Wendt et al. 2005), in the “Kashmar-Kerman Tectonic Zone”
(Ramezani and Tucker 2003) west of the Kalmard Fault
exhibiting reduced Late Devonian and more complete Early
Carboniferous successions. According to Wendt et al. (2005),
the conodont fauna is scarce in Devonian as well as in
Carboniferous sediments as a result of very shallow-water
palacoenvironments. Thus, in both sections, it seems unlikely
to define the D-C boundary.

Concluding remarks

A great number of D-C sections were described in Iran in the
last decades and improved the knowledge on stratigraphy,
facies and palacoenvironmental setting. But in many cases,
the focus of those studies was either on a specific fossil group
or stratigraphy. Some reports and theses are only partly acces-
sible, and conodont assemblages (as well as other fauna) re-
ported in various publications have not been figured and/or are
not accessible anymore. Thus, a more comprehensive meth-
odological approach of promising D-C sections is necessary.

We summarise and describe most suitable D-C sections in
Iran (Fig. 8) and present the state of knowledge on re-sampled
sections in the Alborz Mountains. Most sections contain small
hiatuses around the D-C transition as shown above or in the
publication by Bahrami et al. (2011) as a result of the overall
shallow-water facies, but some sections may contain a more or
less complete succession as it is the case in the Mighan section
(Parvizi et al., in prep.).

Based on the state of knowledge, no D-C sections in Iran
investigated so far seem to be a GSSP candidate due to the
overall facies setting and thus often incomplete sedimentologic
and biostratigraphic record. But, some sections provide a num-
ber of new results on the Hangenberg Biocrisis in shallow-
water facies with respect to conodont stratigraphy, faunal as-
semblage, sedimentology/facies and geochemistry. As shown
in this paper, some Iranian successions could have a high cor-
relative potential with neritic successions in Europe, Morocco
or China (e.g. Kaiser et al. 2004; Brice et al. 2007; Qie et al.
2015) due to the co-occurrence of biostratigraphic significant
pelagic/hemipelagic (conodonts) and neritic (ostracods, bra-
chiopods, corals, trilobites, gastropods, etc.) organisms.

Whether the sections under study (Chelcheli, Mighan and
Khoshyeilagh) presented herein are characterised by small
hiatuses at the D-C transition has to be proven by further

detailed research. The assumption of a gap at the D-C bound-
ary, above the regressive HSS, is based mainly on the absence
of P. kockeli and P. kuehni faunas (Bahrami et al. 2011).
However, it has to be considered that event-related, often
highly condensed successions resulted in missing occur-
rences, or in diachronous first occurrences of fossils, especial-
ly of the facies-dependent early siphonodellids and early
protognathodids (Kaiser et al. 2019). Therefore, the delayed
entry or even absence of marker fossils as a consequence of
major environmental changes during the Hangenberg
Biocrisis at the D-C boundary, which is widely known from
many other regions, could probably also applied for the
Iranian shallow-water successions. This assumption is sup-
ported by the lithofacies. For example at Chelcheli, the car-
bonate sediments lying conformably above the HSS, and a
sedimentological hiatus above the HSS, seem unlikely.
Moreover, the Mighan section seems to represent a continu-
ous succession around the D-C boundary, too.

The Protognathodus fauna in Iran is represented by
Protognathodus meischneri and Protognathodus collinsoni
previously reported by Bahrami et al. (2011), while the bio-
stratigraphic significant P. kockeli (index marker for the
kockeli Zone after Kaiser et al. (2009) = Upper praesulcata
Zone) and P. kuehni (index marker for the joint sulcata/kuehni
Zone after Kaiser et al. (2009) = sulcata Zone) faunas were
not reported (except in the late Tournaisian by Habibi et al.
2008). However, more high-resolution biostratigraphic stud-
ies are needed in order to evaluate the occurrence of the early
protognathodids. The absence of marker conodonts could be
related to gaps, or facies-dependent late or rare occurrences, as
explained above. Although condensation of event beds is less
likely because of the overall micritic facies in the studied
regions, it should be considered as well since the DCB interval
is globally characterised by a carbonate crisis due to a glacia-
tion pulse (Kaiser et al. 2008). Thus, the absence of marker
conodonts due to condensation is, in this case, caused by pre-
vious sampling biases.

The praesulcata Zone, the extinction-based costatus-
kockeli Interregnum (HBS and HSS) of Kaiser et al. (2009)
and the sulcata Zone can be recognised in the recently inves-
tigated Iranian successions as shown in the Mighan section
(Fig. 5), while the kockeli Zone as well as the bransoni
(duplicata) Zone cannot be recognised by conodonts. Since
the biozonation concept of Spalletta et al. (2017) does not
consider the praesulcata and sulcata zones as well as the
ckl, the Iranian successions could consequently not been
subdivided by conodonts at the D-C transition by applying
this biozonation concept.

Based on the well-known morphological complexity of
marker conodonts at the D-C boundary, especially of the
siphonodellids, polygnathids and Siphonodella-like
siphonodellids (Kaiser and Corradini 2011; Becker et al.
2013), the Iranian successions can provide new important data

@ Springer
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on conodont biostratigraphy. Thus, further detailed conodont
studies are required to be supported by other methodologies
(e.g. geochemistry, facies, magnetic susceptibility among
others) to clearly define the D-C boundary in different facies.
Nevertheless, research in shallow-water facies such as in Iran
will help to reduce serious palacoenvironmental and palaco-
geographic sampling bias which may limit our knowledge on
events in general, and particularly on one of the most severe
extinction events in Earth’s history.

Finally, a specific problem in Iran arises with the given
formation names of the described sections. Depending on
the study areas, different formation names occur for the same
time slice even if the lithological record is similar. A much
better sedimentological record combined with a more precise
stratigraphic range of some formations is necessary (as it was
shown by Bahrami et al. (2018) for the Bahram Formation) in
order to provide a better correlation between different sections
in different tectonic settings or areas in Iran.
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