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Abstract
The Middle to Upper Devonian Kuh-e-Bande-Abdol-Hossein section in eastern Central Iran is an overall shallow marine,
nearshore to open marine facies setting that contains a highly variable conodont record generally characterised by an Icriodid-
Polygnathid biofacies. The lithology and the palaeoenvironmental setting is similar to other localities in Central Iran and exhibits
numerous hiatuses. A continuous biostratigraphic record could not be established, but the section preserves the Givetian/Frasnian
boundary. Based on the conodont record, major gaps also occur in the Famennian which confirms earlier results reported from
other sections of similar palaeoenvironments in Central Iran.
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Introduction

The lateMiddle and early Late Devonian represents a relative-
ly warm period with an acme in diversity, size and latitudinal
distribution of reefs and associated shallow-water sediments
in the Middle Devonian (Flügel and Kiessling 2002;
Joachimski et al. 2009). On the other hand, the mid-
Palaeozoic underwent a dramatic change in Earth’s climate
systems which resulted in changes in ocean chemistry and

sea level. As a consequence these palaeoecosystems were im-
pacted by several mass extinctions and ecological perturba-
tions spanning millions of years. Fluctuations in physical
palaeoenvironments and resultant mass extinctions recorded
in the sedimentological record by lithological changes and
geochemical excursions which are also dependent on the de-
positional setting (Mottequin et al. 2017).

Middle to Late Devonian strata are mainly composed of
shallow-water facies and occur in isolated units in Central
Iran (e.g. Zahedi 1973; Soffel and Förster 1984; Wendt et al.
2005). In the frame of a scientific cooperation between the
University of Isfahan, Islamic Republic of Iran, Geological
Institute, Bulgarian Academy of Sciences and Senckenberg
Research Institute and Natural History Museum Frankfurt,
Germany, we have studied different sections in Central Iran
in order to improve the biostratigraphic framework, mainly by
conodonts, in Devonian to Carboniferous shallow-water
palaeoenvironments (Bahrami et al. 2014a, b, 2015, 2018;
Ernst et al. 2017; Königshof et al. 2017). Despite the difficul-
ties to apply the pelagic conodont zonation (Klapper and
Ziegler 1979; Ziegler and Sandberg 1990; Clausen et al.
1993) in shallow-water realms the generally rich conodont
faunas (at least in distinct beds) in Central Iran allow the
application of an alternative conodont zonation for the
Givetian which was proposed by Narkiewicz and Bultynck
(2007, 2010), Bultynck and Gouwy (2008) and Narkiewicz
(2011). The biostratigraphic record is a prerequisite to trace
and describe equivalent bioevent levels and/or sequence
boundaries which occur in the shallow-water realms
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(Königshof et al. 2016 and references therein). Detailed bio-
stratigraphy provides the background for further studies as
shown from the Zefreh section in Central Iran (Königshof
et al. 2017). Furthermore, conodont biofacies analysis has
the potential to reconstruct palaeoenvironmental changes
which was applied in various papers in different stratigraphi-
cal units (e.g. Sandberg 1976; Weddige and Ziegler 1979;
Sandberg and Dreesen 1984; Ziegler and Weddige 1999;
Söte et al. 2017; Lüddeke et al. 2017) and may complete
sedimentological and facies data even if species groups within
genera may have had different palaeoecological distribution
(Sandberg 1976; Corradini 1998; Lüddecke et al. 2017).

The Kuh-e-Bande-Abdol-Hossein section, which is located
southeast of Anarak (Fig. 1), was first mentioned by Reyer
and Mohafez (1970) and later examined in more detail by
Sharkovski et al. (1984) and Wendt et al. (2005). We re-
examined this section because it is mainly composed of sed-
imentary rocks ranging from Ordovician to Permian age
(Hairapetian et al. 2015; Lensch and Davoudzadeh 1982).
Herein we focus on the Middle to Upper Devonian strata in
order to establish the biostratigraphic framework of this sec-
tion by means of conodonts as a prerequisite for forthcoming
studies on geochemistry, sedimentology and facies.
Furthermore, we briefly discuss the conodont biofacies of
the Kuh-e-Bande-Abdol-Hossein section and discuss the sec-
tions investigated earlier by us in Central Iran.

Geological setting

The Kuh-e-Bande-Abdol-Hossein section belongs to the
Anarak-Khur Block and constitutes the Central-East Iran
Microplate, which is composed of a complex 5000–8000-m-
thick series of sedimentary, volcaniclastic and metamorphic
rocks (Soffel et al. 1996; Aghanabati, 2010). According to
Motaghi et al. (2015), Central Iran is relatively less deformed
and surrounded by active margins. Marine sediments occur in
northern and Central Iran ranging from the mid-Devonian into
the Early Pennsylvanian (Bahrami et al. 2014a, b, 2018).
During the Devonian, Central Iran was located in the low
latitudes of the Palaeotethys at the northern margin of
Gondwana (Berberian and King 1981, Scotese 2001). Most
of the Middle and Upper Devonian rocks represent shallow-
water sediments and exhibit palaeoenvironmental settings
from open marine to supratidal settings (Königshof et al.
2017 and references therein). Due to different subsidence
and/or horst and graben structures, up to 2000 m of
siliciclastics, mainly shallow-water sediments were deposited
in Central Iran (Wendt et al. 1997, 2002, 2005).

Ambient rocks of the Kuh-e-Bande-Abdol-Hossein section,
aremainly composed of Late Palaeozoic sedimentary andmeta-
morphic rocks (Houshmandzadeh 1977; Almasian 1997;
Leven and Gorgij 2006; Fig. 1). For instance, the Lakh marble
is regarded as the uppermost unit of the Anarak metamorphics

Fig. 1 a Position of the section in Central Iran; b road map showing the position of the Kuh-e-Bande-Abdol-Hossein section northeast of Isfahan
(modified after Bakhtiari 2005)
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and is of early Cambrian age (Sharkovski et al. 1984). These
marbles are unconformably overlain by unmetamorphosed
Palaeozoic sediments of Kuh-e-Bande-Abdol-Hossein section
located approximately 32 km southeast of Anarak and 180 km
northeast of Isfahan (E 53° 52′ 55″ and N 33° 10′ 90″ WGS
coordinates; Fig. 1). The entire section has a thickness of ap-
proximately 1200 m, ranging stratigraphically from the
Ordovician (Shirgesht Formation) to the Permian (Jamal
Formation; Hairapetian et al. 2015; Lensch and Davoudzadeh
1982). The sequence comprises of some hiatuses due to erosion
and/or tectonic activity. In this paper, we will concentrate on
Middle and Late Devonian sediments of the Kuh-e-Bande-
Abdol-Hossein section which belongs to the Bahram
Formation (Fig. 2).

Material and methods

In order to improve the biostratigraphy of the Kuh-e-
Bande-Abdol-Hossein section, 78 conodont samples of
approximately 2 to 3 kg each were taken from the carbon-
ates and processed by conventional methods using 10%
formic acid. Washed residues were sieved and separated
into three fractions, and conodonts were handpicked
utilising a microscope. Depending on the depositional fa-
cies setting, the number of conodonts per sample is highly
variable, e.g. in dolostones no conodonts where found
whereas in shallow-water limestones a good number of
species occurred in distinct beds. A total number of 2050
conodonts were obtained from the residues which led to
the identification of 41 species and subspecies within six
genera. The conventional conodont biofacies model was
applied according to different authors (e.g. Sandberg
1976; Ziegler and Sandberg 1984; Sandberg and Dreesen
1984; Ziegler and Weddige 1999). Lithological differences
were described based on field observations. Conodonts
described herein are stored at the University of Isfahan,
IR of Iran.

Lithology of the Kuh-e-Bande-Abdol-Hossein section

The fossiliferous Middle Devonian part of the Kuh-e-Bande-
Abdol-Hossein section is covered by Upper Devonian
siliciclastic rocks of the Padeha Formation which are com-
posed of an alternation of quartzitic sandstones, shales and
dolostones with intercalated basalt flows (Wendt et al.
2005). The latter ones can reach a thickness of 60 m whereas
the entire formation is approximately 290 m thick. This unit is
continuously overlain by the Sibzar Formation. The upper-
most part of the Sibzar Formation has a thickness of 48 m
and is composed of thick-bedded microbial dolostones
(Fig. 3). The next younger Bahram Formation starts with an

alternation of dolostones and dolomitic limestones and has a
thickness of 335 m. Due to lithological differences observed
in the field, the Bahram Formation in the Kuh-e-Bande-
Abdol-Hossein section was subdivided into 14 units (Fig. 3).

The first 56-m-thick unit (Sh1–S20; Fig. 3) is composed of
thick-bedded, partly laminated dolomitic limestones with rare
fossil content (Fig. 4a, b). The following unit is 94m thick and
is composed of medium to thick-bedded fossiliferous (rugose
corals, stromatoporoids, bryozoans, brachiopods) limestones
(Fig. 4c, d). At the base of unit 2, the first conodonts were
found (Fig. 3). At the top of this unit, Ancyrodella cf. pristina
was found which indicate the Givetian/Frasnian boundary.
The level slightly above the proposed G/F boundary is
characterised by abrupt lithological changes and points to a
rapid deepening. The calcareous unit is conformably overlain
by greenish shales which have a thickness of 5.5 m (unit 3,
Fig. 4e). The overlaying unit (sample numbers S114.5–S145)
is composed of mainly shallow-water bioclastic wackestones.
Conodonts were found only at the base of this unit (Fig. 3).
The shallow-water limestones are overlain by an alternation of
thin-bedded limestones and shales (unit 5, sample numbers
S145–S159) followed by medium-bedded limestones of unit
6 (sample number S159–S177; Fig. 3). The next unit (unit 7,
sample numbers S177–S209) has a thickness of 32 m. It is
composed of alternating shales and fossiliferous limestones
and shows a gradual transition from thin-bedded to medium-
bedded limestones of unit 8 (sample numbers S232–S239).
Unit 9 is composed of thin reddish shales at the base and at
the top with intercalated limestones and has a thickness of
7 m. This unit is overlain by grey carbonates of various thick-
nesses (unit 10, sample numbers S239–S261; Fig. 3). The next
two units (unit 11 and unit 12), which belong to the Frasnian,
show a gradual transition from medium to thick-bedded, fos-
siliferous limestones. Intercalated are marls and sandy lime-
stones. The thickness of both units is 26 m. Below the
Frasnian/Famennian boundary limestones are thick-bedded
and the facies points to more shallow-water palaeo-
environments (unit 13, Fig. 3) with numerous fossils such as
brachiopods, bryozoans and stromatoporoids. It is difficult to
provide definite conodont substage levels due to the lack of
sufficient zonal index conodonts (see section biostratigraphy).
Units 10 to 13 cover the upper rhenana to linguiformis zones
but there was no indication of event layers revealed in the
sedimentological record such as black shales or limestones.
Observed sea level changes (T–R trends based on the sedi-
mentological record) in that part of the section are confirmed
by changes in the conodont biofacies (see relevant section).
According to conodont stratigraphy, we place the Frasnian/
Famennian boundary around sample number S310 at the base
of unit 14 (Fig. 3). The top of the described section (middle
and upper part of unit 14) consists of 25 m of red marls which
are disconformably overlain by greenish or reddish nodular
limestones (Sardar Formation) of Carboniferous age (Fig. 4f).
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Fig. 2 Geological map and location of the investigated section A`—A (from Sharkovski et al. 1984)
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Conodonts found in the last 10 m exhibit a very wide strati-
graphical range, from the termini to gracilis expansa zones

which supports the assumption by Wendt et al. (2005) that
there is a major gap in the Famennian.

Fig. 3 Lithology and conodont stratigraphy of the Middle to Late
Devonian Kuh-e-Bande-Abdol-Hossein section. Please note that in the
right column, the Icriodus expansus and the Icriodus subterminus cono-
dont zones represent shallow-water facies setting (Bultynck 1987;

Bultynck and Gouwy 2008; Narkiewicz and Bultynck 2007, 2010;
Narkiewicz 2011), whereas the others represent the Standard Conodont
Zonation (Klapper and Ziegler 1979; Clausen et al. 1993)
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Conodont succession

Conodont faunas from the Kuh-e-Bande-Abdol-Hossein
section (Figs. 5, 6 and 7) are dominated by species of
Icriodus and Polygnathus in the Givetian and Frasnian

and Icriodus, Polygnathus and Palmatolepis in the
Famenn i an . Ancy rode l l a , Ancyrogna thu s and
Bispathodus are accessory elements. The conodont suc-
cession is described in the stratigraphical order, from the
oldest samples to the youngest samples.

Fig. 4 Lithology of some portions of the Kuh-e-Bande-Abdol-Hossein
section: a, b thick-bedded, partly dolomitic limestone at the base of the
section; c, d fossiliferous limestone in the Givetian (expansus Zone); e

marly limestone overlain by greenish shales at the Givetian/Frasnian
boundary (unit 3) f units 13 and 14 of the section
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Based on the overall shallow-water setting of the section, an
alternative conodont zonation (see Narkiewicz and Bultynck
2007, 2010; Bultynck and Gouwy 2008; Narkiewicz 2011)
was applied for the Givetian. According to the studied samples,
six conodont zones were identified:

expansus Zone

First conodonts were found in limestones in the uppermost part
of unit 1 and the expansusZone covers the interval from sample
S11–S37. The lower boundary of expansus Zone is defined by
the first appearance of Icriodus expansus Branson and Mehl,
1938 (Narkiewicz and Bultynck 2010) and the upper boundary
corresponds to the first appearance of Icriodus subterminus
Youngquist, 1947; the first occurrence of this species represents
the lower boundary of the subsequent biozone (Sandberg and
Dreesen 1984; Narkiewicz and Bultynck 2007, 2010; Bultynck
and Gouwy 2008). The accompanying conodont association in
this biozone contains the following species: Polygnathus
linguiformis linguiformis γ 1a, Icriodus eslaensis, Icriodus
excavatus, Icriodus brevis, Icriodus expansus, Icriodus
arkonensis, Icriodus lilliputensis.

subterminus Zone

The interval of the subterminus Zone ranges from sample S38–
S103. The lower boundary of the subterminus Zone corresponds
to the first occurrence of Icriodus subterminusYoungquist, 1947
(Narkiewicz and Bultynck, 2007, 2010; Bultynck and Gouwy
2008) and the upper boundary coincideswith the first appearance
of Ancyrodella pristina (Klapper and Lane, 1985). Other accom-
panying conodonts in the subterminus Zone are the following:
Icriodus excavatus, Icriodus expansus, Icriodus cedarensis,
Icriodus lilliputensis, Polygnathus xylus, Polygnathus pollocki,
Polygnathus alatus, Polygnathus lodinensis, Icriodus difficilis,
Icriodus norfordi and Icriodus latecarinatus.

Upper falsiovalis to transitans zones

This 63-m-thick interval covers the samples S102–S167 and
conodont diversity increases. The lower boundary of the
biozone corresponds to the first occurrence of Ancyrodella
pristina (Klapper and Lane, 1985). The upper boundary of
this biozone coincides to the first appearance of Polygnathus
aequalis Klapper and Lane, 1985 in the transitans Zone
(Ziegler and Sandberg 1996); the first presence of this species
represents the lower boundary of the subsequent biozone.

According to the range of Ancyrodella pristina, its occur-
rence indicates the Givetian-Frasnian boundary in our section
as the first appearance of Ancyrodella pristina marks the be-
ginning of the Late Devonian (Sandberg et al. 1989). The first
appearance of Ancyrodella cf. Ad. pristina corresponds with
the first thin-bedded limestones just below greyish shales

where we place the Givetian/Frasnian boundary (Fig. 3).
This conodont association contains taxa which have a strati-
graphical range from the Givetian to the Late Devonian such
as Icriodus excavatus, Icriodus expansus and Polygnathus
angustidiscus, but the appearance of Polygnathus xylus,
Polygnathus webbi, Polygnathus pollocki, Polygnathus
lodinensis, Polygnathus elegantulus, Polygnathus aspelundi
and Polygnathus cf. dubius point to the upper part of lower
Frasnian in the section (upper falsiovalis and transitans
zones). The middle Frasnian punctata, hassi and jamieae
zones are not documented in the section because of the lack
of zonal index taxa, most probably due to hiatuses.

transitans to Upper rhenana zones

The conodont zones cover the sample interval from the middle
part of unit 6 to the top of unit 8 (samples S168–S230). The
lower boundary of this interval corresponds to the first occur-
rence of Polygnathus aequalis Klapper and Lane, 1985 in the
transitans Zone (Ziegler and Sandberg, 1996). The upper
boundary of this interval corresponds to the first occurrence
of Icriodus alternatus alternatus Branson and Mehl, 1934 in
the Upper rhenana Zone; the first appearance of this species
represents the lower boundary of subsequent biozone (Ji and
Ziegler 1993). Other conodonts of this interval are the follow-
ing: Polygnathus alatus, Polygnathus webbi, Polygnathus
brevilaminus, Polygnathus politus, Polygnathus pseudoxylus,
Polygnathus cf. decororosus and Polygnathus zinaidae.

Upper rhenana to linguiformis zones

The lower boundary of the next interval, which ranges from
samples S230–S300, corresponds to the first appearance of
Icriodus alternatus alternatus Branson and Mehl, 1934 in the
Upper rhenana Zone (Ji and Ziegler 1993) and the upper bound-
ary of this biozone corresponds to the last occurrence of
Polygnathus politus Ovanatanova, 1969; Polygnathus webbi
Stauffer, 1938; Polygnathus alatus Huddle, 1934; Polygnathus
evidens Klapper and Lane, 1985 in the linguiformis Zone
(Ziegler and Sandberg 1996). The last appearance of these spe-
cies represents the lower boundary of the subsequent biozone.
Accompanying conodonts found in this interval are the follow-
ing: Polygnathus alatus, Polygnathus webbi, Polygnathus
politus, Polygnathus aequalis, Polygnathus evidens,
Polygnathus brevilaminus, Icriodus alternatus helmsi, Icriodus
alternatus alternatus and Icriodus iowaensis.

triangularis to termini zones

This 10-m-thick biozone involves specimens determined in
samples S300 to S310. The lithology of this biozone is
characterised by an alternation of red marls with interlayers
of limestone. The lower boundary of this biozone
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corresponds to the last presence of Polygnathus politus,
Ovanatanova, 1969; Polygnathus webbi, Stauffer, 1938;

Polygnathus alatus, Huddle, 1934; Polygnathus evidens,
Klapper and Lane, 1985 and the first appearance of
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Palmatolepis triangularis Sannemann, 1955a. Conodonts
which occur in the Middle termini—Zone are Palmatolepis
termini, Polygnathus semicostatus and Icriodus alternatus
helmsi. The latter one became extinct at the top of this
conodont zone.

Other conodonts found in this level of the section are
Icriodus iowaensis, Ancryognathus sinelamina, Bispathodus
stabilis, Palmatolepis sandbergi, Palmatolepis tenuipunctata,
Palmatolepis quadrantinodosalobata, Palmatolepis glabra
pectinata, Icriodus alternatus alternatus, Polygnathus
granulosus and Polygnathus nodocostatus. This assemblage
indicates even younger conodont zones, e.g. based on the
occurrence of Bispathodus stabilis. According to the sedimen-
tological record, this part is characterised by hiatuses and/or
reworked sediments.

Conodont biofacies

Due to the variable shallow-water facies, conodonts found in
the section exhibit different conodont biofacies. Thus, we ap-
plied the conventional conodont biofacies analysis (Sandberg
1976; Weddige and Ziegler 1979; Sandberg and Ziegler 1979;
Sandberg and Dreesen 1984; Ziegler and Weddige 1999) and
we discuss the genus-level approach with possible sea level
changes based on the sedimentological record. The conodont
biofacies record shows variations from Icriodus-dominated
genera (Icriodid-Polygnathid biofacies) and Polygnathus-
dominated genera (Polygnathid-Icriodid biofacies). Some
specific layers exhibit up to 100% of these two genera
(Fig. 8) and in distinct layers, other genera occur in low fre-
quency, such as Palmatolepis, Ancyrognathus, Ancyrodella

Fig. 5 1 Polygnathus linguiformis linguiformisHinde, 1879 γ1a morphotype; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 100, sample S21, × 40. 2 Polygnathus cf. P. dengleri Bischoff and Ziegler, 1957; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak)
section, northeast Isfahan, EUIC 101, sample S40, × 40. 3–6 Polygnathus pseudoxylusKononova, Alekseev, Barskov and Reimers, 1996; 3 upper view,
Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 107, sample S169, × 40; 4 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 111, sample S199, × 40; 5 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan,
EUIC 112, sample S199, × 40; 6 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 113, sample S199, × 40. 7–9
Polygnathus xylus Stauffer, 1940; 7 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 115, Sample S88, × 40; 8
upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 117, sample S88, × 40; 9 upper view, Kuh-e-Bande-Abdol-
Hossein (SE Anarak) section, northeast Isfahan, EUIC 135, sample S88, × 40. 10, 12 Polygnathus alatus Huddle, 1934; 10 upper view, Kuh-e-Bande-
Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 124, sample S95, × 40; 12 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 156, sample S301, × 40. 11, 34 Polygnathus aequalis Klapper and Lane, 1985; 11 upper view, Kuh-e-Bande-Abdol-Hossein
(SE Anarak) section, northeast Isfahan EUIC 131, sample S169, × 40; 34 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 180, sample S260, × 40; 13, 14, 36, 37 Polygnathus zinaidae Kononova, Alekseev, Barskov and Reimers, 1996; 13 upper view, Kuh-e-
Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 175, sample S199, ×40; 14 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak)
section, northeast Isfahan, EUIC 138, sample S169, × 40; 36 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC
203, sample S169, × 40; 37 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 207, sample S219, × 40. 15
Polygnathus webbi Stauffer, 1938; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 178, sample S199, × 40.
16 Polygnathus cf. dubius Hinde, 1879; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 181, sample S199, ×
40. 17, 23 Polygnathus brevilaminus Branson and Mehl, 1934; 17 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan,
EUIC 141, sample S301, × 40; 23 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 159, sample S260, × 40. 18–
20 Polygnathus angustidiscus Youngquist, 1947; 18 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 142,
sample S218, × 40; 19 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 143, sample S199, × 40; 20 upper view,
Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan EUIC 144, sample S199, × 40. 21 Polygnathus cf. decorosus Stauffer, 1938; upper
view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 148, sample S219, × 40. 22, 24, 25, 27, 35 Polygnathus pollocki
Druce, 1976; 22 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 147, sample S88, × 40; 24 upper view, Kuh-e-
Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 172, sample S102, × 40; 25 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak)
section, northeast Isfahan, EUIC 163, sample S150, × 40; 27 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC
155, sample S102, × 40; 35 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 198, sample S150, × 40. 26
Polygnathus cf. semicostatus Branson and Mehl, 1934; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 149,
sample S310, × 40. 28, 33 Polygnathus lodinensis Posler, 1969; 28 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan,
EUIC 170, sample S88, × 40; 33 upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan, EUIC 167, sample S102, × 40. 29, 30
Polygnathus krestovnikovi Ovnatanova, 1969; 29 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 152, sample
S300, × 40; 30 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 177, sample S300, × 40. 31–32 Polygnathus
elegantulus Klapper and Lane, 1985; 31 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 165, sample S218, ×
40; 32 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 166, sample S199, × 40. 38 Polygnathus aspelundi
Savage and Funai, 1980; 38 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 218, sample S218, × 40; 39, 40
Polygnathus politus Ovnatanova, 1969; 39 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 209, sample S300,
× 40; 40 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 218, sample S301, × 40. 41, 44–45 Polygnathus
evidensKlapper and Lane, 1985; 41 upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan, EUIC 151, sample S300, × 40; 44
upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 187, sample S218, × 40; 45 upper view, Kuh-e-Bande-Abdol-
Hossein (SE Anarak) section, northeast Isfahan, EUIC 188, sample S199, × 40. 42–43 Polygnathus nodocostatus Branson and Mehl, 1934; 42 upper
view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 154, sample S310, × 40; 43 upper view, Kuh-e-Bande-Abdol-Hossein
(SE Anarak) section, northeast Isfahan, EUIC 189, sample S310, × 40. 46 Polygnathus granulosusMuller and Muller, 1957; upper view, Kuh-e-Bande-
Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 190, sample S310, × 40
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and Bispathodus. The overall specimen frequency is highly
variable, ranging from a very low number of specimens (< 10
specimens per sample) to a good record (> 50 specimens per

sample). The succession from Bshallower^ Icriodus-dominated
samples to more Boffshore^ Polygnathid-dominated samples
(e.g. Ziegler and Weddige 1999) are generally in agreement
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with the sedimentological/facies record, but due to the limited
conodont specimen per sample in some layers, the conodont
biofacies provide generalised information and cannot be used to
describe palaeoenvironmental settings in detail. Most of the
analysed conodont taxa of the Kuh-e-Bande-Abdol-Hossein
section are cosmopolitan.

The first conodont sample (sample S21) shows an Icriodid-
Polygnathid biofacies with a small proportion of Polygnathus
linguiformis (10%) at the base of the section. The occurrence
of Polygnathus linguiformis is remarkable as the shallow-wa-
ter/nearshore facies was obviously not a habitat of
P. linguiformis. This species was adapted to more offshore,
deeper water settings (Narkiewicz et al., 2016 and references
therein). The next samples (S22 to S98), in the Givetian, are
composed of 100% Icriodus species (Table 1, Fig. 8). Thus,

the application of an alternative conodont zonation for this
part of the section, proposed by Narkiewicz and Bultynck
(2007, 2010), Bultynck and Gouwy (2008) and Narkiewicz
(2011), was used. Among the icriodids, the most abundant
species was Icriodus expansus Branson and Mehl, 1938
which may reach 70% of the conodont samples (Table 1,
e.g. sample S26). The first appearance of Ancyrodella cf. Ad.
pristina in the section corresponds with the first thin-bedded
limestones just below greyish shales where we placed the
Givetian/Frasnian boundary (Fig. 3). The changing lithology
corresponds to a changing biofacies. Even if the total number
of conodonts is low, polygnathids represent 26% of the assem-
blage whereas icriodid species reach 51%. From this interval,
up to the Late Frasnian, conodont biofacies were generally
dominated by polygnathid fauna which may represent more

Fig. 6 1, 10–13 Icriodus excavatus Weddige, 1984; 1 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 224,
sample S25, × 40; 10 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 239, sample S27, × 40; 11 upper view,
Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 242, sample S32, × 40; 12 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 243, sample S102, × 40; 13 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan,
EUIC 268, sample S102, × 40. 2–3 Icriodus brevis Stauffer, 1940; 2 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan,
EUIC 228, sample S25, × 40; 3 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 346, sample S32, × 40. 4–6
Icriodus eslaensis Adrichem Boogaert, 1967; 4 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 229, sample
S21, × 40; 5 upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan EUIC 230, sample S21, × 40; 6 upper view, Kuh-e-Bande-
Abdol-Hossein (SE Anarak) section, northeast Isfahan EUIC 231, sample S25, × 40. 7–9 Icriodus cedarensis Narkiewicz and Bultynck, 2010; 7 upper
view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 233, sample S88, × 40; 8 upper view, Kuh-e-Bande-Abdol-Hossein
(SE Anarak) section, northeast Isfahan, EUIC 236, sample S102, × 40; 9 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 237, sample S88, × 40. 14–18 Icriodus expansus Branson and Mehl, 1938; 14 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak)
section, northeast Isfahan, EUIC 244, sample S27, × 40; 15 upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan, EUIC 247,
sample S88, × 40; 16 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 365, sample S106, × 40; 17 upper view,
Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 367, sample S106, × 40; 18 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 374, sample S21, × 40. 19–22, 36 Icriodus subterminus Youngquist, 1974; 19 upper view, Kuh-e-Bande-
Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 249, sample S40, × 40; 20 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 255, sample S88, × 40; 21 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 257, sample
S95, × 40; 22 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 361, sample S102, × 40; 36 upper view, Kuh-e-
Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 289, sample S102, × 40. 23–24 Icriodus norfordi Chatterton, 1978; 23 upper view,
Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 260, sample S88, × 40; 24 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 368, sample S95, × 40. 25–26 Icriodus latecarinatus Bultynck, 1974; 25 upper view, Kuh-e-Bande-Abdol-
Hossein (SE Anarak) section, northeast Isfahan, EUIC 261, sample S88, × 40; 26 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 262, sample S95, × 40. 27–29 Icriodus lilliputensis Bultynck, 1987; 27 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 265, sample S109 × 40; 28 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 266, sample S35 × 40; 29 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 379, sample S102,
× 40. 30 Icriodus arkonensis Stauffer, 1938; upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan, EUIC 271, sample S21, ×
40. 31 Icriodus difficilis Ziegler, Klapper, 1976; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 272, sample
S102, × 40. 32–34 Icriodus praealternatus Sandberg, Ziegler, Dreesen, 1992; 32 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 276, sample S233, × 40; 33 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 324,
sample S262, × 40; 34 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 325, Sample S287, × 40. 35 Icriodus
cornutus Sannemann, 1955; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 277, sample S310, × 40. 37–39
Icriodus alternatus alternatusBranson andMehl, 1934; 37 upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan, EUIC 281,
sample S310, × 40; 38 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 306, sample S310, × 40; 39 upper view,
Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 314, sample S310, × 40. 40–43 Icriodus alternatus helmsi Sandberg and
Dreesen, 1984; 40 upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan, EUIC 299, sample S310, × 40; 41 upper view, Kuh-
e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 301, sample S301, × 40; 42 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 304, sample S310, × 40; 43 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 288, sample S262, × 40. 44–46 Icriodus iowaensis Youngquist and Peterson, 1947; 44 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 290, sample S262, × 40; 45 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan,
EUIC 329, sample S287, × 40; 46 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 327, sample S300, × 40. 47–
48 Icriodus symmetricus Bransoan and Mehl, 1934; 47 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 328,
sample S147, × 40; 48 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 383, sample S218, × 40. 49 Icriodus
deformatus asymmetricus Ji, 1989; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 387, sample S310, × 40
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open marine conditions, which is corroborated by the litholo-
gy of the rocks. Among the polygnathids, Po. webbi and Po.
brevilaminus reach their peak abundances in that part of the

section. There is one remarkable interval (sample S150) with-
in the upper falsiovalis to transitans zones where the conodont
assemblage exhibit Icriodus species only. This abrupt change
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in biofacies is most probably linked with local features and it
is hard to correlate this interval with known events such as the
Timan Event which occurs in the transitans Zone.
Furthermore, the latter one is linked with a transgressive phase
and faunal blooms (Becker et al. 2016) rather than shallowing.
The overlying interval of the transitans to Lower rhenana
zones (Fig. 8) generally exhibit assemblages which belong
to the Polygnathid-Icriodid biofacies which are dominated
by polygnathids. The disadvantage in that part of the section
is the lack of a high-resolution biostratigraphical framework
as a result of hiatuses. The next younger unit of the Upper
rhenana to linguiformis zones exhibit two shallow-water
intervals with an increase in icriodid species. Icriodid species
represent 100% of sample S249. Icriodus iowaensis
Youngquist and Peterson, 1947 is very abundant (> 50 speci-
mens) which occurs together with Icriodus alternatus helmsi
Sandberg and Dreesen, 1984. This interval is overlain by
thin-bedded limestones which yield only polygnathids, but
the number of species is very low. The upper part of the
Frasnian exhibits an increasing number of icriodid species
and polygnathids are less common. The changing biofacies

record in the Upper rhenana to linguiformis zones point to
sea level changes which correspond to lithological change.
Based on the limited biostratigraphic control, it is question-
able whether the deepening in the Upper rhenana to
linguiformis zones correspond to the proposed eustatic rise
by Sandberg et al. (2002) ranging from the Upper rhenana
Zone into the linguiformis Zone or if this sea level change
was triggered by local tectonics. First sedimentological/
facies interpretation support this assumption, but more de-
tailed work is necessary. In the upper part of the Frasnian,
which may correspond to the linguiformis Zone, Icriodus
alternatus is abundant (samples S262–S300, up to 36%),
whereas this species had been a minor constituent of cono-
dont faunas below. This may support shallowing in the
linguiformis Zone. Similar changes in shallow-water cono-
dont fauna were reported by Sandberg et al. (2002).
Conodont biofacies are characterised by Polygnathid-
Icriodid biofacies with accessory components of
Palmatolepis and Ancyrodella. The youngest part of the sec-
tion represents Famennian deposits with Ancyrognathus and
Bispathodus.

Fig. 7 1–4, 6 Palmatolepis quadrantinodosalobata Sannemann, 1955; 1 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 398, sample S310, × 40; 2 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 399, sample S310, ×
40; 3 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 400, sample S310, × 40; 4 upper view, Kuh-e-Bande-
Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 401, sample S310, × 40; 6 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 396, sample S310, × 40. 5, 7, 9, 18 Palmatolepis triangularis Sannemann, 1955; 5 upper view, Kuh-e-Bande-Abdol-Hossein
(SE Anarak) section, northeast Isfahan, EUIC 395, sample S310, × 40; 7 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 397, sample S310, × 40; 9 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 409, sample S310, ×
40; 18 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 391, sample S310, × 40. 8, 27, 28 Palamtolepis aff.
tenuipunctata Sannemann, 1955; 8 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 418, sample S310, × 40; 27
upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 411, sample S310, × 40; 28 upper view, Kuh-e-Bande-Abdol-
Hossein (SE Anarak) section, northeast Isfahan, EUIC 407, sample S310, × 40. 10, 16, 17, 31 Palmatolepis quadrantinodosalobata Sannemann, 1955
morphotype 1; 10 upper view, Kuh-e-Bande-Abdol-Hossein (SEAnarak) section, northeast Isfahan, EUIC 404, sample S310, × 40; 16 upper view, Kuh-
e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 422, sample S310, × 40; 17 upper view, Kuh-e-Bande-Abdol-Hossein (SE
Anarak) section, northeast Isfahan, EUIC 423, sample S310, × 40; 18 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 424, sample S310, × 40; 31 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 419, sample
S310, × 40. 13–14, 19 Palmatolepis sandbergi Ji and Ziegler, 1993 morphotype 1; 13 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 416, sample S310, × 40; 14 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 417,
sample S310, × 40; 19 upper view,, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 388, sample S310, × 40; 20–25
Palmatolepis quadrantinodosalobata Sannemann, 1955 morphotype 3; 20 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast
Isfahan, EUIC 392, sample S310, × 40; 21 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 389, sample S310, ×
40; 22 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 394, sample S310, × 40; 23 upper view, Kuh-e-Bande-
Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 394, sample S310, × 40; 24 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak)
section, northeast Isfahan, EUIC 390, sample S310, × 40; 25 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC
390, sample S310, × 40. 11, 12, 15, 26 Palmatolepis aff. quadrantinodosalobata Sannemann, 1955 morphotype 1; 11 upper view, Kuh-e-Bande-Abdol-
Hossein (SE Anarak) section, northeast Isfahan, EUIC 405, sample S310, × 40; 12 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 406, sample S310, × 40; 15 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 420,
sample S310, × 40; 26 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 410, sample S310, × 40. 29, 30, 32
Palamtolepis glabra pectinata Ziegler, Ji and Ziegler, 1993 1962; 29 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan,
EUIC 408, sample S310, × 4; 30 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 403, sample S310, × 40; 32
upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 421 sample S300, × 40. 33 Palamtolepis cf. delicatula Branson
and Mehl, 1034; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 412, sample S310, × 40. 34 Palmatolepis cf.
termini Sannemann, 1955; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 183, sample S310, × 40. 35, 36
Ancyrognathus sinelaminus Branson and Mehl, 1934; 35 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 186,
sample S310, × 40; 36 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 184, sample S310, × 40. 37 Bispathodus
stabilis Branson and Mehl, 1934, morphotype 1; upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 184, sample
S310, × 40. 38–39 Ancyrodella cf. pristina Khalymbadzha and Chernysheva, 1970; 38 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section,
northeast Isfahan, EUIC 425, sample S102, × 40; 39 upper view, Kuh-e-Bande-Abdol-Hossein (SE Anarak) section, northeast Isfahan, EUIC 292,
sample S102, × 40
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Fig. 8 Conodont biofacies of the studied section. a Stratigraphic column. b Conodont biofacies. c Sea level changes according to Sandberg et al. (2002)
and Joachimski et al. (2004)
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Concluding remarks

The Kuh-e-Bande-Abdol-Hossein section is composed of an
overall shallow-water, nearshore to openmarine facies setting.
A detailed biostratigraphic record based on conodonts is dif-
ficult due to the facies setting, many conodont samples lack
relevant zonal index taxa and secondly, the entire section—as
other Middle to Late Devonian sections in Central Iran—
exhibit remarkable hiatuses in the sedimentological record
which is most likely a result of synsedimentary tectonics
(horst and graben structures).

Apart fromwell-defined stratigraphy, it is difficult to precisely
pinpoint equivalents of global event layers which may occur
even if lithological evidence is lacking. The Kuh-e-Bande-
Abdol-Hossein section provides evidence of one event at the
Givetian/Frasnian boundary. This is based on the conodont bio-
stratigraphy, the changing lithology and conodont biofacies. A
proposed rapid sea level rise can be correlated with the Frasne-
Event. Further evidence that this transgression is not a local
feature is supported by detailed studies of the Zefreh section
(Königshof et al. 2017) which is located approximately
250 km to the west. We conclude that this transgression is linked
with a major sequence boundary recorded in the Cedar Valley
Group in Iowa, USA (Johnson et al. 1985; Witzke et al. 1996;
Brett et al. 2011).

The biofacies concept provides some palaeoecological in-
formation and generally confirms lithological changes in the
sediments, but should be applied with caution in shallow-
water palaeoenvironments due to abrupt lateral facies chang-
es, limited conodont record and hiatuses. Thus, a more de-
tailed sedimentologic/facies record is necessary in order to
establish a detailed facies interpretation.

Conodonts found in the last 10 m of the section exhibit a
very wide stratigraphical range, from the termini to
Palmatolepis gr. expansus zones which support the assump-
tion byWendt et al. (2005) that there is a major gap in Central
Iran (including reworked material) which comprises
large parts of the Famennian.
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