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ABSTRACT – The Khoshyeilagh Formation located in the northeast of Iran yielded seven conodont species and sub-species and 19 macro- 
and microfossil taxa that allow recognition of two conodont biozones and one biozone based on calcareous microfossils. The latest Frasnian 
age (the Upper rhenana to linguiformis zones) is attributed to the topmost strata with Icriodus alternatus. Its replacement with I. cornutus 
indicates the Famennian (Lower triangularis to Lower crepida zones) corresponding to the Umbellina Zone. The fossil assemblages identified 
in the Khoshyeilagh Formation represent a shallow marine environment with a tropical climate at the time of deposition. The fossil species 
from the Khoshyeilagh Formation and the sedimentary basins in Algeria, Libya, Morocco, Poland, and Russia reveal a close connection 
between the Iranian plateau and the northern parts of Gondwana in the Late Devonian. The biofacies and lithofacies analyses show a sea 
level decline at the end of Frasnian, followed by a considerable sea level drop, as in other regions of the world. After a short time, in the 
Famennian, the deepening occurred in some parts of the area and the open marine facies (bioclast spicule wackestone-packstone) were 
deposited. This study is the first attempt to determine Frasnian-Famennian boundary based on conodont assemblages and other fossil species 
such as umbellulids, tentaculites, and ostracods. The distribution of these species is interpreted in sedimentological, stratigraphic, sequence 
stratigraphy, and the global eustatic context.

Keywords: biofacies, conodont, Frasnian-Famennian boundary, Late Devonian, NE Iran. 

RESUMO – A Formação Khoshyeilagh, localizada no nordeste do Irã, produziu sete espécies de conodontes e subespécies e 19 táxons de 
macro- e microfósseis, o que permite o reconhecimento de duas biozonas de conodontes e uma biozona baseada nos microfósseis calcáreos. 
A idade Frasniana mais superior (as zonas superiores rhenana a linguiformis) é atribuída ao estrato mais superior com Icriodus alternatus. 
A sua substituição por I. cornutus indica o Famenniano (zonas iniciais triangularis superior a crepida superior), correspondendo à Zona 
de Umbellina. Os fósseis identificados na Formação Khoshyeilagh representam um ambiente marinho raso, com um clima tropical, no 
momento de deposição. As espécies fósseis da Formação Khoshyeilagh e as bacias sedimentares na Argélia, Líbia, Marrocos, Polônia e Rússia 
revelam uma conexão íntima entre o platô iraniano e as partes norte do Gondwana no Neodevoniano. As biofácies e litofácies analisadas 
mostram um declínio do nível do mar no final do Frasniano, seguido por uma considerável queda do nível do mar, como em outras regiões 
do mundo. Após um curto tempo, no Famenniano, o aprofundamento ocorreu em algumas partes da área, e a fácies marinha aberta (bioclast 
spicule wackestone-packstone) foi depositada. Este estudo é a primeira tentativa de determinar o limite Frasniano-Famenniano com base 
em associações de conodontes e outras espécies fósseis, como umbellulídeos, tentaculites e ostracodes. A distribuição dessas espécies é 
interpretada nos contextos sedimentológico, estratigráfico, de estratigrafia de sequências e de eustasia global. 
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INTRODUCTION

Comprehensive stratigraphic investigations carried out in 
the Khoshyeilagh Formation (northeastern Iran) by Bozorgnia 
(1973) resulted in its subdivision into six parts at the type 
section, based on paleontological evidence. Later, Brice et 
al. (1974) studied the brachiopods of the area and proposed 
the Late Devonian age for this formation. Ahmadzadeh 
Heravi (1982) studied the brachiopods and conodonts of 
the Khoshyeilagh Formation and recognized an Early to 
Late Devonian age. Hamdi & Janvier (1981) measured the 
thickness of this formation as 1510 m and determined the 
age as Early to Late Devonian. Another study evaluated 
the boundary of Frasnian-Famennian in the Khoshyeilagh 
Formation using the rare conodont assemblages and other 
fossil species (Wendt et al., 2002). Ghavidel-Syooki & 
Owens (2007) determined the Late Devonian age for the 
Khoshyeilagh Formation by studying the palynomorphs in 
the Kuhe Ozon section. They estimated a warm tropical 
climate and a shallow environment at the time of deposition. 
Weddige (1984a, b) studied the conodonts of this formation 
and identified the upper Eifelian to Givetian in the lower part. 
Ashouri (2006) reported six new species of conodonts in the 
type section of the Khoshyeilagh Formation and proposed 
Eifelian to Tournaisian age for this unit. 

GEOLOGY

Based on the geological structural zoning of Iran (Figure 1A), 
one part of the study area is located in the Koppeh Dagh 
sedimentary basin (Stocklin, 1968) and the other part belongs 
to the Eastern Alborz structural zone (Binalud Zone) (Nabavi, 
1976). Kuhe Ozon and Pelmis stratigraphic sections with 
clastic-carbonate nature show similarities to the Eastern 
Alborz structural zone. The Robat-e Qarehbil section is 
placed in the Koppeh Dagh basin (Stocklin, 1968), located 
in the southern margin of this zone. The Sefid-Dali main fault 
separates these two structural zones and represents a thrust 
zone in which the Koppeh Dagh zone has been thrusted over 
the Eastern Alborz zone. 

Because of some differences between lithological facies 
in coeval rock units, the study area can be divided into 
two structural zones. The presence of Devonian shale and 
carbonate facies (Khoshyeilagh Formation) in the Kuhe Ozon 
and Pelmis sections show their similarity to the Eastern Alborz 
zone (Figure 1B). They represent the same depositional 
environments during the Devonian and Carboniferous. 
Regarding the observed lithological and age similarities of 
the Khoshyeilagh Formation in Koppeh Dagh and Binaloud 
zones, the Kuhe Ozon and Pelmis sections are considered as 
parts of the Eastern Alborz structural zone. 

Three studied stratigraphic sections are located around 
Bojnurd and Jajarm cities in the northeastern part of Iran 
(Figure 1C). The geological maps for Gardaneh-e Pelmis, 
Kuhe Uzon, and Robat-e Qarehbil were prepared as Bojnurd, 
Sankhast, and Robat-e Qarehbil sheets, respectively.

METHOD OF THE INVESTIGATION

In order to study the Khoshyeilagh Formation in the 
northeastern part of Iran, three main sections including 
Pelmis, Robat-e Qarehbil, and Kuhe Ozon were selected. The 
geological maps of these areas were prepared, and samples 
were collected. During the field work, the sedimentary 
structures and textures were evaluated and recorded, the grain 
size was measured, the skeletal and trace fossils were recorded, 
and the horizontal and vertical relationship of the facies and 
the geometric properties of the layers were assessed. 

Nearly 460 samples were collected for thin section and 
microscopic studies, 59 samples from limestone units (i.e. 
17 samples from Pelmis section, 19 samples from Robat-e 
Qarehbil section, and 23 samples from Kuhe Ozon section) 
were taken for conodont studies. All these 59 samples were 
crushed, leached by acid, and placed inside 20% acetic acid 
buffer solution for four days. After dissolution, the obtained 
sediments were passed through 60, 150, and 200 mesh 
sieves and washed down. The ramiform elements and the 
other microfossils (the fish remains, ostracods, brachiopods, 
and gastropods) were collected from washed samples, and 
identified using an optical microscope. Photos were taken 
using a scanning electron microscope (SEM; Leo 1450VP) 
in the laboratory of National Iranian Oil Company (NIOC).

RESULTS AND DISCUSSION

A sea level transgression occurred in the mid Devonian 
such that carbonates were deposited in some parts of the 
Iranian plateau continuously until the Early Carboniferous. 
In the study area, the Devonian sedimentary sequences are 
represented from the Eifelian to Famennian (Aqanbati, 2007). 

Conodonts are the Devonian guide fossils of worldwide 
ranges. The sea level and distance from coastlines are two 
crucial factors controlling their distribution. Low diversity 
conodont assemblages occur in nearshore settings that often 
contain endemic species. The stable conditions of the offshore 
settings are characterized by a high variety of conodont 
species with global distribution (McGhee, 2001). Most of the 
studies performed in the Khoshyeilagh Formation reported 
brachiopods and the palynomorphs at the type section of the 
formation whereas the conodont and other faunas have been 
studied rarely. Therefore, the present study is focused on 
the microfossils. A dense sampling of the studied sections is 
assessed to identify the standard biozones. Eventually, these 
biozones are compared with other Devonian sections in Iran. 

Lithostratigraphy
The Upper Devonian deposits of the Robat-e Qarehbil, 

Kuhe Ozon, and Gardaneh Pelmis sections consist of clastic 
and carbonate sequences of the Khoshyeilagh Formation. In 
the Pelmis section (Figure 2), the thickness of the formation, 
which mainly consists of thick to very thick pale goldenrod 
colored sandstones, limestones, and dolomitic limestones and 
light to dark gray medium layered dolomites with marl, shale, 
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and siltstone interlayers, is 182 m. The transition from the 
Padeha Formation to the Khoshyeilagh Formation is gradual 
whereas a sedimentary gap separates the Khoshyeilagh from 
the Shemshak Formation that is 260 m thick in the Robat-e 
Qarehbil type section (Figure 3). The presence of fireclay 
and bauxite deposits indicate the lack of sedimentation, and 
the Permian deposits discordantly cover the Devonian ones. 
This is the hiatus that has been reported from many parts of 
the Iranian platform as the Hercynian discontinuity (Wendt 
et al., 2002), corresponding to the initiation of the Hercynian 
orogeny (Berberian & King, 1981). More likely the lack of 
deposit is connected with the Gondwana glaciation. 

In the Kuhe Ozon section (Figure 4), the thickness of the 
Khoshyeilagh Formation is 436 m. It overlies there the clastic 
Padeha Formation. The lower boundary is on the top of red 
color limonitic siltstones of the Padeha Formation. The upper 
boundary between the Khoshyeilagh and Mobarak Formation 
is continuous and concordant. In this location, the formation 
mainly consists of limestones and shales (Supplement 1). 

The determination of facies, depositional environment, 
and sequence stratigraphy 

Based on the facies analysis of the Khoshyeilagh 
Formation, three clastic facies, 11 carbonate facies, and 
one hybrid facies were identified. The vertical and lateral 
changes of the Khoshyeilagh Formation show a shoreface 
marine depositional environment that begins with alluvial 
sediments and continues by marine sedimentation. According 
to these changes, a homoclinal ramp model has been proposed 
(Jafarbeigloo et al., 2020). This ramp model shows a relatively 
gentle slope that continues to the basin and is similar to 
present-day carbonate ramps, like the southern coast of the 
Persian Gulf and Shark Bay in Australia. This depositional 
model consists of five sub-environmental units including 
shoreface, tidal flat, lagoon, shoal, and open marine. The 
sequence stratigraphic analysis and depositional model 
evaluations led to the identification of two complete third-
order sequences, which are limited by discontinuities as a 
result of sea level changes at the base and top of the sequence, 
and an incomplete sedimentary sequence at the end of the 
studied section. The transgressive systems tract (TST) in 
this sequence is mainly composed of shoal and open marine 
facies, the  maximum flooding surface (MFS) is identified 
by the bioclast wackestone facies, and the highstand systems 
tract (HST) mainly consists of lagoon, tidal flat, and shoreface 
facies. The lithofacies analyses and their interpretations 
represent a decrease of depth at the end of Frasnian which is 
followed by major sea level drop similar to other localities at 
this time. After a period of time and during Famennian, the 
sea level rose, and the open marine facies (bioclast spicule 
wackestone-packstone) were deposited. With regard to the 
identified biozone, Late Devonian age (late Frasnian–early 
Famennian) is obvious for the Khoshyeilagh Formation.

Biostratigraphy of the studied sections
Of the 59 samples from the study areas, 12 samples 

contained conodonts assigned to seven species and 
subspecies belonging to two genera. The conodonts were 

recognized using the atlas of conodonts (Ziegler, 1975, 
1981) and biozonation was performed based on the studies 
of Sweet (1988), Ziegler & Sandberg (1990, 2000), and 
Bultynck (2007). Although no biostratigraphically diagnostic 
Palmatolepis specimens have been found, two biozones were 
identified, based on shallow-water species of Icriodus and 
Polygnathus. The most important and dominant fossils in 
the study area include ostracods, brachiopods, tentaculites, 
and umbellinids. Six genera of umbellinids, three genera of 
brachiopods, two genera of tentaculites and stylionilinids, and 
three genera of ostracods were also recognized. Bozorgnia 
(1973) introduced the Umbellina zone of late Frasnian to early 
Famennian age. The identified fossil species were compared 
with the results of previous studies in central and northwestern 
parts of Iran (Ashouri, 2002, 2004; Gholamalian, 2006, 2007; 
Gholamalian & Kebriaei, 2008; Bahrami et al., 2011a, 2011b, 
2013; Gholamalian et al., 2011, 2013) and northwest of Iran 
(Abbasi et al., 2015). The results showed congruency of 
different sources of evidence (Supplement 2, 3, and 4).

Conodont Biostratigraphy
Pelmis section:

A total of 17 samples (F.J.B 33 to F.J.B 35) were collected 
from the limestone and dolomitic 15 m-thick unit in the Pelmis 
section. Five species and subspecies of Icriodus and Polygnathus 
were identified: I. alternatus alternatus, I. expansus, I. sp., P. 
praepolitus, and P. sp. They probably represent the Upper 
rhenana-linguiformis zones of the uppermost Frasnian based 
on the Ji & Ziegler (1993) age ranges. The Frasnian age is 
inferred from the lack of Icriodus cornutus (Figure 2, Table 1). 

Robat-e Qarehbil section:
A total of 19 samples (F.J.B 48, F.J.B 49, and F.J.B 56) 

were collected from the 80 m-thick layer limestone with thin 
layers of siltstone and dolomite part of the Robat-e Qarehbil 
section. Four species and subspecies were identified, namely 
Icriodus expansus, I. alternatus alternatus, I. symmetricus, I. 
sp., Polygnathus sp., and P. praepolitus. 

The lower boundary of this zone is known with the first 
appearance of Icriodus alternatus alternatus and the upper 
boundary is characterized by the presence of Ctenopolygnathus 
and Polygnathus praepolitus, which corresponds with the 
rhenana-linguiformis biozones introduced by Dzik (2002). 
Based on the presence of Ctenopolygnathus and the lack of 
Icriodus cornatus, the age of this biozone is late Frasnian 
(Figure 3).

The Lower rhenana-Upper rhenana biozone can be 
proposed for this unit but the presence of Polygnathus xylus 
xylus suggests a younger age (rhenana-linguiformis) (Ji & 
Zeigler, 1993; Ziegler & Sandberg, 2000; Ovnatanova & 
Kononova, 2001). Moreover, the occurrence of Icriodus 
symetricus in sample F.J.B 49 restricts the possible age range 
to the late Frasnian Upper rhenana Zone (Bahrami et al., 
2014). Based on Ji & Ziegler (1993) the lower boundary of 
the zone is marked by the appearance of I. a. alternatus while 
its upper boundary is at the disappearance of P. x. xylus and 
P. praepolitus (Figure 3).
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Kuhe Ozon section:
A total number of 23 samples (F.J.B 8, F.J.B 10, and F.J.B 

12) from Kuhe Ozon section. Two genera and five species 
and subspecies were recognized. Overall, this section was 
divided into two biozones. 

Zone 1 (probably corresponding to the upper Frasnian 
Lower rhenana to Upper rhenana zones) covers 80 m thick 
succession of shale, sandstone, and limestone. It begins with 
the appearance of Icriodus brevis and I. alternatus alternatus 
and ends with the first appearance of I. cornutus (Figure 4). 

Zone 2 (probably corresponding to the lower Famennian 
Middle triangularis to Lower crepida Zones) covers 70 m 
thick succession of limestone and dolomite and includes 
samples F.J.B 12 and F.J.B 15 taken from near the top of the 
Khoshyeilagh Formation. This biozone is characterized by 
Icriodus cornutus associated with Polygnatus praepolitus, P. 
sp. A, and Icriodus sp. The lower boundary of this biozone 
is marked by the appearence of Icriodus cornutus that may 
indicate the Middle triangularis biozone and the upper 
boundary is marked by Polygnatus praepolitus (Sandberg & 
Dreesen 1984; Ziegler & Sandberg, 2000; Bultynck,, 2003). 
The boundary between Frasnian and Famennian is there 
conformable and continuous (Figure 4). 

The correlation of conodont biozones of the studied sections:
The Upper rhenana to linguiformis zones biointerval was 

recognized in all three studied sections and their conodont 
species contents are almost the same (Supplement 5). The 
Lower triangularis to Lower crepida zones interval was 
identified just in the Kuhe Ozon section. This part of the 
Khoshyeilagh Formation in the Robat-e Qarehbil section has 

not yielded conodonts. Based on stratigraphic position, it is 
assumed to be lower Famennian. It is possible that during 
the Famennian the Pelmis area was above the sea level and 
the younger strata are missing. The presence of the Icriodus-
polygnathid facies in the studied areas indicates shallowing of 
the sedimentary basin near the Frasnian-Famennian boundary. 
At the beginning of the Famennian, the carbonate platform 
emerged completely. Later in the Famennian, in result of 
the global sea level drop (Sandberg et al., 1988), the marine 
bioclast spicule wackestone-packstone facies entered. The 
data presented here support the hypothesis of Afshar-Harb 
(1979) that the Devonian regression in Iran expanded from 
the northeast toward the southwest.

Umbellinas
Umbellinas (Loeblich & Tappan 1961 replaced the name 

Umbella with Umbellina) are bottle-shaped or spherical 
microfossils of Devonian to Mississippian age. These 
microfossils have been distributed along vast areas in 
Europe, Asia, Australia, and North America. Some kinds of 
umbellinas were attributed to foraminifers because of their 
radial symmetry (Bykova & Polenova, 1955) but others were 
attributed to the Charophyta algae (Peck, 1974; Doweld, 2014) 
or classified as microproblematics by Peck (1974). Mamet 
(1970) pointed out that umbellinas are found frequently in 
restricted and hypersaline environments. This was the main 
reason for including them into the Charophyta. The shell 
diameter of these fossils ranges from 50 to 400 μm (Flügel, 
2010). Their occurrence is limited to shallow sublittoral facies, 
where the salinity is increased. Umbellinas are rarely found 
together with foraminifers (Flügel, 2010). Their presence 

Table 1. The frequency of conodont species identified in the studied sections.

Conodont Zones Upper rhenana–linguiformis Lower triangularis–Lower 
crepida

Species

F.
j.B

.3
3

F.
j.B

.3
4

F.
j.B

.3
5

F.
j.B

.4
8

F.
j.B

.4
9

F.
j.B

.5
6

F.
j.B

.8

F.
j.B

.1
0

F.
j.B

.1
2

F.
j.B

.1
5

Icriodus alternatus alternatus 2 1 3 2 2

Icriodus expansus 5 1 2

Icriodus sp. 3 3 3 5 6

Polygnathus praepolitus 2 1 1 5 5 1 1

Polygnathus sp. 2 2 3 2 1 2

Icriodus symmetricus 1

Polygnathus xylus xylus 2 2

Icriodus brevis 1

Icriodus cornutus 5
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Figure 1. A, map  showing  main  structural  units  of  Iran  (modified  after  Stocklin, 1968); B, the geological map of the studied areas representing different 
lithological units and geological features of the Robat-e Gharabil section (Salamati et al., 2001); Pelmis section (Mazaheri, 1999); Kuhe Ozon section 
(Soheilyand Sahandi, 1999).
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in the Khoshyeilagh Formation indicates a shallow marine 
environment, which is consistent with the lack of Famennian 
sediments in the Pelmis section, the minimum thickness of 
these deposits in Robat-e Qarehbil section, and reduced 
thickness of the Khoshyeilagh Formation in the Pelmis and 
Robat-e Qarehbil sections as compared to the Kuhe Ozon 
section and the type section.

Non-conodont fossil assemblages in the study areas
In the Pelmis section, the Khoshyeilagh Formation can 

be divided into three parts:
The lower part of the formation is 78 m thick (samples 

665‒699) and consists of limestone, dolomite, dolomitic 
sandstone, and siltstone containing Cryptophyllus sp., 
Tentaculites sp., echinoids, bivalve debris, algae, ostracods 

shell fragment, gastropods, and bryozoan fossil assemblages. 
Bozorgnia (1973) proposed the Umbella Zone and suggested 
Late Devonian age for this unit. The palynological findings 
of Ghavidel-Syooki & Owens (2007) supported this dating. 

The middle unit is 68 m thick (samples 700‒725) and 
consists of limestone and dolomitic limestone. The fossil 
contents of this unit includes Umbellina bella, U. cutis, and 
U. sp. associated with Cryptophyllus sp., Tentaculites sp. 
(Figure 5), echinoids, bivalve debris, algae, ostracods shell 
fragments, gastropods, bryozoans, worm tubes, trilobites, 
crinoids, sponge spicules, green algae, and brachiopods. 
Bozorgnia (1973) included this unit into his Umbella Zone. 

The upper part is 36 m thick, dolomitic with no fossil 
content (samples 726‒737). Its age was estimated to be Late 
Devonian (Afshar-Harb, 1994). Evidence of the sea level drop 

Figure 2. Distribution of conodont and other faunas and proposed ranges of biozones in the Pelmis section.



Jafarbeigloo et al. – Biostratigraphy of the Upper Devonian Khoshyeilagh Formation 27

Figure 3. Distribution of conodont and other faunas and proposed ranges of biozones in the Robat-e Qarehbil section.

and erosion is observable in the upper parts of this section. The 
red laterite horizons are seen between the Khoshyeilagh and 
Shemshak Formations. Probably this part of the Khoshyeilagh 
Formation is upper Frasnian. 

In the Robat-e Qarehbil section the Khoshyeilagh Formation 
can be divided into three parts:
The lower part includes 119 m (samples 1339‒1369) of marl, 
gypsum, sandstone, siltstone, and dolomite. Only echinoids 
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Figure 4. Distribution of conodont and other faunas and proposed ranges of biozones in the Kuhe Ozon section.



Jafarbeigloo et al. – Biostratigraphy of the Upper Devonian Khoshyeilagh Formation 29

and ostracods have been found there. However, some index 
miospore assemblages of the Upper Devonian were reported 
from this unit (Ghavidel-Syooki & Owens, 2007).
The second part is 50 m thick (samples1370‒1394) and 
consists of limestone, dolomite, and siltstone containing 
Cryptophyllus sp., Archaesphaera sp., Bisphaera ovoidea 
(Figure 6), Tentaculites sp., Umbellina bella, U. rotunda, U. 
ovata, Bisphaera irregularis, B. malavkensis, Microcornus 
sp., gastropods, echinoids, ostracods, algae, shell fragments, 
brachiopods, bivalve debris, worm tubes, bryozoans, sponge 
spicules, and ammonoids. The second part corresponds to 
the Bozorgnia’s (1973) Upper Devonian Umbella Zone. 
Conodonts and sequence stratigraphy assessments supported 
the Late Frasnian age for this unit.
The third part is 91 m (samples 1397‒1437) and consists 
of limestone and dolomite. The main fossils species of this 
part are Cryptophyllus sp., Tentaculites sp., Archaesphaera 
sp., Bisphaera ovoidea, algae, shell fragments, brachiopods, 
bivalve debris, worm tubes, bryozoans, ammonoids, Styliolina 
sp., Biconulites sp., trilobites, gastropods, echinoids, 
ostracods. Conodonts indicate early Famennian age of this 
unit (Figure 3).
In the Kuhe Ozon section the Khoshyeilagh Formation can 
be divided into three parts:
The lower part is 41 m thick (samples 66‒79). Tentaculites sp. 
and Biconulites sp. are associated with ostracods, gastropods, 
trilobites, brachiopods, bivalves, worm tubes, bryozoans, 
and corals. 
The second part represents the Umbella zone introduced by 
Bozorgnia (1973). This 359 m thick part (samples 80–191) 
contains Umbellina rotunda, U. shahrudensis, U. cutis, U. 
ovata, Tentaculites sp., Biconulites sp., and Earlandia sp., 
associated with echinoids, ostracods, brachiopods (Figure 7),  
gastropods, trilobites, worm tubes, bryozoans, and algae. 
This part is here dated as upper Frasnian to lower Famennian. 
The third part is 63 m thick (samples 192‒210) and contains 
Archaesphaera sp., and Bisphaera sp. as the main fossil 
contents, and echinoids, ostracods, gastropods, trilobites, 
brachiopods, worm tubes, bryozoans, algae, and bivalves 
as the minor fossil content. Middle to late Famennian age is 
proposed for this unit (Figure 4). 

The comparison between biozones of the study areas with 
other parts of Iran

The Upper Devonian (Frasnian) conodont biozones were 
reported by Ashouri (2006) in Khoshyeilagh Formation 
(northeast and Central Iran), and by Bahrami et al. (2014) in 
Sar-e-Ashk section (Central Iran) (Figure 8). The Frasnian-
Famennian age was attributed to the alternation of limestone 
and sandstone with interlayers of shale in the Hutk section 
(North of Kerman) (Gholamalian et al., 2011), Shotori ranges 
(Bahrami & Yazdi, 2012), and eastern Alborz (Ashouri, 2006), 
which are comparable with biozones identified in our study 
areas (Figure 8). 

The Frasnian Upper falsiovalis to punctata, the Lower 
hassi to jamieae, and the Lower to Upper rhenana biozones 
and the Famennian triangularis, crepida, and expansa to 
praesulcata biozones were recognized in the east of the 

Taurides area in Turkey (Capkinoglu & Gedik, 2000). These 
authors identified also Famennian conodonts of the Lower 
expansa and Middle expansa biozones in the northwest 
of Turkey. Ginter et al. (2011) reported similar biozones 
from Armenia. Our sections yielded different conodont 
assemblages, dominated with shallow marine Icriodus and 
Polygnathus instead of the pelagic species of Palmatolepis, 
which are the representative of deeper-water environments 
(Sandberg & Dreesen, 1984) and have not been found in 
the Upper Devonian deposits of Iran. Associated fossils 
of benthic organisms are typical for shallow-water marine 
environments. 

The fossil assemblages (Figures 9 and 10) and evaporitic 
deposits prove a warm tropical climate during the deposition 
of the studied formations. Comparing the fossil species 
identified in the study area with those from Zagros sedimentary 
basin, Central Iran, and other countries (e.g. Algeria, Libya, 
Morocco, Poland, Russia, and Australia), it can be concluded 
that this part of the Iranian plateau belonged to the northern 
part of the Gondwana continent in the Devonian period.

The Frasnian-Famennian boundary in the studied sections
In recent decades, many studies have been done on 

Frasnian-Famennian sequences in different parts of the 
world. The Coumiac section in southern France was 
identified as the type section of this boundary (Klapper et 
al., 1993; House et al., 2000). The Frasnian-Famennian 
boundary is known to be associated with the Kellwasser 
mass extinction and most of the studies on this boundary 
have been carried out in terms of the conodont standard 
biozonation (Ziegler & Sandberg, 1990). 

In this study, the biostratigraphy of the selected sections 
was based on conodont assemblages and associated benthic 
fossils such as umbellinas, tentaculites, and ostracods. As can 
be seen (Supplement 6), there is a relation between the sea level 
drop and the decrease in diversity at the Frasnian-Famennian 
boundary and a considerable increase after this point. 

Furthermore, the presence of shallow marine sedimentary 
facies such as stromatolitic mudstones of tidal to lagoonal 
environments with dolomitic and siltstone composition 
represents significant shallowing in the basin in Frasnian-
Famennian boundary.

In Pelmis section, the shallowing continued to be 
shown by the presence of lateritic horizons at the top of the 
Khoshyeilagh Formation. During the early Famennian, the 
basin again experienced a deepening. A grainstone facies of 
bar setting and open marine deep-water facies such as bioclast 
spicule wackestone-packstone was established.

CONCLUSIONS

The paleontological studies on conodonts species and the 
faunas of the Khoshyeilagh Formation in the northeast of 
Iran led to the identification of seven conodont species and 
subspecies and 19 species of macro- and microfossils. Two 
conodont biozones, probably corresponding to the Frasnian 
Upper rhenana to linguiformis and the Famennian Lower 
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Figure 5. A, Umbellina ovata (Bozorgnia, 1973), sample 80; B, U. shhrudensis (Bozorgnia, 1973), sample 83; C, U. rotunda (Bykova, 1955), sample 83; 
D, Umbellina sp., sample 122; E, U. ovata (Bozorgnia, 1973), sample 700; F, U. cutis (Conil & Lys, 1964), sample 706; G, Umbellina sp., sample 708; 
H, U. rotunda (Bykova, 1955), sample 1393; I, U. bella (Maslov, 1950), sample 1393; J, U. ovata (Bozorgnia, 1973), sample 175; K, U. ovata (Bozorgnia, 
1973), sample 711; L, Archaesphaera sp., sample 1430; M–O, Tentaculites sp., samples 121, 1422, and 1384. Scale bars: A, D, G–I, L = 500 µm; B–C, F, 
J = 200 µm; E = 100 µm; K = 1 mm; M–N = 2 mm.
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Figure 6. A–C, Styliolina sp., samples 1422, 1417 and 1415, cross section; D–F, Cryptophyllus sp., samples 90, 686 and 1374, cross section; G, Bisphaera 
elegans (Vissarionova, 1950) sample 1370; H–J, B. ovoidea (Conil & Lys, 1964), samples 1373, 1395, and 208; K–L, Archaesphaera cf. minima (Suleimanov, 
1945) samples 185 and 1430. Scale bars: A–E, G, J, L = 500 µm; F, K = 200 µm; H–I = 2 mm. 

triangularis to Lower crepida Palmatolepis-based standard 
zones, and one benthic fossil biozone, the Umbella Zone, 
were identified.

The comparison of the Upper Devonian deposits of the 
studied sections with other areas such as Central Iran, Western 
Alborz, Turkey, and Armenia shows that the Devonian sea 
deposited different conodont, macro-, and microfossils, 
depending on its local depth. Species typical of shallow 
settings, such as Icriodus and Polygnathus, have been found 

in the studied areas while the species related to pelagic 
environments, like Palmatolepis, have not been found. The 
conodonts, macro- and microfossils distribution patterns 
in three sections of the Khoshyeilagh Formation and the 
Gondwana sedimentary basins of Australia show similarities, 
suggesting the connection of the Iranian plateau with the 
Gondwana continent in the Devonian. 

The identified conodonts and the other fossil assemblages 
such as umbellinas, tentaculites, and ostracods, the evidence 
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Figure 7. Aa–Ad, Spinatrypina explanata (Schlotheim, 1820), sample 165, x 1, Aa, pedicle valve view; Ab, brachial valve view; Ac, lateral view; Ad, 
posterior view. Ba–Bd, S. camitata (Copper, 1967b), sample 165, x 1, Ba, pedicle valve view; Bb, brachial valve view; Bc, lateral view; Bd, posterior view. 
C–D, Knoxiella cf. semilukiana (Egorov, 1950), samples F.J.B13 (x 246) and F.J.B.35 (x 280), carapace in right lateral view; E, Nodella faceta (Rozhdestvenskaya, 
1972), samples F.J.B.13. Scale bar = 20 mm.

Figure 8. Rock columns and biozones of the Khoshyeilagh Formation in the study areas (Gardaneh-e Pelmis, Robat-e Qarehbil, and Kuhe Ozon sections) 
and the other Devonian sequences in NW Iran and Central Iran.
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Figure 9. A–C, F, Icriodus cornutus Sannemann, 1955, A, upper view, 212x, sample F.J.B.48; B, upper view, 212x, sample F.J.B.48; C, lateral view, 212x, 
sample F.J.B.48; F, upper view, 316x, sample F.J.B.12. 4-5 & 8-9). D–E, H–I, I. alternatus alternatus Branson & Mehl, 1934. D, upper view, 246x, sample 
F.J.B.48; E, lateral view, 253x, sample F.J.B.12; H, upper view, 207x, sample F.J.B.48; I, lateral view, 233x, sample F.J.B.8. G, I. expansus Sandberg & 
Dressen, 1984, lateral view, 303x, sample F.J.B.8. J–K, I. alternatus alternatus Branson & Mehl, 1934. J, lower view, 260x, sample F.J.B.49; K, upper view, 
204x, sample F.J.B.49. L–P, Icriodus sp. L, upper view, 294x, sample F.J.B.49; M, upper view, 257x, sample F.J.B.12; N, upper view, 245x, sample F.J.B.12; 
O, lateral view, 260x, sample F.J.B.12; P, Lateral view, 191x, sample F.J.B.12. Q, Polygnathus sp. (lower view, 278x, sample F.J.B.49).
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Figure 10. A–E, Icriodus sp. A, upper view, 284x, sample F.J.B.33; B, upper view, 212x, sample F.J.B.33; C, lateral view, 178x, sample F.J.B.33; D, lateral 
view, 178x, sample F.J.B.34; E, upper view, 316x, sample F.J.B.34. F–H, Icriodus symmetricus Branson & Mehl, 1934, F, upper view, 212x, sample F.J.B.49; 
G, upper view, 257x, sample F.J.B.49; H, side view, 260x, sample F.J.B.49. I–L, I. brevis Stauffer (1940), I, upper view, 212x, sample F.J.B.8; J, lower view, 
207x, sample F.J.B.8; K, upper view, 234x, sample F.J.B.8; L, lower view, 220x, sample F.J.B.8. M–P, Ctenopolygnathus sp. Müller and Müller, (1957), 
M, upper view, 290x, sample F.J.B.56; N, lower view, 296x, sample F.J.B.56; O, upper view, 250x, sample F.J.B.56; P, upper view, 210x, sample F.J.B.56.
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related to sedimentology, stratigraphy, sequence stratigraphy, 
and sea level changes of these areas, and comparing these 
observations with the published global models enabled 
identification of the Frasnian-Famennian boundary in the 
studied sections. 

The ages determined based on conodonts are consistent 
with the datings proposed by other researchers based on 
brachiopods and palynomorphs from similar sequences of the 
Khoshyeilagh Formation. The Devonian deposits of Iran show 
different lithologies because of forming in different tectonic 
settings, most likely related to thrust faults and formation of 
Horst-Graben settings.
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