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ABSTRACT - The Abadeh section is one of the most important Neotethyan sections, as it records a 

continuous marine sedimentary succession across the Permian-Triassic boundary. Although this 

succession yields a rich brachiopod fauna, this has never been studied in detail. Instead most of the 

studies carried out so far, have been focused on the position of the Permian-Triassic boundary, 

which is still debated. Here, we present a systematic study of the brachiopod fauna from the 

Hambast Formation, which comprises 30 species of taxa from the orders Productida, Orthotetida, 

Orthida, Athyridida and Spiriferida. Brachiopod biodiversity is relatively high and constant in the 

Wuchiapingian part of the section. But in the Changhsingian, just a single species occurs: 

Paracrurithyris pygmaea. Also, species of bivalves of the genus Claraia occur in the uppermost 

Griesbachian-lower Dienerian Elikah Formation.  

Using the Unitary Associations method, we compared the stratigraphic distribution of the 

brachiopods in the Abadeh section with those in the Julfa section, another important Permian-

Triassic succession in North-West Iran. Based on this analysis three Wuchiapingian brachiopod 

biozones and one Changhsingian brachiopod biozone have been detected and correlated to the 
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conodont biozonation; these biozone are the Araxilevis intermedius-Leptodus nobilis Biozone, the 

Permophricodothyris ovata-Araxathyris quadrilobata Biozone, and the Haydenella kiangsiensis- 

Transcaucasathyris minor Biozone in the Wuchiapingian, and the Paracrurithyris pygmaea Biozone 

in the Changhsingian. Most of the biozones can be correlated through Iran and Transcaucasia, 

showing the potential of brachiopods for correlation at a regional scale in the Upper Permian.  

 

INTRODUCTION 

Since its discovery in 1967 (Taraz, 1969), the Abadeh section has been regarded as one of the most 

important sections of Iran. This is because it records a complete marine succession across the 

Permian-Triassic boundary and alsobbecause of its potential to correlate the Tethyan timescale to the 

International Chronostratigraphic Scale. This has led to intense attention being devoted to the section 

by many research groups (e.g., Kozur et al., 1978; Taraz et al., 1981; Gallet et al., 2000; Korte et al., 

2004; Kozur, 2007; Richoz et al., 2010; Shen & Mei, 2010; Liu et al., 2013; Shen et al., 2013; Chen 

et al., 2020; Baud et al., 2021). The first investigation focused on its stratigraphy and fossil content 

(Taraz et al., 1981), and the majority of subsequent studies have focused on the conodont faunas of 

the section, the geochemistry, and the position of the Permian-Triassic boundary. But, the exact 

location of the Permian-Triassic boundary in the section has not been resolved, and remains a highly 

debated topic, as synthesized later in this paper.  

Despite the section significance, barely any attention has been given to the study of fossils other than 

conodonts. In fact, the brachiopods which occur abundantly in the Abadeh section have never been 

studied before, except for a few species occurrences reported by Taraz et al. (1981). Thus, the present 

study is focused on providing new data by studying the brachiopod and bivalve fauna collected during 

fieldwork work in the Yazd Province by an Italian-Chinese-Iranian research team at the end of 

November 2017 (Angiolini et al., 2017).  

Brachiopods are widely recognized as useful tools for paleoecologic, paleogeographic, and 

paleoclimatic reconstructions, because they are highly sensitive to thermal gradients and geographical 

barriers, and they are also characterized by a relatively short larval stage, which often ends with the 

permanent settling of the adults (Shen in Lucas & Shen, 2018). Due to their provinciality and 

relatively slow evolutionary rates, however, they are not considered to be good index-fossils or very 

valuable tools for global biostratigraphic correlation. However, brachiopods are widespread in 

Paleozoic sedimentary successions and are often associated with index-fossils, such as conodonts, 

fusulines and ammonoids, and the correlation of brachiopod associations with a robust zonation based 

on these taxa can provide a useful tool for correlation at a regional scale. In this work, besides 

providing systematic descriptions of the brachiopods from Abadeh, we thus address their 
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biostratigraphic significance and potential for correlation of the Lopingian of Iran. Besides the 

brachiopods, bivalves have been analyzed too; although they are less abundant in Abadeh, they 

provide biostratigraphic data to constrain the age of the Triassic part of the section. 

 

GEOLOGICAL SETTING 

The geology of Iran, and in general that of central Asia, is very complex, being the result of a dynamic 

structural evolution. This is mainly linked to the rifting and drifting of the Cimmerian blocks - that 

included Iran - from the Gondwana margin in the Early Permian. Followed by the accretion of the 

blocks to the southern margin of Laurasia in the Late Triassic, which produced the Cimmerian 

orogeny (e.g., Şengӧr, 1979; Muttoni et al., 2009; Zanchi et al., 2009a, b, 2016; Zanchetta et al., 

2013). The Permian-Triassic drifting of the Cimmerian blocks was in turn related to the opening of 

the Neotethys Ocean to the south and the progressive subduction of the Paleotethys Ocean northward 

under the Eurasian margin, in concomitance with the transformation of Pangea from an Irvingian type 

B to a Wegenerian type A configuration (Muttoni et al., 2009; Muttoni & Kent, 2019). Thus, until the 

Cisuralian (Early Permian), Iran was located close to the Gondwanan margin. During the Guadalupian 

(Middle Permian) the northward drift of the Cimmerian terranes was ongoing, along with the 

reconfiguration of Pangea. By the Lopingian (Late Permian), the latter was completed, in a Pangea A 

configuration, and the Cimmerian blocks were located at equatorial paleolatitudes (Besse et al., 1998; 

Gallet et al., 2000; Muttoni et al., 2009; Muttoni & Kent, 2019). In the Late Triassic, Iran was at 

northern paleolatitudes and set to collide with and become part of the southern Eurasian margin. A 

dramatic geodynamic reorganization, with a subduction jump to the SW of the accreted microplate, 

followed by opening and closure of small Neotethys oceanic branches, characterized the complex 

Mesozoic evolution of the area (Hassanzadeh & Wernicke, 2016 and references therein). In the 

Oligocene-Miocene (Su & Zhou, 2020 and references therein), Iran underwent tectonic deformation 

due to the closure of the Neotethys and the collision of the Arabian plate with Eurasia. 

Iran, therefore, is a mosaic of blocks sandwiched between Arabia to the south and Eurasia to the north 

(Fig. 1). The regions of North and Central Iran belong to the same Cimmerian block of Gondwana 

ancestry (Gaetani et al., 2009; Zanchi et al., 2009a; Berberian, 2014). Indeed, the Alborz Mountains 

is an upper Paleogene intracontinental belt, a product of the Arabian-Eurasian collision, which 

reactivated part of the Cimmerian orogen (Allen et al., 2003; Zanchi et al., 2006, 2009b), and its 

sedimentary successions represent the northern margin of the Iran microplate during the Paleozoic 

(Wendt et al., 2005; Gaetani et al., 2009; Zanchi et al., 2009a). The Zagros belt, instead, is part of 

Arabia and it records the collision between Arabia and the Iranian blocks in the Cenozoic. The 

Gondwanan ancestry of North and Central Iran has been widely discussed and it is based on the 
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affinity of the Precambrian basement and of the upper Precambrian-Lower Cambrian sedimentary 

successions with those of Gondwana (Berberian & King, 1981; Saidi et al., 1997; Ramezani & 

Tucker, 2003; Hassanzadeh et al., 2008; Zanchi et al., 2009a). In addition, the Gondwanan affinity of 

North and Central Iran has been supported by paleomagnetic and paleontological data (e.g., Angiolini 

et al., 2007a; Muttoni et al., 2009).  

Central Iran is a particularly complex area and of debated interpretation, due to the occurrence of 

large active intracontinental faults and several ophiolitic belts, as the so-called “Coloured Mélange”, 

an ophiolitic ring of Upper Mesozoic age which defines the most internal part of the region (Zanchi 

et al., 2009a; Hassanzadeh & Wernicke, 2016) (Fig. 1). The intracontinental fault system affecting 

Central Iran is very complex and induces a north-south dextral shearing to the region, with some of 

these faults separating the Yazd, Tabas and Lut blocks; these faults were already active during the 

Paleozoic evolution of the region (Wendt et al., 2005; Zanchi et al., 2009a). The tectonic setting is 

further complicated by the occurrence of isolated blocks in Central Iran which show signs of 

Carboniferous metamorphism (Bagheri & Stampfli, 2008; Zanchi et al., 2015; Berra et al., 2018; 

Zanchetta et al., 2018). These have been variably interpreted in the literature, but the most recent 

interpretations favour a large anticlockwise rotation of the Central Iran blocks (Javadi et al., 2013; 

Mattei et al., 2015; Tadayon et al., 2019). 

One of the most complex regions related to Central Iran - and where Abadeh is located (Hassanzadeh 

& Wernicke, 2016) - is the Sanandaj-Sirjan Zone (SSZ), a narrow belt of strongly polyphase deformed 

metamorphic rocks located between Central Iran and the Zagros belt, with a NW-SE orientation and 

both its boundaries marked by discontinuously preserved ophiolites (Berberian & King, 1981; 

Stӧcklin, 1981; Hassanzadeh & Wernicke, 2016). The SSZ, located north-eastward of the Neotethys 

suture, differs from the other regions of Iran because it contains an extensive record of Mesozoic 

magmatism and metamorphism attesting to a continuous subduction process since the Late Triassic 

(Hassanzadeh & Wernicke, 2016). Even though some authors considered the SSZ as part of the 

Arabian margin or as a distinct microplate due to the presence of an inner ophiolitic belt between the 

SSZ and Central Iran (Şengӧr et al., 1993; Alavi, 1994; Glennie, 2000; Shafaii Moghadam & Stern, 

2011), others (e.g., Stöcklin, 1968, 1974; Takin, 1972; Berberian & King, 1981; Dercourt et al., 1986; 

Agard et al., 2005; Ghasemi & Talbot, 2006) and also more recent interpretations (Hassanzadeh & 

Wernicke, 2016) consider the SSZ as developed at the northern margin of the Neotethys, in continuity 

with Central Iran, with the inner ophiolites belt emplaced by rifting during mid-Cretaceous times. 

The SSZ records the fate of the Neotethys, from its opening in the Permian to its NE-dipping 

subduction, which began in the Early Jurassic, along with the deposition of volcanoclastics and the 

emplacement of calcalkaline magmas and Jurassic eclogites (Davoudian et al., 2016; Shakerardakani 
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et al., 2021). During the Cretaceous, arc magmatism continued, mostly at the extremes of the SSZ. 

The sediments associated with the inner ophiolites belt, which are not older than Late Cretaceous, 

indicate the presence of small oceanic basins, which, added to the presence of the arc magmatism, 

testify to the transition from a passive margin to an Andean/Japanese type magmatic arc as a result 

of the subduction of the Neotethys (Hassanzadeh & Wernicke, 2016). 

The Upper Permian sedimentary succession of Abadeh, the object of the present work, was thus 

deposited along the northern margin of the Neotethys ocean at equatorial paleolatitudes in a tectonic 

context characterized by strong thermal subsidence (Saidi et al., 1997; Hassanzadeh & Wernicke, 

2016). 

 

The sedimentary succession of Abadeh - The Abadeh section is located in the Hambast Valley (Yazd 

Province), which cuts through the Abadeh-Hambast Range belt (Taraz, 1974).  

In the Abadeh-Hambast Range, the Precambrian metamorphic basement is exposed and it is covered 

by Lower Paleozoic dolostones and quarzitic sandstones, up to the Lower Devonian which is missing. 

The succession continues with Upper Devonian and Lower Carboniferous limestones and sandstones, 

sutured by a thick Permian-Triassic succession. Up-section, a gap corresponds to the Jurassic to 

Lower Cretaceous, followed by the deposition of Aptian to Cenomanian limestones. These are 

unconfomably covered by Upper Oligocene-Lower Miocene limestones (Taraz et al., 1981). 

The Permian-Triassic succession of Abadeh was divided by Taraz (1974) into seven Permian units 

identified by progressive numbers and five Lower Triassic units identified by a series of lowercase 

letters (a to e). The total thickness of the Permian succession at Abadeh exceeds 1100 metres, while 

the Limestone Group, the name given to the Lower Triassic succession, has a total thickness of 682 

metres, of which 90 metres belong to Unit a, the most studied and important unit of the Triassic at 

Abadeh (Taraz et al., 1981). These units have been then grouped into four formations: the Permian 

Surmaq Formation, Abadeh Formation, Hambast Formation, and the Triassic Elikah Formation. 

SURMAQ FORMATION. The Surmaq Formation comprises units 1, 2 and 3 of Taraz (1974). At Abadeh, 

the base of the Unit 1 is not exposed, but its thickness attains 390 m. The lower part of the unit, with 

a thickness of 120 m, consists of an alternation of thin-bedded limestones, thin and brownish shales 

and thick-bedded limestones with thin cherty layers and nodules. The middle part of Unit 1 (200 m-

thick) consists of thin-bedded limestones forming beds up to 30 cm-thick with cherty nodules, 

intercalated with thin red shales. The upper part of Unit 1 at Abadeh (70 m-thick) consists of thick-

bedded limestones passing upward to thin-bedded limestones with cherty nodules and with red shales. 

At the top red volcanic ashes occur. Most of the limestones enclose fusulines, while beneath the ash 

beds there are fossiliferous beds containing abundant macrofossils, mainly brachiopods. 
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Unit 2 has a total thickness of 80 m, and it is rich in chert. Unit 2 conformably overlies Unit 1, and it 

is divided into four subunits on the basis of the amount of chert. Subunits a and b contain shell and 

crinoid bioclasts, and sponge spicules. Subunits c and d are rich in chert and strongly recrystallized. 

Unit 3 has a total thickness of 80 m, and consists mainly of black limestones. The lower 19 m of the 

unit consist of thick-bedded limestones with three chert beds more than one metre-thick, while the 

rest of the unit consists of an alternation of thin bedded and thick-bedded limestones. Macrofossils 

are common in the thin-bedded limestones, while fusulines are present in both facies. 

ABADEH FORMATION. The Abadeh Formation, with a total thickness of 458 m, comprises units 4 and 

5 of Taraz (1974). This formation is characterized by the presence of thick, black, flaggy shales, with 

more abundant limestones in the upper part. 

Unit 4 is about 400 m-thick and is divided in two parts: 4a and 4b. Unit 4a is 120 m-thick, and it 

consists of an alternation of shales and massive limestones (algal and bioclastic wackestones). Unit 

4b (280 m-thick) consists of black, flaggy shales and calcareous shales interbedded with thin 

limestones. The limestone beds in the middle part contain discontinuous cherty layers and nodules. 

At the base of the unit, the limestones are micritic with mat-like stromatolites (Shahinfar et al., 2021) 

and characteristically abundant macrofossils. The limestones of the lower 80 m are fine bioclastic 

wackestone, while in the upper 100 m are dasycladacean algal packstones. Unit 4 contains abundant 

foraminifers, bryozoans, brachiopods and crinoids (Shen et al., 2009). 

Unit 5, up to 58 m-thick, consists of limestone with cherty nodules in the lower and upper part, while 

the middle part consists of bedded limestones. In the lower 15 m, limestones are stratified algal 

wackestones. The upper part is made by black massive fine dasycladacean algal packstones. 

HAMBAST FORMATION. The Hambast Formation (35 m-thick) comprises units 6 and 7 of Taraz 

(1974). Unit 6 has a thickness of 17 to 18 m, and consists of an alternation of greenish shales and 

grey massive micritic limestones (wackestones and packstones). The limestones contain bioclasts, 

mainly fragments of brachiopods and crinoids in the lower part, and have irregular bedding surfaces. 

The lower part of the unit contains abundant well-preserved brachiopods and it is known as the 

Araxilevis Bed (Shen et al., 2009). 

Unit 7 is 17 m-thick, and consists of thin-bedded brownish-reddish nodular limestones. The 

limestones of Unit 7 are all micritic (mostly wackestones), with birds-eye structures (Taraz et al., 

1981). The fossil content of this unit is rich in ammonoids and conodonts (Shen et al., 2009). The 

uppermost 4 m of Unit 7 have been defined as the Paratirolites Limestone because of the abundant 

presence of the ammonoid Paratirolites (Stepanov et al., 1969). 

ELIKAH FORMATION. At the top of the Paratirolites Limestone, a few to 30 cm-thick unit made of 

greenish to brownish shales crops out discontinuosly, the so-called Boundary Clay (Korte et al., 2004; 
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Kozur, 2007) or boundary shale (Horacek et al., 2007; Richoz et al., 2010), referred to as the base of 

the Triassic by Taraz et al. (1981, p. 78). In the present paper we follow Korte et al. (2004) in defining 

this shaly interval as the Boundary Clay.  

The Triassic succession has been divided into the Lower Triassic Limestone and the Middle Triassic 

Dolomite (Taraz, 1974), and the former is further divided into five units. Of interest for this work is 

the base of the Elikah Formation, represented by Unit a. This unit consists of the Boundary Clay 

followed by microbialites (1.40 m-thick) with fan-like structures, intercalated to argillaceous 

limestones. This interval consists of at least three main microbialite beds, the first around 25 cm-

thick, the second 40 cm-thick and the uppermost 30 cm-thick. The thickness of the intercalated 

argillaceous limestones is around 20 cm, and they are absent between the second and third bed. Unit 

a continues with 15 m of well-stratified bioturbated platy limestones, interrupted at 130 cm from their 

base by 70 cm of argillaceous limestones. Above the first 200 cm, the limestones are fossiliferous 

and contain bivalves, represented by Claraia species and ophiceratid ammonoids. 

 

THE ABADEH SECTION. The Abadeh section sampled for this work (Angiolini et al., 2017) consists of 

two logs, approximately 100 metres from each other. The first log is named Gulley section, because 

it was measured in a gulley, and the second is called Saddle section, because it was measured on a 

prominent saddle located to the north-west (Fig. 2). A description of the logs is given below and in 

Tables 1-2 and Figures 3-4. A composite section, based on correlation of the two logs, is given in Fig. 

5. The range of the brachiopods and bivalves is reported in Supplementary Table 1. 

GULLEY SECTION. The base of the Gulley section is located at 30°53’43.2’’N - 53°12’17.5’’E, at the 

top of the Abadeh Formation, which has not been sampled. The Gulley section comprises the 

lowermost part of Unit 7 of the Hambast Formation, which is made of grey to pinkish nodular marly 

limestones (Tab. 1, Figs 3, 5).        

SADDLE SECTION. The base of the Saddle section is located at 30°53’46.2’’N - 53°12’15.3’’E, in the 

Abadeh Formation. It comprises the Abadeh, Hambast and base of the Elikah Fms (Tab. 2, Figs 4-5). 

At the top of the Saddle section, at 12 m from the base of the Elikah Fm., a bivalve assemblage has 

been collected in bed ABS13. 

Detailed stratigraphic logs of the Gulley and Saddle sections have been published in Viaretti et al. 

(2021). 

 

THE DEBATED PERMIAN-TRIASSIC BOUNDARY AT THE ABADEH SECTION 

The Permian-Triassic boundary interval at the Abadeh section has been the subject of a large number 

of studies since its discovery in 1967 (e.g., Kozur et al., 1978; Taraz et al., 1981; Gallet et al., 2000; 
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Korte et al., 2004; Kozur, 2007; Richoz et al., 2010; Shen & Mei, 2010; Liu et al., 2013; Shen et al., 

2013; Chen et al., 2020; Baud et al., 2021). Notwithstanding more than 40 years of intense research 

on the section, the exact position of the boundary has remained a strongly debated topic as outlined 

by the discussions published in two recent Permophiles issues (Horacek et al., 2021; Chen et al., 

2021), and as summed up below and in Tab. 3. 

The first comprehensive survey of the Abadeh section was published by the Iranian Japanese 

Research Group (Taraz et al., 1981), who placed the Permian-Triassic boundary between Unit 7 of 

the Hambast Formation and Unit a of the Elikah Formation. The top of Unit 7 was assigned to the 

Dorashamian Stage (the uppermost Permian Stage in the Tethyan Scale), based on the identification 

of the Paratirolites Zone. According to Taraz et al. (1981, p. 91), this was followed in paraconformity 

by 10-30 cm of greenish-pinkish-grey shales capped by 130-180 cm-thick stromatolitic limestones 

containing Anchignatodus parvus [later recognized as H. parvus by Kozur (1995)]. Therefore, the 

authors stated that “the shale bed is referred to as the base of the Triassic” (Taraz et al., 1981, p. 78).  

Gallet et al. (2000) sampled and studied the Permian part of the section. They confirmed the Late 

Permian age of the top of the Hambast Formation, supported by the FO of Neogondolella subcarinata 

[= Clarkina subcarinata (Sweet in Teichert et al., 1973)], a marker for the Dorashamian Stage. The 

authors pointed out that the uppermost Permian was missing in the Abadeh section, confirming the 

paraconformity at the Permian-Triassic boundary described by Taraz (1974) and by Taraz et al. 

(1981).  

This was then challenged by Korte et al. (2004) who rejected the occurrence of a stratigraphic gap at 

the boundary, based on a revision of the conodont zones, and placed the Permian-Triassic boundary 

at 1.4 metres above the base of the Elikah Formation (Korte et al., 2004, fig. 1). Korte et al. (2004) 

thus recognized the Abadeh section as a continuous sedimentary succession across the Permian-

Triassic boundary. Kozur (2007) reinforced this statement, reporting a high resolution stratigraphic 

log of the Abadeh section, and placing the shaly interval at the base of the Elikah Formation 

(Boundary Clay of Korte et al., 2004) in the C. meishanensis-H. praeparvus Zone, immediately 

overlain by the Merrillina ultima-Stepanovites? mostleri Zone in the microbialites. These were 

therefore located underneath the Permian-Triassic boundary. In contrast, Horacek et al. (2007) placed 

the Permian-Triassic boundary 30 cm above the shales, thus placing the microbialite beds in the 

Lower Triassic.  

Shen & Mei (2010) applied the sample-population method (Mei et al., 2004) to the conodont 

succession at the Abadeh C section (sensu Taraz et al., 1981) and other published Iranian conodont 

successions. They did not find in their study the M. ultima-S.? mostleri Zone of Kozur (2005). They 

thus correlated this zone with either the upper part of the C. meishanensis-H. praeparvus Zone of 
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Kozur (2004) or the C. zhejiangensis Zone at Meishan of Mei et al. (1998). Their study highlighted 

the problem of correlation between the Meishan section and the Iranian sections.  

Korte et al. (2010, p. 295) retained the conodont zonation of Kozur (2004) as “the only detailed 

Tethyan conodont zonation of the interval,” stressing the endemism that characterizes the South 

Chinese conodont faunas. Despite this endemism, the index conodont M. ultima is present in the 

Changhsingian of the Meishan section (Korte et al., 2010), an occurrence used by the authors to place 

the Permian-Triassic boundary at Abadeh between the M. ultima-S.? mostleri Zone and the H. parvus 

Zone, above the microbialites. 

Richoz et al. (2010) criticized the approach of Kozur (2007), stressing the fact that the ammonoids 

and most of the conodonts of Abadeh show an intra-Tethyan endemism. For these reasons they 

adopted the Tethyan Scale (but in fact in their paper they used both the Tethyan stages and the 

International Chronostratigraphic Chart ones). They attributed the lower 13 metres of Unit 7 to the 

upper Wuchiapingian, and the last 6.3 metres of Unit 7 to the Dorashamian, based on ammonoid 

correlation with the Iranian Zal and Julfa sections. Based on conodonts, they proposed the occurrence 

of a stratigraphic gap between Unit 7 and the Elikah Formation, stating: “The gap is best documented 

in Abadeh with the jolfensis interval and the boundary shale sensu stricto missing” (Richoz et al., 

2010, p. 247). They placed the Permian-Triassic boundary 25 cm above the base of the Elikah Fm. 

and discussed the FO of H. parvus in previous works, stating that the C. meishanensis-H. praeparvus 

Zone is reduced at the Abadeh section, while the M. ultima-S.? mostleri Zone of Kozur (2007) belongs 

to the H. parvus Zone. 

In a synthesis of broad interest on the distribution of the Permian-Triassic Boundary Microbialites 

(PTBM), Kershaw et al. (2012) showed that the distribution of the PTBM correlates with the 

succession from bed 24 to bed 27d in Meishan. From a biostratigraphic point of view, the PTBM 

range from the H. praeparvus Zone to the boundary between the H. parvus Zone and Isarcicella 

staechei Zone. In referring to the Abadeh section, Kershaw et al. (2012) followed the stratigraphy 

published by Richoz et al. (2010), and placed the Permian-Triassic boundary at the base of the 

microbialites. 

More recent works by Shen et al. (2013), Liu et al. (2013) and Dudás et al. (2017) followed the 

conodont zonation of Shen & Mei (2010), but placed the Permian-Triassic boundary in different 

stratigraphic positions. Shen et al. (2013) placed the FO of H. parvus inside Unit a of the Elikah 

Formation, while Liu et al. (2013) placed it in the uppermost part of Unit 7, hence in the Hambast 

Formation. Dudás et al. (2017) placed the Permian-Triassic boundary at the base of the microbialites. 

In contrast however, it should be noted that Dudás et al. (2017, Fig. S4B) placed the formational 
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boundary at the top of the microbialites, including all of the interval of shales and microbialites in the 

Hambast Formation (90 cm). 

The discrepancies in the identification of the position of the Permian-Triassic boundary at Abadeh 

can be in part explained by the lithological variation at the boundary. Here, in fact, the lithology of 

the beds at the base of the Elikah Formation and in particular the thickness of the Boundary Clay and 

of the microbialites varies laterally, explaining at least in part the differences observed in the 

stratigraphic logs of the authors. The Boundary Clay, for example, has a thickness which ranges from 

a few cm to 30 cm. The microbialites often crop out as several lenticular horizons separated by shales 

(Fig. 4d). While most of the authors show the microbialite interval as a three layers unit, Chen et al. 

(2020) suggest that this is not always the situation, and their stratigraphic log shows the intercalation 

of argillaceous limestones between the microbialite beds. 

Chen et al. (2020) proposed a very detailed stratigraphic log, with a focus on the Permian-Triassic 

transition in the succession and for the most part they followed the conodont zonation of Shen & Mei 

(2010). However, in fig. 2 of Shen & Mei (2010) the FO of H. parvus seems to be located about 80 

cm above the top of the Paratirolites Limestone, whereas Chen et al. (2020) placed the base of the 

H. parvus Zone at the top of the microbialites (about 1.5 m above the top of the Paratirolites bed), in 

agreement with Korte et al. (2004) and Kozur (2007).  

The work of Chen et al. (2020) was criticized by Horacek et al. (2021) mainly for their use of the 

stratigraphy of Shen & Mei (2010) - considered of low-resolution - and for the absence of figured 

material for the definition of the conodont zones. Horacek et al. (2021, fig. 1) also discussed the 

different positions of the Permian-Triassic boundary at Abadeh identified by previous authors, 

classifying them into two groups; the first group comprising the authors that placed the Permian-

Triassic boundary near the base of the microbialites, and the second including authors that placed the 

boundary above the microbialites. 

Chen et al. (2021) answered the criticism, by emphasising that the uncertainty and the complexity of 

interpretations surrounding the position of the Permian-Triassic boundary at the Abadeh section is so 

deep that it is impossible to force previous authors into two groups. They discussed the arguments 

raised by Horacek et al. (2021) and concluded, based on a revision of the conodonts collected in 2009 

and 2017 (Shen et al., 2009; Angiolini et al., 2017), that the PTB should be in the middle of the 

microbialites, 80 cm above the base of the Boundary Clay. 

In this paper, we follow Shen & Mei (2010) and Chen et al. (2021) in placing the Permian-Triassic 

boundary 80 cm above the base of the Boundary Clay (that is at the top of the Paratirolites 

Limestone). An overview of the debate is provided in Tab. 3 and Fig. 6. 

 



11 
 

THE BIVALVE FAUNA FROM ABADEH 

The bivalves collected from the Abadeh section come mainly from bed ABS13 (Fig. 7). 

The single specimen collected from bed ABS10 (Hambast Fm.)  is represented by a badly preserved 

internal mould of a left valve which is moderate in size, slightly inflated and retrocrescent. The radial 

ornamentation is not well preserved and only detectable on the median-ventral part of the disc. It 

consists of irregularly spaced and rounded ribs, apparently of different orders. The umbo, posterior 

and anterior auricles are not preserved or clearly detectable. The valve incompleteness prevents any 

further determination at lower taxonomic categories than Aviculopectinoidea sp. (Fig. 7a). 

Two species of Claraia occur in bed ABS13 (Elikah Fm.): Claraia radialis julfensis Nakazawa, 1977 

(Fig. 7b-c) and Claraia gr. aurita (Hauer, 1850) (Fig. 7d). 

The majority of the specimens collected from bed ABS13 belong to Claraia radialis julfensis. They 

are radially ornamented and reach a maximum height of 47 mm. They have unfortunately an 

incomplete preservation which prevents an accurate description of the shell outline and wing 

morphology. The valves were probably moderately inflated, slightly oval and retrocrescent. The 

surface is ornated by dense, about fifty, radial ribs which grow by intercalation and arranged into 

three orders. Concentric ornaments are almost absent. Few and weak concentric folds occasionally 

occur only in the umbonal region. 

Claraia species with a predominant radial ornamentation have been included into the C. stachei group 

(Ichikawa, 1958). The preserved morphology of the studied specimens corresponds well to Claraia 

radialis julfensis Nakazawa, 1977, a subspecies already described from Julfa and Abadeh (Iran). It 

has been later attributed to Claraia stachei Bittner, 1901 (Yin, 1985). The latter species, however, 

presents taxonomical problems (Hofmann et al., 2013). Its nomenclatural types have not been figured 

and the identification is based on Greenland and North American specimens respectively illustrated 

by Spath (1930) and Newell & Kummel (1942), who interpreted Bittner’s species in different ways. 

For instance, the North American individuals have fewer and more subdued radial ribs than those 

from Greenland. In absence of an unequivocal original definition of C. stachei, Nakazawa’s 

subspecies is here referred to as Claraia radialis Leonardi, 1960 from the Dolomites, where Claraia 

shells with a predominant radial sculpture are rare. They occur within the Claraia clarai Subzone, 

latest Griesbachian-early Dienerian in age (Induan; Broglio Loriga et al., 1983; Posenato, 2008).  

According to Taraz et al. (1981), in the Abadeh section C. radialis julfensis occurs in the lower 

Elikah Fm. It ranges from 3 m to 17.5 m above the formational boundary with the Hambast Fm. 

Isarcicella isarcica, a marker for the late Griesbachian, appears at 2 m (Taraz et al., 1981) or 2.3 m 

(Korte et al., 2004) above the formational boundary while the first appearance of Neospathodus 

dieneri, marker for the base of the Dienerian, has been found at 15 m above the Boundary Clay 
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(e.g., Korte et al., 2004; Horacek et al., 2007; Richoz et al., 2010). The Claraia-bearing bed ABS13 

belongs to the I. isarcica Zone (Fig. 5), that is late Griesbachian in age. 

The other species that occurs, Claraia gr. aurita, is represented only by the median part of a left 

valve. It shows an ornamentation pattern quite different from the other radially ribbed individuals 

coming from bed ABS13. The sculpture consists of predominant thin, slightly waived and regularly 

spaced concentric ribs and very weak and irregular radial ribs with rounded apex. Predominant 

concentric ribs are a typical feature of the Claraia aurita group (Ichikawa, 1958) which also 

contains species with faint radial ornamentation (e.g., C. bittneri Ichikawa, 1958; C. griesbachi 

Bittner, 1899; C. guizhouensis Chen in Liu, 1964). The classification of these species is also based 

on shell outline and wing morphology. In the absence of preservation of these features a specific 

determination of this fragment is impossible. 

 

THE BRACHIOPOD FAUNA FROM ABADEH 

The studied brachiopod fauna comprises 30 species belonging to 14 genera: Spinomarginifera helica, 

S. iranica, S. pygmaea, S. spinosocostata, Spinomarginifera sp., Araxilevis intermedius, 

Tschernyschewia typica, Leptodus cf. richtofeni, L. nobilis, Leptodus sp., Permianella sp., 

Orthothetina persica, Orthothetina sp., Perigeyerella aff. costellata, P. aff. tricosa, Perigeyerella sp., 

Araxathyris abichi, A. bruntoni, A. felina, A. quadrilobata, Araxathyris spp., ?Rectambitus sp., 

Gruntallina sp., ?Spirigerella sp., Transcaucasathyris araxensis, T. kandevani, T. lata, 

Transcaucasathyris spp., Paracrurithyris pygmaea and ?Permophricodothyris sp. Several poorly 

preserved specimens have been identified as belonging to the Tyloplectini, Schizophoriidae and to 

the Athyrididae. The systematic study presented in this paper represents a step forward from the first 

survey by Taraz et al. (1981) who listed only 14 brachiopod species.  

Five brachiopod orders are represented in this fauna: Productida, Orthotetida, Orthida, Athyridida 

and Spiriferida. Two of them, Orthida and Spiriferida, are subordinated being represented by a single 

specimen each. Among the other three orders, Productida and Athyridida are dominant, being 

respectively 37.2% and 60.8% of the described specimens. The Orthotetida represents only 1.6% of 

the described specimens.  

The representatives of the two main orders, Productida and Athyridida, are characterized by different 

life styles, the former is seminfaunal and better adapted to soft substrates, while the latter is pedicle-

attached and ubiquitary, but requiring small hard substrates (shells, bioclasts) to attach. The 

depositional environment of the Hambast Fm. is a low energy one, at a depth below the storm wave 

base. The relative abundance of the representatives of the two orders (Fig. 5) seems not to strictly 

correlate to the lithology, with both taxa being variably present in muddy or in more bioclastic 
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sediments. However, in beds ABS0, ABS15, ABS5, ABS6, ABS7 which are shales (mostly covered), 

the brachiopod fauna is dominated or represented only by semi-infaunal taxa which thrive better in 

these conditions. 

The five orders are also characterized by two different microstructures of the shell. The Productida 

and Orthotetida have a laminar secondary layer, and the Orthida, Athyridida and Spiriferida have a 

fibrous one. The distribution of these orders along the stratigraphic succession shows an alternation 

in the prevalence of one microstructural type over the other, but in the upper part of the section, from 

the base of the Clarkina transcaucasica Zone upward, only brachiopods with a fibrous microstructure 

are present (Fig. 8). To better investigate the distribution of the brachiopods in terms of change in 

biodiversity and in microstructure, we have calculated the Margalef and Shannon-Wiener diversity 

indices and the percentage of the brachiopod shell microstructural types bed by bed (Tab. 4). The 

diversity indices show that there is no biodiversity decline up to bed ABS25 at the base of the Clarkina 

orientalis Zone, in the upper Wuchiapingian (Shen et al., 2019). Also, there is no correlation between 

biodiversity variations and microstructural change (Fig. 8). When the indices are high there is 

alternation in the dominance by laminar vs fibrous taxa, whereas, when the indices are low, the 

laminar taxa dominate. This could be linked to local facies change, i.e. the advantage of laminar 

concave-convex shells on soft shaly substrates such as ABS0, ABS15, ABS5, ABS6, ABS7. 

However, in the Paratirolites Limestones, brachiopod biodiversity drops to just one species, the 

disaster taxon Paracrurithyris pygmaea, characterized by a fibrous secondary layer.  

Biostratigraphy and correlation - The stratigraphic distribution of brachiopods from the composite 

Abadeh section produced in this study has been compared with that of the Julfa section of NW Iran 

published by Ghaderi et al. (2014). The comparison has been made using the Unitary Association 

(UA) method of Guex (1991), a deterministic mathematical model that, based on the relations of 

coexistence and superposition of taxa, defines consistent associations of taxa which can be used to 

build a biozonation and to correlate different successions (Tab. SOM 2).  

Before the computation of data, we added the occurrence of Paracrurithyris pygmaea in bed ABS11, 

represented by few small specimens recorded in thin section and not reported in the systematic 

descriptions. As a result, eight UAs have been found, merged into five due to high similarity in the 

taxonomical composition. Three UAs are recorded in both sections, showing their potential role to 

correlate the Upper Permian of NW Iran (Julfa) and Central Iran (Abadeh) (Fig. 9). The first biozone 

is represented by UA1-2, which correlates the base of the Hambast Formation at the Abadeh section 

with the lower Lower Julfa Beds. This biozone is here named Araxilevis intermedius-Leptodus nobilis 

Biozone, corresponding to the Araxilevis intermedius Biozone described by Ghaderi et al. (2014), 

ranging from bed G125 to bed G139 in Julfa and from from beds ABS0/ABS15 to beds ABS5/ABS6 
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in Abadeh, and Wuchiapingian in age. The UA analysis shows the occurrence of UA3, characterized 

by Orthothetina eusarkos, only in the Julfa section. This interval, which is absent at Abadeh, was not 

considered by Ghaderi et al. (2014) and it was included mostly in the lower part of the 

Permophricodothyris ovata Biozone. The following biozone is represented by UA4-5, which in 

Abadeh spans the beds ABS7 to ABS25, in the central part of the Hambast Formation. At Julfa, UA4-

5 spans the beds G143b to G161, in the upper Lower Julfa Beds and the lower Upper Julfa Beds. This 

UA can be defined as the Permophricodothyris ovata-Araxathyris quadrilobata Biozone and it 

corresponds to the middle-upper part of the Permophricodothyris ovata Biozone defined by Ghaderi 

et al. (2014) at Julfa. According to the conodont zonation of Shen & Mei (2010), this zone roughly 

corresponds to the Clarkina transcaucasica Zone and partially to the upper C. guangyuanensis Zone 

and it is middle to late Wuchiapingian in age. Another UA exclusively present in Julfa is UA6-7, here 

defined as Haydenella kiangsiensis-Transcaucasathyris minor Biozone, which corresponds to the 

Haydenella kiangsiensis Biozone defined by Ghaderi et al. (2014). The absence of this biozone in 

Abadeh is possibly due to outcrop conditions. Finally, UA8 has been detected in the Paratirolites 

Limestone of both sections, correlating bed ABS11 at Abadeh with bed G271 at Julfa. UA8 is 

taxonomically identified by the presence of Paracrurithyris pygmaea, and establishes the P. pygmaea 

Biozone, the uppermost brachiopod biozone that can be found in the Permian of Iran, late 

Changhsingian in age.  

Ghaderi et al. (2014) supported the correlation of the Julfa beds with the faunal succession of 

Dorasham, Transcaucasia (Ruzhentsev & Sarytcheva, 1965) proposed by Stepanov et al. (1969). 

According to Ghaderi et al. (2014), the Araxilevis intermedius Biozone in Julfa correlates with the 

Araxilevis beds in Dorasham, the Permophricodothyris ovata Biozone correlates with the 

Araxoceras-Oldhamina beds in Dorasham and the Haydenella kiangsiensis Biozone correlates with 

the Haydenella-Pseudowellerella (= Prelissorhynchia) beds in Dorasham. Consequently, based on 

our revised biozonation, the newly proposed Araxilevis intermedius-Leptodus nobilis Biozone 

correlates with the Araxilevis beds of Dorasham and the Permophricodothyris ovata-Araxathyris 

quadrilobata biozone correlates with the Araxoceras-Oldhamina beds of Dorasham. 

The correlation between the succession of the Alborz Mountains in North Iran (Gaetani et al., 2009; 

Angiolini & Carabelli, 2010) and those of Central and North-West Iran, as well as with Transcaucasia, 

is more difficult, given the different depositional settings - shallow water in North Iran vs deeper 

water in Abadeh and Julfa - as already discussed by Angiolini & Carabelli (2010) and Ghaderi et al. 

(2014). The Araxilevis intermedius Biozone of the lower member of the Nesen Formation in the 

Alborz mountains has been correlated to the Araxilevis Biozone of Transcaucasia and Julfa (Gaetani 

et al., 2009; Angiolini & Carabelli, 2010; Ghaderi et al., 2014). Consequently, the Araxilevis 
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intermedius Biozone should correlate with the newly proposed Araxilevis intermedius-Leptodus 

nobilis Biozone. The Haydenella Biozone of the Alborz Mountains correlates with the Haydenella 

kiangsiensis Biozone of Julfa, which is missing at Abadeh. The main problem is the correlation of 

the Permophricodothyris ovata Biozone, which in North Iran has been found above the Haydenella 

Biozone and it has been given a Changhsingian age. Also, the Paracrurithyris pygmaea Biozone 

which is very characteristic of the uppermost Changhsingian beds in Julfa, Abadeh and South China 

has not been recorded in the Alborz Mountains. 

  

CONCLUSIONS 

To conclude, in this paper we show that: 

1. The position of the Permian-Triassic boundary at the Abadeh section is still debated. 

However, latest conodont data, field observations and literature analysis suggest that the 

boundary is most likely placed at 80 cm above the base of the Elikah Fm. 

2. The newly described Wuchiapingian brachiopod fauna from the Hambast Fm. consists of 30 

described species belonging to 14 genera, a significant improvement compared to the first 

list provided by Taraz et al. (1981).  

3. In the Abadeh section, there is no biodiversity decline in the brachiopod fauna during the 

Wuchiapingian, and no correlation between biodiversity and shell microstructural changes. 

However, in the Changhsingian part of the succession, brachiopods are very rare and 

represented only by a fibrous shelled species Paracrurithyris pygmaea. This species is very 

characteristic of the uppermost Permian beds in Julfa and South China, and it has been 

recovered also from the Boundary Clay.  

4. The Abadeh section has been correlated to the Julfa section in NW Iran using the Unitary 

Associations method. The analysis allowed the identification of four biozones. Three of 

them are present in both sections: the Wuchiapingian Araxilevis intermedius-Leptodus 

nobilis Biozone, extending from the Clarkina asymmetrica Zone to the C. guangyuanensis 

Zone; the Wuchiapingian Permophricodothyris ovata-Araxathyris quadrilobata Biozone, 

roughly corresponding to the C. transcaucasica Zone; the Changhsingian Paracrurithyris 

pygmaea Biozone, from the base of the C. abadehensis Zone. One biozone, the 

Wuchiapingian Haydenella kiangsiensis-Transcaucasathyris minor Biozone, has been found 

only in the Julfa section, but it is considered important for regional correlation with 

Transcaucasia and North Iran. These results indicate that brachiopods can be useful tools in 

biostratigraphy, and show their potential for correlation at a regional scale in the Upper 

Permian.  
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5. The Claraia bed, containing Claraia radialis julfensis and Claraia gr. aurita, is late 

Griesbachian in age.  

 

 

 

SYSTEMATIC PALEONTOLOGY 

 

 

Class STROPHOMENATA Williams, Carlson, Brunton, Holmer & Popov, 1996 

Order PRODUCTIDA Sarytcheva & Sokolskaya, 1959 

Suborder PRODUCTIDINA Waagen, 1883 

Superfamily PRODUCTOIDEA Gray, 1840 

Family PRODUCTELLIDAE Schuchert, 1929 

Subfamily MARGINIFERINAE Stehli, 1954 

Tribe MARGINIFERINI Stehli, 1954 

 

Genus Spinomarginifera Huang, 1932 

Type species Spinomarginifera kueichowensis Huang, 1932 

 

Remarks - The genus Spinomarginifera Huang, 1932 differs from Marginifera Waagen, 1884 

because of the spine bases not arranged in rows along the flanks, and from Entacanthadus Grant, 

1993 because of the occurrence of spine bases on the dorsal valve. The species of the genus 

Spinomarginifera are distinguished by the spine bases shape and arrangment, the presence and 

distribution of ridges and presence/absence of a ventral sulcus. 

 

Spinomarginifera helica (Abich, 1878) 

(Pl. 1, figs 1-5) 

 

1878 Productus intermedius helicus ABICH, p. 44, Pl. 5, fig. 7; Pl. 10, figs 3, 12-13, 17, 19-20. 

1878 Productus aculeatus ABICH, p. 50, Pl. 5, fig. 12; Pl. 10, fig. 21. 

1878 Productus spinulosus ABICH, p. 51, Pl. 5, fig. 9. 

1878 Productus indeterminatus ABICH, p. 47, Pl. 10, fig. 16; p. 48, Pl. 10, figs 4-18. 

1900 Marginifera intermedia helica (Abich) - ARTHABER, p. 265, Pl. 20, figs 10-12. 

1903 Marginifera helica (Abich) - DIENER, p. 74, Pl. 3, fig. 9. 
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1933 Marginifera intermedia helica (Abich) - SIMIĆ, p. 42, Pl. 3, fig. 9. 

1937 Productus (Marginifera) intermedius-helicus var. multispinosa (Abich) - LICHAREW, p. 95, Pl. 

22, fig. 9. 

1958 Marginifera helica helica (Abich) - RAMOVS, p. 501, Pl. 2, fig. 8. 

1960 Spinomarginifera intermedia-helica (Abich) - SARYTCHEVA et al., p. 228, Pl. 38, fig. 14. 

1963 Spinomarginifera intermedia-helica (Abich) - SCHRÉTER, p. 118, Pl. 5, figs 3-11. 

1965b Spinomarginifera helica (Abich) - FANTINI SENTINI, p. 47, Pl. 5, figs 6-7. 

1965 Spinomarginifera helica (Abich) - SARYTCHEVA & SOKOLSKAYA in Ruzhentsev & 

Sarytcheva, p. 226, Pl. 37, figs 9-11. 

1966 Spinomarginifera helica (Abich) - FANTINI SESTINI & GLAUS, p. 904, Pl. 64, fig. 6. 

1969 Spinomarginifera helica (Abich) - STEPANOV et al., Pl. 5, fig. 3a-b. 

2010 Spinomarginifera helica (Abich) - ANGIOLINI & CARABELLI, p. 53, Pl. 1, figs 10-11. 

2011 Spinomarginifera helica (Abich) - VERNA & ANGIOLINI in Verna et al., p. 78, Pl. 3, figs 1-7; 

Pl. 6, figs 5-6. 

2014 Spinomarginifera helica (Abich) - GARBELLI & ANGIOLINI in Ghaderi et al., p. 38, Pl. 1, figs 

9-12. 

 

Material - Five figured articulated shells: MPUM12170 (ABS3-1), MPUM12171 (ABS16-18), 

MPUM12172 (ABS17-70), MPUM12173 (ABS22-1), MPUM 12174 (ABS25-4); five articulated 

shells: MPUM12175 (ABS7-12, ABS8-21, ABS16-17, ABS17-4, ABS22-6); one internal mould: 

MPUM12176 (ABS17-2). 

 

Description - Small to medium sized, concave-convex shell with transverse sub-oval outline. Trail 

long and slightly geniculated. Cardinal margin long and straight, ending with small ears. Maximum 

width anteriorly, 10.3-19.4 mm; shell length: 9.2 -14.5 mm. Ventral umbo broad and only 

moderately projecting on the cardinal margin. Ventral valve with a very slight and shallow median 

sulcus. Ornamentation of ventral valve of widely spaced spines. Spine bases rounded, forming 

elongated ridges on the trail, 0.6 mm wide. Ornamentation of dorsal valve of fine rugae, few spines. 

Dorsal valve interior with a bilobed cardinal process and cardinal ridges, pear-shaped adductor 

scars.  

 

Remarks - Spinomarginifera helica (Abich, 1878) is a very variable species and, according to 

Sarytcheva & Sokolskaya in Ruzhentsev & Sarytcheva (1965), this variability is mostly due to 

ontogenetic variation. Intraspecific variability is detected in features such as size, outline and 
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dimensions, number and position of spines, and it also shows substantial differences from the other 

species of the genus. S. helica differs from S. ciliata (Arthaber, 1900) because of the larger spine 

bases and spine ridges not uniformly distributed; from S. iranica Fantini Sestini, 1965a because the 

spines are widely spaced, with no clustering on the ears and because of the presence of spine ridges; 

from S. pygmaea Sarytcheva in Ruzhentsev & Sarytcheva, 1965, because of the larger size and the 

elongated spine bases forming ridges on the anterior trail; from S. spinosocostata (Abich, 1878) 

because the spine bases form ridges only on the anterior trail, without giving origin to ribs; from S. 

sulcata Shen et al., 1992, because of the absence of a distinct ventral sulcus. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Araxilevis, Oldhamina and Haydenella beds of Transcaucasia 

(Ruzhentsev & Sarytcheva, 1965); Guadalupian to lower Changhsingian of North and North-West 

Iran (Fantini Sestini, 1965b; Angiolini & Carabelli, 2010; Ghaderi et al., 2014); Lopingian of 

Himalaya (Diener, 1903), of North Caucasus (Licharew, 1937, 1939) and of South-East Europe 

(Simić, 1933; Ramovs, 1958). Specimens of S. cf. helica have been found in the Wuchiapingian of 

Turkey (Angiolini et al., 2007b). 

 

Spinomarginifera iranica Fantini Sestini, 1965a 

(Pl. 1, figs 6-9) 

 

1965a Spinomarginifera iranica FANTINI SESTINI, p. 992, Pl. 94, figs 2-5. 

2010 Spinomarginifera iranica Fantini Sestini - ANGIOLINI & CARABELLI, p. 56, Pl. 1, figs 12-18. 

2011 Spinomarginifera iranica Fantini Sestini - VERNA et al., p. 65, Pl. 1, fig. 23. 

2014 Spinomarginifera iranica Fantini Sestini - GARBELLI & ANGIOLINI in Ghaderi et al., p. 39, Pl. 

1, figs 13-16. 

 

Material - Four figured articulated shells: MPUM12177 (ABS8-37), MPUM12178 (ABS17-43), 

MPUM12179 (ABS17-46), MPUM12180 (ABS17-61); seven articulated shells: MPUM12181 

(ABS1-1), MPUM12182 (ABS7-8), MPUM12183 (ABS8-20, ABS8-28, ABS8-35, ABS8-70), 

MPUM12184 (ABS17-8). 

 

Description - Small to medium sized, concave-convex shell with a subtriangular outline. Corpus 

cavity deep and trail slightly geniculated. Maximum width: 9.7-17.3 mm; length: 8.6-12.5 mm. 
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Cardinal margin straight, ending with small and angulate ears. Anterior commissure rectimarginate. 

Ventral umbo broad, recurved, slightly projecting on the cardinal margin. Ornamentation of ventral 

valve of several closely spaced spines, denser on the ears. Spine bases rounded, not forming ridges. 

Growth lamellae on the anterior trail and dense growth lines. On the dorsal valve spines are less 

dense. Dorsal valve interior with pear-shaped muscle scars projecting antero-laterally and median 

septum extending up to shell mid-length. 

 

Remarks - Spinomarginifera iranica Fantini Sestini, 1965a, has been considered a transitional species 

between S. ciliata (Arthaber, 1900) and S. helica (Abich, 1878) by Angiolini & Carabelli (2010). It 

differs from S. ciliata for its coarser and more widely spaced spines; and from S. helica because of 

the spines, which have oval bases, do not form ridges and are more densely spaced.  

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Guadalupian-Lopingian of Turkey (Angiolini et al., 2007b; Verna & Angiolini in Verna 

et al., 2011); Wuchiapingian and lower Changhsingian of North and North-West Iran (Angiolini & 

Carabelli, 2010; Ghaderi et al., 2014). 

 

Spinomarginifera pygmaea Sarytcheva in Ruzhentsev & Sarytcheva, 1965 

(Pl. 1, figs 10-13) 

 

1965 Spinomarginifera pygmaea SARYTCHEVA in Ruzhentsev & Sarytcheva, p. 227, Pl. 37, figs 13-

15. 

2010 Spinomarginifera pygmaea Sarytcheva in Ruzhentsev & Sarytcheva - ANGIOLINI & 

CARABELLI, p. 56, Pl. 1, figs 19-20. 

 

Material - Four figured articulated shells: MPUM12185 (ABS7-7), MPUM12186 (ABS8-27), 

MPUM12187 (ABS8-29), MPUM12188 (ABS8-39); two articulated shells: MPUM12189 (ABS8-

16, ABS8-36). 

 

Description - Small-sized, concave-convex shell with short and slightly geniculated trail. Maximum 

width: 8-11.4 mm; length: 6.7-12.4 mm. Outline sub-oval, cardinal margin straight, shorter than 

maximum width, ending with slightly enrolled ears. Ventral umbo pointed, strongly recurved on the 

cardinal margin, projecting over it. Ventral valve with a subquadrate visceral disc. Dorsal valve 
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strongly concave, with sub-oval visceral disc. Ornamentation of the ventral valve of equally spaced 

spines with rounded bases, weak and flat ribs and rugae. Growth lamellae on the anterior trail. 

Ornamentation of the dorsal valve of strong concentric rugae with few spine bases.  

 

Remarks - Spinomarginifera pygmaea Sarytcheva in Ruzhentsev & Sarytcheva, 1965 differs from S. 

ciliata (Arthaber, 1900), S. helica (Abich, 1878) and S. spinosocostata (Abich, 1878) because its 

spine bases are rounded and do not form ridges; from S. sulcata Shen et al., 1992, because of the 

absence of a ventral sulcus and; from S. iranica Fantini Sestini, 1965a because of its smaller size. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Oldhamina beds and Changhsingian beds of Transcaucasia 

(Ruzhentsev & Sarytcheva, 1965); Wuchiapingian and lower Changhsingian of North Iran (Angiolini 

& Carabelli, 2010). 

 

Spinomarginifera spinosocostata (Abich, 1878) 

(Pl. 1, figs 14-16) 

 

1878 Productus spinoso-costatus ABICH, p. 41, Pl. 10, figs 6-7, 10. 

1878 Productus spinoso-costatus var. cariniferus ABICH, p. 41, Pl. 10, fig. 8. 

1878 Productus spinoso-costatus var. expansus ABICH, p. 42, Pl. 5, figs 8, 11. 

1900 Marginifera spinosocostata (Abich) - ARTHABER, p. 262, Pl. 20, figs 5-8. 

1911 Productus (Marginifera) spinuloso-costatus Abich - FRECH, p. 175, Pl. 27, figs 1-2. 

1937 Productus (Marginifera) spinosocostatus Abich - LICHAREW, p. 71, Pl. 10, fig. 37. 

1965b Marginifera spinosocostata (Abich) - FANTINI SESTINI, p. 43, Pl. 5, figs 2-3. 

1965 Spinomarginifera spinosocostata (Abich) - SARYTCHEVA & SOKOLSKAYA in Ruzhentsev & 

Sarytcheva, p. 225, Pl. 37, figs 6-8. 

1966 Spinomarginifera spinosocostata (Abich) - FANTINI SESTINI & GLAUS, p. 905, Pl. 64, fig. 5. 

2010 Spinomarginifera spinosocostata (Abich) - ANGIOLINI & CARABELLI, p. 56, Pl. 1, figs 21-22. 

2011 Spinomarginifera spinocostata (Abich) - VERNA & ANGIOLINI in Verna et al., p. 65, Pl. 1, figs 

31-33. 

2014 Spinomarginifera spinosocostata (Abich) - GARBELLI & ANGIOLINI in Ghaderi et al., p. 39, Pl. 

1, figs 17-22. 
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Material - Three figured articulated shells: MPUM12190 (ABS8-24), MPUM12191 (ABS25-5), 

MPUM12192 (ABS25-10); three articulated shells: MPUM12193 (ABS0-35), MPUM12194 

(ABS25-2, ABS25-45). 

 

Description - Small to medium-sized, concave-convex shell. Trail geniculated and outline 

transversely sub-oval. Cardinal margin straight, with angular extremities, shorter than the maximum 

width. Anterior commissure rectimarginate. Maximum width: 10.4-15.5 mm; length: 9-12.5 mm. 

Ventral valve with long and geniculated trail. Umbo broad, strongly recurved on the cardinal margin, 

but not projecting over it. Visceral disc with a slight median depression. Dorsal valve with a short 

trail and a transversely sub-oval visceral disc. Ornamentation of the ventral valve of spines with 

rounded bases placed on ribs. Ribs coarse, up to 1.4 mm wide. Ornamentation of the dorsal valve 

with few spines without ridges and concentric fine rugae. 

 

Remarks - The presence of long spine ridges forming ribs is a diagnostic feature present only in the 

species Spinomarginifera spinosocostata (Abich, 1878). 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Araxilevis and Oldhamina beds of Transcaucasia (Ruzhentsev & 

Sarytcheva, 1965); Guadalupian-Lopingian Ruteh and Nesen Formation of the Alborz Mountains, 

North Iran (Fantini Sestini, 1965b; Fantini Sestini & Glaus, 1966; Angiolini & Carabelli, 2010); 

Wuchiapingian of North-West Iran (Ghaderi et al., 2014); Lopingian of North Caucasus (Licharew, 

1937). Specimens of S. cf. spinosocostata have been found in the Wuchiapingian of Turkey 

(Angiolini et al., 2007b). 

 

Spinomarginifera sp. 

(Pl. 1, fig. 17) 

 

Material - One figured interior dorsal valve attached to the exterior of a ventral valve: MPUM12195 

(ABS16-1); sixty-nine articulated shells: MPUM12196. 

 

Remarks - The specimens are poorly preserved. In most of the specimens the shell is almost entirely 

decorticated, leaving internal moulds with just small portions of shell where a few of the spine bases 

are preserved, hampering their identification at specific level.  
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Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Family PRODUCTIDAE Gray, 1840 

Subfamily LEIOPRODUCTINAE Muir-Wood & Cooper, 1960 

Tribe TYLOPLECTINI Termier & Termier, 1970 

 

Genus Araxilevis Sarytcheva & Sokolskaya in Ruzhentsev & Sarytcheva, 1965 

Type species Productus intermedius Abich, 1878 

 

Remarks - The genus Araxilevis Sarytcheva & Sokolskaya in Ruzhentsev & Sarytcheva, 1965 

differs from Tyloplecta Muir-Wood & Cooper, 1960 because of its longer and lamellose trail, the 

swollen spine bases, the absence of ribbing and the larger size.  

 

Araxilevis intermedius (Abich, 1878) 

(Pl. 2, figs 1-5) 

 

1878 Productus intermedius ABICH, p. 27, Pl. 4, figs 10-12; Pl. 7, fig. 1; Pl. 10, figs A-B. 

1878 Productus intermedius var. plano-convexus ABICH, p. 31, Pl. 4, fig. 13; Pl. 9, fig. 6. 

1878 Productus martini ABICH, p. 32, p. 5, fig. 1; Pl. 9, fig. 4. 

1900 Productus intermedius (Abich) - ARTHABER, p. 254, Pl. 19, figs 7-8. 

1939 Productus intermedius (Abich) - LICHAREW, p. 93, Pl. 21, fig. 1. 

1960 Plicatifera intermedia (Abich) - SARYTCHEVA et al., p. 227, Pl. 35, fig. 3. 

1965 Axarilevis intermedius (Abich) - SARYTCHEVA & SOKOLSKAYA in Ruzhentsev & Sarytcheva, 

p. 222, Pl. 35, fig. 4; Pl. 36, figs 1-4. 

1969 Araxilevis intermedius (Abich) - STEPANOV et al., Pl. 3, fig. 1a-c. 

2010 Araxilevis intermedius (Abich) - ANGIOLINI & CARABELLI, p. 60, Pl. 2, fig. 8. 

2014 Araxilevis intermedius (Abich) - GARBELLI & ANGIOLINI in Ghaderi et al., p. 40, Pl. 1, figs 27-

28. 

 

Material - Five figured articulated shells: MPUM12197 (ABS0-1), MPUM12198 (ABS0-25), 

MPUM12199 (ABS0-28), MPUM12200 (ABS5-12), MPUM12201 (ABS5-14); seven articulated 

shells: MPUM12202 (ABS0-27), MPUM12203 (ABS5-3, ABS5-5, ABS5-7, ABS5-8, ABS5-9, 
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ABS5-11); six articulated fragments: MPUM12204 (ABS5-4, ABS5-10, ABS5-13), MPUM12205 

(ABS8-5, ABS8-6, ABS8-7); one internal mould: MPUM12206 (ABS5-12). 

 

Description - Medium sized, concave-convex shell with sub-rectangular outline. Trail slightly 

geniculate. Cardinal margin straight and long, corresponding to the maximum width, cardinal 

extremities angular with well-developed ears. Shell substance thicker in the ventral than in the dorsal 

valve. Maximum width: 40-74 mm; length: 39-52.5 mm. Shell thickness: 20-34 mm. Ventral umbo 

broad and recurved on the cardinal margin. Ventral median sulcus shallow and flat, more evident near 

the umbo and fading on the trail. Dorsal valve with a longitudinally elongated sub-elliptical outline. 

Ornamentation of the ventral valve of spines with elongated bases on ribs. Spine bases 0.2-0.35 mm 

long and 0.15-0.2 mm wide, not arranged in a definite pattern. Ribs numbering 5-8 per 10 mm; in the 

anterior third of the ventral valve the ribs are substituted by well-developed growth lamellae. 

Ornamentation of the dorsal valve with ribs, growth lamellae and pustules. Dorsal valve interior with 

a median septum extending for 2/3 of the valve length. On each side of the septum near the hinge, 

rounded triangular shaped muscular impressions are present, characterized by fine branching. In the 

middle part of the dorsal valve there are brachial ridges, extending laterally and ending with a closed 

loop near the lateral margin of the valve. 

 

Remarks - The specimens under study belong to Araxilevis intermedius (Abich, 1878) based on the 

sub-rectangular outline, the concave-convex morphology with a slight geniculation on the anterior 

trail, the strongly lamellose anterior trail and the shape of the muscle field and the brachial loops. 

Araxilevis comprises two species: A. intermedius and A. minor. While the first one is well known in 

the literature, the second one was described by Termier & Termier in Montenat et al. (1976) from the 

Murgabian of the Saiq Plateau, Oman, and it is cited only in Weidlich & Bernecker (2007). There are 

three syntypes of A. minor in the National History Museum in Paris, but there are no traces of the 

holotype (Pacaud, 2015). It is thus difficult to make an objective comparison with the other species. 

Specimens labelled MPUM12207 are characterized by a longer shape resulting in a sub-quadrate 

outline, a less convex ventral valve resulting in a less thick shell and a longer median sulcus, 

characters which prevent a reliable generic identification for these specimens. Therefore, they have 

been identified as indeterminate Tyloplectini. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

 



24 
 

 

Distribution - Lower Wuchiapingian Araxilevis beds of Transcaucasia (Ruzhentsev & Sarytcheva, 

1965); Wuchiapingian and lower Changhsingian of North Iran (Angiolini & Carabelli, 2010); 

Wuchiapingian of Ali Bashi Mountains, North-West Iran (Ghaderi et al., 2014). 

 

 

Suborder STROPHALOSIIDINA Schuchert, 1913 

Superfamily AULOSTEGOIDEA Muir-Wood & Cooper, 1960 

Family SCACCHINELLIDAE Licharew, 1928 

Subfamily TSCHERNYSCHEWIINAE Muir-Wood & Cooper, 1960 

 

Genus Tschernyschewia Stoyanov, 1910 

Type species Tschernyschewia typica Stoyanov, 1910 

 

Remarks - The genus Tschernyschewia Stoyanov, 1910 can be recognised by the presence of a high 

ventral median septum inserted between the lobes of the cardinal process and the ornamentation of 

the ventral valve, made of very closely set spine bases. 

 

Tschernyschewia typica Stoyanov, 1910 

(Pl. 3, figs 1-2) 

 

1878 Productus scabriculus ABICH (non Martin, 1809), p. 33, Pl. 5, fig. 3. 

1900 Productus abichi ARTHABER, p. 252, Pl. 20, fig. 1. 

1910 Tchernyschewia typica STOYANOV, p. 853. 

1915 Tschernyschewia typica Stoyanov - STOYANOV, p. 77, Pl. 1, figs 1-5; Pl. 2, figs 1-12; Pl. 4, 

fig. 1. 

1933 Tschernyschewia typica Stoyanov - SIMIĆ, p. 95, Pl. 1, figs 15-18. 

1944 Productus (Tschernyschewia) typica Stoyanov - REED, p. 83, Pl. 12, fig. 13; Pl. 13, fig. 7; Pl. 

18, fig. 6. 

1958 Tschernyschewia typica Stoyanov - RAMOVS, p. 524, Pl. 9, figs 3-4. 

1960 Tschernyschewia typica Stoyanov - MUIR-WOOD & COOPER, p. 127, Pl. 25, figs 1-9. 

1963 Tschernyschewia typica typica Stoyanov - SCHRÉTER, p. 109, Pl. 3, figs 9-17; Pl. 4, figs 1-2. 

1965 Tschernyschewia typica typica Stoyanov - AMIOT et al., p. 176, Pl. 21, figs 22-24. 
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1965 Tschernyschewia typica Stoyanov - SARYTCHEVA & SOKOLSKAYA in Ruzhentsev & 

Sarytcheva, Pl. 33, figs 8-9. 

2010 Tschernyschewia typica Stoyanov - ANGIOLINI & CARABELLI, p. 63, Pl. 2, fig. 12; Pl. 3, fig. 1. 

2014 Tschernyschewia typica Stoyanov - GARBELLI & ANGIOLINI in Ghaderi et al., p. 41, Pl. 1, figs 

33-39. 

 

Material - Two figured articulated shells: MPUM12208 (ABS7-1), MPUM12209 (ABS8-8); one 

articulated fragment: MPUM12210 (ABS0-30). 

 

Description - Medium-sized, plano- to concave-convex shell with a transversally elliptical outline. 

Trail is geniculated. Maximum width: 20.7-33.5 mm; length: 13.4-25.7 mm. Ventral valve convex 

with steep flanks, with a broad but shallow median sulcus, more enhanced near the anterior 

commissure, where it forms a slight fold. Ventral umbo small and recurved on the cardinal margin, 

leaving a small and anacline interarea. Dorsal valve plano to slightly concave, dorsal umbo small and 

pointed. Ornamentation mainly made by spines. On the ventral valve the spines are very close and 

numerous, with small but elongated bases, ranging from 0.5 to 1 mm in length; on the dorsal valve 

spines are rare. Ventral valve interior with a very long and high median septum, inserted between the 

lobes of the cardinal process and touching the interior of the dorsal valve. Dorsal valve interior with 

a bilobed cardinal process, very prominent and with long lobes. 

 

Remarks - The genus Tschernyschewia can be used as a marker for the Upper Permian in Europe and 

Asia, as observed by Cooper & Grant (1975, p. 914); the only species described in the literature from 

these areas of study is T. typica. Given the presence of highly diagnostic characters such as the internal 

of the valves and the spines distribution, the specimens here described belong to this taxon. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Araxilevis and Oldhamina beds of Transcaucasia (Ruzhentsev & 

Sarytcheva, 1965); Changhsingian Nesen Formation of the Alborz Mountains, North Iran (Angiolini 

& Carabelli, 2010); Lopingian of South-East Europe (Simić, 1933; Ramovs, 1958; Schréter, 1963); 

Lopingian of Salt Range, Pakistan (Reed, 1944); Changhsingian of Sichuan, China (Shen et al., 1992); 

Wuchiapingian of North-West Iran (Ghaderi et al., 2014). 

 

Suborder LYTTONIIDINA Williams, Harper & Grant, 2000 
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Superfamily LYTTONIOIDEA Waagen, 1883 

Family LYTTONIIDAE Waagen, 1883 

Subfamily LYTTONIINAE Waagen, 1883 

 

Genus Leptodus Kayser, 1883 

Type species Leptodus richtofeni Kayser, 1883 

 

Remarks - The genus Leptodus is a problematic taxon mainly because of the poor preservation of 

the type material of L. richthofeni. Also, the simultaneous institution in 1883 of Lyttonia Waagen 

(type L. nobilis) for a congeneric species and the subsequent publications of subjective synonyms, 

Spinolyttonia Sarytcheva, 1964, Juxholdamina Liang, 1990, and Semigluberina Liang, 1990, make 

the study of this taxon quite difficult (Williams et al., 2000). Leptodus differs from the allied genus 

Oldhamina Waagen, 1883 based on the angle of insertion of the lateral septa to the median ridge: in 

Leptodus the angle is roughly 90°, while in Oldhamina the lateral septa are inclined forward 

forming an acute angle. Another similar genus is Collemataria Cooper & Grant, 1974, from West 

Texas, USA which differs from Leptodus in lacking muscle scars or bounding plates in the apical 

region of the ventral valve; the attachment area is similar in the two genera, but in Collemataria the 

anterior margin of the cowl (anterodorsally growing shell producing conical shape of holoperipheral 

ventral valve) becomes the lip of the hinge. However, there is no clear distinction between the 

lateral septa of Collemataria and Leptodus.  

 

Leptodus cf. richthofeni Kayser, 1883 

(Pl. 3, figs 3-4) 

 

Material - One figured ventral valve fragment: MPUM12211 (ABS20-7); one figured articulated 

fragment: MPUM12212 (ABS100-2); three ventral valve fragments: MPUM12213 (ABS6-9, 

ABS6-11, ABS20-6). 

 

Description - The only characters that are visible are the septa, sharp and tilted forward 

[anguliseptate sensu Cooper & Grant (1974)]. Septa are arcuate and hooked at their end near the 

median ridge. Average distance between septa is 2 mm. 

 

Remarks - The preservation of the specimens hampers the classification at the species level; 

however, the orientation of the septa is a diagnostic character that enables the specimens to be 
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excluded from the species Leptodus nobilis (Waagen, 1883) and L. tenuis (Waagen, 1883), in which 

straight septa intersect the median ridge at roughly 90° and between 75-90°, respectively. The septa 

of the described specimens are arcuate and get close to the median ridge with an angle of around 

45°, in the range of L. richthofeni. The presence of hooked ends on the septa is also very similar to 

L. richthofeni.  

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Leptodus nobilis (Waagen, 1883) 

(Pl. 3, figs 5-7) 

 

1883 Lyttonia nobilis WAAGEN, p. 398, Pl. 29, figs 1-3; Pl. 30 figs 1-2, 5-6, 8, 10-11. 

1897 Lyttonia nobilis Waagen - DIENER p. 37, Pl. 1, figs 5-7. 

1905 Lyttonia nobilis Waagen - NOETLING, p. 140, Pl. 17, figs 1-2; Pl. 18, figs 1-11; text-fig. 2. 

1913 Lyttonia nobilis Waagen - MANSUY, p. 123, Pl. 13, fig. 10. 

1924 Lyttonia nobilis Waagen - ALBRECHT, p. 289, fig. 1a-b. 

1931 Lyttonia nobilis Waagen - GRABAU, p.285, Pl. 28, figs 4-5. 

1932 Lyttonia nobilis Waagen - HUANG, p. 89, Pl. 7, figs 9-10; Pl. 8, figs 8-9; Pl. 9, figs 1-8. 

1933 Lyttonia nobilis Waagen - HUANG, p. 93, Pl. 11, fig. 22. 

1933 Lyttonia nobilis Waagen - SIMIĆ, p. 49, Pl. 4, fig. 1. 

1958 Leptodus nobilis (Waagen) - RAMOVS, p. 497, Pl. 2, fig. 3. 

1960 Leptodus nobilis (Waagen) - TERMIER & TERMIER, p. 241, Pl. 3, figs 1-10. 

1961 Leptodus nobilis (Waagen) - CHI-THUAN, p. 274, Pl. 1, fig. 1. 

1962 Leptodus nobilis (Waagen) - CHI-THUAN, p. 488, Pl. 1, fig. 1. 

1963 Leptodus nobilis (Waagen) - SCHRÉTER, Pl. 3, figs 5-8. 

1964 Leptodus nobilis (Waagen) - GLAUS, p. 504, Pl. 1; Pl. 2, fig. 1. 

1965 Leptodus nobilis (Waagen) - SARYTCHEVA & SOKOLSKAYA in Ruzhentsev & Sarytcheva, Pl. 

39, figs 6-8. 

1974 Leptodus nobilis (Waagen) - COOPER & GRANT, Pl. 191, figs 8-9. 

1976 Leptodus nobilis (Waagen) - GRANT, Pl. 43, figs 18-19. 

1978 Leptodus nobilis (Waagen) - FENG & JIANG, p. 269, Pl. 100, fig. 2. 

1979 Leptodus nobilis (Waagen) - JIN & YE in Jin et al., p. 82, Pl. 23, fig. 15. 

1984 Leptodus nobilis (Waagen) - YANG, p. 226, Pl. 35, fig. 12. 

1986 Leptodus nobilis (Waagen) - SREMAC, p. 30, Pl. 10, figs 1-2. 
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1987 Leptodus nobilis (Waagen) - TAZAWA, fig. 30.5; fig. 31.2. 

1990 Leptodus nobilis (Waagen) - LIANG, p. 225, Pl. 40, figs 1, 5. 

1990 Semigluberina sp. 1 LIANG, p. 233, Pl. 42, figs 1-2. 

1990 Semigluberina flabelata LIANG, p. 231, Pl. 41, figs 4-8. 

1990 Semigluberina gabata LIANG, p. 232, Pl. 41, fig. 9. 

1990 Semigluberina ovata LIANG, p. 233, Pl. 41, fig. 10. 

1994 Leptodus nobilis (Waagen) - LEMAN, Pl. 1, figs 3-4. 

1995 Leptodus nobilis (Waagen) - ZENG et al., Pl. 11, fig. 3. 

1998 Leptodus nobilis (Waagen) - TAZAWA et al., p. 241, figs 2.1-2.2, 4. 

2001 Leptodus nobilis (Waagen) - TAZAWA, p. 297, figs 7.13-7.14. 

2002 Leptodus nobilis (Waagen) - SHEN et al., p. 679, fig. 5.28. 

2003 Leptodus nobilis (Waagen) - TAZAWA, p. 31, figs 4.1-4.2. 

2005 Leptodus nobilis (Waagen) - CAMPI et al., p. 125, Pl. 4A-B. 

2010 Leptodus nobilis (Waagen) - ANGIOLINI & CARABELLI, p. 63, Pl. 2, figs 13-15; Pl. 3, fig. 23. 

2016 Leptodus nobilis (Waagen) - TAZAwa, p. 29, fig. 10. 

2018 Leptodus nobilis (Waagen) - TAZAWA et al., p. 915, fig. 2. 

 

 

Material - Two figured ventral valve fragments: MPUM12214 (ABS6-6), MPUM12215 (ABS20-

8); one figured dorsal valve: MPUM12216 (ABS15-1); three fragments: MPUM12217 (ABS5-1, 

ABS6-8, ABS6-10). 

 

Description - Ventral valve with conical shape, width up to 28.7 mm and length up to 73.6 mm. 

Septa are solidiseptate, straight and slightly tilted towards the umbo at their end; they intersect the 

median ridge at roughly 90°. The average distance between septa is 1.5 mm. Ornamentation of the 

ventral valve of fine growth lines. 

 

Remarks - Waagen (1883, p. 398, pl. 29, figs 1-3; pl. 30, figs 1-2, 5-6, 8, 10-11) described L. nobilis 

as a highly variable shell, its shape and outline depending on the surface where it was attached and 

it has grown. He described specimens with length up to 145 mm and normally longer than wide. 

Despite the assertion by Williams et al. (2000) of species of the genus Leptodus being normally 

transversely oval, they figured the specimens of L. nobilis described by Grant (1976, specimens 

from the Kalabagh Member, Khisor Range, Pakistan), which show variability in outline reinforcing 

Waagen’s statement. 
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Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Leptodus nobilis (Waagen, 1883) occurs in the Wuchiapingian Araxilevis, Oldhamina 

and Haydenella beds of Transcaucasia (Ruzhentsev & Sarytcheva, 1965); Guadalupian-Lopingian 

of South China, Salt Range, Malaysia, Cambodia, Transcaucasia, Japan, Mongolia, Baoshan Block, 

Kashmir, Timor and South-East Europe (Tazawa, 2003; Campi et al., 2005); Wuchiapingian and 

lower Changhsingian of North Iran (Angiolini & Carabelli, 2010). 

 

Leptodus sp. 

 

Material - Three ventral valve fragments: MPUM12217 (ABS6-4, ABS6-7, ABS6-12). 

 

Remarks - These specimens are poorly preserved with only a couple of septa visible on each 

specimen. Septa are visible in the interior of the valves, they are anguliseptate and straight or 

slightly arcuate. Given the poor preservation, the nomenclature is left open. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Superfamily PERMIANELLOIDEA He & Zhu, 1979 

Family PERMIANELLIDAE He & Zhu, 1979 

 

Genus Permianella He & Zhu, 1979 

Type species Permianella typica He & Zhu, 1979 

 

Remarks - Permianella He & Zhu, 1979, Sicyusella Liang, 1990 and Tenerella Liang, 1990 are very 

similar permianellid genera. The most important feature to distinguish Sicyusella from the other 

permianellid genera is the curved longitudinal profile, a character displayed on the specimen 

described here. Other features of the genus, such as the boat shaped outline with the maximum 

width placed at shell mid-length, are not recorded in the specimen under study. However, Shen et 

al. (2017) consider Sicyusella as a junior synonym of Permianella, because of the great 

morphological plasticity of the genus with its shape depending on the growth environment. 

Williams et al. (2000) treated Sicyusella as a synonym of Tenerella, which is in turn considered a 

synonym of Permianella or Dicystoconcha Termier et al., 1974 by Shen et al. (2017). The genus 
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Tenerella is not well defined, as the most important distinguishing characters indicated by Liang 

(1990) are the general features for the family Permianellidae, like the strongly recurved shell and 

the deep incision of the anterior margin. Its internal structures recall those of Dicystoconcha (Shen 

et al., 2017). The stratigraphic range of Sicyusella and Tenerella is restricted to the Capitanian, 

whereas Permianella is the only genus of the family Permianellidae occurring also in the 

Lopingian. 

Permianella cf. grunti 

(Pl. 3, fig. 8) 

 

Material - One figured articulated shell: MPUM12219 (ABS25-10). 

 

Description - Concave-convex shell, with curved longitudinal profile. Width: 11.5 mm; length: 27.8 

mm. The ventral valve is divided by a long, deep and narrow sulcus, covered with fine growth lines 

characterized by a strong convexity pointing backwards. Anteriorly the shell is divided into two 

lobes. There are two small bulges on the lateral margin of the shell, one each side. Ventral valve 

and dorsal valve interior are not visible. 

 

Remarks - All the published figures of specimens of Permianella species record great variability of 

shape, depending on the growth condition of the specimens, and there is a whole spectrum of 

positions of the point of separation, degree of separation and length of the two anterior lobes. Also, 

their direction of growth compared to the orientation of the proximal part of the shell is very 

variable. For instance, the specimen UKM/JG/F301 described as Permianella typica by Campi et al. 

(2000, fig. 5, p. 41) shows that the portion of the shell between the attachment ring and the anterior 

incision is, at least, 2 cm long, roughly the length of the specimen under study. Another diagnostic 

feature of the genus Permianella is the lateral marginal brim, being incomplete in most of the 

described specimens. This feature may be represented by the two lateral bulges on the specimen 

here described, which are similar to features described in the diagnosis of Permianella grunti Shen 

& Shi, 1997 from the Wuchiapingian of Dorasham. The specimen MPUM12219 is also very similar 

to the holotype figured by Shen & Shi (1997, pl.1, figs 1-2). The absence of a well-developed 

marginal brim, however, could be a taphonomic artifact, therefore, given the problems in the 

taxonomy of the family Permianellidae (Shen et al., 2017), the morphological variability and 

stratigraphic range of these genera, the nomenclature is here left open. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 
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Order ORTHOTETIDA Waagen, 1884 

Suborder ORTHOTETIDINA Waagen, 1884 

Superfamily ORTHOTETOIDEA Waagen, 1884 

Family MEEKELLIDAE Stehli, 1954 

Subfamily MEEKELLINAE Stehli, 1954 

 

Genus Orthothetina Schellwien, 1900 

Type species Orthotetes persicus Schellwien, 1900 

 

Remarks - The genus Orthothetina Schellwien, 1900 differs from the other genera in the subfamily 

by having strong sub-parallel dental plates, always separated and slightly converging to the valve 

floor only near the umbo. 

 

Orthothetina persica (Schellwien, 1900) 

(Pl. 3, fig. 9) 

 

1900 Orthotetes (Orthothetina) persicus SCHELLWIEN, p. 8, Pl. 1, fig. 2. 

1911 Orthotetes (Orthothetina) persicus Schellwien - FRECH, p. 123, Pl. 26, fig. 3. 

1965 Orthothetina persica (Schellwien) - SOKOLSKAYA in Ruzhentsev & Sarytcheva, p. 206, Pl. 30, 

figs 4-5. 

2010 Orthothetina persica (Schellwien) - ANGIOLINI & CARABELLI, p. 65, Pl. 4, figs 4-5. 

2014 Orthothetina persica (Schellwien) - GARBELLI & ANGIOLINI in Ghaderi et al., p. 42, Pl. 2, figs 

1-4. 

 

Material - One figured articulated shell: MPUM12220 (ABS20-2). 

 

Description - Biconvex shell, with stronger convexity in the dorsal valve, outline transversely 

elliptical and cardinal margin straight and shorter than maximum width. Maximum width: 64.6 mm, 

located in the anterior half of the shell; length >43.3 mm. Anterior commissure uniplicate. Ventral 

umbo small, convex and with rounded slopes. Ventral interarea apsacline, sub-triangular, short and 

wide, with slightly concave margins. Dorsal valve strongly convex with a sub-rectangular outline. 

Ornamentation of two orders of fine regularly arranged costellae. First order costellae are coarser, 

0.3 mm wide at mid-length and at anterior margin. Two to four second order costellae occur 
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between two first order ones. Near the anterior margin costellae number 10-11 per 5 mm. Ventral 

valve interior with nearly parallel thin dental plates. 

 

Remarks - The specimen here described is similar to Orthothetina persica (Schellwien, 1900), 

particularly the specimens described and figured by Ghaderi et al. (2014, pl. 2, figs 1-4) for the 

number and arrangement of costellae. The allied species Orthothetina eusarkos (Abich, 1878) is 

characterized by thick concentric growth lines at the anterior margin, a feature missing in the 

specimen under study; costellae in O. eusarkos are also less numerous (9-10 in 5 mm). 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Oldhamina beds of Transcaucasia (Ruzhentsev & Sarytcheva, 1965); 

Wuchiapingian-Changhsingian of the Alborz Mountains, North Iran (Angiolini & Carabelli, 2010); 

Wuchiapingian of North-West Iran (Ghaderi et al., 2014). 

 

Orthothetina sp. 

 

Material - One articulated shell: MPUM12221 (ABS21-6). 

 

Description - Biconvex shell, with transversely suboval outline, cardinal margin short and straight. 

Anterior commissure unisulcate. Ventral valve less convex than the dorsal valve, with sub-

trapezoidal outline. Cardinal extremities pointed. Ventral interarea short and wide, between 

aspacline and orthocline. Dorsal valve with a transversely sub-oval outline. Dorsal umbo small, 

dorsal interarea small and triangular. Ornamentation of costellae, uniform in width and increasing in 

number anteriorly, up to 11-12 per 5 mm. Ventral valve interior with parallel dental plates, 1.3 mm 

set apart. 

 

Remarks - The preservation of the specimen under study does not allow an identification at the 

species level. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Genus Perigeyerella Wang, 1955 

Type species Perigeyerella costellata Wang, 1955 
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Remarks - The main feature of the genus Perigeyerella Wang, 1955 is the interior of the ventral 

valve, in particular the dental plates: they are thin and near the umbo they form a spondylium 

supported by a median septum, which decreases in height going towards the anterior. The dental 

plates then reach the floor of the ventral valve, and progressively diverge from each other. The 

growth of the dental plates goes through three stages, similar to other genera in the family: elevated 

spondylium near the umbo similar to Sicelia Gortani & Merla, 1934, Geyerella Schellwien, 1900 

and Ombonia Caneva, 1906, then the spondylium becomes sessile and anteriorly the dental plates 

are separated as in Meekella and Orthothetina. 

 

Perigeyerella aff. costellata Wang, 1955 

(Pl. 3, fig. 10; Pl. 4, fig. 1) 

 

Material - Two figured articulated shells: MPUM12222 (ABS20-1), MPUM12223 (ABS21-10); 

one articulated shell: MPUM12224 (ABS0-29). 

 

Description - Medium-sized, biconvex shell with a more convex dorsal valve, a pear-shaped 

outline, and a broadly unisulcate anterior commissure. Cardinal margin straight, equal or shorter 

than half the maximum shell width, which is located near mid-length; obtuse angular extremities. 

Maximum width: 45.8-57.2 mm; length: 41-44.6 mm. Ventral valve convex, with a sub-triangular 

outline. Ventral interarea high and triangular, apsacline and slightly concave. Pseudodeltidium flat 

and triangular, with a convex monticulus in the middle. Dorsal valve more convex than the ventral 

valve, with a sub-circular outline. Dorsal umbo short, recurved on the cardinal margin. Occasionally 

a very shallow dorsal sulcus is present. Ornamentation of both valves of fine costellae increasing 

anteriorly by intercalation or bifurcation; they can be divided into two orders, with second order 

costellae finer than the first order costellae, but lacking a regular arrangement. Costellae number 12-

14 per 5 mm near the anterior margin of both valves and are cancellated by strongly concentric fila. 

On the ventral valve there are also strong growth lamellae irregularly arranged. Ventral valve 

interior with dental plates apically forming an elevated spondylium with the median septum, then 

joining at the ventral valve floor and finally becoming separated and almost parallel. 

 

Remarks - The medium size, the pear-shaped outline and the number of costellae are diagnostic 

features of Perigeyerella costellata Wang, 1955 from the Changhsing Formation of northern 

Guizhou, China. The outline itself is enough to distinguish this species from the species P. 
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guangxiensis Chen & Liao, 2007 and P. tricosa Grant, 1976. P. costellata differs from P. altilosina 

Xu & Grant, 1994 because of the apsacline ventral interarea. Another character distinguishing P. 

costellata from the other three species is the presence of a shallow sulcus on the dorsal valve. This 

character is, however, variable in the specimens described in the literature; in particular Shen & Shi 

(2007) described for the species a shallow sulcus originating from the umbo and widening 

anteriorly, whereas Angiolini & Carabelli (2010) described only a shallow sulcus. In fact, in the 

specimens figured by Shen & Shi (2007, pl.8, figs 1-16) the sulcus is deeper, well defined and much 

more visible than in the specimen MPUM9991 figured by Angiolini & Carabelli (2010, pl. 4, figs 

10-11). Based on the depth of the dorsal sulcus, present on a single specimen, the specimens under 

study are described as Perigeyerella aff. costellata. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Perigeyerella aff. tricosa Grant, 1976 

(Pl. 4, fig. 2) 

 

Material - One figured articulated shell: MPUM12225 (ABS7-2). 

 

Description - Small-sized, biconvex shell, with a transversely elliptical outline. Maximum width: 

33.7 mm, placed at shell mid-length; length: 28.1 mm. Anterior commissure slightly unisulcate, 

cardinal margin straight and short and cardinal extremities slightly auriculate. Ventral valve slightly 

convex, with a sub-oval outline. Ventral umbo pointed, interarea apsacline, short, wide and sub-

triangular, with slightly concave margins. Dorsal valve convex, with maximum convexity posterior 

to shell mid-length and sub-rectangular outline. Dorsal umbo short and low, with slopes almost flat, 

forming a small, narrow and triangular interarea. Ornamentation of both valves costellate, 

increasing by intercalation towards the anterior margin. Some of them are slightly higher, and they 

are irregularly arranged. Costellae number 9 per 2 mm near the anterior margin. Costellae are 

cancellated by strong concentric fila. On the ventral valve there are strong, irregularly spaced 

growth lamellae. Ventral valve interior with thick dental plates converging at the floor of the valve.  

Remarks - The outline and the convexity of the dorsal valve are similar to Perigeyerella tricosa 

Grant, 1976, from the Artinskian of Southern Thailand. Other characters shared with P. tricosa are 

the maximum width at shell mid-length, the strongly apsacline ventral interarea, the irregular 

costellae, as well as their arrangement and density on the valves, and the slightly unisulcate anterior 

commissure. However, the specimen under study is larger than the specimens described in the 
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literature (Grant, 1976; Shen & Shi, 2007), the dorsal umbo is less convex and there is no trace of a 

sulcus on the dorsal valve. Therefore, the specimen under study is identified as P. aff. tricosa. 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Perigeyerella spp. 

 

Material - One articulated shell: MPUM12226 (ABS21-7); one ventral valve: MPUM12227 

(ABS21-2). 

 

Description - Biconvex shell, outline somewhat sub-triangular, more elongated longitudinally. 

Cardinal margin straight, anterior commissure unisulcate. Ventral interarea orthocline or apsacline. 

Strong median sulcus on the dorsal valve, starting at shell mid-length. Ornamentation made by two 

orders of costellae, increasing mainly by branching and without a clear arrangement. Costellae 

number 12-14 per 5 mm. 

 

Remarks - The preservation of the specimens under study prevent any attempt of identification. 

However, they are clearly two different species on the basis of the valve shape, the interarea 

orientation and the ornamentation. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

 

Order ATHYRIDIDA Boucot, Johnson & Staton, 1964 

Suborder ATHYRIDIDINA Boucot, Johnson & Staton, 1964 

Superfamily ATHYRIDOIDEA Davidson, 1881 

Family ATHYRIDIDAE Davidson, 1881 

Subfamily ARAXATHYRIINAE Shen, Grunt & Jin, 2004 

 

Genus Araxathyris Grunt in Ruzhentsev & Sarytcheva, 1965 

Type species Spirigera protea Abich, 1878 

 

Remarks - The subfamily Araxathyriinae Shen et al., 2004 includes the genera Araxathyris Grunt in 

Ruzhentsev & Sarytcheva, 1965, Rectambitus Xu & Grant, 1994, and Tongzithyris Jin et al., 1974, 

all characterized by the occurrence of a spondylium in the ventral valve. Araxathyris differs from 
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Rectambitus because of its parasulcate anterior commissure and the lack of a median ridge 

supporting anteriorly the spondylium; from Tongzithyris because of the smaller size and the absence 

of folds on the lateral slopes. Araxathyris is very similar to the genus Transcaucasathyris Shen et 

al., 2004, from which it differs mainly because of the internal characters, which consist of a 

spondylium in the genus Araxathyris vs separated dental plates in the genus Transcaucasathyris. 

Externally the two genera are almost identical, with species of Transcaucasathyris being generally 

smaller. Angiolini & Carabelli (2010) discussed the phylogenetic relation between the two genera, 

proposing that Transcaucasathyris might have evolved from Araxathyris through paedomorphism, 

with the lack of junction of the dental plates to form the spondylium. In particular, they suggested 

that T. kandevani (Fantini Sestini & Glaus, 1966) could have evolved from A. bruntoni Angiolini & 

Carabelli, 2010, based on the stratigraphic range of the two species; they found that the first 

occurrence of Araxathyris in the Nesen Formation (North Iran) is in bed IR 164, while the first 

occurrence of Transcaucasathyris is in bed IR 166, 7.1 m above. Garbelli et al. (2014) addressed 

this hypothesis showing that the stratigraphic ranges of the species of the two genera in 

Transacaucasia (Ruzhentsev & Sarytcheva, 1965) and in the Ali Bashi Mountains in Iran (Ghaderi 

et al., 2014) do not support this evolutionary pattern, as in the Julfa section, the first occurrence of 

Transcaucasathyris is in bed G134, while the first occurrence of Araxathyris is 3 m above, in bed G 

140. They proposed instead that the genus Araxathyris was derived from Transcaucasathyris, based 

on the fact that the subfamily Araxathyriinae is one of the youngest subfamilies among the 

Comelicaniidae Merla, 1930 sensu Shen et al. (2004). As the other subfamilies, which developed 

earlier, are characterized by the presence of separated dental plates, they interpreted the spondylium 

as a derived character. However, the subfamilies Araxathyriinae, Comelicaniinae and 

Transcaucasathyriinae have the same stratigraphic range, i.e. Wuchiapingian-Changhsingian, as 

shown by the specimens here described. Moreover, Garbelli et al. (2014) highlighted that the 

acquisition of a spondylium through evolution is shown in the fossil record of Meristidae and 

Clitambonitidina (Garbelli et al., 2014 and reference therein). However, the Ordovician genera of 

the Meristidae have dental plates with a high shoe-lifter process which is also present in Silurian 

and Devonian genera; Silurian and Devonian genera can have a spondylium and Devonian genera 

(Septathyridinae) have separate dental plates (Alvarez & Rong in Williams et al., 2002). Vinn & 

Rubel (2000) showed that in the Clitambonitoidea, the Clitambonitidae possess a spondylium which 

is not derived from dental plates, but the Polytoechioidea have dental plates forming a 

pseudospondylium. In conclusion, there is no robust evidence that the spondylium is a derived 

character. The stratigraphic distribution of the two genera in Abadeh supports the hypothesis of 

Angiolini & Carabelli (2010), with the first occurrence of species of the genus Araxathyris being 
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located in the bed ABS0, whereas the first occurrence of species of the genus Transcaucasathyris 

are located in bed ABS7, stratigraphically above. In the Abadeh section, however, there are many 

specimens assigned to the family Athyrididae Davidson, 1881, which are badly preserved and 

impossible to identify at the genus level. Therefore, at the moment, there is no conclusive evidence 

of the phylogenetic relationship between the two taxa. 

 

Araxathyris abichi (Arthaber, 1900) 

(Pl. 4, fig. 3; t 

Fig. 10) 

 

1878 Spirigera royssii ABICH, p.62, Pl. 7, fig. 8. 

1878 Spirigera protea var. ambigua ABICH, p. 62, Pl. 6, fig. 9. 

1878 Spirigera protea var. subtilita ABICH, pag. 63, Pl. 6, figs 11-12. 

1878 Spirigera plano sulcata ABICH, p. 63, Pl. 8, fig. 4. 

1878 Spirigera plano sulcata var. rugosa ABICH, p. 64, Pl. 8, fig. 3. 

1900 Spirigera abichi ARTHABER, p. 280, Pl. 22, figs 10-12. 

1965 Araxathyris abichi (Arthaber) - GRUNT in Ruzhentsev & Sarytcheva, p. 244, Pl. 43, figs 2-3. 

1986 Araxathyris abichi (Arthaber) - GRUNT, p. 113, Pl. 15, fig. 7; Pl. 27, fig. 1. 

2014 Araxathyris abichi (Arthaber) - GARBELLI & ANGIOLINI in Ghaderi et al., p. 50, Pl. 3, figs 56-

62. 

 

Material - Two figured articulated shells: MPUM12229 (ABS8-53), MPUM12230 (ABS17-68); 

one articulated shell: MPUM12231 (ABS0-9). 

 

Description - Small-sized, sub-equally biconvex shell with a longitudinally sub-oval outline. 

Cardinal margin short, anterior commissure slightly parasulcate. Maximum width: 8.4-9.3 mm; 

length: 8.2-9.2 mm. Ventral valve convex, sub-pentagonal in outline. Umbo short and recurved on 

the cardinal margin, without extending over it or touching the dorsal one, bearing a small circular 

foramen. Median sulcus very shallow, starting narrow at the umbo and widening anteriorly, forming 

a low and shallow tongue. Palintrope orthocline, very small and triangular. Dorsal valve sub-oval, 

inflated and with a gentle rounded median fold, better expressed near the anterior commissure. 

Dorsal umbo very low on the cardinal margin. Ornamentation made by several growth lamellae 

near the anterior margin, particularly visible on the sulcal tongue. Ventral valve interior with a 

sessile spondylium with a low median septum. 
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Remarks - Araxathyris abichi (Arthaber, 1900) is easily distinguishable from the congeneric species 

because of its smaller size and the uniplicate to slightly parasulcate anterior commissure. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Oldhamina beds of Transcaucasia (Ruzhentsev & Sarytcheva, 1965); 

Wuchiapingian of the Ali-Bashi Mountains, North-West Iran (Ghaderi et al., 2014). 

 

Araxathyris bruntoni Angiolini & Carabelli, 2010 

(Pl. 4, figs 4-5) 

 

1966 Araxathyris araxensis Grunt in Ruzhentsev & Sarytcheva - FANTINI SESTINI & GLAUS, p. 911, 

Pl. 65, fig. 6a-b. 

2010 Araxathyris bruntoni Grunt - ANGIOLINI & CARABELLI, p. 79, Pl. 3, figs 13-16; Pl. 5, figs 4-7; 

text-fig. 12. 

 

Material - Two figured articulated shells: MPUM12232 (ABS17-9), MPUM12233 (ABS25-40); 

seven articulated shells: MPUM12234 (ABS8-72), MPUM12235 (ABS17-17, ABS17-48, ABS17-

54, ABS17-78), MPUM12236 (ABS22-15), MPUM12237 (ABS 25-46). 

 

Description - Small sized, unequally biconvex shell, with a sub-oval to sub-pentagonal outline. 

Cardinal margin very short, anterior commissure strongly parasulcate, with a high and squared 

sulcal tongue. Maximum width: 7.9-11.8 mm; length: 7.5-11.1 mm. Ventral valve sub-pentagonal 

and more convex at the umbo. Umbo short and strongly recurved on the cardinal margin, touching 

the dorsal one. Median sulcus starting at the umbo as a weak and narrow groove, and becoming 

deeper and wider at mid-length, forming a high and squared sulcal tongue. The sub-rectangular 

outline of the tongue is variable, from clearly defined by right angles to a more rounded shape. The 

flanks of the valve are steep, forming two diverging rounded folds at the sides of the sulcus. Dorsal 

valve inflated, with a sub-rectangular to sub-oval outline. Median fold visible only at the anterior 

margin, due to the strong convexity of the valve, and variably squared following the outline of the 

sulcal tongue. On the median fold there is a faint groove, starting from mid-length. Ornamentation 

of weak growth lines and growth lamellae, more evident anteriorly. Ventral valve interior with 

dental plates converging at the valve floor forming a spondylium.  
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Remarks - The specimens under study have been compared to the type material of Araxathyris 

bruntoni Angiolini & Carabelli, 2010. The analysis of the type material confirmed that A. bruntoni 

is characterized by a strongly parasulcate anterior commissure and a markedly squared sulcal 

tongue. Externally, A. bruntoni is similar to Transcaucasathyris kandevani (Fantini Sestini & 

Glaus, 1966) and T. lata (Grunt in Ruzhentsev & Sarytcheva, 1965), but from the latter it differs 

because of its sub-pentagonal outline and the less evident dorsal groove. The small size and the 

outline of the sulcal tongue distinguish A. bruntoni from all other congeneric species. 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

Distribution - Wuchiapingian-Changhsingian of the Alborz Mountains, North Iran (Angiolini & 

Carabelli, 2010). 

 

Araxathyris felina (Arthaber, 1900) 

(Pl. 4, fig. 6) 

 

1878 Spirigera protea var. globularis ABICH, p. 58, Pl. 7, fig. 7; Pl. 8, fig. 12. 

1878 Spirigera protea var. subtilita ABICH, p. 59, Pl. 8, figs 10-11. 

1900 Spirigera protea var. alata Abich - ARTHABER, p. 275, Pl. 22, fig. 2. 

1900 Spirigera protea var. armeniaca Abich - ARTHABER, p. 277, Pl. 22, figs 6-7. 

1900 Spirigera felina Abich - ARTHABER, p. 279, Pl. 22, figs 8-9. 

1965 Araxathyris felina (Arthaber) - GRUNT in Ruzhentsev & Sarytcheva, p. 244, Pl. 43, fig. 4; text-

fig. 42. 

1966 Araxathyris felina (Arthaber) - FANTINI SESTINI & GLAUS, p. 911, Pl. 65, fig. 3. 

1986 Araxathyris felina (Arthaber) - GRUNT, p. 112, fig. 57. 

2010 Araxathyris felina (Arthaber) - ANGIOLINI & CARABELLI, p. 80, Pl. 5, figs 8-11. 

2014 Araxathyris felina (Arthaber) - GARBELLI & ANGIOLINI in Ghaderi et al., p. 51, Pl. 3, figs 63-

65. 

 

Material - One figured articulated shell: MPUM12238 (ABS8-3); one articulated shell: 

MPUM12239 (ABS20-4). 

 

Description - Medium sized, biconvex shell, with a sub-oval to sub-pentagonal outline. Anterior 

commissure parasulcate with a high sulcal tongue, cardinal margin curved and shorter than the 

maximum width. Maximum width: 15.7 mm; length: 15.4-16.8 mm. Ventral valve more convex at 
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the umbo, longitudinally elongated and suboval. Ventral umbo recurved on the cardinal margin 

being in contact with the dorsal one. Median sulcus starting at the umbo, where it is narrow and 

shallow, becoming wider and deeper at mid-length. Sulcus flanked by two rounded folds. Anterior 

commissure forming a high sulcal tongue. Dorsal valve with sub-pentagonal outline. Dorsal umbo 

short and recurved. Median fold more evident at the anterior margin where it is flanked by two 

depressions corresponding to the sides of the sulcal tongue. Ornamentation of weak growth lamellae 

anteriorly. Ventral valve interior with dental plates converging and joining to form a spondylium 

supported by a low median septum.  

 

Remarks - Araxathyris felina (Arthaber, 1900) differs from the congeneric species mainly because 

of its more elongated outline. Other characters are the absence of a dorsal sulcus, which 

distinguishes it from A. protea (Abich, 1878) and the two rounded folds at the sides of the ventral 

median sulcus, which are absent in A. quadrilobata (Abich, 1878); the latter is also different 

because of the presence of a thin median furrow on the dorsal fold. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Oldhamina beds of Transcaucasia (Ruzhentsev & Sarytcheva, 1965); 

Wuchiapingian-Changhsingian of the Alborz Mountains, North Iran (Angiolini & Carabelli, 2010); 

Wuchiapingian of the Ali-Bashi Mountains, North-West Iran (Ghaderi et al., 2014). 

 

Araxathyris quadrilobata (Abich, 1878) 

(Pl. 4, figs 7-8) 

 

1878 Spirigera protea var. quadrilobata ABICH, p. 53, Pl. 7, fig. 6; Pl. 9, figs 8-9. 

1939 Athyris (Composita) protea var. quadrilobata (Abich) - LICHAREW, p.117, Pl. 24, fig. 3. 

1965 Araxathyris quadrilobata (Abich) - GRUNT in Ruzhentsev & Sarytcheva, p. 101, Pl. 43, figs 

1a-c, 2a-c. 

1969 Araxathyris quadrilobata (Abich) - STEPANOV, Pl. 4, fig. 4a-d. 

1986 Araxathyris quadrilobata (Abich) - GRUNT, Pl. 15, figs 8, 10. 

2014 Araxathyris quadrilobata (Abich) - GARBELLI & ANGIOLINI in Ghaderi et al., p. 51, Pl. 4, figs 

1-4. 
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Material - One figured articulated shell: MPUM12240 (ABS 8-1); one figured ventral valve: 

MPUM12241 (ABS21-4); three articulated shells: MPUM12242 (ABS8-2, ABS8-4, ABS8-42). 

 

Description - Medium sized, equally biconvex and inflated shell, with a markedly sub-pentagonal 

outline. Cardinal margin short and slightly curved, anterior commissure parasulcate, with a wider 

than higher sulcal tongue. Maximum width: 14.5-19.5 mm; length: 13.4-17.9 mm. Ventral valve 

sub-pentagonal and strongly convex. Umbo short and recurved on the cardinal margin. Median 

sulcus starting at the umbo as a narrow groove that deepens after one third of the length. The 

combination of the deep median sulcus and the strong convexity of the valve forms two ridges with 

a various degree of sharpness. Dorsal valve sub-oval in outline, inflated and with a high and 

rounded median fold. On the fold there is a very variable narrow median sulcus. Dorsal umbo small 

and recurved on the cardinal margin, with steep flanks. Ventral valve interior with a spondylium, 

formed by two slightly concave dental plates which joins at the valve floor. Dorsal valve interior 

with spiralia consisting of ten whorls forming a cone pointing laterally. 

 

Remarks - Araxathyris quadrilobata is similar to A. protea and A. felina, but it differs from the 

former because of its more transverse outline and higher sulcal tongue, and from the second one 

because of its more transverse outline and the presence of a shallow dorsal sulcus. Another 

difference between A. quadrilobata and A. felina is the markedly sub-pentagonal outline in A. 

quadrilobata, while in A. felina it is more sub-elliptical. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Oldhamina beds of Transcaucasia (Ruzhentsev & Sarytcheva, 1965); 

Wuchiapingian Julfa beds of North Iran (Stepanov et al., 1969); Wuchiapingian of the Ali-Bashi 

Mountains, North-West Iran (Ghaderi et al., 2014). 

 

Araxathyris spp. 

(Fig. 11) 

 

Material - One figured articulated shell: MPUM12245 (ABS25-59); seventeen articulated shells: 

MPUM12243 (ABS0-31), MPUM12244 (ABS2-4), MPUM12246 (ABS0-5, ABS0-7, ABS0-22, 

ABS0-39, ABS0-51, ABS1-4, ABS1-7, ABS1-20, ABS1-25, ABS3-16), MPUM12247 (ABS7-19, 

ABS8-25, ABS8-32, ABS8-52, ABS17-27). 
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Remarks - The specimens are generally badly preserved. The outline of the specimens is variable, 

from transversally elliptical to sub-pentagonal or longitudinally sub-oval. The size of the specimens 

is small for the genus, and the biconvexity of the shell is variable. The spondylium is present in 

most of the specimens suggesting they belong to species of Araxathyris. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

 

Genus Rectambitus Xu & Grant, 1994 

Type species Araxathyris bisulcata Liao, 1980 

 

Remarks - The genus Rectambitus Xu & Grant, 1994 is easily distinguishable from the other genera 

in the subfamily because of the rectimarginate anterior commissure, the emarginate anterior margin, 

the smooth surface, the presence of a narrow sulcus on both valves and the spondylium supported 

anteriorly by a low and broad septum. Although the genus Rectambitus was recently placed in the 

subfamily Spirigerellinae Grunt, 1965 by Shen et al. (2017), here it is considered as a genus 

belonging to the subfamily Araxathyriinae Shen et al., 2004, because of the presence of a 

spondylium in the anterior part of the dental plates structure. 

 

?Rectambitus sp. 

(Pl. 4, figs 9-12) 

 

Material - Five figured articulated shells: MPUM12248 (ABS16-2), MPUM12249 (ABS17-15), 

MPUM12250 (ABS17-18), MPUM12251 (ABS17-40), MPUM12252 (ABS17-72), eight 

articulated shells: MPUM12254 (ABS8-41, ABS8-57, ABS8-69), MPUM12255 (ABS17-32, 

ABS17-69), MPUM12256 (ABS22-20), MPUM12257 (BS25-44, ABS25-68). 

 

Description - Small sized, inequally biconvex shell, with a transversally sub-oval to sub-rectangular 

outline. Cardinal margin short, anterior commissure rectimarginate to slightly uniplicate and 

anterior margin slightly emarginate. Maximum width: 5.4-9.3 mm; length: 4.4-9 mm. Ventral valve 

more convex than the dorsal valve, particularly at the umbo. Outline sub-pentagonal, ventral umbo 

short and pointed, strongly recurved on the cardinal margin without extending beyond it, bearing a 

very small foramen. Dorsal valve transversely sub-oval in outline, less convex than the ventral one, 
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sometimes almost flat. Narrow median sulci on both valves, starting at the umbo and reaching the 

anterior margin. Shell surface smooth. Ventral valve interior with complex dental plates 

arrangement. At 0.1 mm from the umbo, the dental plates are placed near the lateral walls of the 

shell. Starting from 0.5 mm from the umbo the dental plates progressively shift towards the middle 

of the shell, at 1/4 of the valve width from each side. The dental plates are concave and reach the 

valve floor. 

 

Remarks - Externally, the specimens under study possess all the diagnostic characters of the genus 

Rectambitus: the rectimarginate anterior commissure, the emarginate anterior margin, the narrow 

sulcus on both valves and the smooth surface. The only difference is the size, which, in the 

specimens under study, is half or sometimes 1/3 of the average size for the species of the genus. 

Some of the specimens under study have a deformed or weakly uniplicate anterior margin; 

however, the anterior commissure of the type species has not been figured (Xu & Grant, 1994), and 

Shen et al. (2004) described specimens of species of Rectambitus with a weakly uniplicate anterior 

commissure, therefore some kind of variability might be present in the species of the genus. The 

specimens under study differ from the species of Rectambitus because of the absence of the 

spondylium. However, comparing the serial sections, a similarity between the dental plates of the 

specimens under study and the characters of the spondylium of species of Rectambitus in the most 

proximal (i.e. closer to the umbo) sections is evident. In particular, in both cases the dental plates 

are separate from each other, set close to the lateral walls of the shell, and then come closer to each 

other, shifting towards the middle of the shell. In both cases, the dental plates reach the floor of the 

valve. However, the occurrence of a low median septum has not been observed in the specimens 

under study, so the identification is left open.  

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Subfamily COMELICANIINAE Merla, 1930 

 

Genus Gruntallina Waterhouse & Gupta, 1986 

Type species Comelicania triangularis Grunt, 1965 in Ruzhentsev & Sarytcheva, 1965 

 

Remarks - The genus Gruntallina was erected on the basis of a taxonomic review, which included 

the description of another new genus based on material from the Himalayas (Spitispirifer), later 

rejected because of a strong suspicion of falsification of the fossil occurrence made by Gupta (Gaetani 
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et al., 1990; Posenato, 1991). Later on, the type species of Gruntallina was discussed and compared 

to that of the genus Comelicania Frech, 1901 by Posenato (1998), who found consistent differences 

between the two genera and reassessed the validity of Gruntallina. The differences between the two 

genera mainly relate to the dimensions, which are up to 180 mm in width in species of the genus 

Comelicania and limited to 40 mm in width in species of Gruntallina. There are also differences in 

the internal characters: Gruntallina has a lower number of spires in the spiralia compared to 

Comelicania, and low dental ridges instead of the short dental plates that characterize Comelicania. 

Dorsal internal characters of Gruntallina include short and nearly flat cardinal flanges nearly parallel 

to the commissural plane, which are instead longer and perpendicular to the commissural plane in 

Comelicania, and the presence of an anteriorly projected median septum underneath the cardinal 

plate, which is absent in Comelicania. 

 

Gruntallina sp. 

(Pl. 4, fig. 13) 

 

Material - One figured articulated shell: MPUM12258 (ABS3-4). 

 

Description - Small sized, biconvex shell with transversely triangular outline. Cardinal margin long 

with elongated cardinal extremities. Anterior commissure is parasulcate. Ventral valve more 

strongly convex than the dorsal one. Two well developed folds start from the umbo and reach the 

anterior margin, separated by a narrow furrow that becomes wider at the anterior margin and shapes 

the fold in the commissure. Dorsal valve with a faint and narrow sulcus starting from the umbonal 

region. Shell is generally smooth.  

 

Remarks - The specimen under study shows some differences with the type species Gruntallina 

triangularis (Grunt in Ruzhentsev & Sarytcheva, 1965). The most significant difference is the size, 

in particular the length, which in the specimen here described is about half the length of the 

specimens described by Grunt in Ruzhentsev & Sarytcheva (1965). Another difference is the sulcus 

on the dorsal valve, which is very shallow and narrow, and less defined than in the specimens 

described by Grunt (pl. 44, figs 5a-d, 6). The different morphology and size could be due to the fact 

that the single available specimen is a juvenile. The type series of Gruntallina triangularis consists 

of two articulated specimens and one dorsal valve, which are not enough to explore the intraspecific 

variability and compare it with the specimen under study. Therefore, the nomenclature is left open. 
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Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Subfamily SPIRIGERELLINAE Grunt in Ruzhentsev & Sarytcheva, 1965 

 

Genus Spirigerella Brown, 1845 

Type species Spirigerella derbyi Oehlert, 1887 

 

Remarks - The genus Spirigerella Brown, 1845 differs from the genus Composita Brown, 1845 by 

having the maximum width located anterior to midlength, while in species of Composita it is 

located around midlength. 

 

?Spirigerella sp. 

(Pl. 5, fig. 1) 

 

Material - One figured articulated shell: MPUM12259 (ABS21-7). 

 

Description - Biconvex shell, with a sub-oval outline and medium sized. Cardinal margin curved, 

anterior commissure uniplicate, with a broad fold on the dorsal valve. Maximum width: 20 mm; 

length: 20.4 mm. No sulcus on both valves. Ventral umbo short and recurved, bearing a small 

circular foramen in an epithyrid position. Ventral valve interior with two deep longitudinal diductor 

scars. 

 

Remarks - Given the poor preservation, the specimen here described can be compared with species 

of three genera: Spirigerella Brown, 1845, Composita Brown, 1845 and Posicomta Grunt, 1986. 

Species of the genus Posicomta can be easily excluded because of their size, significantly smaller 

than the specimen ABS 21-7. Grant (1976) described the first Asian Composita species, but these 

were later placed in the genus Posicomta by Grunt (1986) because of their smaller size compared to 

species of the genus Composita. The deformation of the specimen under study prevents 

determination of the position of the maximum width of the shell, which is one of the few diagnostic 

features useful to discriminate between species of Composita and Spirigerella. Species of the genus 

Spirigerella are also characterized by the possible presence of a tertiary layer in the apical portion 

of the shell; in fact, in the ventral umbonal region of the specimen under study, a change in the 

microstructure of the shell is detected which may suggest it belongs to Spirigerella.  
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Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Subfamily TRANSCAUCASATHYRIINAE Angiolini & Carabelli, 2010 

 

Genus Transcaucasathyris Shen, Grunt & Jin, 2004 

Type species Araxathyris araxensis Grunt in Ruzhentsev & Sarytcheva, 1965 

 

Transcaucasathyris araxensis (Grunt in Ruzhentsev & Sarytcheva, 1965) 

(Pl. 5, figs 2-5) 

 

1878 Spirigera protea var. globularis ABICH, p. 58, Pl. 7, fig. 9; Pl. 10, fig. 3. 

1965 Araxathyris araxensis araxensis GRUNT in Ruzhentsev & Sarytcheva, p. 247, Pl. 43, fig. 6. 

1986 Araxathyris araxensis araxensis Grunt in Ruzhentsev & Sarytcheva - GRUNT, Pl. 28, figs 1-2. 

2004 Transcaucasathyris araxensis (Grunt in Ruzhentsev & Sarytcheva) - SHEN et al., p. 893, figs 

7.30-7.43. 

2014 Transcaucasathyris araxensis (Grunt in Ruzhentsev & Sarytcheva) - GARBELLI & ANGIOLINI 

in Ghaderi et al., p. 48, Pl. 3, figs 23-29; text-fig. 7. 

 

Material - Four figured articulated shells: MPUM12260 (ABS16-6), MPUM12261 (ABS17-37), 

MPUM12262 (ABS17-51), MPUM12263 (ABS17-71); ten articulated shells: MPUM12264 

(ABS8-47, ABS8-56), MPUM12265 (ABS17-39, ABS17-55, ABS17-82), MPUM12266 (ABS22-

12, ABS22-25, ABS23-2), MPUM12267 (ABS25-9, ABS25-75). 

 

Description - Small sized, inequally biconvex to plano-convex shell, with a slightly transverse sub-

oval outline. Cardinal margin shorter than the maximum width, slightly curved. Anterior 

commissure variable, from uniplicate to parasulcate, anterior margin slightly emarginate. Maximum 

width: 7.6-11.7 mm; length: 7.1-11.2 mm. Ventral valve more convex than the dorsal valve, 

particularly at the umbo, with sub-triangular to sub-pentagonal outline. Ventral umbo short, pointed 

and recurved, bearing a small foramen, palintrope orthocline to slightly apsacline. Median sulcus 

starting from the umbo as a groove and widening anteriorly. Depth of the median sulcus near the 

anterior margin variable, as it is the depth of the sulcal tongue. Dorsal valve sub-oval to sub-circular 

in outline, slightly convex to flat. Dorsal umbo very small and recurved on the cardinal margin. 

Median sulcus, when present, is faint. Ornamentation of weak growth lamellae, more evident near 
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the anterior margin. Ventral valve interior with dental plates slightly concave and converging near 

the valve floor but remaining clearly separated.  

 

Remarks - Transcaucasathyris araxensis (Grunt in Ruzhentsev & Sarytcheva, 1965) is a very 

variable species, particularly in the outline and in the development of the ventral sulcus (Garbelli & 

Angiolini in Ghaderi et al., 2014). The main difference from the congeneric species is the transverse 

and flat dorsal valve without a median sulcus. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Araxilevis and Haydenella beds of Transcaucasia (Ruzhentsev & 

Sarytcheva, 1965), but its range also reaches the Changhsingian in this area, according to Shen et al. 

(2004); Wuchiapingian of the Ali-Bashi Mountains, North-West Iran (Ghaderi et al., 2014). 

 

Transcaucasathyris kandevani (Fantini Sestini & Glaus, 1966) 

(Pl. 5, figs 6-7) 

 

1966 Araxathyris kandevani FANTINI SESTINI & GLAUS, p. 913, Pl. 65, figs 4-5. 

2010 Transcaucasathyris kandevani (Fantini Sestini & Glaus) - ANGIOLINI & CARABELLI, p.75, Pl. 

3, figs 17-21; Pl. 5, figs 1-3; text-figs 10-11. 

 

Material - Three figured articulated shells: MPUM12268 (ABS16-3), MPUM12269 (ABS17-45), 

MPUM12270 (ABS25-24); six articulated shells: MPUM12271 (ABS8-68, ABS17-67), 

MPUM12272 (ABS22-14, ABS22-19), MPUM12273 (ABS25-8, ABS25-37). 

 

Description - Small sized, inequally biconvex shell with a sub-pentagonal outline. Cardinal margin 

slightly curved, anterior commissure parasulcate. Maximum width: 7.3-11.7 mm; length: 7.6-11 

mm. Ventral valve sub-pentagonal, strongly convex at the umbo. Ventral umbo short and strongly 

recurved on the cardinal margin. Median sulcus starting at mid-length, becoming variably deeper 

and wider towards the anterior margin. The development of the sulcal tongue is variable, depending 

on the depth of the ventral sulcus. Dorsal valve sub-oval in outline and less convex than the ventral 

valve. Dorsal umbo short and located beneath the ventral umbo. Median fold low and rounded. 

Some weak growth lamellae are concentrated near the anterior margin, particularly on the sulcal 

tongue. Ventral valve interior with dental plates initially parallel to each other, then dorsally 
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diverging and ventrally converging, forming an obtuse angle. In the most anterior section the 

adminicula are not visible, whereas the dental lamellae are longer and support the teeth until 1.6 

mm from the umbo. 

 

Remarks - Transcaucasathyris kandevani (Fantini Sestini & Glaus, 1966) differs from T. araxensis 

because of the more elongate outline, the median fold on the dorsal valve and the delayed ventral 

sulcus; from T. lata (Grunt in Ruzhentsev & Sarytcheva, 1965) because of the more elongate 

outline and the absence of the dorsal sulcus. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian-Changhsingian of the Alborz Mountains, North Iran (Angiolini & 

Carabelli, 2010). 

 

Transcaucasathyris lata (Grunt in Ruzhentsev & Sarytcheva, 1965) 

(Pl. 5, figs 8-11; Fig. 12) 

 

1878 Spirigera protea var. alata ABICH, p. 56, Pl. 9, fig. 10. 

1900 Spirigera protea var. alata Abich - ARTHABER, p. 282, Pl. 22, fig. 3. 

1900 Spirigera sp. ARTHABER, p. 282, Pl. 22, fig. 13. 

1965 Araxathyris lata GRUNT in Ruzhetsev & Sarytcheva, p. 249, Pl. 43, fig. 5; text-fig. 45. 

1986 Araxathyris lata Grunt in Ruzhetsev & Sarytcheva - GRUNT, Pl. 15, fig. 6. 

2010 Araxathyris lata Grunt in Ruzhetsev & Sarytcheva - ANGIOLINI & CARABELLI, p. 80, Pl. 5, 

figs 12-15. 

2014 Transcaucasathyris lata (Grunt in Ruzhetsev & Sarytcheva) - GARBELLI & ANGIOLINI in 

Ghaderi et al., p. 49, Pl. 3, figs 30-34; text-fig. 8. 

 

Material - Five figured articulated shells: MPUM12274 (ABS8-40), MPUM12275 (ABS17-31), 

MPUM12276 (ABS22-8), MPUM12277 (ABS23-1), MPUM12279 (ABS25-50); twelve articulated 

shells: MPUM12278 (ABS25-47), MPUM12280 (ABS8-34, ABS8-78), MPUM12281 (ABS16-12, 

ABS17-13, ABS17-25, ABS17-65, ABS17-76), MPUM12282 (ABS22-7, ABS25-35, ABS25-36, 

ABS25-56). 
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Description - Small sized, sub-equally biconvex shell, slightly inflated with a transverse outline. 

Cardinal margin slightly curved, anterior commissure generally strongly parasulcate, with a 

variably developed sulcal tongue. Maximum width: 8.6-11.2 mm; length: 7.2-10.7 mm. Ventral 

valve convex and sub-pentagonal, with a transverse outline. Ventral umbo short and pointed, 

recurved on the cardinal margin. Ventral median sulcus starting at the umbo as a faint groove, 

becoming a narrow furrow at mid-length and wider and deeper at the anterior margin. Dorsal valve 

convex, sub-oval to sub-rectangular in outline. Dorsal umbo very small. Median fold very gentle 

and rounded, with narrow median sulcus starting from the umbo and reaching the anterior margin. 

Ornamentation of growth lamellae, more frequent near the anterior commissure. Ventral valve 

interior with clearly separated, concave dental plates reaching the valve floor. 

 

Remarks - Transcaucasathyris lata is mostly similar to T. araxensis, from which it differs because 

of the more transverse outline, the strongly parasulcate anterior commissure and the narrow dorsal 

sulcus developed from the umbo to the anterior margin. T. lata differs from T. kandevani because of 

the ventral sulcus starting from the umbo.  

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Distribution - Wuchiapingian Oldhamina beds of Transcaucasia (Ruzhentsev & Sarytcheva, 1965); 

Changhsingian Nesen Formation of the Alborz Mountains, North Iran (Angiolini & Carabelli, 

2010); Wuchiapingian of the Ali-Bashi Mountains, North-West Iran (Ghaderi et al., 2014). 

 

Transcaucasathyris spp. 

(Fig. 13) 

 

Material - One figured articulated shell: MPUM12283 (ABS17-64); sixteen articulated shells: 

MPUM12284 (ABS17-68), MPUM12285 (ABS7-13, ABS8-65, ABS16-8, ABS17-33, ABS17-58, 

ABS17-59, ABS17-63, ABS17-73, ABS17-74), MPUM12286 (ABS22-24, ABS24-1, ABS25-41, 

ABS25-43, ABS25-61, ABS25-71). 

 

Description - Biconvex, small sized shell, with a sub-triangular to sub-pentagonal outline. Anterior 

commissure uniplicate to slightly parasulcate. Maximum width: 5.7-10 mm; length: 6.7-9.8 mm. 

Ventral umbo short and recurved on the cardinal margin. Ventral sulcus variable, starting from the 

umbo and widening near the anterior margin. Very shallow and weak dorsal sulcus in one 
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specimen. Ventral valve interior with straight to slightly concave dental plates, becoming slightly 

divergent before reaching the valve floor.  

 

Remarks - The specimens here described do not show specific features that allow identification at 

the species level. The gentle fold on the dorsal valve excludes the species T. araxensis (Grunt in 

Ruzhentsev & Sarytcheva); the ventral sulcus starting from the umbo excludes the species T. 

kandevani (Fantini Sestini & Glaus, 1966); the lack of a narrow sulcus on the dorsal valve excludes 

the species T. lata (Grunt in Ruzhentsev & Sarytcheva, 1965); the slightly larger size, either longer 

than 7 mm, wider than 7 mm or thicker than 5 mm, excludes the species T. minor (Grunt in 

Ruzhentsev & Sarytcheva, 1965). 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

 

 

Order SPIRIFERIDA Waagen, 1883 

Superfamily RETICULARIOIDEA Waagen, 1883 

Family ELYTHIDAE Frederiks, 1924 

Subfamily PHRICODOTHYRIDINAE Caster, 1939 

 

Genus Permophricodothyris Pavlova, 1965 

Type species Permophricodothyris ovata Pavlova, 1965 

 

Remarks - The genus Permophricodothyris Pavlova, 1965 is identified by the presence of 

elongated, posteriorly directed spiralia, made of several whorls, resulting in a longitudinally 

elongated outline. 

 

?Permophricodothyris sp. 

(Pl. 5, fig. 12) 

 

Material - One figured articulated shell: MPUM12288 (ABS20-3). 

 

Description - Medium-sized, equally biconvex shell with a sub-triangular outline. Anterior 

commissure parasulcate. Maximum width: 20.9 mm; length: 23 mm. Ventral valve triangular in 
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outline and convex. Ventral umbo large, high, and recurved on the palintrope, with straight flanks, 

forming a triangular outline. Dorsal valve sub-circular in outline, smaller than the ventral valve and 

convex. Dorsal valve is folded, with a slight rounded median fold. Dorsal umbo small, short, and 

pointing to the ventral palintrope. Ornamentation of very fine growth lines and fine growth 

lamellae. 

 

Remarks - The lack of preserved ornamentation in the specimen under study prevents a reliable 

determination at the genus level. The classification of the specimen here described is based on its 

longitudinally elongated shape which is more compatible with spiralia pointing backwards, as in 

species of Permophricodothyris, rather than laterally, as in species of Squamularia Gemmellaro, 

1899. 

 

Occurrence - Hambast Formation, Unit 6, Abadeh section, Central Iran. Wuchiapingian. 

 

Indeterminate specimens 

Several specimens have been left in open nomenclature due to their poor preservation.  

A single dorsal valve: MPUM12228 (ABS0-50), is identified as belonging to the family 

Schizophoriidae Schuchert & LeVene, 1929 because of the cardinal process resembling that present 

in the genera Acosarina Cooper & Grant, 1969 and Orthotichia Hall & Clarke, 1892, although it is 

broken. Other characters visible on this specimen are one dental socket with its ridge and fragments 

of the other ridge, and the ornamentation near the margin of the interior surface, made of costellae 

numbering 15 per 2 mm. 

One hundred and forty-eight articulate shells, collectively labelled MPUM12287, have been 

identified as belonging to the family Athyrididae. These specimens could belong either to a species 

of Araxathyris or to a species of Transcaucasathyris, but the poor preservation of the umbonal 

region prevent the study of the dental plates arrangement, which is the only character that allows 

genus identification. 
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Fig. 1 - Distribution of the Neotethyan ophiolite belts in Iran. The Inner Belt is also called “Coloured 

Mélange”. Modified from Hassanzadeh & Wernicke (2016). 
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Fig. 2 - Position of the two measured logs at Abadeh. 
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Fig. 3 - a) Dr. Gaia Crippa standing above the top of the Abadeh Formation. b) Grey limestones, 

position of samples ABS 16 and ABS 17. c) Gulley section, poorly outcropping and covered 

by scree. d) Saddle section. 
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Fig. 4 - a) Thin section from bed ABS 27 showing bioclasts consisting mainly of brachiopods and 

an ammonoid. Scale bar is 1.5 mm. b) Boundary Clay. c) Fan-like structures in the 

microbialites. d) Succession of nodular limestones, claystones and microbialites at the 

passage between the Paratirolites Limestone and the Elikah Formation. 
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Fig. 5 - Composite stratigraphic section at Abadeh. 
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Fig. 6 - Graphic scheme showing the different positions of the PTB at Abadeh published by the 

authors cited in the text. The numbers refer to the different papers as in Tab. 3. 

 

Fig. 7 - Bivalves from the Abadeh section. a) Aviculopectinoidea sp. b-c) Claraia radialis julfensis 

Nakazawa. d) Claraia gr. aurita (Hauer). Scale bar corresponds to 2 cm. 
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Fig. 8 - Graph showing the alternation in prevalence of laminar vs fibrous shell microstructural type. 
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Fig. 9 - Correlation of Julfa and Abadeh sections. 
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Fig. 10 - Araxathyris abichi, serial sections of the specimen MPUM12230. Distance from the umbo: 

a) 0.1 mm, b) 0.2 mm, c) 0.3 mm, d) 0.4 mm, e) 0.5 mm, f) 0.6 mm, g) 0.7 mm, h) 0.8 mm, i) 0.9 

mm, j) 1 mm, k) 1.1 mm, l) 1.2 mm, m) 1.3 mm, n) 1.4 mm, o) 1.7 mm, p) 1.8 mm. Scale bar 

corresponds to 2 mm. 

 

Fig. 11 - Araxathyris sp., serial sections of the specimen MPUM12245. Distance from the umbo: a) 

0.1 mm, b) 0.2 mm, c) 0.3 mm, d) 0.4 mm, e) 0.6 mm, f) 0.7 mm, g) 0.8 mm, h) 0.9 mm, i) 1 

mm, j) 1.1 mm, k) 1.2 mm, l) 1.3 mm. Scale bar corresponds to 2 mm. 
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Fig. 12 - Transcaucasathyris lata, serial sections of the specimen MPUM12279. Distance from the 

umbo: a) 0.6 mm, b) 1 mm, c) 1.2 mm, d) 1.3 mm, e) 1.4 mm, f) 1.6 mm, g) 1.7 mm, h) 1.8 mm, 

i) 1.9 mm, j) 2 mm, k) 2.1 mm, l) 2.2 mm. Scale bar corresponds to 2 mm. 

 

Fig. 13 - Transcaucasathyris sp., serial sections of the specimen MPUM12283. Distance from the 

umbo: a) 0.3 mm, b) 0.5 mm, c) 0.6 mm, d) 0.7 mm, e) 0.8 mm, f) 0.9 mm, g) 1 mm, h) 1.1 mm, 

i) 1.3 mm, j) 1.4 mm. Scale bar corresponds to 2 mm.  
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Formation Lithology  Beds 

Hambast Formation 
(Unit 7) 

Grey to pinkish nodular marly limestones (not sampled) 
  

Hambast Formation 
(Unit 6) 

430 cm covered on shales and limestones   

40 cm amalgamated light grey limestones in 7-15 cm thick beds   

160 cm covered on shales   

320 cm dark grey marly limestones (wackestones) in 10-15 cm-thick 
beds, with shale interbeds less thick than the limestones 

ABS22, 
ABS23, ABS24 

280 cm covered on shales and limestones   

90 cm grey limestones (packstones) in 7-25 cm-thick beds, thinning 
upward ABS16, ABS17 

530 cm covered on shales with thin limestone beds. At the top very 
thin (3-5 cm-thick) nodular limestones ABS4 

250 cm grey limestones (packstones) in 7-30 cm-thick beds with thin 
shale interbeds 

ABS2, ABS3, 
ABS20 

250 cm covered on shales 
ABS0, ABS1, 

ABS21 

Top Abadeh 
Formation 

Not sampled   

Base of the section at 30°53’43.2’’N - 53°12’17.5’’E   

 

Tab. 1 - The Gulley section. Beds have been measured and sampled from the base of the Hambast 

Formation. 

 

Formation Lithology Beds 

Elikah 
Formation 

15 m of platy bioturbated limestones with bivalves ABS13 

120 cm microbialites with fan-like structures intercalated to 
marlstones 

ABS9 

30 cm grey limestones   

Boundary Clay 
30 cm red claystones passing to yellowish claystones; no reaction to 
HCl 

  

Hambast 
Formation  

(Unit 7) 

3 cm grey limestones ABS26 

570 cm of pink nodular limestones in 3-8 cm-thick beds. Occasional 
occurrence of brachiopod bioclasts and bivalves  

ABS10, ABS11, 
ABS12, ABS27 

Part of Hambast Formation missing and lower part of section 
measured slightly to the east on the other side of the fault 

  

Hambast 
Formation  

(Unit 6) 

Fault   

60 cm limestones in 10-15 cm-thick beds, with shale interbeds  ABS25 

50 cm two bioclastic limestone beds (10 and 40 cm-thick respectively) 
with calcite vein 

  

450 cm covered   

230 cm grey limestones in 7-25 cm-thick beds, with shale interbeds as 
thick as the beds, occasionally thicker, rich in brachiopods 

ABS5, ABS6, 
ABS7, ABS8 

150 cm covered   

270 cm prominent dark limestones in 15-30 cm-thick beds, with 
thicker shale interbeds (up to 13 cm thick) than the interval below; 
Rare chert at the top 

  

310 cm prominent grey limestones in 7-30 cm-thick beds, with thin 
shale interbeds 

 ABS19 
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300 cm partially covered black limestones in 7-15 cm-thick beds, 
alternating with shales of similar thickness 

ABS15  

Abadeh 
Formation 

30 cm black marly limestones (packstones) with calcite veins, fetid ABS18 

> 200 cm black limestones (packstones) in 15-50 cm-thick beds, with 
calcite veins, very thin interbeds 

  

Base of the section at 30°53’46.2’’N - 53°12’15.3’’E   

 

Tab. 2 - The Saddle section. Beds have been measured and sampled from the top of the Abadeh 

Formation. 

 

Authors PTB Position 

Taraz et al. 
(1981) 

Shales, no further indication (1) 

Gallet et al. 
(2000)  

Upper 10 cm of the “Transition bed” (2) 

Korte et al. 
(2004) 

1.4 m above the base of the Elikah Formation (3) 

Kozur (2007) 1.4 m above the base of the Elikah Formation (4) 

Horacek et al. 
(2007) 

30 cm above the boundary shale (5) 

Shen & Mei 
(2010) 

80 cm above the top of Paratirolites Limestone (6) 

Korte et al. 
(2010) 

1.4 m above the base of the Elikah Formation (7) 

Richoz et al. 
(2010) 

25 cm above the base of the Elikah Formation (8) 

Liu et al. 
(2013) 

0.5 m below the base of the main microbialite bed (9) 

Shen et al. 
(2013) 

1 m above the top of Paratirolites Limestone (10) 

Dudás et al. 
(2017) 

Base of the microbialites (11) 

Chen et al. 
(2020) 

1.5 m above the top of Paratirolites Limestone (12) 

Horacek et al. 
(2021) 

Top of the Boundary Clay (13) 

Chen et al. 
(2021) 

0.8 m above the top of “boundary clay” (14) 

 

Tab. 3 - Different Permian-Triassic Boundary (PTB) positions proposed for the Abadeh section. 

Note the different levels of reference taken by the different authors to locate the boundary and 

the different terminology adopted. Bracketed numbers refer to Fig. 6. 
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Bed Margalef 
Index 

Shannon-
Wiener 
Index 

% specimens 
laminar 
microstructure 

% specimens 
fibrous 
microstructure 

n° taxa laminar 
microstructure 

n° taxa fibrous 
microstructure 

ABS11 / 0 0 100 0 1 

ABS25 2.9 2.24 37.9 62.1 4 7 

ABS24 0.9 0.64 66.6 33.3 1 1 

ABS23 1.8 1.10 33.3 66.6 1 2 

ABS22 2.2 1.76 46.6 53.4 2 5 

ABS8 4.1 2.12 60.4 39.6 7 10 

ABS17 2.6 2.14 20.9 79.1 3 8 

ABS16 2.7 1.88 44.4 55.5 2 5 

ABS7 2.8 1.78 83.3 16.7 6 2 

ABS6 0.9 1.06 100 0 3 0 

ABS5 0.3 0.50 100 0 2 0 

ABS20 2.2 1.67 77.7 22.3 4 2 

ABS1 0.8 0.88 66.6 33.3 2 1 

ABS21 1.8 1.10 33.3 66.6 1 2 

ABS0-
ABS15 

2.1 1.35 80.4 19.6 6 3 

 

Tab. 4 - Biodiversity indices and percentages of shell microstructural types bed by bed. 
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EXPLANATION OF PLATE 1 

Lopingian brachiopods from the Hambast Fm. Scale bar is 1 cm. 

 

Figs 1-5 - Spinomarginifera helica.  

1 - MPUM12170 (ABS3-1) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

2 - MPUM12171 (ABS16-18) in ventral (a), dorsal (b) and anterior (c) views; x2. 

3 - MPUM12172 (ABS17-70) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

4 - MPUM12173 (ABS22-1) in ventral view; x2.  

5 - MPUM12174 (ABS25-4) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2. 

 

Figs 6-9 - Spinomarginifera iranica.  

6 - MPUM12177 (ABS8-37) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

7 - MPUM12178 (ABS17-43) in ventral (a), dorsal (b) and lateral (c) views; x2.  

8 - MPUM12179 (ABS17-46) in ventral (a) and dorsal (b) views; x2.  

9 - MPUM12180 (ABS17-61) in ventral (a) and dorsal (b) views; x2. 

 

Figs 10-13 - Spinomarginifera pygmaea.  

10 - MPUM12185 (ABS7-7), in ventral (a), dorsal (b), anterior (c), and lateral (d) views; X2.  

11 - MPUM12186 (ABS8-27), in ventral (a), dorsal (b), and lateral (c) views; X2. 

12 – MPUM12187 (ABS8-29), in ventral (a), dorsal (b), anterior (c), and lateral (d) views; 

X2.  

13 - MPUM12188 (ABS8-39), in ventral (a) and dorsal (b) views; X2. 

 

Figs 14-16 - Spinomarginifera spinosocostata.  

14 - MPUM12190 (ABS8-24) in ventral (a), dorsal (b) and lateral (c) views; x2. 

15 - MPUM12191 (ABS25-5) in ventral (a), dorsal (b) and lateral (c) views; x2.  

16 - MPUM12192 (ABS25-10) in dorsal (a), anterior (b) and lateral (c) views; x2.  

 

Fig. 17 - Spinomarginifera sp. MPUM 12195(ABS16-1) in dorsal view; x2. 
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EXPLANATION OF PLATE 2 

Lopingian brachiopods from the Hambast Fm. Scale bar is 2 cm. 

 

Figs 1-5 - Araxilevis intermedius. 

1 - MPUM12197 (ABS0-1) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x1. 

2 - MPUM12198 (ABS0-25) in ventral (a) and dorsal (b) views; x1. 

3 - MPUM12199 (ABS0-28) in ventral (a), dorsal (b) and anterior (c) views; x1. 

4 - MPUM12200 (ABS5-12) in ventral (a), dorsal (b) and anterior (c) views; x1. 

5 - MPUM12201 (ABS5-14) in lateral (a), ventral (b), anterior (c) and dorsal (d) views; x1. 
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EXPLANATION OF PLATE 3 

Lopingian brachiopods from the Hambast Fm. Scale bar is 2 cm. 

 

Figs 1-2 - Tschernyschewia typica. 

1 - MPUM12208 (ABS7-1) in ventral (a), dorsal (b) and anterior (c) views; x1. 

2 - MPUM12209 (ABS8-8), ventral (a), dorsal (b)and anterior (c) views; X1. 

 

Figs 3-4 - Leptodus cf. richtofeni. 

3 - MPUM12211 (ABS20-7); x1. 

4 - MPUM12212 (ABS100-2); x1. 

 

Figs 5-7 - Leptodus nobilis. 

5 - MPUM12214 (ABS6-6); x1. 

6 - MPUM12215 (ABS20-8); x1. 

7 - MPUM12216 (ABS15-1b); x1.  

 

Fig. 8 - Permianella cf. grunti. MPUM12219 (ABS25-1) in ventral (a), right lateral (b) and left 

lateral (c) views; x1. 

 

Fig. 9 - Orthothetina persica. MPUM12220 (ABS20-2) in ventral (a) and dorsal (b) views; x1. 

 

Fig. 10 - Perigeyerella aff. costellata. MPUM12222 (ABS20-1) in ventral (a) and dorsal (b) views; 

x1. 
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EXPLANATION OF PLATE 4 

Lopingian brachiopods from the Hambast Fm. Scale bar is 1 cm. 

 

Fig. 1 - Perigeyerella aff. costellata. MPUM12223 (ABS21-10) in ventral (a), dorsal (b), anterior 

(c) and lateral (d) views; x1. 

 

Fig. 2 - Perigeyerella aff. tricosa. MPUM12225 (ABS7-2) in ventral (a), dorsal (b), lateral (c) and 

anterior (d) views; x 1. 

 

Fig. 3 - Araxathyris abichi. MPUM12229 (ABS8-53) in ventral (a), dorsal (b), anterior (c) and 

lateral (d) views; x2.  

 

Figs 4-5 - Araxathyris bruntoni.  

4 - MPUM12232 (ABS17-9) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2. 

5 - MPUM12233 (ABS25-40) in ventral (a), dorsal (b), anterior (c) and lateral (d) views, x2.  

 

Fig. 6 - Araxathyris felina. MPUM12238 (ABS8-3) in ventral (a), dorsal (b), anterior (c) and lateral 

(d) views; x2.  

 

Figs 7-8 - Araxathyris quadrilobata. 

7 - MPUM12240 (ABS8-1) in ventral (a), dorsal (b), lateral (c) and anterior (d) views; x2. 

8 - MPUM12241 (ABS21-4) in dorsal view; x2. 

 

Figs 9-12 - ?Rectambitus sp.   

  9 - MPUM12248 (ABS16-2) in ventral (a), dorsal (b) and anterior (c) views; x2.  

10 - MPUM12249 (ABS17-15) in ventral (a), dorsal (b) and anterior (c) views; x2. 

11 - MPUM12250 (ABS17-18) in ventral (a), dorsal (b) and anterior (c) views; x2. 

12 - MPUM12251 (ABS17-40) in ventral (a), dorsal (b) and anterior (c) views; x2. 

 

Fig. 13 - Gruntallina sp. MPUM12258 (ABS3-4) in ventral (a), dorsal (b) and anterior (c) views; 

x2. 
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EXPLANATION OF PLATE 5 

Lopingian brachiopods from the Hambast Fm. Scale bar is 1 cm. 

 

Fig. 1 - ?Spirigerella sp. MPUM12259 (ABS21-7) in ventral (a), dorsal (b), anterior (c) and lateral 

(d) views; x1. 

 

Figs 2-5 - Transcaucasathyris araxensis.  

2 - MPUM12260 (ABS16-6) in ventral (a), dorsal (b), anterior (c, d) and lateral (3) views; 

x2 (a-c, e) and x4 (d).  

3 - MPUM12261 (ABS17-37) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

4 - MPUM12262 (ABS17-51) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

5 - MPUM12263 (ABS17-71) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2. 

 

Figs 6-7 - Transcaucasathyris kandevani.  

6 - MPUM12268 (ABS16-3) in ventral (a), dorsal (b), anterior (c, d) and lateral (e) views; 

x2 (a-c, e) and x4 (d).  

7 - MPUM12269 (ABS17-45) in ventral (a), dorsal (b), and anterior (c, d) views; x2 (a-c) 

and x4 (d). 

 

Figures 8-11 - Transcaucasathyris lata.  

8 - MPUM12274 (ABS8-40) in ventral (a), dorsal (b), anterior (c, d) and lateral (e) views; 

x2 (a-c, e) and x 4 (d).  

9 - MPUM12275 (ABS17-31) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

10 - MPUM12276 (ABS22-8) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

11 - MPUM12277 (ABS23-1) in ventral (a), dorsal (b), anterior (c) and lateral (d) views; x2.  

 

Fig. 12 - ?Permophricodothyris sp. MPUM12288 (ABS20-3) in ventral (a), dorsal (b), anterior (c) 

and lateral (d) views; x1. 

 

Supplementary Table 1 - Range chart of the brachiopods from the Abadeh section. 

 

Supplementary Table 2 - PAST outputs from the Unitary Associations method applied to correlate 

the Abadeh and Julfa sections. a) Correlation table. b) UA Sorted Graph. c) UA 

Reproducibility Graph. d) Reproducibility Graph. 


