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ABSTRACT - Fifteen conodont species and subspecies from the Negheleh section, Soh area, north of Esfahan represent early Eifelian to
middle Givetian time interval. Five biozones: costatus to australis, kockelianus, ensensis to hemiansatus, timorensis and rhenanus to ansatus
are recognized. The present study suggests the Eifelian age for the base of Bahram Formation in the Sanandaj-Sirjan and the western part of
Central Iran Microplate. The oldest known occurrence of thelodont turiinid species, Neoturinia hutkensis is reported from the early Eifelian
strata of the Negheleh section. New age range from the late Eifelian to late Frasnian is proposed for Icriodus excavatus Weddige.

Keywords: Middle Devonian, Eifelian, Givetian, conodonts, biostratigraphy.

RESUMO — Quinze espécies e subespécies de conodontes da se¢do Negheleh, area de Soh, ao norte de Esfahan representam o intervalo
de tempo Eifeliano inferior a Givetiano médio. Cinco biozonas: costatus a australis, kockelianus, ensensis a hemiansatus, timorensis e
rhenanus a ansatus sdo reconhecidas. O presente estudo sugere a idade Eifeliana para a base da Formagao Bahram em Sanandaj-Sirjan e na
parte ocidental da Microplaca Central Iraniana. A ocorréncia mais antiga conhecida da espécie turiinidae thelodonte, Neoturinia hutkensis,
¢ relatada nos estratos eifelianos da se¢do Negheleh. Uma nova faixa de idade do Neoeifeliano ao Neofrasniano ¢ proposta para Icriodus
excavatus Weddige.

Palavras-chave: Devoniano Médio, Eifeliano, Givetiano, conodontes, bioestratigrafia.

INTRODUCTION GEOLOGICAL FRAMEWORK
Among the Middle Devonian studies of Central Iran and The studied area in the Soh region is located in the eastern
Sanandaj-Sirjan terrane, there are a few well documented margin of the Sanandaj-Sirjan tectono-stratigraphic terrane
works on conodonts and brachiopods (e.g. Nasehi, 1997, (Figure 1). The presence of basic igneous and metamorphic
2018; Brice et al., 2006) in strata dated as pre-Givetian. The bodies is an important characteristic of this area. The Silurian
Negheleh section in the Soh area, East of the Sanandaj-Sirjan sequence is the oldest exposed stratigraphic unit and consists

terrane with prolific Eifelian—Givetian beds is selected for of red sandstones with thick basaltic lavas (Figure 2).
conodont biostratigraphy (Figure 1). This section is located Devonian strata have been recorded for the first time by
in the Soh area, 98.5 km North of Esfahan, central Iran, and Zahedi (1973) as the Padeha and Bahram formations. The

can be accessed via a 15 km long gravel road (Figure 1). ?Early to Middle Devonian (?Lochkovian to Eifelian)
Coordinates for the base of the section are: 33°28°46.25”°N, Padeha Formation beds are composed of pink sandstones
51°35°20.04”E. Biozonation of the Eifelian and Givetian and mudstones that conformably underly the Middle to Late
strata and revision of the previous works are the aims of this Devonian (Eifelian to Frasnian) Bahram Formation strata. The
paper. Late Devonian terrigenous interval composed of refractory
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Figure 1. A, map of Iran with location of the studied area in the East of the Sanandaj-Sirjan terrane (structural map of Central Iran after Hairapetian et al., 2017).
Locality of some of Devonian outcrops are shown in red. These sections are studied by Yazdi ez al. (2000), Ashouri (2004), Brice et al. (2006), Gholamalian
(2006), Gholamalian & Kebriaei (2008), Gholamalian ef al. (2011, 2013, 2014). B, road map of Soh area with locations of Negheleh and Nachaft sections.
White asterisk shows the location of Negheleh section (present study). Abbreviations: AZF, Abiz Fault; DRF, Doruneh Fault; KBF, Kuhbanan Fault; KMF,
Kalmard Fault; MAF, Mehdi-Abad Fault; MZT, Main Zagros Thrust; NAF, Nostrat-Abad Fault; NBF, Nayband Fault; NHF, Nehbandan Fault; NNF, Nain
Fault; OKF, Ozbak Kuh Fault; RVF, Rivash Fault; SBF, Shahr-e-Babak Fault; Shab., Shabjereh section; SHF, Siah Kuh Fault; TKF, Taknar Fault.

argillite clays can be seen in the entire study area (Figure 2). LITHOSTRATIGRAPHY
A major hiatus representing most of the Late Devonian and
Carboniferous is another characteristic of this area (Zahedi, Devonian strata of the Central Iran and Sanandaj-Sirjan

1973; Ghobadi Pour et al., 2013). zones are traditionally devided into the terrigenous Padeha
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Formation and the carbonates of the Sibzar, Bahram and
Shishtu formations. The Early to Middle Devonian age of
the Padeha Formation is mostly based on its stratigraphic
position and very few paleontological data e.g. Nasehi
(1997) who attributed it to the Lochkovian to Givetian based
on conodonts. Nasehi (2018) recently revised his idea and
proposed a Pridoli to Givetian age for the Padeha Formation.
The age of the Sibzar and Bahram formations has also been
determined by more precise studies, especially the ones
based on conodont biostratigraphy in the Tabas, Kerman
and Abadeh areas (Yazdi, 1999; Yazdi et al., 2000; Ashouri,
2004; Wendt et al., 2002, 2005; Gholamalian & Kebriaei,
2008; Gholamalian et al., 2009, 2011, 2013). These studies
show a late Givetian to early Frasnian age for the base of

Bahram Formation in the mentioned areas. However, there
are older strata of the Bahram Formation in some sections in
the Sanandaj-Sirjan and western Central Iran zones (Soh and
Zefreh areas) that have a confirmed Early Eifelian to Givetian
age (Brice et al., 2006). Meanwhile Bahrami et al. (2015,
2018) and Konigshof et al. (2017) incorrectly attributed all
of'these strata to the late Givetian (expansus and subterminus
zones) without any attention to the exact ranges of conodont
species. For example, they accomodated Icriodus arkonensis
walliserianus and Polygnathus ensensis in the expansus Zone
(Bahrami et al., 2015, Figure 3). But we suppose the range of
ensensis—rhenanus/vacus zones for this association. In many
sections, such as Hutk, Hojedk and Baghin (Kerman area)
and Negheleh and Nachaft (Soh area), the Bahram Formation
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Figure 2. Geological map of studied area, redrawn from Zahedi (1973). Locations of Negheleh (present study) and Nachaft sections are indicated.

Figure 3. General view of the lithostratigraphic units in the Negheleh section. Disconformity between the Devonian strata and the Permian Jamal Formation

is indicated by the black arrow.
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directly overlies the top of the Padeha Formation showing
the lateral change of the Sibzar Formation dolomites to the
basal Bahram Formation limestones. The base of the Bahram
Formation seems to be diachronous; Eifelian in Negheleh
(present work) and Zefreh (Brice et al., 2006), late Givetian
in the most of Kerman area sections (Gholamalian et al.,
2013) and Famennian in the Shams-Abad, west of Kerman
(Bahrami et al., 2011). Therefore, it seems that the oldest
Devonian carbonate sequences of Iran can be observed in the
Soh area (Sanandaj-Sirjan terrane), in the western margin of
the Central-East Iran Microplate (CEIM).

STUDIED SECTION

The base of the Bahram Formation carbonates of the
studied succession conformably overlies the sandstones
of the top of the Padeha Formation and starts with 60 cm
of thin bedded calcareous dolostone and one meter of
brecciated dolomitic limestone (including thelodont scales
at the base) (Figure 4). The succession continues with 21.3
m of calcareous dolostone. The main part of the stratigraphic
section is composed of 72.7 m of medium bedded limestone
that is disconformably overlain by 1.7 m of early Frasnian
fossiliferous kaolinitic refractory clay beds. Ghobadi
Pour et al. (2013) have described early Frasnian (Lower
falsiovalis Zone) trilobites and brachiopods from similar
beds in the upper part of the Nachaft section, 10 Km NW of
Negheleh (Figure 1). It seems that the late Givetian beds are
eroded in this section. The Permian Jamal Formation also
disconformably overlies the top of the refractory clay interval,
and shows a major hiatus spanning from the early Frasnian
to the Late Carboniferous (Figure 5). This hiatus may be the
result of the Hercynian epeirogenesis.

MATERIAL AND METHODS

For the research presented here, 36 samples (each 3—4
kg) were taken from the Negheleh section and dissolved
in buffered glacial acetic acid. Twenty three samples were
somewhat productive and contain 15 species and subspecies
belonging to three genera (Table 1, Figure 6). Samples were
proccessed in the laboratory of paleontology, University
of Hormozgan. All specimens are stored in the museum of
geology, University of Hormozgan under repository codes
HUIC and HUIF.

BIOSTRATIGRAPHY

Polygnathid and icriodid fauna allowed us to use the
Middle Devonian standard zones of Weddige (1977) and the
later revised biozonations of Klapper & Johnson (1980, 1990)
and Belka et al. (1997). Standard zones of Klapper (1989)
and Ziegler and Sandberg (1990) are occasionally used for
the Frasnian strata (Figure 6). Thelodont scales are associated
with icriodid species at the base of the section (sample GSA)

(Figure 6).

Figure 4. The lower part of Bahram Formation in the Negheleh section
with yellow limey dolomite. Asterisk shows the turiniid fish bed (sample
GSA) at the base.

Figure 5. Contacts between Bahram Formation, fireclay interval and Jamal
Formation at the top of section. Disconformity between Devonian and
Permian strata is indicated by the white line.

costatus—australis zones. The base of this zone is determined
by the first appearance datum of Icriodus regularicrescens
ranging from the costatus to the timorensis zones (Bultynck,
2003; Gouwy et al., 2013). Belka et al. (1997) have also
reported the first occurrence of this species in the costatus
Zone of eastern Anti-Atlas sections, Morocco. Gouwy ef al.
(2016) reported this species from the costatus Zone of the
Central Pyrenees, Spain.

Sixty-three scales of Neoturinia hutkensis, associated with
Icriodus regularicrescens in sample GSA, are the oldest
known specimens of this species to date (Figure 6). This
species has formerly been reported from early Givetian to
early Frasnian (hemiansatus—hassi zones) (Hairapetian et al.,
2016), although an older occurrence within the Eifelian has
also been recorded.

kockelianus Zone. The base of this zone is recognized by
the first appearance of Polygnathus linguiformis saharicus
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Figure 6. Stratigraphic column, distribution of conodont species and biozonation of the Negheleh section. Abbreviations: r.-a., rhenanus/ansatus; fals.,
falsiovalis; Loch.—Eif., Lochkovian—Eifelian.
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(Figure 6, Figures 7Y—-ZZ, 8A). Other associated species
are Icriodus regularicrescens and I. excavatus. According to
Narkiewicz & Konigshof (2018), P. linguiformis saharicus
ranges from the kockelianus to ansatus zones. The upper
limit of the present zone is coincident with the base of the
next interval.

The first appearance datum of Icriodus excavatus that
was previously recorded from the rhenanus/varcus Zone
(Belka et al., 1997; Narkiewicz & Bultynck, 2007) occurs
here (Figures 6, 7K-L, 7N). Gholamalian & Kebriaei
(2008) extended the last appearance datum of this species
to the Upper rhenana Zone of the Frasnian of the Hojedk
section, Kerman area. So, by composing these data from
the Negheleh and Hojedk sections, we can propose a more
extended range from the kockelianus to Upper rhenana
zones for I. excavatus.

ensensis—hemiansatus zones. The base of this zone is
identified by the entry of Icriodus arkonensis arkonensis.
According to Belka et al. (1997) and Narkiewicz & Bultynck
(2007), this species ranges from the ensensis to the ansatus
zones. Other associated species are /. excavatus and I.
regularicrescens. The present interval encompasses the
Eifelian/Givetian boundary, but we cannot precisely identify
it due to the absence of Polygnathus hemiansatus as the basal
Givetian index species (Walliser et al., 1995).

timorensis Zone. The lower limit of this zone is recognized
by the entry of Polygnathus xylus xylus and Icriodus brevis at
the base of timorensis Zone (Barskov et al., 1991; Narkiewicz
& Bultynck, 2007). Other species of this interval are: /.
arkonensis arkonensis, 1. regularicrescens, 1. lindensis, 1.
expansus, P. linguiformis linguiformis, P. linguiformis
saharicus, P. linguiformis klapperi, P. linguiformis spp., P.
pseudofoliatus, P. sp. 1 (Figures 7C-J, 7R-S, 7T-ZZ, 8B-D,
8E, 8F). Icriodus lindensis that ranges from hemiansatus to
ansatus zones (Bultynck, 2003) also occurs here. The upper
limit of this zone is recognized by the last appearance of /.
regularicrescens.

rhenanus to ansatus zones. The lower and upper limits of
this zone are coincident with the top of the previous zone
and the last occurrence of Icriodus arkonensis arkonensis
respectively. Other associated species are: Icriodus expansus,
. excavatus and Bipennatus bipennatus bipennatus.

SYSTEMATIC PALEONTOLOGY

Order PRIONIODONTIDA Dzik, 1976
Family ICRIODONTIDAE Miiller & Miiller, 1957

Icriodus Branson & Mehl, 1938
Type species. Icriodus expansus Branson and Mehl, 1938.

Icriodus arkonensis arkonensis Stauffer, 1938
(Figures 7C-F)

Material. 51 specimens from multiple samples, see Table 1.

Table 1. Distribution chart and biozonation of conodonts in the Negheleh section, Central Iran. Abbreviation: rhen/var.,= rhenanus/varcus.
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Figure 7. A-B, Bipennatus bipennatus bipennatus (Bischoff & Ziegler, 1957), A, upper view of HUIC644, sample GS17, Negheleh section; B, upper view
of HUIC645, sample GSK, Negheleh section. C-F, Icriodus arkonensis arkonensis Stauffer, 1938, C, upper view of HUIC646, sample GS11, Negheleh
section; D, upper view of HUIC647, sample GSG, Negheleh section; E, upper view of HUIC648, sample GSF, Negheleh section; F, upper view of HUIC649,
sample GS15, Negheleh section. G-H, Icriodus brevis Stuaffer, 1938, upper and lateral views of HUIC650, sample GS2, Negheleh section. I-J, Icriodus
regularicrescens Bultynck, 1970, I, upper view of HUIC651, sample GS8, Negheleh section; J, upper view of HUIC678, sample GS12, Negheleh section.
K-N, Icriodus excavatus Weddige, 1984, K, upper view of HUIC655, sample GSD, Negheleh section; L, upper view of HUIC656, sample GSD, Negheleh
section; M, upper view of HUIC657, sample GSF, Negheleh section; N, upper view of HUIC658, sample GSD, Negheleh section. 0-Q, Icriodus expansus
Branson & Mehl, 1938, O, upper view of HUIC659, sample GS14, Negheleh section; P, upper view of HUIC660, sample GS16, Negheleh section; Q, upper
view of HUIC661, sample GS17, Negheleh section. R-S, Icriodus lindensis Weddige, 1977, upper and lateral views of HUIC662, sample GS9, Negheleh
section. T-Vb, Icriodus regularicrescens Bultynck, 1970, T, upper view of HUIC652, sample GSK, Negheleh section, Ua—Ub, upper and lateral views of
HUIC653, sample GSK, Negheleh section; Va—Vb, upper and lateral views of HUIC654, sample GS12, Negheleh section. W, Polygnathus linguiformis
saharicus Narkiewicz & Konigshof, 2018, upper view of HUIC663, sample GSD, Negheleh section. X, Polygnathus linguiformis linguiformis Hinde, 1879,
upper view of HUIC664, sample GS9, Negheleh section. Y-ZZ, Polygnathus linguiformis saharicus Narkiewicz & Konigshof, 2018, Y, upper view of
HUIC665, sample GS7, Negheleh section; Z, upper view of HUIC666, sample GSD, Negheleh section; ZZ, upper view of HUIC667, sample GS2, Negheleh
section. Scale bars =200 p.
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Stratigraphic range. This subspecies ranges from the
ensensis to the ansatus zones (Belka et al., 1997; Narkiewicz
& Bultynck, 2007).

Description. The figured specimens can be assigned to this
subspecies based on the biconvex or tear-shaped (Figure
7E) outline, a medial row composed of 6—8 small rounded
denticles that extends to the posterior broad and wide cusp.
Oval-shaped lateral denticles with transverse crests connect
to the medial row (Figures 7C—E). The medial row denticles
are joined by a narrow longitudinal ridge that extends to the
posterior end of the spindle.

Remarks. Our specimens of Icriodus arkonensis arkonensis
are different from I. arkonensis walliserianus by having a
broader and biconvex platform; and cross-form junction of
crests of the lateral denticles to the medial row in the later
subspecies.

Icriodus brevis Stauffer, 1940
(Figures 7G—H)

Material. One element from sample GS2.

Stratigraphic range. timorensis to Lower falsiovalis zones
(Narckiewicz & Bultynck, 2007).

Description. The figured specimen of this species can be
recognized by having a slender shape with slightly biconvex
outline and sharp anterior tip. Five to six circular denticles are
present on the medial row. Posterior extension of the middle
row is composed of 2—3 partially fused denticles. The cusp
is not inclined and has the same height as the other denticles
of the spindle.

Icriodus excavatus Weddige, 1984
(Figures 7K—N)

Material. Three specimens from sample GSD, one from
GSE, one from GSF, three from GSG, one from GS15 and
two from GS16.

Stratigraphic range. kockelianus—Upper rhenana zones (see
kockelianus Zone in the biostratigraphy chapter).
Description. The figured specimens of Icriodus excavatus are
characterized by large size and drop-shape broad biconvex
outline. Carina is composed of 5—6 rounded denticles; and
extends to a wide depression formed by a smaller middle
row denticle, in the posterior part of the spindle. A broad and
short posterior cusp (irregularly shaped in some of the figured
specimens) is present. Each lateral row is composed of 6-8
oval-shaped denticles. These lateral denticles join the medial
ones by thin transverse ridges. Our specimens (Figures 7K—N)
are comparable to those of Weddige (1984) in general outline,
broad biconvex platform, and ornamentation.

Icriodus regularicrescens Bultynck, 1970
(Figures 71-J, 7T-Vb)

Material. See Table 1.

Stratigraphic range. This species ranges from the costatus
to the timorensis zones (Bultynck, 2003; Gouwy et al.,2013).
Description. Our specimens of this species are slender with
parallel to semi-parallel lateral margins and sharp anterior
tip. Carina is composed of 7-8 rounded denticles, connected
to each other by a narrow longitudinal ridge in some of the
specimens. Posterior cusp is horn-shaped and composed 2—-3
fused denticles. The cusp is strongly inclined. All denticles
have the same height. The lower margin of platform is curved
beneath the posterior extension of the middle row.

Order OZARKODINIDA Dzik, 1976
Family POLYGNATHIDAE Bassler, 1925

Polygnathus Hinde, 1879

Type species. Polygnathus dubius Hinde, 1879.
Polygnathus linguiformis Hinde, 1879

Polygnathus linguiformis saharicus Narkiewicz &
Konigshof, 2018
(Figures 7W, 7Y-ZZ, 8A)
Material. Three specimens from sample GSD, two from GS1,
five from GS2, one from GS7, and one from GS9.
Stratigraphic range. This subspecies ranges from the
kockelianus to ansatus zones (Narkiewicz & Konigshof,
2018).
Description. The figured specimens of this subspecies can be
identified by their asymmetrical platform. The anterior part of
platform is narrower than the rest. The outer platform becomes
broad toward the posterior. The widest part of platform is
at the posterior one-third. The outer margin is curved at the
connection of platform and tongue. The platform and tongue
are ornamented by transverse ridges. Adcarinal troughs are
deep in almost the entire platform length and become wide in
the posterior part. Carina is fused and high in the anterior part
of platform, but gradually becomes low towards the widest
part of platform and continues as four separated nodes. It does
not reach the posterior tip.

Polygnathus xylus xylus Stauffer, 1940
(Figures 8G—H)

Material. Three elements from sample GS2.

Stratigraphic range. Middle Givetian (timorensis Zone) to
lower Frasnian (Barskov et al., 1991).

Description. The figured specimens of this Polygnathus
subspecies is identified by the lanceolate shape of the elongate
platform with parallel lateral margins. Carina is high and
fused, but 3—4 separate denticles can be seen on its posterior
half. Adcarinal troughs are deep, narrow and extend to the
posterior end. The posterior end of the platform forms a sharp
tip. No ornamentation is seen on the platform surface.
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Figure 8. A, Polygnathus linguiformis saharicus Narkiewicz & Konigshof, 2018, upper view of HUIC668, sample GS2, Negheleh section. B-D, Polygnathus
linguiformis klapperi Clausen, Leuteritz & Ziegler, 1979; B, upper view of HUIC669, sample GS2, Negheleh section; C, upper view of HUIC670, sample
GSK, Negheleh section; D, upper view of HUIC671, sample GS12, Negheleh section. E, Polygnathus linguiformis spp., upper view of HUIC672, sample
GS2, Negheleh section. F, Polygnathus pseudofoliatus Wittekindt, 1965, upper view of HUIC673, sample GS9, Negheleh section. G-H, Polygnathus xylus
xylus Stauffer, 1940, G, upper view of HUIC674, sample GS10, Negheleh section; H, Polygnathus xylus xylus Stauffer, 1940, upper view of HUIC675,
sample GS2, Negheleh section. I, Polygnathus sp. 1, upper view of HUIC676, sample GS2, Negheleh section. J, Polygnathus sp. 2, upper view of HUIC677,
sample GS10, Negheleh section. KO, Neoturinia hutkensis (Bleick and Goujet, 1978), K, trunk scale in lateral crown view, HUIF1, sample GSA, Negheleh
section; L, trunk scale in oblique lateral crown view, HUIF2, sample GSA, Negheleh section; M, cephalopectoral scale in lateral crown view, HUIF4, sample
GSA, Negheleh section; N, trunk scale in oblique lateral crown view, HUIF3, sample GSA, Negheleh section; O, cephalopectoral scale in lateral crown view,
HUIFS5, sample GSA, Negheleh section. P, Nostolepis sp. indet., scale in crown view, HUIF6, sample GSA, Negheleh section. All scale bars are 200 p except
for figures K—P those are 500 p.

CORRELATION TO THE NACHAFT
SECTION

38-59 guided us to identify the ensensis—hemiansatus and
timorensis—ansatus zones for the middle part of the Nachaft
section (Figure 9).

Rahmati & Yazdi (2008) have recovered Ancyrodella
pristina (synonym of An. rotundiloba in our opinion) and
An. binodosa from a limestone bed 29 m below the argillite
interval of the Nachaft section, suggesting the early Frasnian
Lower falsiovalis Zone age (MN1 Zone of Klapper, 1989).
Therefore the correlation can suggest the early Frasnian age
for the argillite interval in the Negheleh sections (Figure 9).
Notwithstanding, these refractory (argillite) beds are reported

The Nachaft section in the Joor Maadan valley, 10 km
northwest of Negheleh was first studied by Adhamian (2003)
for conodont biostratigraphy. He found conodonts in 78 m
of the middle part of the section and attributed it to the early
Givetian hemiansatus to Lower varcus zones (Figure 9).
Subsequently, Ghobadi Pour et al. (2013) updated the
biozonation of this section and summarized it in hemiansatus—
ansatus zones. Reconsidering the association of Icriodus

arkonensis arkonensis, 1. lindensis and Polygnathus xylus
xylus that is reported from Nachaft section by Adhamian
(2003) and Ghobadi Pour ef al. (2013) from their beds

in literature to be diachroneous; Frasnian in the Ozbak-Kuh
area and late Frasnian to early Famennian in the Abadeh area
(Yazdi et al., 2000; Torshizian & Molaei, 2007).
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Figure 9. Lithostratigraphic and biostratigraphic correlation between Negheleh (present study) and Nachaft section (Adhamian, 2003; Ghobadi Pour et al.,
2013; Rahmati & Yazdi, 2008). Abbreviations: r.-a., rhenanus/ansatus; fals., falsiovalis; tim.—ans., timorensis—ansatus; Loch.—Eif., Lochkovian—Eifelian.
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CONCLUSIONS

Conodont research at the Negheleh section revealed
an carly Eifelian to middle Givetian (costatus to ansatus
zones) age for the Bahram Formation. The present conodont
research is the first documented report of Eifelian beds from
the Sanandaj-Sirjan terrane. The oldest occurrence of the
thelodont turiinid species, Neoturinia hutkensis has been
reported here from the early Eifelian (costatus—australis
zones) beds. An early Frasnian argillite interval positioned
between the Bahram Formation and Permian Jamal Formation
shows two disconformities at the base and top. These
disconformities represent gaps of late Givetian age at the
base and the Late Devonian to Carbonferous age at the top
respectively.
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