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The Changhsingian (Late Permian), 4 to 5 m thick Paratirolites Limestone has yielded diverse ammonoid assemblages
composed of the genera Neoaganides, Pseudogastrioceras, Dzhulfites, Paratirolites, Julfotirolites, Alibashites, Abichites,
Stoyanowites and Arasella. The succession of ammonoid species allows for a subdivision of the rock unit into eight
biozones, in ascending order: Dzhulfites zalensis Zone, Paratirolites trapezoidalis Zone, Paratirolites kittli Zone,
Stoyanowites dieneri Zone, Alibashites mojsisovicsi Zone, Abichites abichi Zone, Abichites stoyanowi Zone and Arasella
minuta Zone. The following 20 new species are described by two of us (DK and AG): Neoaganides ultimus sp. nov.,
Pseudogastrioceras relicuum sp. nov., Dzhulfites zalensis sp. nov., Dzhulfites hebes sp. nov., Paratirolites coronatus sp.
nov., Paratirolites birunii sp. nov., Paratirolites quadratus sp. nov., Paratirolites multiconus sp. nov., Paratirolites serus
sp. nov., Julfotirolites kozuri sp. nov., Alibashites ferdowsii sp. nov., Alibashites uncinatus sp. nov., Alibashites stepanovi
sp. nov., Abichites subtrapezoidalis sp. nov., Abichites alibashiensis sp. nov., Abichites ariaeii sp. nov., Abichites
paucinodus sp. nov., Abichites shahriari sp. nov., Abichites terminalis sp. nov. and Stoyanowites aspinosus sp. nov. After
the time-equivalent Chinese occurrences, the material described here is the most diverse assemblage known from the
critical interval before the end-Permian mass extinction.
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Introduction

Ammonoids are among the most celebrated victims of the
end-Permian mass extinction event. They very nearly
became extinct, with the survival of only a few lineages
of which only one gave rise to the majority of the Meso-
zoic ammonoids (e.g. Glenister & Furnish 1981; House
1988; Leonova 2002, 2011; Villier & Korn 2004; Brayard
et al. 2009).

Studies on the evolutionary history of Permian ammo-
noids have shown that the group experienced a severe
end-Guadalupian extinction event, at which mainly the
goniatitic and prolecanitic ammonoids were significantly
reduced, while the ceratitic ammonoids remained unaf-
fected (e.g. Spinosa et al. 1975). In the aftermath of this
crisis, only the ceratites experienced a rapid diversifica-
tion during the early Wuchiapingian and were then the
cardinal ammonoid clade for the duration of the Late
Permian, outnumbering the reduced goniatitic and prole-
canitic ammonoids in terms of species richness (e.g.
Ruzhencev 1959, 1962, 1963, 1965; Zhao et al. 1978;

Bando 1979; Taraz et al. 1981; Leonova 2002, 2011;
Brayard et al. 2009).

The ceratitic ammonoid clades show differential evolu-
tionary tempos and dominances during the Late Permian.
In the Wuchiapingian, ammonoid assemblages are domi-
nated by the diverse araxoceratids (superfamily Otocera-
toidea); this group is unimportant in the Changhsingian
but survived the end-Permian extinction event and has,
along with Otoceras, an earliest Triassic representative
(e.g. Ruzhencev 1962; Tozer 1979). By contrast, the sec-
ond Late Permian group of ceratitic ammonoids, the xeno-
discids (superfamily Xenodiscoidea), are much less
important in the Wuchiapingian but very diverse with a
number of independent lineages in the Changhsingian.
However, this ammonoid group experienced a mass
extinction at the end-Permian crisis, with few survivors.

The Changhsingian Stage can be subdivided in terms of
ammonoid evolution, but there are only two regions
known with species-rich occurrences. These are the
Transcaucasian!Iranian region (e.g. Shevyrev 1965,
1968; Stepanov et al. 1969; Teichert et al. 1973; Bando
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1979; Taraz et al. 1981; Zakharov 1983, 1992; Zakharov
& Rybalka 1987; Ghaderi et al. 2014b) and South China
(e.g. Zhao et al. 1978; Zheng 1981; Liang 1983; Yang
1987; Yang & Yang 1992). The two regions display dif-
ferent ammonoid successions and are, in terms of detailed
ammonoid stratigraphy, very difficult to correlate. In the
Transcaucasian!Iranian sections, the paratirolitid ammo-
noids (D family Dzhulfitidae) became dominant at the
end of the Changhsingian Stage, while in South China the
families Tapashanitidae, Pseudotirolitidae and Pleurono-
doceratidae are the most common.

In the Transcaucasian!Iranian region, ammonoids
occur rather frequently in the 4 to 5 m thick Paratirolites
Limestone, which is the youngest Late Permian carbonate
formation that occurs regularly in the entire region
(Fig. 1). The formation was first described by Stoyanow
(1910), a pioneer in the study of the latest Permian ammo-
noids from the Transcaucasus. He described the genus
Paratirolites and also four species, which can be attrib-
uted to Paratirolites or related genera.

Here we present the first description of the ammonoids
from the Paratirolites Limestone based on material col-
lected bed by bed. Earlier publications (e.g. Shevyrev
1965, 1968) treated the Paratirolites Limestone as a uni-
form rock unit. Hence, they were not able to provide evi-
dence for a stratigraphical succession of the various
species, their evolutionary patterns or their possible phy-
logenetic relationships. We demonstrate that the Paratir-
olites Limestone contains a remarkable ammonoid record
in terms of morphological evolution and diversity.

Palaeogeographical distribution of Chang-
hsingian ammonoids

Occurrences of Changhsingian ammonoids
Late Changhsingian ammonoids are known from only a
few places worldwide, and there are only two regions

from which rather diverse ammonoid assemblages have
been described:

1. Transcaucasian!Central Iranian region. This
region had a Late Permian position in the Central
Tethys (Fig. 2) close to the equator (Muttoni et al.
2009a, b). Based on previous investigations (Stoyanow
1910; Shevyrev 1965, 1968; Stepanov et al. 1969; Tei-
chert et al. 1973; Zakharov 1983, 1992; Zakharov &
Rybalka 1987) and our own investigations, the follow-
ing ammonoid families and genera characterize the
Paratirolites Limestone:

Figure 1. Geographical position of Permian!Triassic boundary sections in the Transcaucasus!NW Iran region (after Arakelyan et al.
1965); sections investigated in this study are highlighted.

Figure 2. Palaeogeographical position of the Julfa area (after
Stampfli & Borel 2002). T D Transcaucasus!NW Iran region;
C D South China.
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Pseudohaloritidae (Neoaganides);
Paragastrioceratidae (Pseudogastrioceras);
Dzhulfitidae (Dzhulfites, Paratirolites, Julfotirolites,
Alibashites, Abichites, Stoyanowites);
Xenodoiscidae (Arasella).

Other genera previously reported from the Paratirolites
Limestone need to be discussed. Bando (1973) described
the otoceratid genus and species Julfotoceras tarazi (a
species with close morphological similarities to the
Wuchiapingian genus Vedioceras) from Ali Bashi, and
stated that the single specimen was from the ‘lowermost
Triassic’ (D Paratirolites Limestone). During our field
investigations, we did not find any evidence for otocera-
tids in the Paratirolites Limestone; therefore, we suspect
that the specimen may have come from the upper part of
the Julfa Formation, which is also a red nodular limestone
formation and contains specimens of Vedioceras and
related genera.

Teichert & Kummel (in Teichert et al. 1973) listed
poorly preserved specimens from Ali Bashi under the
names Strigogoniatites, Pleuronodoceras, Pseudotirolites
and Tapashanites, but these ammonoids were not col-
lected in situ; it is therefore possible that they derive from
lower horizons. Because of their poor preservation, they
are probably not attributable to distinct genera.

Rostovcev (in Zakharov 1983) described the new spe-
cies ‘Pseudotirolites azariani’ from Dorasham but did not
illustrate a suture line. According to the conch shape and
sculpture, this species probably belongs to Paratirolites
kittli.

The Changhsingian interval below the Paratirolites
Limestone has yielded a number of ammonoid species,
which belong to the following taxa (Shevyrev 1965, 1968;
own collections):

Paragastrioceratidae (Pseudogastrioceras);
Xenodiscidae (Xenodiscus, Xenaspis, Phisonites, Ira-
nites, Shevyrevites);
Dzhulfitidae (Dzhulfites).

2. South China. This region had a Late Permian lati-
tude of about 20" N (Liu et al. 1999) (Fig. 2). A number
of monographs (e.g. Zhao et al. 1978; Zheng 1981; Liang
1983; Yang 1987; Yang & Yang 1992) have contributed
to the knowledge of the ammonoid assemblages, which
are composed of the following families and genera (note
that many of the listed genera were regarded as synonyms
by Leonova 2002):

Pseudohaloritidae (Neoaganides, Qinglongites);
Paragastrioceratidae (Pseudogastrioceras, Strigogo-
niatites);
Neostacheoceratidae (Stacheoceras);
Cyclolobidae (Changhsingoceras, Cyclolobus);

Paraceltitidae (Meitianoceras);
Xenodiscidae (Xenodiscus, Penglaites);
Huananoceratidae (Huananoceras);
Tapashanitidae (Tapashanites, Mingyuexiaceras,
Pseudostephanites, Sinoceltites);
Liuchengoceratidae (Liuchengoceras, Rongjiangoce-
ras, Wangrenoceras);
Pseudotirolitidae (Chaotianoceras, Dushanoceras,
Pachydiscoceras, Pernodoceras, Pseudotirolites,
Schizoloboceras, Shangsites, Trigonogastrites);
Pleuronodoceratidae (Longmenshanoceras, Pentago-
noceras, Pleuronodoceras, Qianjiangoceras, Roto-
discoceras).

The list above shows remarkable differences in the
Changhsingian ammonoid assemblages between the two
regions. Common taxa in the two sedimentary basins
appear to be restricted to those that do not play a major
role in terms of frequency within their occurrences. Of the
genus Pseudogastrioceras, for instance, only two speci-
mens have been recorded by us in the Paratirolites Lime-
stone of NW Iran, and Neoaganides is represented by
only four specimens. In contrast, the family Dzhulfitidae
represents more than 97% of the ammonoid specimens
from the Paratirolites Limestone of the NW Iranian sec-
tions. Representatives of the family are completely lack-
ing in South China.

The latter observation requires special attention. In
South China, many of the Late Changhsingian ceratitic
ammonoids share a number of morphological characters,
such as: (1) conch geometry extremely discoidal and sub-
evolute to evolute; (2) whorl cross section pentagonal
with tectiform or keeled venter; (3) suture line possesses a
short external lobe with unserrated or weakly serrated
prongs; and (4) sculpture has weak radial ribs.

In contrast to the Chinese Changhsingian ceratites, the
members of the Central Tethyan family Dzhulfitidae
appear to be more variable in their morphology. While the
coiling rate of most of the species is rather similar, varia-
tion in the shape of the whorl cross section is wide (rang-
ing from strongly depressed trapezoidal to compressed
oval). The suture lines are more variable and in many of
the species show much stronger serration of the lobes,
best seen in the prongs of the external lobe (Fig. 3). The
sculpture or ornament ranges from the development of
coarse conical nodes, to a nearly smooth shell ornamented
with growth lines.

The significant difference in the composition of ammo-
noid assemblages between the main regions (Central
Tethys and South China) is a major obstacle for a global
scheme of ammonoid stratigraphy for the Changhsingian.
In both regions, the ammonoid faunas consist of two com-
ponents: (1) goniatitic ammonoids, which play only a sub-
ordinate role in species richness as well as specimen
abundance; and (2) ceratitic ammonoids, which became

Ammonoids from the Late Permian Paratirolites Limestone 3
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dominant in the Late Permian and dominate the late
Changhsingian assemblages. Only some of the goniatitic
genera (Neoaganides, Pseudogastrioceras) occur in both
regions, but they are long ranging (e.g. Leonova 2002)
and thus not suitable for a distinctive age assignment. On
the other hand, the species-rich ceratitic ammonoids dis-
play pronounced biogeographical separation without co-
occurring genera (or even families).

Paratirolites in South China?
The genus Paratirolites has been reported from the area of
Anshun in the province of Guizhou (Zhao et al. 1978;
Zheng 1981; Liang 1983), but these records are highly
questionable. Only fragments have been illustrated; indeed,
the conch with conical nodes resembles Paratirolites, but
the suture line of ‘Paratirolites guizhouensis’ figured by
Liang (1983) clearly shows that at least this species to
have a very low and wide external lobe (Fig. 3G) which
cannot be assigned to Paratirolites. These South Chinese
specimens assigned to Paratirolites were found in associa-
tion with specimens assigned to Shevyrevites shevyrevi;
however, these determinations are also somewhat ambigu-
ous because of the poor preservation of the material. Zhao
et al. (1978) placed a ‘Paratirolites!Shevyrevites Genus
Zone’ in the early Changhsingian. It was probably this

putative (but incorrectly postulated) occurrence of Paratir-
olites that was used by Zhao et al. (1978) for the statement
that the Transcaucasian Paratirolites Limestone does not
represent the latest Permian, but rather an interval in the
early Changhisingian.

Based on the occurrence of the putative Paratirolites,
Liang (1983, p. 614) stated: “This indicates that the Dora-
shemian stage is definitely equivalent to the lower
Changhsingian of South China”. This statement can be
refuted because ‘Paratirolites guizhouensis’ is not a Para-
tirolites and most probably does not even belong in the
family Dzhulfitidae. If it belongs there at all, it may just
be a very early representative of this family. Ammonoids
with a suture line similar to that of ‘Paratirolites
guizhouensis’, i.e. with a very short and wide external
lobe, occur in the NW Iranian sections below the Paratir-
olites Limestone. It is therefore much more likely that the
Paratirolites Limestone in fact represents the late
Changhsingian of the South Chinese sections, as already
concluded from the investigation of conodonts (Kozur
2005, 2007; Shen & Mei 2010; Ghaderi et al. 2014b).

Tozer (1979) suggested that the South Chinese species
Schizoloboceras fusuiense Zhao, Liang & Zheng, 1978 is
congeneric with Paratirolites vediensis, but this conclusion
does not take account of the major sutural differences
between Schizoloboceras and Paratirolites. Schizoloboceras

Figure 3. Suture lines of representatives of Changhsingian ammonoids from the Transcaucasus!NW Iran and South China; for compar-
ison the suture lines are figured at the same size (A!B are from Shevyrev 1965; G is from Liang 1983; H!J are from Zhao et al. 1978).
A, Iranites transcaucasinus (Shevyrev, 1965); B, Dzhulfites spinosus Shevyrev, 1965; C, Paratirolites birunii sp. nov.; D, Paratirolites
kittli Stoyanow, 1910; E, Abichites subtrapezoidalis sp. nov.; F, Arasella minuta (Zakharov, 1983); G, ‘Paratirolites guizhouensis’
Liang, 1983; H, Pseudostephanites nodosus Zhao, Liang & Zheng, 1978; I, Pseudotirolites orientalis Chao, 1965; H, Rotodiscoceras
asiaticum Chao & Liang, 1966.
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has, like the other representatives of the family Pseudotiroli-
tidae, a very short external lobe, in which the prongs are
usually unserrated and in some cases bifid. There is there-
fore no evidence that the two genera are identical.

Biostratigraphy of Late Permian ammonoids

The Permian!Triassic rock succession near Julfa
The sedimentary succession of the Permian!Triassic
boundary beds in the region of Julfa can be subdivided
into three major units (Ruzhencev et al. 1965; Stepanov et
al. 1969; Rostovtsev & Azaryan 1973; Teichert et al.
1973; Ghaderi et al. 2013, 2014b; Leda et al. 2014;
Schobben et al. 2014, 2015), in ascending order:

1. The Middle Permian Gnishik and Khachik formations
(both together about 475 m thick), composed of mas-
sive shallow-water limestone (Stepanov et al. 1969).

2. The Late Permian succession of approximately 57 m
thickness with the Julfa Formation (Wuchiapingian
in age), the Changhsingian Ali Bashi Formation
(which includes the shale-dominated Zal Member
and the Paratirolites Limestone Member) and the
latest Permian ‘Boundary Clay’ (D Aras Member),
which formally represents the lower part of the Eli-
kah Formation (Ghaderi et al. 2014b). The sharp but
continuous transition from the Paratirolites Lime-
stone into the Aras Member marks the end-Permian
mass extinction event (Leda et al. 2014).

3. The Early Triassic carbonatic portion of the Elikah
Formation, with the Claraia Beds in the lower por-
tion, reaching about 280 m in thickness (Stepanov
et al. 1969).

Two questions regarding biostratigraphical aspects
have to be addressed: (1) how can the ammonoid faunas
from the Paratirolites Limestone be incorporated into a
global stratigraphical scheme of the Late Permian? (2)
how can the succession of ammonoids within the Paratir-
olites Limestone be subdivided in terms of biozones?

The Paratirolites Limestone
The Paratirolites Limestone, named after the Late Perm-
ian ammonoid genus Paratirolites, is the youngest Perm-
ian carbonate formation in the sections of Transcaucasia
and north-western Iran. It is an approximately 4 to 5 m
thick succession of intensely red-coloured and sometimes
pink to grey nodular limestone; the individual beds reach
thicknesses of 25 cm and are separated by shaly intervals
ranging in thickness between a few millimetres and 20 cm
(Figs 4, 5). The shale content is much higher in the lower
part of the unit, while in the upper 3 m, shale interbeds
usually do not reach a thickness of more than 2 cm. Most

of the limestone beds possess a rich content of skeletal
remains, but the fossils are often fragmentarily preserved.
Ghaderi et al. (2014a) described some brachiopods from
the rock unit. Leda et al. (2014) identified the carbonate
microfacies of the rock unit as nodular burrowed bioclas-
tic wackestone or argillaceous lime mudstone indicating a
deeper shelf/outer ramp depositional setting. Study of the
oxygen isotopes of conodont phosphate and brachiopod
calcite by Schobben et al. (2014) indicated that a clear
temperature trend cannot be observed within the Paratiro-
lites Limestone, where the temperatures range between 27
and 33"C. However, a sudden increase of 8"C occurs at
the extinction horizon and confirms the results by Joa-
chimski et al. (2012) for South China.

The term ‘Paratirolites Limestone’ was coined by Ste-
panov et al. (1969), who published the first description of
the Permian!Triassic boundary beds in the Ali Bashi
Mountains 9 km west of Julfa (East Azerbaijan, Iran). Tei-
chert et al. (1973) adopted the term and provided an
extensive historical overview of the research history of
the Permian!Triassic boundary in Transcaucasia. How-
ever, similar terms have been used earlier, for example by
Ruzhencev et al. (1965) and Shevyrev (1965) for the

Figure 4. The Permian!Triassic boundary beds at the Ali Bashi
N section. From bottom to top: Paratirolites Limestone (Late
Permian; about 4 m thick), Aras Member (‘boundary clay’;
about 1.5 m thick, covered by scree) and Claraia Beds (Early
Triassic).

Ammonoids from the Late Permian Paratirolites Limestone 5
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Permian!Triassic succession in the classical Dorasham
section (Nakhichevan, Azerbaijan).

In all these articles, the Paratirolites Limestone has
been treated as a uniform rock unit; a lithostratigraphical
or biostratigraphical subdivision has not been achieved.
One reason for the lack of a subdivision may be the

superficial lithofacies similarity throughout the unit, but
another reason may be the rather scarce occurrence of
macrofaunas. For instance, Ruzhencev & Shevyrev
(1965) listed only 116 ammonoid specimens from the
Paratirolites Limestone of the various Transcaucasian
localities. This is a comparatively low number when the

Figure 5. Columnar sections of the Paratirolites Limestone in the Aras Valley, Ali Bashi 4, Ali Bashi 1 and Zal sections, with their
ammonoid zonation.
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intensive fieldwork of the Russian team is considered.
Teichert et al. (1973), when describing the Ali Bashi sec-
tions, had even fewer specimens (only about 75), most of
which were float collections without reference to a distinct
horizon.

In contrast to the mentioned studies on ammonoids,
microfossils have been shown to allow zonation within
the Paratirolites Limestone. Kozur (2005, 2007) and
Shen & Mei (2010), for instance, showed six conodont
zones (Clarkina bachmanni Zone to C. hauschkei Zone)
for the Paratirolites Limestone. Ghaderi (in Ghaderi et al.
2014b) largely confirmed this subdivision and also defined
six zones (Clarkina changxingensis Zone to C. hauschkei
Zone). It is thus obvious that the Paratirolites Limestone
can no longer be treated as a single, uniform rock unit.

In four field campaigns between 2010 and 2013, we
intensely investigated the Paratirolites Limestone in out-
crops in the vicinity of Julfa and collected more than 310
determined ammonoid specimens from this rock unit. We
measured five complete sections in the Ali Bashi Moun-
tains, one in the Aras Valley 2 km west of the classical
Dorasham locality, and one 2.2 km north!northwest of
Zal, 22 km south of Julfa. With this study, we will demon-
strate the potential for a more detailed ammonoid zonation
within the Paratirolites Limestone. Another aim of the
study is the documentation of the extinction patterns of
Late Permian ammonoid faunas.

All of the ammonoids collected in situ were measured
regarding their position in the rock column with respect to
the extinction horizon. In the following, the stratigraphical
position is thus explained in metres below this horizon
(which is equal to the top surface of the Paratirolites
Limestone).

Investigated outcrops
Outcrops of the Late Permian Paratirolites Limestone are
known from north and south of the Aras (Araxes) River in
the vicinity of Dzhulfa (Nakhichevan; Azerbaijan) and
Julfa (East Azerbaijan; Iran) (Figs 1, 5).

1. Aras Valley (39.015" N, 45.434" E). This section
was first described by Ghaderi et al. (2014b) and Leda
et al. (2014); it is located about 19 km west-northwest of
the towns of Dzhulfa and Julfa immediately west of the
Aras (Araxes) River. At this place, the Aras River marks
the political boundary between Iran and the province of
Nakhichevan (Azerbaijan), and Late Permian rocks are
exposed on both sides. The new Aras Valley section has a
position approximately 2 km north-west of the famous
Dorasham II section described by Ruzhencev et al. (1965).

2. Kuh-e-Ali Bashi (D Ali Bashi Mountains; 9 km west
of Julfa). The Paratirolites Limestone is exposed in a
number of parallel sections over an extension of about
1.5 km. We studied five of the numerous sections, which

are positioned along a strike from west-northwest to east-
southeast:

(a) Ali Bashi N section (38.941" N, 45.516" E). This
section has not been studied previously. It begins in
the higher portion of the Ali Bashi Formation and
ranges into the Elikah Formation. The Paratirolites
Limestone is well exposed and can be investigated
over an outcrop length of 200 m.

(b) Ali Bashi 4 section of Teichert et al. (1973)
(38.942" N, 45.516" E). This is the section figured
by Stepanov et al. (1969). It is the most complete of
all the sections in the Ali Bashi Mountains and
ranges from the Codonofusiella Beds (exposed in
the stream at the base of the section) into the Elikah
Formation. The lower part of the Ali Bashi Forma-
tion is poorly exposed because of a scree cover. The
Paratirolites Limestone, the Boundary Clay and the
base of the carbonate member of the Elikah Forma-
tion are perfectly exposed over a distance of 100 m.

(c) Ali Bashi 1 section of Teichert et al. (1973)
(38.940" N, 45.520" E). The section begins in the
upper part of the Julfa Beds and exposes the shaly
part of the Ali Bashi Formation, the Paratirolites
Limestone, the Boundary Clay and the base of the
carbonate member of the Elikah Formation. The
Paratirolites Limestone is rather well exposed over
a distance of 50 m.

(d) Ali Bashi P section (38.937" N, 45.523" E). This is
a small outcrop at the south side of the side valley
and exposes the upper portion of the Paratirolites
Limestone.

(e) Ali Bashi M section (38.936" N, 45.524" E). The
section is located on the north side of the main val-
ley and exposes the Paratirolites Limestone as well
as the base of the Elikah Formation in several small
exposures. Kozur (2005) studied this section for its
conodont stratigraphy; it was named ‘Ali Bashi
locality 1’ there.

3. Zal (22 km SSW of Julfa and 2.2 km north-northwest
of the village of Zal) (38.733" N, 45.580" E). In this sec-
tion, the entire Late Permian succession is exposed; the
section ranges high up into the Early Triassic Elikah
Formation.

Ammonoid zonation within the Paratirolites
Limestone
An ammonoid zonation for the Paratirolites Limestone
did not exist until the preliminary proposal by Korn (in
Ghaderi et al. 2014b). In the major previous investigations
(e.g. Shevyrev 1965, 1968; Stepanov et al. 1969; Teichert
et al. 1973), the unit has not been subdivided and the
ammonoid findings were not assigned to specific horizons.

Ammonoids from the Late Permian Paratirolites Limestone 7
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During our field investigations, we paid particular atten-
tion to the precise position of the ammonoid specimens in
the rock column; all in situ collected specimens were
recorded with detailed lithostratigraphical information (in
terms of position below the extinction horizon, which is
equivalent to the top surface of the Paratirolites Lime-
stone). We collected more than 230 specimens in this way.

The morphological evolution of the paratirolitid ammo-
noids allows for a subdivision of the Paratirolites Lime-
stone into eight biozones, which only partly correlate with
the conodont biozones (Fig. 6). Five separable ammonoid
zones (defined by first occurrences of index species) were
distinguished within the Paratirolites Limestone by Gha-
deri et al. (2014b); however, this zonation is revised and
refined here, in ascending order:

1. Dzhulfites zalensis Zone. This zone may begin
already below the Paratirolites Limestone, but
scarce fossil content precludes a precise statement.

The name-giving species occurs, in the Zal section,
in a horizon 5.30 m below the extinction horizon
!that is, at the border of the Zal member and the
Paratirolites Limestone. The zone is characterized
by the two species D. zalensis sp. nov. and D. hebes
sp. nov., which probably have a successive occur-
rence. The zone has a thickness of about 1.20 m.

2. Paratirolites trapezoidalis Zone. This zone also has a
position at the base of the Paratirolites Limestone,
where the taxonomic diversity of the ammonoid fau-
nas is still rather low. The interval contains paratiroli-
tid ammonoids with unsubdivided or bifid prongs of
the external lobe. Paratirolites trapezoidalis She-
vyrev, 1965 best defines the base of this interval,
which is difficult to recognize because of the rarity of
fossils at the base of the Paratirolites Limestone. The
index fossil was recorded, in the Ali Bashi 4 section,
from a horizon 4.10 m below the extinction horizon.
The thickness of this zone is thus about 0.75 m.

3. Paratirolites kittli Zone. This interval shows the
main occurrence of the genus Paratirolites, of which
also Paratirolites vediensis Shevyrev, 1965 can be
used as an index fossil besides the nominate species
Paratirolites kittli Stoyanow, 1910. Even without
distinct species attribution, specimens of this zone
are usually clearly assigned to this zone because of
the strongly serrated external, adventive and lateral
lobes. This interval is, in the Aras Valley and Ali
Bashi sections, often very fossiliferous and thus eas-
ily recognizable. In the Ali Bashi N section, P. kittli
occurs first at 3.35 m below the extinction horizon,
indicating a thickness of about 1.05 m for this zone.

4. Stoyanowites dieneri Zone. The entry of paratiroli-
tids with laterally compressed whorl sections,
among which Paratirolites dieneri Stoyanow, 1910
is the type species of the new genus Stoyanowites,
characterizes the next biozone within the Paratiro-
lites Limestone. In the Aras Valley section, this spe-
cies occurs first at 2.30 m below the extinction
horizon; the Stoyanowites dieneri Zone thus has a
thickness of 0.40 m in this section.

5. Alibashites mojsisovicsi Zone. With the entry of the
genus Alibashites, species richness within the Para-
tirolites Limestone reaches its maximum. Almost
simultaneously, several species of this genus as well
as the genus Abichites appear, making the zone eas-
ily recognizable. The Alibashites mojsisovicsi Zone
has a thickness of 0.40 m in the sections.

6. Abichites abichi Zone. Abichites abichi Shevyrev,
1965 marks the base of this zone, in which the genus
Abichites is dominant. The zone has a thickness of
0.55 m.

7. Abichites stoyanowi Zone. A higher portion of the
Paratirolites Limestone is dominated by paratiroli-
tid ammonoids with quadrate or slightly compressed

Figure 6. Correlation of the ammonoid stratigraphy with the
conodont stratigraphy (from Ghaderi et al. 2014b) for the sec-
tions in the Transcaucasus!North-west Iran.
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whorl cross sections and weakened sculpture. Such
forms usually belong to the genus Abichites, which
possesses a suture line with bifid or unsubdivided
prongs of the external lobe. The index fossil Abi-
chites stoyanowi (Kiparisova, 1947) occurs, in the
Aras Valley section, with first specimens at 0.95 m
below the extinction horizon. The thickness of this
zone is thus about 0.65 m.

8. Arasella minuta Zone. At the top of the Paratiro-
lites Limestone is a thin interval, about 0.30 m thick,
which is dominated by very small ammonoids with
simple suture lines. Arasella minuta (Zakharov,
1983) is the most common of these and can be used
for the definition of this zone, which ends at the top
surface of the Paratirolites Limestone (D mass
extinction horizon).

The occurrence of ammonoid species is irregular in the
Paratirolites Limestone. While in the lower portion, during
the Dzhulfites zalensis and Paratirolites trapezoidalis zones
only one or two species co-occur, species richness increases
in the Paratirolites kittli Zone with up to five co-occurring
species. The highest diversity was recorded in the Aliba-
shites mojsisovicsi Zone with nine species; thereafter a dis-
continuous decrease is observed. Immediately below the
extinction horizon, three species were recorded (Fig. 7).

Material and methods

More than 340 ammonoid specimens collected during four
field campaigns between 2010 and 2013 were available
for study. Three hundred and twelve of these specimens

Figure 7. The stratigraphical occurrence of ammonoid species in the Paratirolites Limestone of the Julfa region, and species richness in
rock intervals of 0.25 m.
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were determined (Suuplemental material Table 1); they
derive from the following localities: Aras Valley (142
specimens); Ali Bashi N (116 specimens); Ali Bashi 4 (19
specimens); Ali Bashi 1 (nine specimens); Ali Bashi P
(seven specimens); Ali Bashi M (one specimen); Zal (16
specimens).

All specimens are preserved as internal moulds; shell
material is extremely rare as it was dissolved in early dia-
genesis, and when present it is restricted to the inner
whorls. Preservation of the specimens is therefore poor. In
many cases, the specimens are preserved only from the
lower side facing the sediment, while the upper side was
eroded or dissolved during burial of the specimens (Leda
et al. 2014). Preparation of the specimens often benefits
from the presence of a thin clay film separating the ammo-
noid moulds and the surrounding sediment.

In the following, two of us (DK and AG) describe 28
ammonoid species from the Paratirolites Limestone. It
appears that the total ammonoid diversity of this unit is
not yet complete. There are a number of fragmentary or
poorly preserved specimens left undescribed; these could
not be attributed to any of the species described herein,
therefore these fragments may represent other new species.

Descriptive terminology for conch morphology is after
Korn (2010). Abbreviations of conch dimensions (Fig. 8)
are: dm, conch diameter; ww, whorl width; wh, whorl
height; uw (D dm1!wh1!wh2), umbilical width; ah, aper-
ture height. The whorl expansion rate (WER) was calcu-
lated as [dm/(dm ! ah)]2. The imprint zone rate (IZR)
characterizes the whorl overlap, and can be calculated as
(wh!ah)/wh. A list of measurements of the studied
specimens is provided in Supplemental material Table 1.

For the shape of the cross sections, an additional expla-
nation of terminology is given (Fig. 9), distinguishing

between trapezoidal, quadrate, subtrapezoidal, circular and
oval. The terminology of the suture line follows Korn et
al. (2003), meaning that a difference between an A-mode
(goniatitic) and a U-mode (prolecanitic and thus also cera-
titic) sutural ontogeny, as proposed by Schindewolf
(1929), is not accepted. The sutural elements described
here are therefore external (E), adventive (A), lateral (L),
umbilical (U) and internal (I) lobes (Fig. 10). The suture
lines in the figures are drawn, where possible, from umbili-
cal seam to umbilical seam. Solid lines refer to empirical
sutures, dotted lines to reconstructions by mirroring.

The stratigraphical position of individual specimens
and the range of species are given in metres below the
extinction horizon (top surface of the Paratirolites
Limestone).

Figure 8. Descriptive terms for the conch geometry of the ammonoids described here.

Figure 9. Descriptive terms for the whorl profiles of the ammo-
noids described here.

10 D. Korn et al.
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Institutional abbreviations
MB.C.: Cephalopod collection of the Museum f€ur Natur-
kunde, Berlin; PIN: Palaeontological Institute of the
Academy of Sciences, Moscow.

Systematic palaeontology (DK and AG)

Order Goniatitida Hyatt, 1884
Suborder TornoceratinaWedekind, 1914

Superfamily Pseudohaloritoida Ruzhencev, 1957
Family Pseudohaloritidae Ruzhencev, 1957
Subfamily Shouchangoceratinae Zhao &

Zheng, 1977

Included genera. Aulacaganides Zhou, 1985; Elephanto-
ceras Zhao & Zheng, 1977; Erinoceras Zhao & Zheng,
1977; Lianyuanoceras Zhou, 1985; Neoaganides Plummer
& Scott, 1937; Qinglongites Zheng, 1981; Sangzhites
Zhao & Zheng, 1977; Shangraoceras Zhao & Zheng,
1977; Shouchangoceras Zhao & Zheng, 1977; Sosioceras
Frest, Glenister & Furnish, 1981.

Genus Neoaganides Plummer & Scott, 1937

Type species. Neoaganides grahamensis Plummer &
Scott, 1937, by original designation.

Included species. Neoaganides costatus Yang & Yang,
1992, p. 596 (Hubei); Neoaganides dictyon Zhou, 1987,
p. 310 (Hunan); Neoaganides gigantus Liang, 1983, p.
608 (Hunan); Neoaganides grahamensis Plummer &
Scott, 1937, p. 350 (Texas); Neoaganides laevigatus Yang
& Yang, 1997, p. 596 (Hubei); Neoaganides meitianensis
Zheng, 1984, p. 310 (Hunan); Imitoceras (Aganides) mul-
tiseptatus Chao, 1940, p. 70 (Hunan); Neoaganides nese-
nensis Frest, Glenister & Furnish, 1981, p. 23 (N. Iran);
Neoaganides paulus Zhao, Liang & Zheng, 1978, p. 72
(Jiangxi); Neoaganides rectilobatus Ruzhencev, 1950, p.
89 (South Urals); Neoaganides tabantalensis Ruzhencev,
1952, p. 58 (South Urals); Neoaganides ultimus sp. nov.

(North-west Iran); Neoaganides xiaoheensis Xu, 1977, p.
560 (Hunan).

Neoaganides ultimus sp. nov.
(Fig. 11)

Derivation of name. From Latin ultimus, the last,
because of its high stratigraphical occurrence in the Late
Permian.

Holotype. MB.C.25169 (Fig. 11A).

Type locality and horizon. Ali Bashi 1 section; 0.65 m
below the top of the Paratirolites Limestone (Abichites
stoyanowi Zone).

Material. Four specimens (Aras Valley, Ali Bashi N, Ali
Bashi 4, Ali Bashi 1).

Diagnosis. Neoaganides with lenticular conch (ww/dm D
0.40!0.45). Suture line with very shallow adventive lobe.

Description. All specimens show very similar conch pro-
portions as exemplified by the holotype. The specimen is
rather poorly preserved, being coated by a thin clay film
(Fig. 11A). It has a conch diameter of 18 mm and is thinly
discoidal (ww/dm D 0.42) with a completely closed umbi-
licus. The conch is widest at the umbilical margin, from
which the flanks converge towards the narrowly rounded
venter. The coiling rate is moderately high (WER D
2.00). The suture line of the holotype has a deep, parallel-
sided external lobe and a very shallow (less than half the
depth of the external lobe), broadly rounded adventive
lobe (Fig. 11C).

Remarks. Teichert et al. (1973, p. 404, pl. 4, figs 5, 6)
and Frest et al. (1981, p. 25, pl. 3, figs 20!22, text-fig.
15) described and figured two specimens from “the middle
of the Ali Bashi Formation” in open nomenclature under

Figure 11. Neoaganides ultimus sp. nov. A, lateral view, holo-
type, MB.C.25169, Ali Bashi 1, ¡0.65 m; B, dorsal view, para-
type, MB.C.25170, Ali Bashi 4, ¡1.05 m; C, holotype, MB.
C.25169, suture line at 6.1 mm ww, 5.8 mm wh. Scale bar D
2 mm.

Figure 10. Descriptive terms for the suture lines of the paratiro-
litid ammonoids, exemplified by Paratirolites kittli Stoyanow,
1910, specimen MB.C.25215, Aras Valley, ¡2.65 m; at
55.8 mm dm, 20.2 mm wh. E, external lobe; A, adventive lobe;
L, lateral lobe; U, umbilical lobe; I, internal lobe.
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‘Neoaganides sp. nov.’ and ‘Neoaganides sp. 2’, respec-
tively. It is not clear if they are conspecific, but they differ
from the specimens from the Paratirolites Limestone in
their larger size (up to 32 mm dm), their more parallel
flanks and the presence of shallow ribs on the flanks at
15 mm dm.

Neoaganides nesenensis from the Wuchiapingian
Nesen Formation of the Alborz Mountains (Frest et al.
1981) is based on a specimen of 23 mm dm. It has a wider
conch (ww/dm D 0.47) than N. ultimus (ww/dm D 0.42)
with less strongly converging flanks. The coiling rate is
much higher in N. nesenensis (WER D 2.35) than in N.
ultimus (WER D 2.00).

Neoaganides ultimus differs from all other species of
the genus in the very shallow adventive lobe. Usually the
adventive lobe is as deep as the external lobe, but in N.
ultimus it reaches less than half of the depth.

Stratigraphical range. Paratirolites Limestone; 1.15 to
0.65 m below the extinction horizon (upper part of the
Abichites abichi Zone and lower part of the Abichites
stoyanowi Zone).

Suborder Goniatitina Hyatt, 1884
Superfamily Neoicoceratoidea Hyatt, 1900

Family Paragastrioceratidae Ruzhencev, 1951
Subfamily Pseudogastrioceratinae Furnish, 1966

Included genera. Altudoceras Ruzhencev, 1940; Che-
kiangoceras Ruzhencev, 1974; Daubichites Popov, 1963;
Metagastrioceras Zhao, Liang & Zheng, 1978; Pseudo-
gastrioceras Spath, 1930; Retiogastrioceras Zhao, Liang
& Zheng, 1978; Roadoceras Zhou, 1985; Sabaliceras
Yang & Yang, 1992; Stenolobulites Mikesh, Glenister &
Furnish, 1988; Strigogoniatites Spath, 1934.

Genus Pseudogastrioceras Spath, 1930

Type species. Goniatites Abichianus von M€oller, 1879,
by original designation.

Included species. Goniatites abichianus von M€oller,
1879, p. 230 (Azerbaijan); Pseudogastrioceras gigantum
Zhao, Liang & Zheng, 1978, p. 74 (Jiangxi); Pseudogas-
trioceras guangxiense Zhao, Liang & Zheng, 1978, p. 73
(Guangxi); Pseudogastrioceras guizhouense Zhao, Liang
& Zheng, 1978, p. 74 (Guizhou); Pseudogastrioceras
jiangxiense Zhao, Liang & Zheng, 1978, p. 74 (Jiangxi);
Pseudogastrioceras relicuum sp. nov. (North-west Iran);
Pseudogastrioceras szechuanense Chao, 1965, p. 1821
(Sichuan).

Pseudogastrioceras relicuum sp. nov.
(Fig. 12)

Derivation of name. From Latin relicuum D the remain-
ing, because the species is the last one of the group.

Holotype. MB.C.25173 (Fig. 12).

Type locality and horizon. Ali Bashi N section; Paratir-
olites Limestone, float.

Material. Only the holotype; a second specimen is still in
situ at the base of the Paratirolites Limestone in the Aras
Valley section.

Diagnosis. Pseudogastrioceras with moderately large
conch; diameter attaining 70 mm. Conch shape thinly dis-
coidal (ww/dm D 0.40!0.45), involute (uw/dm D 0.05)
with converging flanks and broadly rounded venter. Orna-
ment with about 15 faint spiral lines on the venter.

Description. Only one incomplete specimen (Fig. 12) is
available for study, and hence a detailed description of the
species is impossible. The overall conch geometry, the
ornament and the suture line are typical for Pseudo-
gastrioceras. The holotype is a fragment of a phrag-
mocone, which was approximately 40 mm in diameter;
it is thinly discoidal with a very narrow umbilicus
(ww/dm D 0.42; uw/dm D 0.05!0.10). The last three
septa of the specimen show conspicuous crowding, so
it can be assumed that it is an adult individual. The
ww/wh ratio of the specimen is 0.80. The flanks con-
verge strongly towards the rounded venter. No parts of
the shell are preserved; the internal mould is smooth
except for about 15 faint spiral lines on the venter.
The suture line, drawn at a phragmocone whorl height
of 20 mm (Fig. 12B), is typical for Pseudogastrioceras
with a wide external lobe and an unsubdivided median
saddle reaching half of the external lobe depth. The V-
shaped adventive lobe is slightly asymmetric with a
slightly curved dorsal flank.

Figure 12. Pseudogastrioceras relicuum sp. nov., holotype,
MB.C.25173, Ali Bashi N, float. A, lateral and dorsal views; B,
suture line at 20.3 mm ww, 16.9 mm wh. Scale bars: A D 5 mm;
B D 2 mm.

12 D. Korn et al.
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Remarks. Pseudogastrioceras abichianum is a very
common component in the lower part of the Wuchiapin-
gian Julfa Formation of the sections in the vicinity of the
Aras Valley (Ruzhencev & Shevyrev 1965). This species
can reach a large diameter with phragmocone dimensions
of 80 mm in diameter, which is twice the value of the
Changhsingian specimen described here. In contrast to
P. relicuum with about 15 spiral lines restricted to the ven-
ter, P. abichianum has, at a similar conch diameter, about
30 much stronger spiral lines, which extend across the
venter and the outer flanks. The umbilicus is possibly a
little wider in P. abichianum.

The new species mainly differs from the South Chinese
species described by Zhao et al. (1978) in the shape of the
external lobe, in which the prongs are asymmetrical with
a concave dorsal flank.

Stratigraphical range. Paratirolites Limestone; most
probably only in the lower part (Dzhulfites zalensis Zone).
The position is assumed, as at the type locality fossils
older than the Paratirolites Limestone have not been
found. A second specimen, which has not been extracted
from the outcrop, has a position approximately 4 m below
the extinction horizon at the type locality.

Order Ceratitida Hyatt, 1884
Suborder Paraceltitina Shevyrev, 1968
Superfamily Xenodiscoidea Frech, 1902
Family Dzhulfitidae Shevyrev, 1965

Included genera. Dzhulfites Shevyrev, 1965; Paratirolites
Stoyanow, 1910; Julfotirolites gen. nov.; Alibashites gen.
nov.; Abichites Shevyrev, 1965; StoyanowitesKorn, 2014.

Diagnosis. Representatives of the superfamily Xenodis-
coidea with small to large conch, in which the ontogeny
displays up to four stages, beginning with a unsculptured
initial stage followed by a juvenile stage with transverse
ribs, a subadult stage with coarse ribs often ending in pro-
nounced ventrolateral nodes or spines and an adult stage
with weakening of the sculpture. Suture line usually with
serrated external, adventive, lateral and umbilical lobes;
some species with simple prongs of the external lobe.

Description. Nearly all of the species in the family have
some conch, ornament and suture line characters in com-
mon. Two of these characters are the coiling rate (the
WER ranges between 2.00 and 2.40) and the umbilical
width (the uw/dm ratio ranges between 0.35 and 0.45).
Most of the species included in the family Dzhulfitidae
share a distinct ontogeny, in which four growth stages can
be separated:

1. The initial stage (up to about 5 mm dm) is widely
evolute with oval or circular whorl cross section; it
does not possess ribs or spines.

2. The juvenile stage (between 5 and 15 mm dm) has
an oval or circular whorl cross section; it is weakly
ornamented with faint ribs on the midflank.

3. The subadult stage usually ends with a conspicuous
change in the conch ornament; the diameter of this
change differs between the various species within the
family. The subadult stage is the most diagnostic for
many of the species; it best displays differences in
the general shape of the whorl cross section (circular,
oval, quadrate, rectangular, pear-shaped or trapezoi-
dal), the shape of the venter (rounded, flattened, tecti-
form or concave), the sculpture (in many cases with
coarse ribs, which often form distinctive ventrolateral
nodes or spines) and the suture line (which varies in
the depth of the external lobe, the degree of serration
of the external, adventive and lateral lobe and the
width and shape of the saddles). In most of the speci-
mens, the position of the end of the subadult stage is
indicated by the conspicuous crowding of the last
septa produced during ontogeny.

4. The adult stage represents the terminal body cham-
ber. The species of the family Dzhulfitidae often dif-
fer in the shape of the conch cross section and
sculpture of the body chamber. In most of the species,
the beginning of the terminal body chamber coincides
with a more or less sudden change in the ornamenta-
tion, such as weakening of the ribs or nodes. Rather
often, the adult stage is similar in various species
despite significant differences in the subadult stage.

The suture line is a somewhat variable character among
the representatives of the family Dzhulfitidae and can be
used for taxonomic purposes with some limitations. The
principal sutural formula is (E1 Em E1) A L U I, of which
E1, A, L and U often display ceratitic serration (i.e. with
small notches at the base of the lobes). The study of a rich
material from Julfa demonstrates:

1. The genera and species within the family can some-
times be separated by means of suture line charac-
ters, particularly depth of the external lobe and the
number of notches.

2. Intraspecific variation in size, shape and the degree of
serration of the individual lobes occurs in some of the
species; specimens from one stratigraphical position
and with closely resembling conch and ornament fea-
tures may possess rather different suture lines.

3. A general simplification trend of the suture lines
occurs within the Paratirolites Limestone; the
suture lines of the paratirolitid ammonoids show the
strongest serration near the base of the rock unit,
where in some of the specimens the notching of the
lobes begins to extend to the lower flanks of the sad-
dles. Towards the top of the Paratirolites Lime-
stone, a nearly continuous decrease in the number of
secondary notches is observable.
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4. The prongs of the external lobe are often unserrated
in the specimens from the base and top of the Para-
tirolites Limestone, while specimens from the mid-
dle part show more or less strong secondary
subdivision of the E lobe.

5. Many specimens show asymmetrical suture lines,
particularly visible in the different numbers of
notches of sutural elements on both sides of the
conch. In some specimens, the prongs of the external
lobe are bifid on one side and unserrated on the other.

6. In most of the species, the external lobe has the same
depth as the adventive lobe; it is only rarely shorter,
as in the genus Stoyanowites, and only in this respect
resembles the majority of the Changhsingian ammo-
noids described from South China.

Remarks. Shevyrev (1965) introduced the family Dzhul-
fitidae particularly for species already described by Stoya-
now (1910) from the Paratirolites Limestone. But,
unfortunately, he chose the rather poorly known Dzhul-
fites as the name-giving genus, which itself was based on
Dzhulfites spinosus Shevyrev, 1965, then known by 10
moderately preserved specimens. Shevyrev’s (1965)
choice is even more incomprehensible as he could have
defined the family Paratirolitidae based on better and
more specific material.

Dzhulfites is the name-giving genus but occupies a rather
marginal position in the morphological spectrum of the
family. Two of the most characteristic features for the para-
tirolitid ammonoids ! the deep external lobe and the often-
strong secondary serration of lobes ! are absent in this
genus. Another problem with this genus is that the two spe-
cies D. spinosus and D. nodosus have been described from
incomplete specimens. Dzhulfites spinosus displays a conch
morphology with a trapezoidal whorl cross section and
ornament with conical ventral ateral nodes that would
speak for its incorporation in Paratirolites, but the suture
line is characterized by a short external lobe, which in con-
trast to Paratirolites does not reach the depth of the adven-
tive lobe. As D. spinosus is the type species of the genus
Dzhulfites, it needs to be clearly separated from the strati-
graphically older species of Paratirolites.

Shevyrev’s family contained the three genera Dzhulfites
Shevyrev, 1965, Paratirolites Stoyanow, 1910 and Abi-
chites Shevyrev, 1965. According to Shevyrev (1965),
only the latter two occur in the Paratirolites Limestone,
while Dzhulfites should be restricted to an older ammo-
noid zone, separated by the ‘Bernhardites Zone’ (now
Shevyrevites Zone) from the beds with Paratirolites.

In total, Shevyrev (1965) separated 10 species within
the three genera of the family, most founded on rather
well-preserved material and supported by good illustra-
tions of the suture lines. However, he did not discuss pos-
sible intraspecific variability within the material, and he
figured only one or two specimens of each species.

The lack of such a discussion led Teichert & Kummel to
lump together many of the species earlier described by
Stoyanow (1910) and Shevyrev (1965, 1968). Teichert &
Kummel (in Teichert et al. 1973) argued for the extensive
variability of the discussed species and regarded only one
genus (Paratirolites) with three species (one species of
each of Shevyrev’s genera) as justified. One has to bear in
mind, however, that Teichert & Kummel had only about
60 specimens under study, most of them being fragments
collected from float below the outcrops of the Paratirolites
Limestone. Unlike Shevyrev (1965), these authors did not
provide a sufficient reasoning for their approach to the tax-
onomy and classification of the paratirolitid ammonoids.
Instead, they expressed a very vague reasoning for why
they used a strikingly restricted concept, which is mainly
based on the interpretation of the Paratirolites Limestone
as a uniform rock unit (Teichert et al. 1973, p. 413):

“Because of fragmentary preservation, our collection is
not suited for a detailed analysis of this variation. However,
because the specimens are all from a single unit (approxi-
mately 3 m thick) within a very limited geographical range,
we believe it more prudent to assume they are a single spe-
cies; otherwise the only limit on the number of species rec-
ognized would be the number of specimens available.”

Although Shevyrev (1965, 1968) probably had better
arguments (particularly because he studied the better
material) for his species concept for the paratirolitids,
other authors tended to follow Teichert et al. (1973).
Bando (1979) and Taraz et al. (1981), for instance, when
discussing the Late Permian and Early Triassic ammo-
noids from the Hambast Mountains, 55 km ESE of Aba-
deh (Central Iran), almost fully adopted the restrictive
scheme proposed by Teichert et al. (1973). Moreover, in
these two publications, they suggested rather long strati-
graphical occurrences for each of the three separated spe-
cies, which should occur between “one to ten meters
below the base of the Lower Triassic Claraia beds”
(Bando 1979, p. 135). Interestingly, Bando (1979, p. 134),
who had 135 specimens of Paratirolites (in the wider
sense) from the Hambast Mountains, also did not provide
a scientific reason for following Teichert et al. (1973):
“The present writer also believes the Dzhulfites and Abi-
chites are synonymy of Paratirolites [sic]”.

In her compilation of the Permian ammonoid genera
and species, Leonova (2002) followed the view of She-
vyrev and accepted all of his genera and species. Our
investigation of the rich material from the north-
western Iranian localities (more than 300 specimens,
about 250 of which have been collected in situ) largely
supports the species concept for the paratirolitids as
proposed by Shevyrev (1965, 1968) and suggests that
the species richness for paratirolitids is higher. Our
material shows that the morphological characters
(conch shape, suture line and sculpture) show a strati-
graphical succession.

14 D. Korn et al.
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Genus Dzhulfites Shevyrev, 1965

Type species. Dzhulfites spinosus Shevyrev, 1965, by
original designation.

Included species. Dzhulfites hebes sp. nov. (North-west
Iran); Dzhulfites nodosus Shevyrev, 1965 (Azerbaijan);
Dzhulfites spinosus Shevyrev, 1965 (Azerbaijan); Dzhul-
fites zalensis sp. nov. (North-west Iran).

Diagnosis. Representatives of the family Dzhulfitidae
with moderately large to large conch; maximum adult
diameters are between 80 and 120 mm. Subadult stage
with trapezoidal whorl cross section, adult stage variable.
Subadult stage with small to large conical ventrolateral
nodes, adult stage with weakening sculpture. Suture line
with external lobe that does not reach the depth of the
adventive lobe; prongs of the external lobe simple or bifid.

Remarks. Shevyrev (1965) distinguished Dzhulfites and
Paratirolites by using the shape of the external lobe, which
was thought to be short with unserrated prongs in Dzhul-
fites but deep and serrated in Paratirolites. The two genera
were reported to be separated stratigraphically by a com-
plete ammonoid zone in which they were lacking; Dzhul-
fites was recorded well below the Paratirolites Limestone.
Our investigations revealed that Dzhulfites may possess
weakly subdivided prongs of the external lobe (Fig. 13A),
and representatives of Paratirolites with an unserrated
external lobe also occur in the Paratirolites Limestone,
particularly at its base. However, the depth of the external
lobe is a diagnostic character separating the two genera.

It might be argued that the secondary subdivision of the
external lobe is rather plastic and thus not a clear distin-
guishing criterion for the two genera, a view seemingly
corroborated by the occasional finding of paratirolitids
with an asymmetrical external lobe (see below, Abichites
subtrapezoidalis from the upper part of the Paratirolites
Limestone). However, our material from the base of the
Paratirolites Limestone demonstrates that conch shapes
and ornament are always correlated with distinct suture

lines and that all species of Paratirolites have a deep
external lobe. The depth of the external lobe is thus a sta-
ble character, and hence Dzhulfites is regarded as separa-
ble from Paratirolites.

In contrast to the statements given by Ruzhencev &
Shevyrev (1965) and Shevyrev (1965, 1968), but accord-
ing to our collections, it is clear that Dzhulfites still occurs
in the Paratirolites Limestone. However, the genus is
restricted to the lowest part of the rock unit and almost
reaches the lowest occurrence of the genus Paratirolites.

Dzhulfiites zalensis sp. nov.
(Fig. 14)

Derivation of name. Named after the type locality.

Holotype. MB.C.25176, Weyer collection 2002 (Fig. 14A).

Figure 13. Dzhulfites spinosus Shevyrev, 1965, suture lines. A,
MB.C.25174, Aras Valley, float; at 25.5 mm ww, 15.2 mm wh;
B, MB.C.25175, Aras Valley, float; at 17.5 mm ww, 10.0 mm
wh. Scale bars D 2 mm.

Figure 14. Dzhulfites zalensis sp. nov., holotype, MB.C.25176, Zal, ¡5.30 m. A, lateral and dorsal views; B, suture line at 18.7 mm ww,
16.3 mm wh; C, whorl cross section proportions Scale bars: A D 5 mm; B D 2mm.
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Type locality and horizon. Zal section; 5.30 m below
the top of the Paratirolites Limestone (Dzhulfites zalensis
Zone).

Material. Eighteen specimens (Aras Valley, Zal).

Diagnosis. Dzhulfites with a conch reaching 70 mm dm.
Subadult stage with trapezoidal, weakly depressed whorl
cross section (ww/wh D 1.25) and broadly arched venter;
15 coarse ribs ending in hook-shaped ventrolateral nodes
per volution. Adult stage with trapezoidal and weakly
depressed whorl cross section (ww/wh D 1.05), flat venter
and angular ventrolateral shoulder; without change of
sculpture. Prongs of the external lobe bifid; altogether
about 18 notches of the E, A and L lobes.

Description. Holotype is a partly corroded, incomplete
specimen with 58 mm conch diameter (Fig. 14A). Half of
the last volution belongs to the body chamber; of the
phragmocone, the last three chambers are visible showing
a closer spacing of the last two. The whorl profile is trape-
zoidal and weakly depressed (ww/wh D 1.05) with a flat
venter separated from the flanks by an angular ventrolat-
eral shoulder. The body chamber shows a sculpture with
seven coarse ribs per half volution. These ribs extend with
a slightly concave course across the flank and turn forward
and end in a hook-shaped node at the ventrolateral shoul-
der. The venter is smooth.

Only small parts of the suture line can be seen in the
holotype (Fig. 14B). They show the small external lobe
with bifid prongs and the much deeper, U-shaped adven-
tive lobe with numerous small denticles.

Remarks. Dzhulfites zalensis differs from the other spe-
cies of the genus in the narrower umbilicus, the
completely flat venter in the adult stage and the angular
ventrolateral shoulder. The ribs ending in hook-shape

ventrolateral nodes are another criterion and make a sepa-
ration from species of the genus Paratirolites easy.

Stratigraphical range. Paratirolites Limestone; 5.30 to
4.65 m below the extinction horizon (Dzhulfites zalensis
Zone).

Dzhulfiites hebes sp. nov.
(Fig. 15)

Derivation of name. After Latin hebes D blunt, referring
to the shape of the conical nodes.

Holotype. MB.C.25181 (Fig. 15A).

Type locality and horizon. Ali Bashi N section; 4.40 m
below the top of the Paratirolites Limestone (Dzhulfites
zalensis Zone).

Material. Two specimens from Ali Bashi N.

Diagnosis. Dzhulfites with a conch reaching 100 mm dm.
Subadult stage with oval, weakly depressed whorl cross
section (ww/wh D 1.35) and broadly rounded venter; 10
coarse conical lateral nodes per volution. Adult stage with
trapezoidal and weakly depressed whorl cross section
(ww/wh D 1.05), broadly rounded venter and rounded
ventrolateral shoulder; about 15 coarse ventrolateral
nodes. Prongs of the external lobe simple; altogether
about 24 notches of the E, A and L lobes.

Description. Holotype MB.C.25181 is a specimen with
conch diameter of 77 mm (Fig. 15A). The conch is discoi-
dal at the end of the phragmocone (56 mm dm) and pos-
sesses an oval weakly depressed whorl cross section (ww/
wh D 1.35) with broadly rounded venter. The sculpture
consists of coarse, rounded nodes with a position on the
midflank. There is no significant change in ornamentation
on the body chamber, which also shows coarse nodes but

Figure 15. Dzhulfites hebes sp. nov. A, lateral and dorsal views, holotype, MB.C.25181, Ali Bashi N, ¡4.40 m; B, suture line, paratype,
MB.C.25182, Ali Bashi N,¡4.40 m; at approximately 23 mm wh. C, whorl cross section proportions. Scale bars: AD 5 mm; BD 2 mm.
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with a position in a more ventrolateral direction. The body
chamber shows a transformation of the whorl profile
towards a trapezoidal shape with rounded venter.

Paratype MB.C.25182 (Ali Bashi N, ¡4.40 m) allows
the study of the ventral portion of the suture line
(Fig. 15B). It shows the short external lobe (about two-
thirds of the adventive lobe depth) with simple V-shaped
prongs. The adventive lobe is very narrow and almost par-
allel sided with numerous small denticles.

Remarks. Dzhulfites hebes differs from the other species
of Dzhulfites in the shape of the venter, which is broadly
rounded in the new species, but more or less flattened in
the others. Paratirolites kittli is a species with similar
conch morphology, but has the deep external lobe, which
is much shorter in Dzhulfites hebes.

Stratigraphical range. Paratirolites Limestone; 4.40 m
below the extinction horizon (upper part of the Dzhulfites
zalensis Zone).

Genus Paratirolites Stoyanow, 1910

Type species. Paratirolites kittli Stoyanow, 1910, by
original designation.

Included species. Paratirolites birunii sp. nov. (North-
west Iran); Paratirolites coronatus sp. nov. (North-west
Iran); Paratirolites kittli Stoyanow, 1910 (Azerbaijan);
Paratirolites multiconus sp. nov. (North-west Iran); Para-
tirolites quadratus sp. nov. (North-west Iran; Paratirolites
serus sp. nov. (North-west Iran); Paratirolites trapezoida-
lis Shevyrev, 1965 (Azerbaijan); Paratirolites vediensis
Shevyrev, 1965 (Armenia); Stephanites (?) waageni
Stoyanow, 1910 (Azerbaijan) (synonym of Paratirolites
kittli Stoyanow, 1910); Paratirolites compressus Ehiro,
1996 (Japan); Xenodiscus douvillei Diener, 1914
(Madagascar).

Diagnosis. Representatives of the family Dzhulfitidae
with moderately large to very large conch; maximum
adult diameters are between 60 and 250 mm. Adult stage
with trapezoidal whorl cross section. Subadult stage with
large conical ventrolateral nodes; adult stage with signifi-
cantly weakening sculpture. Suture line with deep external
lobe; the depths of external lobe and adventive lobe are
nearly identical.

Remarks. The continuous nature of conch, suture and
ornament characters within the family Dzhulfitidae make
an unequivocal definition of the genus Paratirolites rather
difficult. The distribution of characters within the species
of the family Dzhulfitidae let us assume that Paratirolites
is paraphyletic, from which the genera Alibashites, Stoya-
nowites and Abichites derived. Therefore, the genus Para-
tirolites will here be defined by the use of some key
characters but also by the absence of other features.

The main characters of the genus Paratirolites are the
following:

1. The subadult stage is characterized by the presence
of a trapezoidal, weakly to moderately depressed
whorl cross section (ww/wh D 1.10!1.80) with pro-
nounced ventrolateral shoulder and more or less flat-
tened venter.

2. The adult stage has a trapezoidal whorl cross
section.

3. The subadult stage possesses a sculpture with 10 to
20 pronounced conical ventrolateral nodes per
volution.

4. The sculpture becomes strikingly weaker on the
adult body chamber; the nodes become much less
dominant or even disappear on the mature body
chamber.

5. The suture line possesses a deep external lobe; the
external lobe is as deep as the adventive lobe or
even deeper.

Shevyrev (1965, 1968) separated Paratirolites from
Dzhulfites on the basis of the suture lines. Dzhulfites was
thought to possess a shallow external lobe with unsubdi-
vided prongs, while Paratirolites should have an external
lobe with serrated prongs. The strictly in-situ collected
new material demonstrates that such a separation is prob-
lematic for several reasons:

1. Some specimens within the family Dzhulfitidae
show asymmetrical suture lines; it is not uncommon
that one prong is simple and the other one bifid.

2. Morphologically very similar specimens may differ
rather widely; unsubdivided and serrated prongs of
the external lobe may occur in the same horizons.

3. The complexity of the suture lines within the family
Dzhulfitidae displays a distinct temporal pattern;
stratigraphically older and also younger species tend
to possess simple external lobes, while species in
the middle portion of the Paratirolites Limestone
show a stronger serration.

In summary, Paratirolites differs from the other genera
of the family Dzhulfitidae as follows:

1. Dzhulfites possesses a shorter external lobe, which
does not reach the depth of the adventive lobe. This
is in contrast to Paratirolites, which shows an exter-
nal lobe as deep as the adventive lobe or even
deeper. This appears to be the only criterion to sepa-
rate the two genera.

2. Stoyanowites also shows a shallow external lobe
(like Dzhulfites) and has a much weaker sculpture
without conical ventrolateral nodes in the subadult
stage.

Ammonoids from the Late Permian Paratirolites Limestone 17
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3. Alibashites has an intermediate morphological posi-
tion between Paratirolites and Abichites. It pos-
sesses the subadult sculpture with conical
ventrolateral nodes of Paratirolites, but lacks the
trapezoidal whorl profile of that genus. The species
of Alibashites still possess conical nodes in the sub-
adult stage, but species of the genus show a subtra-
pezoidal or quadrate whorl cross section in the adult
stage.

4. Abichites occurs in the upper portion of the Paratir-
olites Limestone and can be interpreted as descen-
dent from Paratirolites, morphologically and
stratigraphically. Abichites has a subadult and adult
conch morphology with a rectangular or oval whorl
profile and does not show the strong ventrolateral
nodes developed in Paratirolites and Alibashites.

5. Paratirolites compressus Ehiro, 1966 from the Kita-
kami Massif of Japan is based on poorly preserved
material, which cannot be attributed to Paratirolites
with certainty.

6. Xenodiscus Douvillei Diener, 1914 from Madagas-
car is also described from insufficiently preserved
material. The species was intensely discussed by
Tozer (1969), who concluded that it is a Permian
species belonging to Paratirolites. However, the
shape of the conch with the angular coiling of
the comparatively rather narrow umbilicus and the
sculpture composed of a few conical nodes makes a
placement in the Early Triassic genus Tirolites more
likely.

Paratirolites trapezoidalis Shevyrev, 1965
(Fig. 16)

1965 Paratirolites trapezoidalis Shevyrev: 177, pl. 24, fig. 1.
1968 Paratirolites trapezoidalis Shevyrev; Shevyrev: 92,

pl. 4, fig. 1.
2014b Paratirolites trapezoidalis Shevyrev; Korn in Gha-

deri et al.: text-fig. 7E.

Holotype. PIN 1252/129; illustrated by Shevyrev (1965,
pl. 24, fig. 1).

Type locality and horizon. Dorasham 2 (Azerbaijan);
Paratirolites Limestone.

Material. Twelve specimens (Aras Valley, Ali Bashi N,
Ali Bashi 4).

Diagnosis. Paratirolites with a conch reaching 120 mm
dm. Subadult stage with trapezoidal, depressed whorl
cross section (ww/wh D 1.50) and flattened, slightly tecti-
form venter; 10!12 coarse ribs, which end in coarse coni-
cal ventrolateral nodes, per volution. Adult stage with
strongly trapezoidal and weakly depressed whorl cross
section (ww/wh D 1.40), flattened venter and angular ven-
trolateral shoulder; weak straight riblets and numerous

small ventrolateral nodes. Prongs of the external lobe usu-
ally unsubdivided; altogether 12!16 notches of the E, A
and L lobes.

Description. Specimen MB.C.25183 (Ali Bashi 4, ¡3.20
m) is a fragmentary, slightly deformed specimen of
84 mm conch diameter; three-quarters of a volution of the
body chamber as well as small parts of the phragmocone
are preserved (Fig. 16A). The conch is thinly discoidal
and subevolute in the last volution (ww/dm D 0.45; uw/
dmD 0.35) and shows a ventrally weakly depressed trape-
zoidal whorl cross section (ww/wh D 1.40) with an angu-
lar ventrolateral shoulder. This separates the flanks from
the flattened venter, which possesses a very shallow keel.
The phragmocone shows a trapezoidal whorl cross section
and prominent conical ventrolateral nodes (about six per
half volution). These nodes become rapidly much weaker
on the adult body chamber; here they originate from
rounded and shallow, straight riblets. These riblets are
strongest on the outer flanks; on the venter they are barely
visible and extend with a broad semicircular projection.
About 10 of these ribs and nodes can be counted on half a
volution.

The suture line of specimen MB.C.25183, drawn at a
whorl height of 16 mm (corresponding to a phragmocone
diameter of about 45 mm), shows a parallel-sided external
lobe with narrow V-shaped asymmetric prongs (Fig. 16E).
The wide venter accommodates the nearly symmetric,
parallel-sided ventrolateral saddle and the slightly asym-
metrical, strongly serrated adventive lobe, in which the
lobe base has a semicircular outline. In the serrated lateral
lobe, which has a position on the midflank, the base is
almost horizontal. It possesses four small notches and has
diverging flanks.

Specimen MB.C.25184 (Ali Bashi N, ¡3.45 m) is an
immature individual with 54 mm conch diameter, of
which the last half volution belongs to the body chamber
(Fig. 16B). The conch is thinly discoidal and subevolute
in the last volution (ww/dm D 0.45; uw/dm D 0.43) and
possesses a weakly depressed trapezoidal whorl cross
section (ww/wh D 1.40) with flattened diverging flanks, a
subangular ventrolateral shoulder and a broadly rounded
venter. The last volution possesses 11 strong ventrolateral
nodes, which positions do not correspond on both sides of
the conch.

The suture line of specimen MB.C.25184 (drawn at
10.5 mm whorl height; about 33 mm phragmocone diame-
ter) has a parallel-sided external lobe with nearly symmet-
rical prongs that possess two small notches (Fig. 16F).
The ventrolateral saddle is tongue-shaped and nearly sym-
metrical. The asymmetrical adventive lobe is almost as
deep as the external lobe; it is much deeper on the dorsal
side and possesses about seven little notches.

Remarks. Paratirolites trapezoidalis differs from P. bir-
unii in the much wider whorl cross section in the adult
stage at 80 mm dm (ww/wh D 1.40 in P. trapezoidalis but

18 D. Korn et al.
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only 0.80 in P. birunii). Paratirolites vediensis has a simi-
lar conch shape, but differs from P. trapezoidalis in the
stronger ventrolateral nodes in the adult stage. Paratiro-
lites coronatus has an even wider whorl cross section
(ww/wh D 1.60!1.80 in P. coronatus but only 1.40 in
P. trapezoidalis); the species has also less coarse but more

numerous ventrolateral nodes in the subadult stage (15 in
P. coronatus but only 10 in P. trapezoidalis).

A superficially similar species is the stratigraphically
older Dzhulfites spinosus, which has the same conch shape
and sculpture in the subadult growth stage. The two spe-
cies, however, are easily separable by the depth of the

Figure 16. Paratirolites trapezoidalis Shevyrev, 1965. A!D, lateral and dorsal views; A MB.C.25183, Ali Bashi 4, ¡3.20 m; B, MB.
C.25184, Ali Bashi N, ¡3.45 m; C, MB.C.25185, Ali Bashi N, float; D, MB.C.25186, Ali Bashi N, ¡2.95 m. E, F, suture lines; E, MB.
C.25183, at 38.0 mm ww, 16.6 mm wh; F, MB.C.25184, at 19.5 mm ww, 10.6 mm wh, £ 2.5. G, whorl cross section proportions. Scale
bars: A!D D 5 mm; E, F D 2 mm.
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external lobe; in P. trapezoidalis it is as deep as the adven-
tive lobe but in D. spinosus much shallower.

Stratigraphical range. Paratirolites Limestone; 4.10 to
3.05 m below the extinction horizon (Paratirolites trape-
zoidalis Zone and lower part of the Paratirolites kittli
Zone).

Paratirolites coronatus sp. nov.
(Figs 17, 18)

Derivation of name. From Latin corona D crown,
because of the shape of the whorl profile.

Holotype. MB.C.25195 (Fig. 17A).

Type locality and horizon. Aras Valley section; 2.90 m
below the top of the Paratirolites Limestone (Paratiro-
lites kittli Zone).

Material. Five specimens (Aras Valley, Ali Bashi N).

Diagnosis. Paratirolites with a conch reaching 125 mm
dm. Subadult stage with trapezoidal, moderately
depressed whorl cross section (ww/wh D 1.60!1.80) and
flattened tectiform venter; 15 coarse conical ventrolateral
nodes per volution. Adult stage with extremely trapezoi-
dal and moderately depressed whorl cross section (ww/wh
D 1.60!1.90), flattened tectiform venter and subangular
ventrolateral shoulder; weak ventrolateral nodes. Prongs
of the external lobe trifid or multiply serrated; altogether
11!24 notches of the E, A and L lobes.

Description. Holotype MB.C.25195 is a rather well-pre-
served specimen with 77 mm conch diameter (Fig. 17A).
It shows the partly weathered body chamber (last half vol-
ution) and about half of a volution of the phragmocone.
The conch is pachyconic and subevolute in the last volu-
tion (ww/dm D 0.69; uw/dm D 0.41), and possesses a

ventrally moderately depressed trapezoidal whorl cross
section (ww/wh D 1.72). During the last half volution, a
significant widening of the whorl can be recorded; at
56 mm dm the ww/dm ratio is only 0.56 (ww/wh D 1.72).
The specimen shows flat, strongly diverging flanks, which
are separated from the slightly curved venter by an angu-
lar ventrolateral shoulder. The sculpture changes signifi-
cantly on the last preserved volution; the first 300" show
shallow ribs on the flank, which end in conical ventrolat-
eral nodes, but the last 60" display a sudden weakening of
the ribs. The ventrolateral nodes are very small in this
growth stage.

Figure 17. Paratirolites coronatus sp. nov. A, lateral and dorsal views, holotype, MB.C.25195, Aras Valley, ¡2.90 m; B, whorl cross
section proportions. Scale bar D 5 mm.

Figure 18. Paratirolites coronatus sp. nov., suture lines. A,MB.
C.25196, Aras Valley, float; at 18.0 mm wh; B, holotype, MB.
C.25195, Aras Valley, ¡2.90 m; at 31.5 mm ww, 17.3 mm wh;
C, MB.C.25197, Aras Valley, ¡3.55 m; at 15.8 mm wh. Scale
bars D 2 mm.
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The suture line of holotype MB.C.25195 (at 17 mm
whorl height; about 55 mm phragmocone diameter)
shows a narrow external lobe with parallel flanks and
asymmetrical prongs that show two little additional
notches on their ventral flank (Fig. 18B). The symmet-
ric ventrolateral saddle is rather narrow and continu-
ously rounded. The adventive lobe is asymmetrical and
much deeper on the dorsal side; it possesses four rather
large notches.

The suture lines drawn from several specimens demon-
strate a wide morphological range in general shape and
degree of secondary subdivision of individual elements
(Fig. 18). Specimen MB.C.25196 (Aras Valley, float; at
approximately 47 mm dm) possesses a deep V-shaped
external lobe with strongly serrated prongs, while this
lobe is small and short in specimen MB.C.25197 (Aras
Valley, ¡3.55 m; at approximately 44 mm dm). In the lat-
ter, the prongs possess only three small notches.

Remarks. Paratirolites coronatus is the paratirolitid
with the widest conch, resulting from the coronate ventro-
lateral shoulder. Therefore, it cannot be confused with
any other species. Paratirolites coronatus differs from
P. vediensis and the other species in the more strongly
trapezoidal whorl cross section of the adult stage.

Stratigraphical range. Paratirolites Limestone; 3.55 to
2.90 m below the extinction horizon (uppermost part of
the Paratirolites trapezoidalis Zone and lower part of the
Paratirolites kittli Zone).

Paratirolites birunii sp. nov.
(Fig. 19)

Derivation of name. After Abu al-Rayhan Muhammad
ibn Ahmad al-Biruni (973!1048), a Persian Muslim
scholar and polymath from the Khwarezm region.

Holotype. MB.C.25200 (Fig. 19A).

Type locality and horizon. Ali Bashi 4 section; 3.20 m
below the top of the Paratirolites Limestone (Paratiro-
lites kittli Zone).

Material. Ten specimens (Aras Valley, Ali Bashi N, Ali
Bashi 4).

Diagnosis. Paratirolites with a conch reaching 115 mm
dm. Subadult stage with trapezoidal, weakly depressed
whorl cross section (ww/wh D 1.35) and broadly rounded
venter; 10 strong ventrolateral nodes per volution. Adult
stage with trapezoidal and weakly compressed whorl cross
section (ww/wh D 0.80), slightly flattened tectiform

Figure 19. Paratirolites birunii sp. nov. A, holotype, MB.C.25200, Ali Bashi 4, ¡3.20 m; B, paratype, MB.C.25201, Ali Bashi N,
¡3.35 m; at 30.0 mm ww, 15.6 mm wh; C, whorl cross section proportions. Scale bars: A D 5 mm; B D 2 mm.
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venter and subangular ventrolateral shoulder; numerous
small ventrolateral nodes. Prongs of the external lobe sim-
ple or bifid; altogether 12!14 notches of the E, A and L
lobes.

Description. Holotype MB.C.25200 is a more or less
complete but somewhat corroded specimen with 82 mm
conch diameter; preserved in the specimen are the partly
weathered body chamber and the last two and a half
whorls of the phragmocone (Fig. 19A). The conch is
thinly discoidal and subevolute in the last volution (ww/
dm D 0.29; uw/dm D 0.41) and possesses a laterally com-
pressed trapezoidal whorl cross section (ww/wh D 0.79)
with a subangular ventrolateral shoulder and a flattened
venter. In the penultimate volution, prominent conical
ventrolateral nodes (about five per half volution) are the
dominant sculpture elements; these become rapidly much
weaker and more densely spaced on the adult body cham-
ber (about 20 per half volution).

Paratype MB.C.25201 (Ali Bashi N, !3.35 m) shows a
suture line with a narrow, Y-shaped external lobe at a
whorl height of 16 mm (corresponding to a phragmocone
diameter of about 45 mm). Its flanks are almost parallel in
the lower part and diverge strongly in the upper half; the
prongs of the external lobe are very narrow and lanceo-
late. The wide venter accommodates the asymmetrical,
dorsally slightly inclined ventrolateral saddle and the
asymmetrical, strongly serrated adventive lobe that is
deeper on its dorsal side. The lateral and umbilical lobes,
both on the inner half of the flank, are much smaller than
the adventive lobe and are also strongly serrated
(Fig. 19B).

Remarks. Paratirolites birunii differs from P. trapezoi-
dalis in the much narrower whorl cross section of the adult
stage at 80 mm dm (ww/wh D 0.80 in P. birunii but 1.40
in P. trapezoidalis). The species differs from P. kittli,
which shows similar conch proportions, in the coarser and
fewer conical nodes (10 in P. birunii but 20 in P. kittli) of
the subadult stage.

Stratigraphical range. Paratirolites Limestone; 3.35 to
2.70 m below the extinction horizon (Paratirolites kittli
Zone).

Paratirolites kittli Stoyanow, 1910
(Figs 20!22)

1910 Paratirolites kittli Stoyanow: 82, pl. 9, figs 1, 2.
1910 Stephanites? waageni Stoyanow: 89, pl. 8, fig. 3.
?1910 Stephanites sp. indet. Stoyanow: 89, pl. 7, fig. 8.
1934 Paratirolites kittli Stoyanow; Spath: 366, text-fig.

125a!d.
1934 Paratirolites waageni (Stoyanow); Spath: 367.
1947 Paratirolites kittli Stoyanow; Voinova et al.: 169, pl.

40, fig. 4, text-fig. 67.

Figure 20. Paratirolites kittli Stoyanow, 1910, lateral and dor-
sal views of MB.C.25210, Ali Bashi N, ¡2.65 m. Scale bar D
5 mm.

Figure 21. Paratirolites kittli Stoyanow, 1910, suture lines. A,
MB.C.25215, Aras Valley, ¡2.65 m; at 55.8 mm dm, 20.2 mm
wh; B, MB.C.25211, Aras Valley, float; at 17.8 mm wh; C, MB.
C.25212, Aras Valley, ¡3.30 m; at 21.0 mm ww, 16.7 mm wh;
D, MB.C.25213, Ali Bashi N, ¡2.95 m; at 15.5 mm wh; E, MB.
C.25216, Ali Bashi N, ¡3.10 m; at 39.7 mm dm, 18.7 mm ww,
13.9 mm wh. Scale bars D 2 mm.

22 D. Korn et al.
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1947 Stephanites? waageni (Stoyanow); Voinova et al.:
167, pl. 40, fig. 3.

1957 Paratirolites kittli Stoyanow; Kummel: 179, text-fig.
1a, b.

1958 Paratirolites kittli Stoyanow; Voinova et al., pl. 8,
fig. 5a, b.

1965 Paratirolites kittli Stoyanow; Shevyrev: 174, pl. 22,
fig. 4.

1965 Paratirolites waageni (Stoyanow); Shevyrev: 175,
pl. 22, figs 5, 6.

1968 Paratirolites kittli Stoyanow; Shevyrev: 90, pl. 3,
fig. 1.

1968 Paratirolites waageni (Stoyanow); Shevyrev: 90, pl.
2, figs 6, 7.

1983 Pseudotirolites azariani Rostovcev in Zakharov:
154, pl. 15, fig. 5.

Lectotype. The specimen figured by Stoyanow (1910, pl.
9, fig. 1).

Type locality and horizon. Dorasham (Azerbaijan);
Paratirolites Limestone.

Material. Fifty-four specimens (Aras Valley, Ali Bashi
N, Ali Bashi 4).

Diagnosis. Paratirolites with a conch reaching 190 mm
dm. Subadult stage with rounded trapezoidal, weakly to
moderately depressed whorl cross section (ww/wh D

1.30!1.60) and rounded venter; 10!12 very coarse ven-
trolateral nodes per volution. Adult stage with strongly
trapezoidal and weakly depressed whorl cross section
(ww/whD 1.00!1.30), flattened tectiform venter and sub-
angular ventrolateral shoulder; weak ventrolateral nodes.
Prongs of the external lobe usually multiply serrated; alto-
gether 12!21 notches of the E, A and L lobes.

Description. Specimen MB.C.25210 (Ali Bashi N,
¡2.65 m) is a more or less complete specimen with
140 mm conch diameter. Its body chamber is strongly
weathered but the last two volutions of the phragmocone
are rather well preserved (Fig. 20). The conch is thinly
discoidal and subevolute in the last volution (ww/dm D
0.40; uw/dm D 0.42) and shows a weakly depressed trape-
zoidal whorl cross section (ww/wh D 1.12) with flattened
diverging flanks, a subangular ventrolateral shoulder and
a broadly rounded venter. A similar whorl cross section
can also be seen in the subadult stage at about 60 mm
conch diameter. Particularly the penultimate volution (up
to 60 mm dm) displays prominent conical ventrolateral
nodes (10 per volution); these nodes become weaker and
more densely spaced on the last preserved volution.

Specimen MB.C.25217 (Ali Bashi N, ¡3.35 m) is
another rather complete specimen with 132 mm conch
diameter; it also has a strongly corroded body chamber.
The conch is thinly discoidal and subevolute in the last
volution (ww/dm D 0.42; uw/dm D 0.43) and possesses a

Figure 22. Paratirolites kittli Stoyanow, 1910. A!C, lateral and dorsal views; A, MB.C.25214, Ali Bashi N,¡3.30 m; B,MB.C.25215,
Aras Valley, ¡2.65 m; C,MB.C.25216, Ali Bashi N, ¡3.10 m. D, whorl cross section. Scale bars D 5 mm.
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weakly depressed trapezoidal whorl cross section (ww/wh
D 1.27). The flanks are flattened and diverge strongly;
they are separated from the slightly flattened venter by a
subangular ventrolateral shoulder. Strong ventrolateral
nodes are developed up to a conch diameter of about 96
mm; they are particularly prominent on the penultimate
volution (10 per volution). On the last preserved volution
these nodes become significantly weaker.

The suture line of specimen MB.C.25212 (Aras Valley,
¡3.30 m; drawn at 16.7 mm whorl height, referring to
about 50 mm phragmocone diameter) shows strong serra-
tion of the external, adventive and lateral lobes
(Fig. 21C). This serration is much more prominent than in
most other representatives of the genus and affects not
only the lobe bases but migrates upwards to their flanks
with the presence of very small notches. The external lobe
is parallel sided and the adjacent ventrolateral saddle is
narrower than the strongly serrated adventive lobe.

The small specimen MB.C.25216 (Ali Bashi N, ¡3.10
m) provides insight into the morphology of the intermedi-
ate growth stage (Fig. 22C). It has 40 mm conch diameter
and possesses a moderately depressed whorl cross section
(ww/wh D 1.54) with a broadly rounded venter. Ten
coarse conical nodes are present on the midflank and
migrate, on the last preserved volution, towards the ven-
trolateral area.

In the suture line of specimen MB.C.25216 (drawn at
40 mm phragmocone dm), the external lobe is remarkable
because it possesses converging flanks and it is much
deeper than the adventive lobe (Fig. 21E). Its prongs are
slightly pouched and serrated with small notches at the
base. The wide venter accommodates the parallel-sided,
rounded ventrolateral saddle and the asymmetrical adven-
tive lobe, which shows deeper notches on its dorsal side.

Remarks. Paratirolites kittli differs from the otherwise
similar P. vediensis in the more rounded whorl cross sec-
tion of the subadult stage, which in the latter is trapezoidal
with a flattened venter and flattened diverging flanks.

The figure provided by Stoyanow (1910, pl. 9, figs 1, 2)
shows a paratirolitid ammonoid, which has, at about
40 mm conch diameter, small and pointed ventrolateral
nodes. In this large number of nodes, P. kittli differs from
the other species of Paratirolites, which have a lower num-
ber of coarser, conical nodes. Stoyanow’s figure shows a
suture line with two notches of the prongs in the external
lobe, which agrees with the material described here.

Shevyrev (1965, 1968) figured a specimen with 75 mm
conch diameter. This specimen has 10 coarse ventrolateral
nodes, and in this respect is dissimilar to the original
description of P. kittli. It probably belongs to another
species.

Stoyanow (1910) had only one fragment of his species
Stephanites? waageni. Despite this limited original mate-
rial, a rather good characterization of this species was

provided. The figured specimen is a fragment of the
phragmocone with a whorl height of 22 mm, meaning that
the total diameter of the conch including the body cham-
ber was at least 110 mm. It shows a ventrally depressed
whorl profile with convex flanks and a broadly rounded
venter. The flank shows sharp ribs, which produce sharp
conical nodes in the midflank area. With this morphologi-
cal inventory, it can be attributed to P. kittli with some
certainty.

Shevyrev (1965) had 24 specimens, making it the most
common species of the genus. He published three suture
lines, all of which show less strongly serrated lobes when
compared with the new material described here.

Stratigraphical range. Paratirolites Limestone; 3.35 to
1.55 m below the extinction horizon (Paratirolites kittli
Zone to Alibashites mojsisovicsi Zone).

Paratirolites vediensis Shevyrev, 1965
(Figs 23, 24)

Figure 23. Paratirolites vediensis Shevyrev, 1965, lateral and
dorsal views. A, MB.C.25264, Ali Bashi N, ¡2.65 m; B, MB.
C.25265, Aras Valley, ¡3.05 m. Scale bars D 5 mm.

24 D. Korn et al.
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1965 Paratirolites vediensis Shevyrev: 176, pl. 23, fig. 1.
1968 Paratirolites vediensis Shevyrev; Shevyrev: 92, pl.

5, fig. 1.
1969 Paratirolites vediensis Shevyrev; Stepanov et al., pl.

13, fig. 5.
2014b Paratirolites vediensis Shevyrev; Korn in Ghaderi

et al., text-fig. 7G.

Holotype. PIN 1478/2; illustrated by Shevyrev (1965, pl.
23, fig. 1).

Type locality and horizon. Vedi (Armenia); Paratiro-
lites Limestone.

Material. Thirty-two specimens (Aras Valley, Ali Bashi
N).

Diagnosis. Paratirolites with a conch reaching 250 mm
dm. Subadult stage with trapezoidal, weakly depressed
whorl cross section (ww/wh D 1.20!1.50) and flattened
tectiform venter; 10!15 coarse ventrolateral nodes per

volution. Adult stage with strongly trapezoidal and
weakly depressed whorl cross section (ww/wh D
1.00!1.20), flattened tectiform venter and angular ventro-
lateral shoulder; weak ventrolateral nodes. Prongs of the
external lobe usually multiply serrated; altogether 14!20
notches of the E, A and L lobes.

Description. Specimen MB.C.25264 (Ali Bashi N,
¡2.65 m) is an incomplete specimen with 112 mm conch
diameter; preserved are one-third of the strongly weath-
ered body chamber and two volutions of the phragmocone
(Fig. 23A). The specimen is, because of strong weather-
ing, only preserved from one side. The conch is thinly dis-
coidal and subevolute at 86 mm dm (ww/dm D 0.42; uw/
dm D 0.44) and possesses a weakly depressed trapezoidal
whorl cross section (ww/wh D 1.49). The flanks are flat-
tened and diverge strongly; they are separated from the
slightly flattened venter by a subangular ventrolateral
shoulder. Strong ventrolateral nodes are developed up to a

Figure 24. Paratirolites vediensis Shevyrev, 1965. A, B, lateral and dorsal views; A, MB.C.25266, Aras Valley, float; B, MB.C.25267,
Ali Bashi N, ¡3.10 m. C!E, suture lines; C, MB.C.25268, Ali Bashi N, ¡2.65 m; at 20.5 mm wh; D, MB.C.25267, Ali Bashi N, 3.10
m; at 48.4 mm dm, 23.2 mm ww, 18.0 mm wh; E, MB.C.25266, Aras Valley, float; at 45.9 mm dm, 15.2 mm wh. F, whorl cross section
proportions. Scale bars: A, B D 5 mm; C!E D 2 mm.
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conch diameter of about 85 mm; they are particularly
prominent on the penultimate volution (10 per volution).
On the last preserved volution these nodes become signifi-
cantly weaker.

Specimen MB.C.25265 (Aras Valley, ¡3.05 m) has
117 mm conch diameter and closely resembles specimen
MB.C.25264 in conch shape and sculpture. Its body
chamber is less weathered and shows 12 weak ventrolat-
eral nodes per half volution (Fig. 23B).

Specimen MB.C.25266 (Aras Valley, float) is a rather
well preserved specimen with 66 mm conch diameter. It
shows a strongly trapezoidal whorl cross section with
slightly flattened, tectiform venter. The sculpture consists
of coarse and pointed ventrolateral spines, which develop
out of ribs on the flank (Fig. 24A). The suture line of the
specimen shows a rather strongly serrated external lobe
with slightly asymmetric prongs; the external lobe is
deeper than the adventive lobe (Fig. 24E).

The suture line of specimen MB.C.25268 (Ali Bashi N,
¡2.65 m) has, at 22 mm whorl height (corresponding to
60 mm phragmocone diameter), a parallel-sided external
lobe with narrow parallel-sided prongs that are strongly
serrated at the base (Fig. 24C). The ventrolateral saddle
appears to be slightly inflated and is broadly rounded; it is
wider than the strongly serrated adventive lobe. A fine ser-
ration with a number of little notches can also be seen in
the lateral and umbilical lobes, of which the latter has a
position at the umbilical seam.

Remarks. Paratirolites vediensis differs from P. waageni
in the strongly trapezoidal whorl cross section with flattened
venter of the subadult stage, which shows a rounded venter
in P. waageni. It differs from P. trapezoidalis, which pos-
sesses a very similar conch geometry, in the much coarser
ribs of the adult stage (which in P. trapezoidalis are much
more numerous and delicate), and in the stronger serrated
prongs of the external lobes (usually multiply serrated in P.
vediensis, but simple or bifid in P. trapezoidalis).

Shevyrev (1965) based his new species on only one
specimen, but the newly collected specimens confirm his

idea for a separation. In most cases, separation from the
otherwise similar P. waageni is rather easy and justifies
the introduction of this species.

Stratigraphical range. Paratirolites Limestone; 3.30 to
2.10 m below the extinction horizon (Paratirolites kittli
Zone to lower part of the Stoyanowites dieneri Zone).

Paratirolites quadratus sp. nov.
(Fig. 25)

Derivation of name. After the nearly quadrate whorl
profile of the adult stage.

Holotype. MB.C.25296 (Fig. 25A).

Type locality and horizon. Ali Bashi N section; 1.70 m
below the top of the Paratirolites Limestone (Stoyano-
wites dieneri Zone).

Material. Two specimens (Aras Valley).

Diagnosis. Paratirolites with a conch reaching 90 mm
dm. Subadult stage with trapezoidal, weakly depressed
whorl cross section (ww/wh D 1.35) and broadly rounded
venter; about 12 ribs ending in spiny ventrolateral nodes.
Adult stage with weakly trapezoidal to nearly quadrate
and weakly depressed whorl cross section (ww/wh D
1.20), weakly concave venter and angular ventrolateral
shoulder; coarse and shallow ribs on the flanks. Prongs of
the external lobe multiply serrated; altogether about 17
notches of the E, A and L lobes.

Description. Holotype MB.C.25296 is a well-preserved
specimen with 62 mm conch diameter; preserved are a
part of the body chamber (half of the last volution) and
the last three volutions of the phragmocone (Fig. 25A).
The conch is thinly discoidal and subevolute in the last
volution (ww/dm D 0.40; uw/dm D 0.39). It shows a sub-
trapezoidal, ventrally depressed whorl cross section (ww/
wh D 1.21) at the largest diameter. The specimen shows a
narrow and oblique umbilical wall and slightly concave

Figure 25. Paratirolites quadratus sp. nov., holotype, MB.C.25296, Ali Bashi N, ¡1.70 m. A, lateral and dorsal views; B, suture line at
30.8 mm ww, 13.9 mm wh; C, whorl cross section proportions. Scale bars: A D 5 mm; B D 2 mm.
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and diverging flanks, which are separated from the flat-
tened, slightly concave venter by an angular margin. The
sculpture of the juvenile stage (up to 12 mm dm) consists
of rounded ribs, which become more pronounced during
ontogeny. At 22 mm dm, these ribs develop spiny ventro-
lateral nodes, of which 10 can be counted for one volution
(up to 49 mm dm). At a larger diameter (above 49 mm
dm), these ventrolateral nodes are weakened but the ribs
produce sharp dorsolateral nodes.

The suture line, drawn at 14 mm whorl height (represent-
ing about 40 mm phragmocone diameter) of the holotype
possesses a parallel-sided external lobe with narrow prongs
that display two narrow notches (Fig. 25B). The ventrolat-
eral saddle has a slightly bulbous shape and is slightly asym-
metrical and dorsally inclined. On the venter follows an
asymmetrical adventive lobe with seven little notches.

Remarks. Paratirolites quadratus differs from the other
species of Paratirolites in the slightly trapezoidal, nearly
quadrate whorl profile in the adult conch and the very
long, spiny ventrolateral nodes.

Stratigraphical range. Paratirolites Limestone; 1.70 m
below the extinction horizon (Stoyanowites dieneri Zone).

Paratirolites multiconus sp. nov.
(Fig. 26)

Derivation of name. From Latin multi D many, and
conus D cone, because of the large number of ventrolat-
eral nodes.

Holotype. MB.C.25298 (Fig. 26A).

Type locality and horizon. Dorasham (Azerbaijan);
Paratirolites Limestone.

Material. Two specimens (Aras Valley, Ali Bashi N).

Diagnosis. Paratirolites with a conch reaching 100 mm
dm. Subadult stage with trapezoidal, weakly depressed
whorl cross section (ww/wh D 1.10) and rounded venter;
20 weak ribs, which end in conical ventrolateral nodes, per
volution. Adult stage with slightly trapezoidal and weakly
compressed whorl cross section (ww/wh »0.85), rounded
venter and narrowly rounded ventrolateral shoulder; numer-
ous small ventrolateral nodes. Prongs of the external lobe
multiply serrated; about 18 notches of the E, A and L lobes.

Description. Specimen MB.C.25298 (Ali Bashi N,
¡1.10 m) is unfortunately a somewhat corroded speci-
men, but nevertheless shows a number of characters
(Fig. 26A). It has a diameter of 82 mm, and more than
half of the last volution belongs to the body chamber. The
phragmocone shows a trapezoidal whorl cross section
with broadly rounded venter; it is ornamented with ribs,
which become stronger with distance to the umbilicus and
end in conical ventrolateral nodes. About 20 such ribs

Figure 26. Paratirolites multiconus sp. nov. A, B, lateral and dorsal views; A, holotype, MB.C.25298, Ali Bashi N, ¡1.10; B, paratype,
MB.C.25299, Aras Valley, ¡1.15 m; C, holotype, MB.C.25298, suture line at 16.5 mm wh. D, whorl cross section proportions. Scale
bars: A, B D 5 mm; C D 2 mm.
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occupy the flanks of one volution. The ribs become much
finer on the adult body chamber, where they are visible as
numerous (about 25 per half volution) weak riblets ending
in small ventrolateral nodes.

The suture line of specimen MB.C.25298 (drawn at
16.5 mm wh, corresponding to a phragmocone diameter
of 55 mm) possesses an external lobe, which is pouched
in the lower half (Fig. 26C). Its prongs are slightly asym-
metrical, being bifid and trifid with small secondary
notches. The adventive and lateral lobes are strongly ser-
rated with six small notches each.

The smaller specimen MB.C.25299 (Ali Bashi N,
¡1.15 m) is also not very well preserved. It has, at 49 mm
conch diameter, a thinly discoidal and subevolute shape
(ww/dm D 0.36; uw/dm D 0.43) with a trapezoidal whorl
cross section (ww/wh D 1.06) and a rounded venter. It
possesses 20 weak ribs on the last preserved volution;
these ribs form slightly elongate ventrolateral nodes
(Fig. 26B). The venter is smooth.

Remarks. Paratirolites multiconus differs from the other
species of Paratirolites in the slender conch and the larger
number of ventrolateral nodes.

Stratigraphical range. Paratirolites Limestone; 1.15 to
1.10m below the extinction horizon (Abichites abichiZone).

Paratirolites serus sp. nov.
(Fig. 27)

Derivation of name. From Latin serus D late, because of
the high stratigraphical occurrence.

Holotype. MB.C.25300 (Fig. 27A).

Type locality and horizon. Ali Bashi N section, 0.65 m
below the top of the Paratirolites Limestone (Abichites
stoyanowi Zone).

Material. Five specimens (Aras Valley, Ali Bashi N, Ali
Bashi 1).

Diagnosis. Paratirolites with a conch reaching 80 mm
dm. Subadult stage with strongly trapezoidal, moderately
depressed whorl cross section (ww/wh D 1.60) and
rounded venter; 12 weak ribs, which end in coarse conical
ventrolateral nodes, per volution. Adult stage with slightly
trapezoidal and moderately depressed whorl cross section
(ww/wh D 1.60), flattened venter and angular ventrolat-
eral shoulder; numerous sharp ribs on the flank. Prongs of
the external lobe simple; altogether about eight notches of
the E, A and L lobes.

Description. Holotype MB.C.25300 (Ali Bashi N, ¡0.65
m) is an incomplete specimen with 51 mm conch diame-
ter; most of the specimen represents the phragmocone and
only about a quarter of the body chamber is preserved
(Fig. 27A). The maximum diameter of the phragmocone
is 40 mm; the conch is discoidal in this stage with a trape-
zoidal, weakly depressed whorl cross section (ww/wh D
1.30), which has a tectiform venter. The last volution of

Figure 27. Paratirolites serus sp. nov. A, B, lateral and dorsal views; A, holotype, MB.C.25300, Ali Bashi N, ¡0.65 m; B, paratype,
MB.C.25301, Ali Bashi N, ¡0.85 m. C, D, suture lines; C, holotype, MB.C.25300, at 10.5 mm wh; D, paratype, MB.C.25301, at
9.5 mm wh. E, whorl cross section proportions. Scale bars: A, B D 5 mm; C, D D 2 mm.
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the phragmocone is ornamented with 10 rounded ribs on
the flank, which end in coarse conical ventrolateral nodes.
These nodes become much weaker on the body chamber
and are replaced by elongate dorsolateral nodes.

The suture line of the holotype (drawn at 10.5 mm wh)
shows a rather narrow, parallel-sided external lobe, which
possesses narrowly V-shaped, unsubdivided prongs
(Fig. 27C). The inflated ventrolateral saddle is broadly
rounded, the adventive lobe possesses six notches and the
lateral lobe is bifid.

The smaller paratype MB.C.25301 (Ali Bashi N,
¡0.85 m) is fully chambered with 41 mm conch diameter.
It has a pentagonal whorl cross section with tectiform ven-
ter and diverging flanks (Fig. 27B). The ornament consists
of 10 conical ventrolateral nodes on the last phragmocone
volution, the penultimate volution possessing eight such
nodes. The suture line has an unsubdivided external lobe.

Remarks. Subadult specimens of Paratirolites serus
resemble some stratigraphically older species such as P.
waageni and particularly P. vediensis. The new species
differs from these in the smaller conch diameter (40 mm
maximum phragmocone diameter in contrast to
70!80 mm in P. waageni and P. vediensis), the presence
of elongate dorsolateral nodes on the body chamber, and
in the much simpler suture line with an unsubdivided
external lobe.

The two species Alibashites mojsisovicsi and A. fer-
dowsii are similar in the subadult stage, but they possess a
square-shaped (A. mojsisovicsi) or subtrapezoidal (A. fer-
dowsii) body chamber with a flat venter.

Stratigraphical range. Paratirolites Limestone; 0.95 to
0.55 m below the extinction horizon (lower part of the
Abichites stoyanowi Zone).

Genus Julfotirolites gen. nov.

Derivation of name. Named after the similarity with
Tirolites and Paratirolites, and the town of Julfa.

Type species. Julfotirolites kozuri sp. nov., North-west
Iran.

Diagnosis. Representatives of the family Dzhulfitidae
with large conch; maximum adult diameters are about
105 mm. Adult stage with oval, compressed whorl cross
section. Subadult stage with large conical ventrolateral
nodes, adult stage with weak ribs. Suture line with deep
external lobe; the depths of external lobe and adventive
lobe are nearly identical.

Remarks. The monospecific new genus Julfotirolites dif-
fers from Paratirolites and Alibashites in the shape of the
adult stage, which shows an oval cross section in Julfotir-
olites but is trapezoidal in Paratirolites and subtrapezoi-
dal in Alibashites.

Julfotirolites kozuri sp. nov.
(Fig. 28)

Derivation of name. Named after H. W. Kozur
(1942!2013) for his stratigraphical work on the Permian!
Triassic boundary beds in Iran.

Holotype. MB.C.25305 (Fig. 28A).

Type locality and horizon. Aras Valley section; float of
the Paratirolites Limestone.

Material. Three specimens (Aras Valley, Ali Bashi N).

Diagnosis. Julfotirolites with a conch reaching 105 mm
dm. Subadult stage with oval, weakly depressed whorl
cross section (ww/wh D 1.20) and rounded venter; 10
coarse conical ventrolateral nodes per volution. Adult
stage with oval and weakly compressed whorl cross sec-
tion (ww/wh D 0.65), rounded venter and rounded ventro-
lateral shoulder; weak ribs on the midflank. Prongs of the
external lobe trifid; altogether 13!15 notches of the E, A
and L lobes.

Description. Holotype MB.C.25305 (float) is a rather
well preserved internal mould of a fully septate specimen

Figure 28. Julfotirolites kozuri sp. nov., holotype, MB.C.25305, Aras Valley, float. A, lateral and dorsal views; B, suture line at
49.8 mm dm, 19.2 mm wh; C, whorl cross section proportions. Scale bars: A D 5 mm; B D 2 mm.
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with a conch diameter of 54 mm (Fig. 28A). The speci-
men shows a change of conch shape and sculpture already
before the end of the phragmocone; the whorl cross sec-
tion becomes slender on the last preserved volution and
the ww/wh ratio is reduced from 1.20 at 37 mm dm to
0.76 at 54 mm dm. The ribs become weaker at the same
time; the number of ribs changes from 10 per whorl to
eight per half whorl.

The suture line of the holotype shows, at 50 mm dm, a
rather narrow external lobe with narrow prongs, which pos-
sess three little notches (Fig. 28B). The ventrolateral saddle
is broadly rounded and almost symmetrical. The adventive
lobe is strongly serrated with nine small notches of irregu-
lar size, while the lateral lobe has only three notches.

Paratype MB.C.25306 (Ali Bashi N, ¡2.65 m) has,
with 66 mm conch diameter, a conch and sculpture similar
to the holotype. The specimen is rather poorly preserved,
but shows the rapid weakening of the ornament from coni-
cal midflank nodes to fine ribs within one volution.

Remarks. Julfotirolites kozuri differs from Paratirolites
species in the rounded venter and the compressed whorl
cross section.

Stratigraphical range. Paratirolites Limestone; about
2.85 m below the extinction horizon (Paratirolites kittli
Zone).

Genus Alibashites gen. nov.

Derivation of name. Named after the Ali Bashi Moun-
tains east of Julfa.

Type species. Xenodiscus (Paratirolites?) Mojsisovicsi
Stoyanow, 1910.

Included species. Alibashites ferdowsii sp. nov. (North-
west Iran); Xenodiscus (Paratirolites?) Mojsisovicsi
Stoyanow, 1910 (Azerbaijan) ; Alibashites stepanovi sp.
nov. (North-west Iran) ; Alibashites uncinatus sp. nov.
(North-west Iran).

Diagnosis. Representatives of the family Dzhulfitidae with
moderately large to large conch; maximum adult diameters
are between 85 and 110 mm. Adult stage with subtrapezoi-
dal or quadrate whorl cross section. Subadult stage with
large conical ventrolateral nodes, adult stage with weak
ribs. Suture line with deep external lobe; the depths of
external lobe and adventive lobe are nearly identical.

Remarks. Alibashites has an intermediate morphological
position between Paratirolites and Abichites. It possesses
the subadult sculpture with conical ventrolateral nodes of
Paratirolites but lacks the trapezoidal whorl profile of
that genus. Abichites has a similar adult conch morphol-
ogy with a rectangular or subtrapezoidal whorl profile but
does not possess the strong ventrolateral nodes developed
in Alibashites.

Alibashites mojsisovicsi (Stoyanow, 1910)
(Fig. 29)

1910 Xenodiscus (Paratirolites?) Mojsisovicsi Stoyanow:
79, pl. 8, fig. 1.

1965 Abichites mojsisovicsi (Stoyanow); Shevyrev: 180,
pl. 23, fig. 4.

1968 Abichites mojsisovicsi (Stoyanow); Shevyrev: 95, pl.
4, fig. 3.

1969 Abichites mojsisovicsi (Stoyanow); Stepanov et al.,
pl. 13, fig. 4.

Lectotype. The specimen figured by Stoyanow (1910, pl.
8, fig. 1).

Type locality and horizon. Dorasham (Azerbaijan);
Paratirolites Limestone.

Material. Eighteen specimens (Aras Valley, Ali Bashi N,
Ali Bashi 4, Ali Bashi 1).

Diagnosis. Alibashites with a conch reaching 90 mm dm.
Subadult stage with circular, weakly depressed whorl
cross section (ww/wh D 1.00!1.20) and rounded venter;
13 coarse ventrolateral nodes per volution. Adult stage
with quadrate and weakly compressed whorl cross section
(ww/wh D 0.95!1.00), almost flat venter and subangular
ventrolateral shoulder; low ribs on the flanks, forming
very weak dorsolateral and ventrolateral nodes. Prongs of
the external lobe variable, simple to trifid; 8!13 notches
of the E, A and L lobes.

Description. Specimen MB.C.25308 (Ali Bashi 4, ¡1.35
m) is a fairly well-preserved specimen with 62 mm conch
diameter; preserved are the partly weathered body cham-
ber (last half volution) and the last two volutions of the
phragmocone (Fig. 29A). The conch is extremely discoi-
dal and subevolute in the last volution (ww/dm D 0.30;
uw/dm D 0.44) and possesses, at the largest diameter, a
trapezoidal whorl cross section with about equal values
for whorl width and whorl height (ww/wh D 0.98). At this
stage, the flanks are slightly concave and diverge slowly
towards the flattened venter; flanks and venter are sepa-
rated by a subangular margin. One volution earlier (at
about 32 mm dm), the ww/wh ratio is much higher (ww/
wh D 1.45) due to coarse ventrolateral nodes. The venter
is broadly rounded in this growth stage. The sculpture
changes significantly in the growth stage at 37 mm dm.
While the last two volutions of the phragmocone possess
very strong, spiny ventrolateral nodes (8!10 per volu-
tion), they become rapidly weaker at the terminal body
chamber and are replaced there by densely spaced sharp
ribs, which terminate in weak nodes placed at the ventro-
lateral edge.

The smaller specimen MB.C.25310 (Ali Bashi 4,
¡1.70 m) is also rather well preserved and has a conch
diameter of 44 mm. The last half volution belongs to the
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body chamber and one and a half volutions of the phrag-
mocone are preserved (Fig. 29C). At 44 mm dm, the
conch is extremely discoidal and subevolute in the last
volution (ww/dm D 0.34; uw/dm D 0.44) and possesses a
subquadrate whorl cross section (ww/wh D 1.13). The
flanks are nearly flat in this stage and are separated from
the flattened venter by a subangular margin. The last por-
tion of the phragmocone possesses prominent ventrolat-
eral nodes (11 per volution), which perform as obstacles
for the umbilical wall of the following volution. On the
body chamber, the ventrolateral nodes are weak and less
pronounced than the sharp dorsolateral nodes.

The suture line of specimen MB.C.25310, drawn at
8 mm whorl height (about 25 mm phragmocone diameter)
has a slightly pouched external lobe with narrow lanceo-
late prongs (Fig. 29F). The broadly rounded ventrolateral
saddle is asymmetrical and ventrally inclined. The adven-
tive and lateral lobes have a position on the flank. Both
are serrated with converging flanks; the adventive lobe
shows one small and two large notches, whereas the lat-
eral lobe has three very small notches.

Suture lines of other specimens differ particularly in the
shape of the external lobe. Specimen MB.C.25309 (Ali
Bashi 4, ¡1.55 m; wh D 10 mm, corresponding to a

phragmocone diameter of 32 mm) has pouched prongs
(Fig. 29E), and specimen MB.C.25310 (Ali Bashi 1,
¡1.40 m; wh D 12.5 mm, corresponding to a phragmo-
cone diameter of 40 mm) possesses asymmetrical ventral
prongs with three little notches (Fig. 29D).

Remarks. Alibashites ferdowsii has coarse nodes in the
subadult stage like A. mojsisovicsi, but this species shows
a much wider whorl cross section (ww/wh D 1.25!1.50)
than A. mojsisovicsi (ww/wh D 0.95!1.00) in the adult
stage.

Alibashites mojsisovicsi differs from the species of Abi-
chites, which may develop a similar adult stage, in the
coarse subadult ventrolateral nodes.

Stratigraphical range. Paratirolites Limestone; 1.90 to
1.15 m below the extinction horizon (Alibashites mojsiso-
vicsi Zone and lower part of the Abichites abichi Zone).

Alibashites ferdowsii sp. nov.
(Fig. 30)

Derivation of name. After Hakim Abu ’l-Qasim Fer-
dowsi Tusi (940!1020), important and influential Persian
poet and author of the epic Shahnameh.

Figure 29. Alibashites mojsisovicsi (Stoyanow, 1910). A!C, lateral and dorsal views; A, MB.C.25308, Ali Bashi 4, ¡1.35 m; B, MB.
C.25309, Ali Bashi 4, ¡1.55 m; C, MB.C.25310, Ali Bashi N, ¡1.70 m. D!F, suture lines; D, MB.C.25310, Aras Valley, ¡1.40 m; at
14.5 mm ww, 12.5 mm wh; E,MB.C.25309, at 11.4 mm ww, 10.0 mm wh; F,MB.C.25310, at 11.5 mm ww, 9.7 mm wh. G, whorl cross
section proportions. Scale bars: A!C D 5 mm; D!F D 2 mm.

Ammonoids from the Late Permian Paratirolites Limestone 31

D
ow

nl
oa

de
d 

by
 [S

ta
at

lic
he

s M
us

eu
m

 F
ue

r N
at

ur
ku

nd
e]

 a
t 0

8:
17

 1
6 

D
ec

em
be

r 2
01

5 



Holotype. MB.C.25327 (Figs 30A).

Type locality and horizon. Aras Valley section; float of
the Paratirolites Limestone (probably Stoyanowites dien-
eri Zone).

Material. Eight specimens (Aras Valley, Ali Bashi N).

Diagnosis. Alibashites with a conch reaching 100 mm
dm. Subadult stage with circular to subtrapezoidal,
weakly depressed whorl cross section (ww/wh D
1.25!1.50) and broadly rounded venter; 10!12 very
coarse ventrolateral nodes. Adult stage with subtrapezoi-
dal and weakly depressed whorl cross section (ww/wh D
1.20!1.50) with converging flanks, almost flat venter and
angular ventrolateral shoulder; sharp ribs on the flanks,
forming short dorsolateral nodes and stronger

ventrolateral nodes. Prongs of the external lobe variable
in shape, bifid to multiply serrated; altogether 15!18
notches of the E, A and L lobes.

Description. Holotype MB.C.25327 (Aras Valley, float;
58 mm conch diameter) shows a part of the body chamber
(less than half volution) and about one fairly well pre-
served volution of the phragmocone (Fig. 30A). The
conch is thinly discoidal and subevolute in the last volu-
tion (ww/dm D 0.42; uw/dm D 0.42) and shows a subtra-
pezoidal, ventrally depressed whorl cross section (ww/wh
D 1.38). The whorls are, in the adult stage, thickest at the
broadly rounded umbilical margin and the flanks converge
slowly toward the subangular ventrolateral shoulder. This
separates the shallow tectiform venter from the flanks.
The last preserved volution displays the transition from

Figure 30. Alibashites ferdowsii sp. nov. A!D, lateral and dorsal views; A, holotype, MB.C.25327, Aras Valley, float; B, paratype,
MB.C.25328, Aras Valley, float; C, paratype, MB.C.25329, Ali Bashi N, float; D, paratype, MB.C.25330, Aras Valley, ¡1.75 m. E, F,
suture lines; E, paratype, MB.C.25331, Ali Bashi N, float; at 14.0 mm wh; F, paratype, MB.C.25328, Aras Valley, float; at 16.0 mm
ww, 11.6 mm wh. G, whorl cross section proportions. Scale bars: A!D D 5 mm; E, F D 2 mm.

32 D. Korn et al.

D
ow

nl
oa

de
d 

by
 [S

ta
at

lic
he

s M
us

eu
m

 F
ue

r N
at

ur
ku

nd
e]

 a
t 0

8:
17

 1
6 

D
ec

em
be

r 2
01

5 



the strongly ribbed subadult stage with prominent conical
ventrolateral nodes into the adult stage with sharp ribs and
low elongate dorsolateral and ventrolateral nodes.

Paratype MB.C.25329 (Aras Valley, ¡1.75 m; 53 mm
conch diameter) closely resembles the holotype in conch
shape and sculpture. Differences can be seen in the shape
of the venter, which in specimen MB.C.25330 shows a
shallow keel on the last half volution (Fig. 30C).

Morphologically similar are also paratypes MB.
C.25330 (Ali Bashi N, float; 65 mm dm; Fig. 30D) and
MB.C.25328 (Aras Valley, float; 58 mm dm; Fig. 30B).
MB.C.25330 shows a rather well-rounded venter until
48 mm conch diameter.

The suture line is somewhat variable in the new species.
The two figured paratypes MB.C.25331 (Fig. 30E) and
MB.C.25328 (Fig. 30F) differ in the pronunciation of
the secondary notches of the external lobe (rather large in
MB.C. 25331, but barely visible in MB.C.25328), and
in the shape of the adventive lobe (deep and semicircular
in MB.C.25331, but flattened in MB.C.25328).

Remarks. This species shows an intermediate morpho-
logical position between the genera Paratirolites and Abi-
chites. Characteristic for Paratirolites is the intermediate
growth stage with trapezoidal whorl cross section with the
prominent conical ventrolateral nodes; similar to

Abichites is the flat venter in the adult stage. The interme-
diate position of Alibashites ferdowsii is also visible in the
suture line; on the one side is the more complex external
lobe in Paratirolites (with serrated prongs of the external
lobe), and on the other side is Abichites (with a trend
towards unserrated prongs of the external lobe).

Alibashites ferdowsii differs from A. mojsisovicsi in the
wide and weakly depressed whorl cross section (ww/wh
D 1.25!1.50) and in the ribbed adult stage, which dis-
plays dorsolateral as well as ventrolateral nodes.

Stratigraphical range. Paratirolites Limestone; 1.85 to
1.45 m below the extinction horizon (Alibashites mojsiso-
vicsi Zone and lowest part of the Abichites abichi Zone).

Alibashites uncinatus sp. nov.
(Fig. 31)

Derivation of name. From the Latin uncinatus D hook
shaped, because of the form of the ribs.

Holotype. MB.C.25335 (Fig. 31A).

Type locality and horizon. Aras Valley section; 1.90 m
below the top of the Paratirolites Limestone (Stoyano-
wites dieneri Zone).

Figure 31. Alibashites uncinatus sp. nov. A!D, lateral and dorsal views; A, holotype, MB.C.25335, Aras Valley,¡1.90 m; B, paratype,
MB.C.25336, Aras Valley, float; C, paratype, MB.C.25337, Aras Valley, float; D, paratype, MB.C.25338, Aras Valley, ¡1.45 m. E, F,
suture lines; E, holotype, MB.C.25335, at 13.2 mm wh; F, paratype, MB.C.25338, at 12.3 mm wh. G, whorl cross section proportions.
Scale bars: A!D D 5 mm; E, F D 2 mm.
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Material. Ten specimens (Aras Valley, Ali Bashi N, Ali
Bashi 4).

Diagnosis. Alibashites with a conch reaching 85 mm dm.
Subadult stage with trapezoidal whorl cross section (ww/
wh D 1.00) and flattened venter; 10!12 shallow ribs
forming pointed dorsolateral and ventrolateral nodes.
Adult stage with subtrapezoidal and weakly compressed
whorl cross section (ww/wh D 0.70!0.80), flattened or
concave venter and angular ventrolateral shoulder; weak
dense ribs on the flanks, forming weak nodes in the ven-
trolateral area. Prongs of the external lobe simple to multi-
ply serrated; altogether 12!16 notches of the E, A and L
lobes.

Description. Holotype MB.C.25335 (Aras Valley,
¡1.90 m) is a fairly well preserved specimen with 64 mm
conch diameter (Fig. 31A). It displays the transformation
from the subadult into the adult stage, characterized by
the change of the whorl cross section from trapezoidal
(widest in the ventrolateral area) to subtrapezoidal (widest
near the umbilicus). The ornament changes parallel to the
whorl cross-section shape: the subadult stage shows
coarse ribs with conical ventrolateral nodes, while the
adult stage possesses weaker ribs with dorsolateral nodes
and weaker ventrolateral nodes.

Similar conch proportions can be seen in paratype MB.
C.25338 (Aras Valley, ¡1.95 m) at 51 mm conch diame-
ter. This specimen shows a subtrapezoidal whorl cross
section, which is widest near the rounded umbilical mar-
gin. The slightly concave flanks converge towards the flat-
tened, barely convex venter (Fig. 31D). One volution
earlier, the whorl cross section is trapezoidal and widest
in the ventrolateral area. A transformation of the ornament
is also visible on the last volution; the ventrolateral coni-
cal nodes lose their strength while the dorsolateral nodes
become more prominent.

The smaller paratypes MB.C.25336 and MB.C.25337
(both Aras Valley, float) display, at 46 and 37 mm conch
diameter, respectively, the subtrapezoidal whorl cross sec-
tion of the subadult stage. In both specimens the ventrolat-
eral nodes show a hook-shaped ending; they are the
dominant ornament feature (Fig. 31B, C).

The suture line of holotype MB.C.25335 possesses a
rather wide external lobe with nearly parallel flanks
(Fig. 31E). The prongs show a trifurcation at the base and
the adventive and lateral lobes have five and four small
notches, respectively. The suture line of specimen MB.
C.25338 differs in the simple and narrow external lobe
without any secondary serration (Fig. 31F).

Remarks. Alibashites uncinatus differs from A. stepa-
novi in the shape of the subadult whorl cross section,
which is wider (ww/wh D 1.00) than in A. uncinatus (ww/
wh D 0.70!0.80). Another distinguishing feature is the
more pronounced ventrolateral nodes in the subadult stage

of S. unicatus. Alibashites mojsisovicsi possesses much
coarser ventrolateral nodes in the subadult stage.

Stratigraphical range. Paratirolites Limestone; 1.95 to
1.45 m below the extinction horizon (uppermost part of
the Stoyanowites dieneri Zone and lowest part of the Abi-
chites abichi Zone).

Alibashites stepanovi sp. nov.
(Fig. 32)

1973 Paratirolites mojsisovicsi (Stoyanow); Teichert &
Kummel in Teichert et al.: pl. 6, fig. 8, 9, pl. 7, fig. 6.

Derivation of name. Named after D. L. Stepanov, one of
the pioneers of Permian!Triassic stratigraphy in the Ali
Bashi Mountains.

Holotype. MB.C.25345 (Fig. 32).

Type locality and horizon. Ali Bashi M section; 1.60 m
below the top of the Paratirolites Limestone (Stoyano-
wites dieneri Zone).

Material. Twenty-six specimens (Aras Valley, Ali Bashi
N, Ali Bashi M).

Diagnosis. Alibashites with a conch reaching 110 mm
dm. Subadult stage with trapezoidal, weakly compressed
whorl cross section (ww/wh D 0.70!0.80) and rounded
venter; 25 biconvex ribs forming small umbilical nodes
and ending in elongate ventrolateral nodes. Adult stage
with subtrapezoidal, weakly compressed whorl cross sec-
tion (ww/wh D 0.60!0.70) and moderately wide umbili-
cus (uw/dm D 0.40!0.45), flattened venter and
subangular ventrolateral shoulder; very weak dense ribs
on the flanks, coarsest in the dorsolateral and ventrolateral
areas. Prongs of the external lobe usually bifid; 9!15
notches of the E, A and L lobes.

Description. Holotype MB.C.25345 (Ali Bashi M,
¡1.60 m) is at 83 mm conch diameter the largest of the
specimens (Fig. 32A). It is incomplete, with the last half
volution belonging to the body chamber. At this stage, the
conch is extremely discoidal and subevolute (ww/dm D
0.22; uw/dm D 0.42) with a weakly compressed whorl
cross section (ww/wh D 0.70). The whorls are widest near
the rounded umbilical wall and converge slowly towards
the subangular ventrolateral shoulder. The flanks are
slightly concave and the venter is flat. The ornament con-
sists of weak ribs on the phragmocone, forming elongate
sharp nodes in the dorsolateral and ventrolateral areas.
The ornament is very similar on the body chamber, but
the ribs are more numerous (20 on half a volution) and
weaker.

The two smaller paratypes MB.C.25346 and MB.
C.25347 (Aras Valley, ¡1.85 m), both with 60 mm conch
diameter, are very similar in their conch proportions and
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ornament (Fig. 32B, C). They differ only in the shape of
the whorl cross section, with the first specimen showing
nearly parallel flanks but the second showing slightly con-
cave flanks. Furthermore, specimen MB.C.25346 shows
weaker riblets on the body chamber in comparison with
specimen MB.C.25347.

Paratype MB.C.25348 (Aras Valley, ¡1.45 m) shows
the immature morphology and ornament at 43 mm diame-
ter (Fig. 32D). The conch proportions are similar to those
seen in the larger specimens; the flanks are slightly trape-
zoidal and the venter is a flattened tectiform.

The suture line of paratype MB.C.25348 has, at 10 mm
wh, a rather simple external lobe, which is asymmetrical
with respect to secondary subdivision (one prong being

subdivided into two notches). The flanks of the external
lobe are parallel, the ventrolateral saddle is nearly sym-
metrical and the adventive and lateral lobes show parallel
flanks. They are subdivided into seven and five secondary
notches, respectively (Fig. 32E).

Remarks. Alibashites stepanovi differs from the superfi-
cially similar Stoyanowites dieneri in the converging
flanks of the adult stage and much denser ribs, which in A.
stepanovi are short but in S. dieneri are developed into
longer spines. A similar species is A. uncinatus, but this
species has a stouter subadult stage (ww/wh D 1.00, in
contrast to 0.70!0.80 in A. stepanovi) and coarser ventro-
lateral nodes in the subadult stage.

Figure 32. Alibashites stepanovi sp. nov. A!D, lateral and dorsal views; A, holotype, MB.C.25345, Ali Bashi M,¡1.60 m; B, paratype,
MB.C.25346, Aras Valley, ¡1.85 m; C, paratype, MB.C.25347, Aras Valley, ¡1.85 m; D, paratype, MB.C.25348, Aras Valley, ¡1.45
m; E, paratype, MB.C.25348, suture line at 9.3 mm ww, 10.0 mm wh. F, whorl cross section proportions. Scale bars: A!D D 5 mm; E
D 2 mm.
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Stratigraphical range. Paratirolites Limestone; 1.90 to
1.45 m below the extinction horizon (Alibashites mojsiso-
vicsi Zone and lowermost part of the Abichites abichi
Zone).

Genus Abichites Shevyrev, 1965

Type species. Kashmirites? stoyanowi Kiparisova, 1947
by original designation.

Included species. Abichites abichi Shevyrev, 1965
(Azerbaijan); Abichites alibashiensis sp. nov. (North-west
Iran); Abichites ariaeii sp. nov. (North-west Iran); Abi-
chites paucinodus sp. nov. (North-west Iran); Abichites
shahriari sp. nov. (North-west Iran); Kashmirites? stoya-
nowi Kiparisova, 1947 (Azerbaijan); Abichites subtrape-
zoidalis sp. nov. (North-west Iran); Abichites terminalis
sp. nov. (North-west Iran).

Diagnosis. Representatives of the family Dzhulfitidae
with small to moderately large conch; maximum adult
diameters are between 30 and 90 mm. Adult stage with
quadrate, rectangular or oval whorl cross section. Sub-
adult stage with weak to moderately strong lateral ribs;
adult stage with weak ornament. Suture line with deep
external lobe; the depths of the external lobe and adven-
tive lobe are nearly identical.

Remarks. The species of Abichites show a quadrate,
rectangular or oval adult whorl cross section with parallel
flanks, subangular or angular ventrolateral shoulder and
flattened venter. The ontogeny shows a rather sudden
morphological change from the more or less strongly
ribbed intermediate stage to the more delicately ribbed
adult stage.

A comparison of the newly collected material from the
North-west Iranian localities with the specimens
described by Shevyrev (1965, 1968) from Dorasham indi-
cates some differences: ’A. mojsisovicsi’ is better placed
in another genus based on the shape of the whorl profile.
The figured specimen of A. stoyanowi has a more com-
pressed whorl cross section (ww/dm D 0.25; ww/wh D
0.70!0.90) than any of the specimens from North-west
Iran. This discrepancy cannot be explained here.

Within the genus Abichites, two morphological trends
can be observed, and in this respect the genus displays a
morphological evolution like that of Paratirolites:

1. A significant size decrease, from a maximum conch
diameter of 90 mm in the stratigraphically older spe-
cies to 25!30 mm in the stratigraphically youngest
species.

2. A simplification of the suture lines, visible in the
decreased number of sutural notches.

Shevyrev (1965, 1968) illustrated four suture lines of
the three species included by him in the genus Abichites
(including A. mojsisovicsi). These suture lines were drawn
from specimens between 10 and 13 mm whorl height !
that is, corresponding to a phragmocone diameter of
30!40 mm. Three of the four suture lines show serrated
prongs of the external lobe. This is in striking contrast to
this study, in which the majority of the material shows
simple lanceolate prongs of the external lobe.

Species of Abichites were found to occur only in the
upper half of the Paratirolites limestone; they show a suc-
cessive stratigraphical occurrence with limited overlaps.
The stratigraphical succession (in metres below the top of
the Paratirolites Limestone) of the species is A. subtrape-
zoidalis (2.10!1.45 m) ! A. abichi (1.50!0.65 m) ! A.
alibashiensis (1.40!0.50 m) ! A. ariaeii (1.15!0.70 m)
! A. stoyanowi (0.95!0.35 m) ! A. paucinodus
(0.70!0.35 m) as well as A. shahriari and A. terminalis in
the uppermost beds of the Paratirolites Limestone. Ser-
rated prongs of the external lobe have been found particu-
larly in the stratigraphically older species, whereas the
two youngest species usually show simple prongs.
According to the conch shape and sculpture, the strati-
graphically successive species of Abichites may not repre-
sent a morphocline and probably not a phylogenetic
sequence.

Suture lines of a number of specimens between 3.0 and
14.5 mm whorl height (i.e. corresponding to a phragmo-
cone diameter between 9 and 45 mm) are presented here
to demonstrate the wide variability within the material. It
is evident that specimens which share the same conch
morphology and sculpture may differ strikingly in the out-
line of the external lobe. In some cases, asymmetrical
external lobes can be seen, and larger specimens tend to
more often possess serrated lobes.

Abichites subtrapezoidalis sp. nov.
(Figs 33, 34)

Derivation of name. Named after the subtrapezoidal
whorl cross section.

Holotype. MB.C.25371 (Fig. 33D).

Type locality and horizon. Aras Valley section (North-
west Iran); Paratirolites Limestone.

Material. Eighteen specimens (Aras Valley, Ali Bashi N,
Ali Bashi 4).

Diagnosis. Abichites with a conch reaching 90 mm dm.
Subadult stage with circular, weakly compressed to
depressed whorl cross section (ww/wh D 0.90!1.10) and
rounded venter; 20 weak ribs per volution. Adult stage
with a subtrapezoidal or quadrate, weakly depressed
whorl cross section (ww/wh D 1.00!1.05), venter nearly
flat; numerous sharp ribs forming sharp dorsolateral and
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ventrolateral nodes. Prongs of the external lobe simple or
bifid; altogether 12!13 notches of the E, A and L lobes.

Description. Paratype MB.C.25373 (Ali Bashi 4, ¡2.01
m) is extremely discoidal and widely umbilicate (ww/dm
D 0.29; uw/dm D 0.46). The whorl cross section is sub-
quadrate (ww/wh D 0.92) and widest near the rounded
umbilical margin, from where the flanks converge con-
cavely towards the sharp ventrolateral shoulder that sepa-
rates the flank from the flattened venter (Fig. 33B). The
last third of the last volution belongs to the body chamber;
on this the sculpture consists of faint ribs, which are
sharpest near the umbilicus and fade out towards the ven-
ter. The phragmocone is poorly preserved but shows weak
and rounded ribs.

Paratype MB.C.25372 (Aras Valley, float) with 59 mm
conch diameter is very similar in conch shape and orna-
ment but has a weakly depressed whorl cross section (ww/
wh D 1.11) (Fig. 33A). This specimen shows the suture
line (drawn at 14.6 mm wh, corresponding to a conch
diameter of about 50 mm) with a parallel-sided external
lobe and bifid prongs. The adventive lobe and also the lat-
eral lobe are strongly serrated with seven and eight small
notches, respectively (Fig. 34A).

Holotype MB.C.25371 (Aras Valley, float) has a diame-
ter of 48 mm and shows the last part of the phragmocone
with septal crowding at 35 mm diameter as well as a part
of the body chamber (Fig. 33D). Its general conch

Figure 33. Abichites subtrapezoidalis sp. nov. A!E, lateral and dorsal views; A, paratype, MB.C.25372, Aras Valley, float; B, para-
type, MB.C.25373, Ali Bashi 4, ¡2.01 m; C, paratype, MB.C.25374, Aras Valley, ¡1.45 m; D, holotype, MB.C.25371, Aras Valley,
float; E, paratype, MB.C.25375, Aras Valley, float. F, conch proportions. Scale bars D 5 mm.

Figure 34. Abichites subtrapezoidalis sp. nov., suture lines. A,
paratype, MB.C.25372, Aras Valley, float; at 11.7 mm ww,
14.6 mm wh; B, paratype, MB.C.25373, Ali Bashi 4, ¡2.01 m;
at 12.0 mm ww, 12.3 mm wh; C, holotype, MB.C.25371, Aras
Valley, float; at 33.8 mm dm, 13.4 mm ww, 11.4 mm wh; D, par-
atype, MB.C.25375, Aras Valley, float; at 9.7 mm ww, 9.5 mm
wh. Scale bars D 2 mm.
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morphology is thinly discoidal and subevolute (ww/dm D
0.35; uw/dm D 0.43) with a moderate coiling rate
(WER D 2.22). The phragmocone displays a circular
whorl cross section and possesses sharp, slightly curved
ribs on the flank (two per volution). Shape and sculpture
change on the body chamber; the whorl cross section is
quadrate (ww/wh D 1.02) with slightly concave flanks
that are separated from the flattened venter by an angular
ventrolateral shoulder. The ribs become weaker and form
sharp and elongate dorsolateral and ventrolateral nodes on
the body chamber. The suture line of holotype MB.
C.25371 (drawn at 9.7 mm wh) possesses a pouched
external lobe with lanceolate, unserrated prongs, a broadly
rounded inflated ventrolateral saddle and a multiply ser-
rated adventive lobe (Fig. 34C).

Paratype MB.C.25375 (Aras Valley, float; 9.5 mm wh,
corresponding to a phragmocone diameter of 30 mm) dis-
plays a suture line with a slightly pouched external lobe
with subparallel flanks (Fig. 34D). The lobe shows differ-
ently shaped prongs; one is lanceolate and the other is bifid.
The ventrolateral saddle as well as the lateral saddle are
nearly symmetrical and have parallel flanks. The adventive
lobe has a position on the outer flank; it is slightly asym-
metrical like the lateral lobe and strongly serrated.

Remarks. Abichites subtrapezoidalis differs from the
other species of Abichites in the whorl cross section,
which in this species is widest near the umbilicus and
shows flanks converging toward the flattened venter. In
this respect it resembles A. ferdowsii, which, however,
possesses coarse conical ventrolateral nodes in the sub-
adult stage. The adult ornament of A. subtrapezoidalis
consists of fine sharp ribs, which form sharp elongate
nodes around the umbilicus and on the outer flanks; this
separates the species from most of the others, which pos-
sess coarse ribs or subadult ventrolateral nodes.

Stratigraphical range. Paratirolites Limestone; 2.10 to
1.45 m below the extinction horizon (Stoyanowites dieneri
Zone and lowest part of the Abichites abichi Zone).

Abichites abichi Shevyrev, 1965
(Fig. 35)

1910 Xenodiscus aff. kapila (Diener); Stoyanow: 87, pl. 9,
fig. 3.

1965 Abichites abichi Shevyrev: 181, pl. 24, fig. 4.
1968 Abichites abichi Shevyrev; Shevyrev: 96, pl. 4, fig.

4.

Holotype. PIN 1252/137; illustrated by Shevyrev (1965,
pl. 24, fig. 4).

Type locality and horizon. Dorasham 2 section; Paratir-
olites Limestone.

Material. Ten specimens (Aras Valley, Ali Bashi N, Ali
Bashi 4, Ali Bashi 1, Ali Bashi P).

Diagnosis. Abichites with a conch reaching 75 mm dm.
Subadult stage with subquadrate, weakly depressed to
compressed whorl cross section (ww/wh D 1.20) and
slightly flattened venter; with 15 rounded straight ribs on
the flanks. Adult stage with quadrate whorl cross section
(ww/wh D 1.00), parallel flanks and flattened venter; with
weak rounded ribs on the flanks. Prongs of the external
lobe usually simple; 7!12 notches of the E, A and L
lobes.

Description. Specimen MB.C.25389 (Ali Bashi 1, ¡0.65
m) is an incomplete specimen with 44.5 mm conch diame-
ter. Preserved are a part of the body chamber (less then
half of the last volution) and one and a half volutions of
the phragmocone (Fig. 35A). The conch is extremely

Figure 35. Abichites abichi Shevyrev, 1965. A!C, lateral and dorsal views; A, MB.C.25389, Ali Bashi 1, ¡0.65 m; B, MB.C.25390,
Ali Bashi N, ¡0.85; C,MB.C.25391, Ali Bashi N, ¡0.85 m. D,MB.C.25389, suture line at 32.3 mm dm, 14.4 mm ww, 11.8 mm wh. E,
whorl cross section proportions. Scale bars: A!C D 5 mm; D D 2 mm.
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discoidal and subevolute in the last volution (ww/dm D
0.33; uw/dm D 0.42) and possesses, at the largest diame-
ter, a quadrate whorl cross section (ww/wh D 1.00) with
slightly concave flanks and venter. The flanks are sepa-
rated from the tabulate venter by an angular edge. The last
volution displays 20 sharp ribs, which form weak umbili-
cal nodes. The penultimate volution shows rounded ribs.

The suture line of specimen MB.C.25389 (drawn at
32 mm dm) shows a parallel-sided external lobe with sim-
ple, slightly pouched prongs (Fig. 35D). The adventive
lobe is asymmetrical and deeper on the umbilical side; it
is serrated with seven small notches. The lateral lobe has
only four notches.

The two smaller specimens MB.C.25390 (Fig. 35B) and
MB.C.25391 (Fig. 35C) (both Ali Bashi N, ¡0.85 m) with
37 and 34 mm diameter, respectively, are similar in conch
shape and ornament. They differ from specimen MB.
C.25389 in the subquadrate, ventrally depressed whorl
cross section (ww/wh D 1.18). The venter is a flattened
tectiform in the two specimens.

Remarks. Abichites abichi differs from the otherwise
similar species A. subtrapezoidalis in the quadrate adult
whorl cross section (subtrapezoidal in A. subtrapezoida-
lis). The body chamber of A. abichi has stronger ribs than
A. subtrapezoidalis does. Abichites alibashiensis has a
similar body chamber, but differs from A. abichi in the
coarse ventrolateral nodes of the subadult stage.

Stratigraphical range. Paratirolites Limestone; 1.50 to
0.65 m below the extinction horizon (Abichites abichi
Zone and lower part of the Abichites stoyanowi Zone).

Abichites alibashiensis sp. nov.
(Fig. 36)

1910 Balatonites (?) cf. euryomphalus; Stoyanow: 91, pl.
7, fig. 6.

Derivation of name. Named after the Ali Bashi
Mountains.

Holotype. BM2011-072 (Fig. 36A).

Type locality and horizon. Ali Bashi N section; 1.40 m
below the top of the Paratirolites Limestone (Stoyano-
wites dieneri Zone).

Material. Eleven specimens (Aras Valley, Ali Bashi N,
Ali Bashi 1).

Diagnosis. Abichites with a conch reaching 70 mm dm.
Subadult stage with oval, weakly depressed whorl cross
section (ww/wh D 1.25) and slightly flattened venter; 12
prominent midflank ribs. Adult stage with quadrate and
weakly depressed whorl cross section (ww/wh D
1.10!1.25), flattened venter and subangular ventrolateral
shoulder; sharp ribs on the flanks. Prongs of the external
lobe simple or bifid; 7!10 notches of the E, A and L
lobes.

Description. Holotype MB.C.25399 (Ali Bashi N, ¡1.40
m) is an incomplete specimen with 48 mm conch diame-
ter; only a quarter of a volution of the phragmocone and
half a volution of the body chamber are preserved
(Fig. 36A). It is extremely discoidal and subevolute (ww/
dm D 0.31; uw/dm D 0.44) with a quadrate, weakly
depressed whorl cross section (ww/wh D 1.06). The last
portion of the phragmocone shows wide-standing and
coarse ribs on the outer flank; they end in prominent elon-
gate ventrolateral nodes. The ribs are much weaker on the
body chamber, where they are more densely spaced,
sharper and ending in small ventrolateral nodes. The flat
venter is smooth.

Figure 36. Abichites alibashiensis sp. nov. A, B, lateral and dorsal views; A, holotype, MB.C.25399, Ali Bashi N,¡1.40 m; B, paratype
MB.C.25400, Ali Bashi 1, ¡0.71 m; C, holotype, MB.C.25399, suture line at 9.7 mm wh. D, whorl cross section proportions. Scale bars:
A, B D 5 mm; C D 2 mm.
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The suture line of the holotype (drawn at 9.7 mm wh,
corresponding to a phragmocone diameter of 30 mm),
shows a parallel-sided external lobe with bifid prongs
(Fig. 36C). The ventrolateral saddle is slightly inflated,
the parallel-sided adventive lobe has four small secondary
notches and the lateral lobe has a similar shape with four
notches.

Remarks. Abichites alibashiensis differs from A. abichi,
A. stoyanowi and A. subtrapezoidalis in the sharp ribs of
the subadult stage. Species of Alibashites possess subadult
ribs but also ventrolateral nodes; these are A. mojsisovicsi
(with very weak adult ribs) and A. ferdowsii (with a much
more compressed whorl cross section).

Stratigraphical range. Paratirolites Limestone; 1.40 to
0.50 m below the extinction horizon (Abichites abichi
Zone and lower part of the Abichites stoyanowi Zone).

Abichites ariaeii sp. nov.
(Fig. 37)

Derivation of name. Named after Ali Asghar Ariaei, the
father of the geology of Eastern Iran.

Holotype. MB.C.25410 (Fig. 37A).

Type locality and horizon. Ali Bashi N locality; 1.15 m
below the top of the Paratirolites Limestone (Stoyano-
wites dieneri Zone).

Material. Nine specimens (Aras Valley, Ali Bashi N, Ali
Bashi 4, Ali Bashi P).

Diagnosis. Abichites with a conch reaching 85 mm dm.
Subadult stage with oval, weakly compressed whorl cross
section (ww/wh D 0.85!1.00) and rounded venter;
20!25 low and rounded midflank ribs. Adult stage with
subquadrate and weakly compressed whorl cross section
(ww/wh D 0.85!1.00), rounded venter and rounded ven-
trolateral shoulder but transformed into a totally flat ven-
ter at the end of the body chamber; weak and low ribs on
the flanks. Prongs of the external lobe simple; 7!9
notches of the E, A and L lobes.

Description. The largest of the specimens is holotype
MB.C.25410 (Ali Bashi N, ¡1.15 m) with 60 mm conch
diameter (Fig. 37A). It is incompletely preserved, but dis-
plays the adult morphology, in which the conch is
extremely discoidal and subevolute (ww/dm D 0.29; uw/
dm D 0.40) with a nearly quadrate whorl cross section
(ww/dm D 0.96). The whorls are widest in the midflank
area and converge slightly towards the angular ventrolat-
eral shoulder. The venter is nearly flat in this growth
stage, but flattening of the venter appears only during the
last half volution. The sculpture is visible on the last one
and a quarter whorls; it consists of rounded ribs, which
appear to be strongest on the outer flank. The venter is
smooth.

Figure 37. Abichites ariaeii sp. nov. A!E, lateral and dorsal views; A, holotype, MB.C.25410, Ali Bashi N,¡1.15 m; B, paratype, MB.
C.25411, Ali Bashi P, ¡0.70 m; C, paratype, MB.C.25412, Ali Bashi 4, ¡0.75 m; D, paratype, MB.C.25413, Aras Valley, ¡0.85 m; E,
paratype, MB.C.25414, Aras Valley, ¡0.75 m. F, G, suture lines; F, paratype, MB.C.25412, at 8.1 mm ww, 7.4 mm wh; G, paratype,
MB.C.25414, at 4.5 mm ww, 4.5 mm wh. H, whorl cross section proportions. Scale bars: A!E D 5 mm; F, G D 2 mm.
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Paratype MB.C.25411 (Ali Bashi P, ¡0.70 m) is an
incomplete specimen with 43 mm conch diameter; it
shows a part of the body chamber (more than half of the
last volution) and one volution of the phragmocone
(Fig. 37B). The conch is extremely discoidal and subevo-
lute in the last volution (ww/dm D 0.29; uw/dm D 0.43)
and shows, at the largest diameter, an oval, laterally com-
pressed whorl cross section (ww/wh D 0.84) with a
rounded venter. The sculpture consists of 20 ribs on the
last volution; they are shallow, rounded and strongest on
the inner flank, and extend in a slightly projected
direction.

Paratype MB.C.25412 (Ali Bashi N, ¡0.75 m; 42 mm
conch diameter) is very similar to the holotype in conch
shape (ww/dm D 0.30; uw/dm D 0.43) and ornament
(Fig. 37C). In this specimen, the ribs are confined to the
inner flank area.

The suture line of paratype MB.C.25412, drawn at
7.5 mm wh (about 24 mm phragmocone diameter) shows
a parallel-sided external lobe with narrow lanceolate
prongs (Fig. 37F). The ventrolateral saddle is slightly
asymmetrical and broadly rounded. The adventive and lat-
eral lobes have a position on the flank; the first possesses
two notches and the latter three.

Remarks. Abichites ariaeii differs from the other species
of the genus in the rounded venter present throughout
most of its ontogeny. Unlike other species, which possess
a longer adult stage with a flat venter, only the last portion
of the body chamber has a flattened venter. The ornament
of A. ariaeii shows only rather weak, rounded ribs on the

flank, which is in contrast to most of the other species,
which have sharp ribs or ventrolateral nodes.

Stratigraphical range. Paratirolites Limestone; 1.15 to
0.70 m below the extinction horizon (upper part of the
Abichites abichi Zone and lower part of the Abichites
stoyanowi Zone).

Abichites stoyanowi (Kiparisova, 1947)
(Fig. 38)

1910 Xenodiscus radians (Waagen); Stoyanow: 86, pl. 9,
fig. 5.

1910 Xenodiscus sp. indet. Stoyanow: 87, pl. 9, fig. 6.
1947 Kashmirites? stoyanowi Kiparisova in Voinova et

al.: 149, pl. 35, fig. 1.
1965 Abichites stoyanowi Kiparisova; Shevyrev: 179, pl.

24, figs 2, 3.
1968 Abichites stoyanowi Kiparisova; Shevyrev: 94, pl. 3,

fig. 5, pl. 4, fig. 2.
2014b Abichites stoyanowi Kiparisova; Korn in Ghaderi

et al., text-fig. 7H.

Lectotype. The specimen figured by Stoyanow (1910, pl.
9, fig. 5).

Type locality and horizon. Dorasham (Azerbaijan);
Paratirolites Limestone.

Material. Twenty specimens (Aras Valley, Ali Bashi N,
Ali Bashi 1, Ali Bashi P).

Figure 38. Abichites stoyanowi (Kiparisova, 1947). A, B, lateral and dorsal views; A, MB.C.25419, Ali Bashi N, ¡0.35 m; B, MB.
C.25420, Ali Bashi N, float. C, D, suture lines; C, MB.C.25419, at 9.9 mm wh; D, MB.C.25420, at 7.5 mm ww, 9.6 mm wh. E, whorl
cross section proportions. Scale bars: A, B D 5 mm; C, D D 2 mm.
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Diagnosis. Abichites with a conch reaching 70 mm dm.
Subadult stage with circular, weakly compressed whorl
cross section (ww/wh D 0.90!1.00) and rounded venter;
16!20 moderately weak ribs per volution. Adult stage
with quadrate and weakly compressed whorl cross section
(ww/wh D 0.90!1.00), flat venter and subangular to
angular ventrolateral shoulder; altogether 12!14 sharp
concavo-convex ribs per half volution on the flanks.
Prongs of the external lobe simple or bifid; 7!11 notches
of the E, A and L lobes.

Description. Specimen MB.C.25420 (Ali Bashi N,
¡0.35 m) has 37 mm conch diameter and shows the
beginning of the terminal body chamber at 28 mm dm
(Fig. 38B). The body chamber has a quadrate whorl cross
section (ww/wh D 1.00) with slightly concave flanks, a
sharp ventrolateral margin and a slightly concave venter.
The body chamber possesses rather sharp, linear ribs on
the flanks and the phragmocone has rounded ribs with
wide distances between them.

Specimen MB.C.25419 (Ali Bashi N, float), with
36 mm conch diameter, is rather well preserved and
allows the study of the intermediate growth stage
(Fig. 38A). It is extremely discoidal and subevolute (ww/
dm D 0.30; uw/dm D 0.41) with a subquadrate whorl
cross section (ww/wh D 0.91). The whorl is widest near
the rounded umbilical margin, from where the flanks con-
verge barely towards the sharp ventrolateral shoulder that
separates the flank from the slightly concave venter. This

specimen shows sharp and slightly sigmoidal ribs on the
last volution, while the inner whorls possess straight and
rounded ribs.

The two figured suture lines are similar in their general
outline. However, they differ in the prongs of the external
lobe, which are bifid in specimen MB.C.25420 (Fig. 38D)
and simple in specimen MB.C.25419 (Fig. 38C).

Remarks. Abichites stoyanowi differs from A. ariaeii in
the shape of the venter, which in A. ariaeii is rounded and
flat only in the last growth stage but which becomes flat
much earlier in A. stoyanowi. Abichites abichi is another
similar species, but possesses much stronger ribs. Abi-
chites subtrapezoidalis has a similar whorl cross section,
but only very weak riblets around the umbilicus on the
adult body chamber.

Stratigraphical range. Paratirolites Limestone; 0.95 to
0.30 m below the extinction horizon (Abichites stoyanowi
Zone).

Abichites paucinodus sp. nov.
(Fig. 39)

Derivation of name. From the Latin pauci D few, and
nodus D node, because of the few lateral nodes in the sub-
adult stage.

Holotype. MB.C.25439 (Fig. 39A).

Figure 39. Abichites paucinodus sp. nov., holotype, MB.C.25439, Ali Bashi N, ¡0.35 m. A, lateral and dorsal views; B, suture line at
14.4 mm wh; C, whorl cross section proportions. Scale bars: A D 5 mm; B D 2 mm.
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Type locality and horizon. Ali Bashi N section; 0.35 m
below the top of the Paratirolites Limestone (Abichites
stoyanowi Zone).

Material. Six specimens (Aras Valley, Ali Bashi N, Ali
Bashi 1).

Diagnosis. Abichites with a conch reaching 65 mm dm.
Subadult stage with oval, weakly compressed whorl cross
section (ww/wh D 0.90!1.00) and rounded venter; eight
low and rounded midflank ribs. Adult stage with rectangu-
lar and weakly compressed whorl cross section (ww/wh D
0.80!1.00), flattened venter and angular ventrolateral
shoulder; few weak and low ribs on the flanks. Prongs of
the external lobe simple; 9!12 notches of the E, A and L
lobes.

Description. Holotype MB.C.25439 (Ali Bashi N, ¡0.35
m) is a somewhat corroded specimen with 49 mm conch
diameter; a segment of 100" of the body chamber is pre-
served (Fig. 39A). The conch shape is extremely discoidal
and subevolute (ww/dm D 0.30; uw/dm D 0.38) with a
weakly compressed rectangular whorl cross section (ww/
wh D 0.78) and a rather high coiling rate (WER D 2.34).
The body chamber shows the transformation of the
rounded venter in the subadult stage towards the flattened
adult form. The sculpture of the body chamber consists of
wide-standing low and rounded radial ribs, which form
weak dorsolateral and ventrolateral nodes.

The suture line of holotype MB.C.25439 (drawn at
14.4 mm whorl height, corresponding to a phragmocone
diameter of 44 mm) has a rectangular external lobe with
parallel flanks and narrow V-shaped unserrated prongs
(Fig. 39B). The adventive lobe is serrated with seven sec-
ondary notches, and the lateral lobe has four notches.

Remarks. Abichites paucinodus differs from the other
species of Abichites in the narrower umbilicus (uw/dm
less than 0.40 in A. paucinodus, but 0.43 in most of the
other species).

Stratigraphical range. Paratirolites Limestone; 0.75 to
0.35 m below the extinction horizon (Abichites stoyanowi
Zone).

Abichites shahriari sp. nov.
(Fig. 40)

Derivation of name. After Mohammad-Hossein Shahriar
(1906!1988), the last poet of the lineage of classical
legendary Iranian Azerbaijani poets.

Holotype. MB.C.25445 (Fig. 40A).

Type locality and horizon. Ali Bashi N section; Paratir-
olites Limestone (probably Arasella minuta Zone).

Material. Two specimens (Aras Valley, Ali Bashi N).

Diagnosis. Abichites with a conch reaching 25 mm dm.
Subadult and adult stage with oval, weakly compressed
whorl cross section and rounded venter; 15 weak midflank
ribs per volution. Adult stage with oval and weakly com-
pressed whorl cross section (ww/wh D 0.85!0.90) and
rounded venter; very faint riblets on the flanks. Prongs of
the external lobe trifid; nine notches of the E, A and L
lobes.

Description. Holotype MB.C.25445 (Ali Bashi N, float)
is a slightly weathered specimen of 20 mm conch diame-
ter, of which a little more than half a volution belongs to
the body chamber (Fig. 40A). The conch is subevolute
(uw/dm D 0.37) with an oval, weakly compressed whorl
profile (ww/wh D 0.86). The ornament shows 15 rounded
ribs on one volution on the phragmocone, but on the body
chamber the ornament is weakened and forms weak blunt
riblets, which extend in a forwards direction across the
flanks and wedge out near the venter.

The suture line of holotype MB.C.25445 has, at 12 mm
phragmocone diameter, a rather wide external lobe with
slightly diverging flanks and with slightly serrated asym-
metrical prongs (Fig. 40B). On the flanks follow the simi-
larly asymmetrical adventive and lateral lobes, both of
which possess three little notches.

Discussion. Abichites shahriari differs from A. stoya-
nowi in the smaller size (reaching only about half of the
conch diameter) and in the profile of the adult whorl,
which is oval in A. shahriari but rectangular in A. stoya-
nowi. Abichites ariaeii has a similar whorl profile but dif-
fers in the much coarser ribs at comparable conch
diameters. Abichites shahriari differs from A. terminalis

Figure 40. Abichites shahriari sp. nov., holotype MB.C.25445,
Ali Bashi N, float. A, lateral and dorsal views; B, suture line at
12.0 mm dm, 3.6 mm wh. Scale bars: A, B D 5 mm; C D 2 mm.
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in the wider whorl profile (ww/dm D 0.85 in A. shahriari
but only 0.75 in A. terminalis) and the much coarser
ornament.

Stratigraphical range. Top horizon of the Paratirolites
Limestone (Arasella minuta Zone).

Abichites terminalis sp. nov.
(Fig. 41)

Derivation of name. From Latin terminalis D belonging
to the boundary, because of its occurrence at the extinc-
tion horizon.

Holotype. MB.C.25447 (Fig. 41A).

Type locality and horizon. Ali Bashi P section; upper-
most horizon of the Paratirolites Limestone (Arasella
minuta Zone).

Material. Four specimens (Ali Bashi N, Ali Bashi P).

Diagnosis. Abichites with a conch reaching 20 mm dm.
Subadult and adult stage with oval, weakly compressed
whorl cross section and rounded venter; very weak mid-
flank riblets. Adult stage with oval and weakly com-
pressed whorl cross section (ww/wh D 0.75!0.80) and
rounded venter; extremely faint riblets on the flanks.
Prongs of the external lobe simple; A and L lobes rounded
with very small notches.

Description. Holotype MB.C.25447 is an incomplete
specimen with 11 mm diameter; it is subevolute with a
weakly compressed oval whorl profile (uw/dm D 0.37;
ww/wh D 0.76) and a rounded venter (Fig. 41A). The

chambered portion of the specimen displays shallow
straight riblets on the flank, while the body chamber
appears to be nearly smooth.

The suture line of the holotype has, at 3 mm whorl
height (corresponding to a phragmocone diameter of
about 9 mm), a slightly pouched external lobe with nearly
parallel flanks (Fig. 41B); the prongs of the external lobe
are narrow and simple. Both the adventive and the lateral
lobe are slightly asymmetrical; they possess a very weak
serration at the bases.

Remarks. Abichites terminalis differs from A. shahriari
in the narrower, more compressed whorl profile and the
much weaker ornament in the subadult stage.

Stratigraphical range. Top horizon of the Paratirolites
Limestone (Arasella minuta Zone).

Genus Stoyanowites Korn, 2014

Type species. Paratirolites Dieneri Stoyanow, 1910.

Included species. Stoyanowites aspinosus sp. nov.
(North-west Iran); Paratirolites dieneri Stoyanow, 1910
(Azerbaijan).

Diagnosis. Representatives of the family Dzhulfitidae
with moderately large conch; maximum adult diameters
are between 80 and 95 mm. Subadult and adult stages
with rectangular and compressed whorl cross section.
Subadult stage with weak to moderately strong lateral
ribs; adult stage with weak ornament. Suture line with an
external lobe that is much shorter than the adventive lobe.

Remarks. Stoyanowites is separated by most of the other
genera of the family Dzhulfitidae by the short external
lobe, which does not reach the depth of the adventive and
lateral lobes. Only Dzhulfites is similar in this respect, but
this genus is characterized by coarse ventrolateral nodes
absent in Stoyanowites.

Stoyanowites dieneri (Stoyanow, 1910)
(Fig. 42)

1910 Paratirolites dieneri Stoyanow: 83, pl. 8, fig. 2.
1934 Paratirolites dieneri Stoyanow; Spath: 366, text-fig.

125e.
1965 Paratirolites dieneri Stoyanow; Shevyrev: 178, pl.

23, figs 2, 3.
1968 Paratirolites dieneri Stoyanow; Shevyrev: 93, pl. 3,

figs 2, 3.
1973 Paratirolites mojsisovicsi Stoyanow; Teichert &

Kummel in Teichert et al.: pl. 7, fig. 1.
2014b Stoyanowites dieneri (Stoyanow); Korn in Ghaderi

et al., text-fig. 7F.

Lectotype. The specimen figured by Stoyanow (1910, pl.
8, fig. 2).

Figure 41. Abichites terminalis sp. nov., holotype MB.C.25447,
Ali Bashi P, float. A, lateral and dorsal views; B, suture line at
2.9 mm wh. Scale bars: A D 5 mm; B D 2 mm.
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Type locality and horizon. Dorasham section; Paratiro-
lites Limestone.

Material. Seven specimens (Aras Valley, Ali Bashi N,
Ali Bashi 4).

Diagnosis. Stoyanowites with a conch reaching 95 mm
dm. Subadult stage with oval, weakly compressed whorl
cross section (ww/wh D 0.80) and rounded venter; 16 fine
ribs forming weak and rounded dorsolateral and ventrolat-
eral nodes. Adult stage with parallel flanks and weakly
compressed whorl cross section (ww/wh D 0.60!0.70),
rounded venter and subangular ventrolateral shoulder;
weak dorsolateral nodes. Prongs of the external lobe bifid;
altogether 10!16 notches of the E, A and L lobes; exter-
nal lobe shorter than adventive lobe.

Description. Specimen MB.C.25451 (Aras Valley, float)
is a slightly deformed and weathered specimen, but still
shows a number of conch, ornament and suture details
(Fig. 42A). It has a conch diameter of 57 mm and half of
the last whorl belongs to the body chamber. The conch is
extremely discoidal (ww/dm D 0.21) with a wide umbili-
cus (uw/dm D 0.49) and a strongly compressed whorl
cross section (ww/wh D 0.49). The flattened flanks are
parallel and are separated from the flattened venter by an
angular margin. Three stages of the ornament can be sepa-
rated: (1) wide-standing rounded ribs in the juvenile stage;
(2) predominance of weak ventrolateral nodes in the sub-
adult stage; and (3) coupled dorsolateral and ventrolateral
riblets, the latter being coarser, on the body chamber.

The suture line of specimen MB.C.25451 (13 mm wh,
corresponding to a phragmocone diameter of 38 mm)
shows a rather small external lobe with subparallel flanks;
the prongs are parallel sided and end in a finely serrated
base (Fig. 42B). The depth of the external lobe reaches
only two-thirds of the adventive lobe; these lobes are sep-
arated by a narrowly rounded ventrolateral saddle. Both
the adventive lobe and the lateral lobe are parallel sided;

the adventive lobe is the wider of the two and possesses
seven small notches; the lateral lobe has three notches.

Remarks. Stoyanowites dieneri differs from S. aspinosus
in the presence of dorsolateral nodes and the lack of dense
ribs on the body chamber.

Stratigraphical range. Paratirolites Limestone; 2.30 to
1.65 m below the extinction horizon (Stoyanowites dieneri
Zone and Alibashites mojsisovicsi Zone).

Stoyanowites aspinosus sp. nov.
(Fig. 43)

Derivation of name. From Latin spinosus D spiny,
because of the lack of dorsolateral and ventrolateral
spines.

Holotype. MB.C.25458 (Fig. 43A).

Type locality and horizon. Aras Valley section; 0.95 m
below the top of the Paratirolites Limestone (Abichites
stoyanowi Zone).

Material. Four specimens (Aras Valley, Ali Bashi N).

Diagnosis. Stoyanowites with a conch reaching 80 mm
dm. Subadult stage with oval, weakly compressed whorl
cross section (ww/wh D 0.70) and rounded venter; 15 nar-
row and rounded ribs on the flanks. Adult stage with oval
and weakly compressed whorl cross section (ww/wh D
0.60) and moderately wide umbilicus (uw/dm D
0.40!0.45), rounded venter and rounded ventrolateral
shoulder; very weak ribs on the flanks, coarsest in the ven-
trolateral area. Prongs of the external lobe bifid; 8!9
notches of the E, A and L lobes.

Description. Holotype MB.C.25458 (Aras Valley, ¡0.95
m) is a slightly weathered specimen with 50 mm conch
diameter; one-quarter of the last preserved volution
belongs to the body chamber (Fig. 43A). A little more

Figure 42. Stoyanowites dieneri (Stoyanow, 1910), MB.C.25451, Aras Valley, float. A, lateral and dorsal views; B, suture line at
12.8 mm wh; C, whorl cross section proportions. Scale bars: A D 5 mm; B D 2 mm.
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than one volution of the phragmocone can be studied. The
conch is extremely discoidal and subevolute in the last
volution (ww/dm D 0.18; uw/dm D 0.44) and possesses,
at the largest diameter, an oval, laterally compressed
whorl cross section (ww/wh D 0.63). The coiling rate is
moderate (WER D 1.86). A change in the ornament can
be observed on the last volution. While the penultimate
volution displays straight and rounded riblets arranged in
wide distances (five riblets per half volution), the last por-
tion of the phragmocone and the body chamber show a
conspicuous tendency toward more densely spaced, sharp
and concave riblets. Furthermore the riblets on the penul-
timate volution show low dorsolateral and ventrolateral
nodes, which are not present on the last volution.

The suture line of holotype MB.C.25458 (drawn at
12.5 mm wh, corresponding to a phragmocone diameter
of 37 mm) is remarkable because it differs strikingly from
most of the other paratirolitid ammonoids. It possesses a
parallel-sided, short external lobe with bifid prongs. The
adventive lobe is very small and bifid; it reaches only half
the depth of the external lobe (Fig. 43C). The lateral lobe
is almost twice as wide and deep as the adventive lobe
and possesses five secondary notches.

Paratype MB.C.25459 is a somewhat corroded speci-
men with 64 mm conch diameter (Fig. 43B). Half of the
last volution belongs to the body chamber, which shows
the transformation from the rounded venter to the flat and
slightly concave shape of the venter, then separated by an

angular margin from the flattened flanks. The body cham-
ber shows also the changes in the ornament from rather
coarse ribs ending in ventrolateral nodes to much finer,
densely arranged ribs, which extend with a forward bend-
ing on the flank.

The suture line of the smaller paratype MB.C.25460
(Aras Valley, float; drawn at 9 mm wh, corresponding to a
phragmocone diameter of 27 mm) has a similar outline
(Fig. 43D). Its external lobe is very short and reaches only
half the depth of the adventive lobe. Adventive and lateral
lobes show the same depth, but the adventive lobe is nar-
rower and is bifid, while the lateral lobe possesses four
notches.

Remarks. Stoyanowites aspinosus differs from S. dieneri
in the absence of dorsolateral nodes and the presence of
densely spaced curved riblets on the body chamber.

Stratigraphical range. Paratirolites Limestone; 1.55 to
0.95 m below the extinction horizon (upper part of the
Stoyanowites dieneri Zone and Alibashites mojsisovicsi
Zone).

Family Xenodiscidae Frech, 1902

Included genera. Arasella Korn, 2014; Iranites Teichert
& Kummel, 1973; Phisonites Shevyrev, 1965; Shevyre-
vites Teichert & Kummel, 1973; Xenaspis Waagen, 1879;
XenodiscusWaagen, 1879.

Figure 43. Stoyanowites aspinosus sp. nov. A, B, lateral and dorsal views; A, holotype, MB.C.25458, Aras Valley, ¡0.95 m; B, para-
type, MB.C.25459, Ali Bashi N, ¡1.50 m. C, D, suture lines; C, holotype, MB.C.25458, at 12.5 mm wh; D, paratype, MB.C.25460, Ali
Bashi N, float, at 9.0 mm wh. E, whorl cross section proportions. Scale bars: A, B D 5 mm; C, D D 2 mm.
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Diagnosis. Representatives of the superfamily Xenodis-
coidea with small to moderate-sized conch, in which the
ontogeny is usually simple with similar juvenile, subadult
and adult stages. Suture line with unserrated or weakly
serrated, short but rather wide external lobe; adventive,
lateral and umbilical lobe often multidentate; some spe-
cies with a simplified suture line without serrations.

Genus Arasella Korn, 2014

Type species. Sinoceltites? minutus Zakharov, 1983.

Remarks. The monospecific genus Arasella is a some-
what problematical because of its very simple suture line;
an unambiguous attribution to a distinct family is there-
fore difficult. The shape of the external lobe speaks for
placing it in the family Xenodiscidae rather than the
Dzhulfitidae. The shape of the conch and the sculpture are
similar to Shevyrevites from the lower part of the Changh-
singian, but this genus has multidentate adventive and
lateral lobes.

Arasella minuta (Zakharov, 1983)
(Fig. 44)

1983 Sinoceltites? minutus Zakharov: 153, pl. 15, fig. 1, 2.
2014 Arasella minuta (Zakharov); Korn in Ghaderi et al.:

text-fig. 7I.

Holotype. BPI 4/813; illustrated by Zakharov (1983, pl.
15, fig. 1).

Type locality and horizon. Akhura (Azerbaijan); proba-
bly top of the Paratirolites Limestone.

Material. Four specimens (Aras Valley, Ali Bashi N, Ali
Bashi 4).

Diagnosis. Arasella with a conch reaching 35 mm dm.
Subadult and adult stage with circular whorl cross section
(ww/wh D 0.85!1.05) and rounded venter; 20!22 sharp
ribs on the flanks. External lobe with V-shaped prongs;
adventive and lateral lobes broadly rounded.

Description. Specimen MB.C.25462 (Ali Bashi N,
¡0.10 m) is the best-preserved specimen available for
study (Fig. 44A). It has 30 mm conch diameter and gives
insight about two whorls, in which the conch shape and
ornament does not change. The specimen is extremely dis-
coidal with a wide umbilicus (ww/dm D 0.25; uw/dm D
0.46) and possesses an oval, weakly compressed whorl
profile (ww/wh D 0.78) with broadly rounded venter.
There are about 24 sharp ribs per volution; they are
straight on the flanks and turn forward in the ventrolateral
area and then suddenly weaken. The venter is free of ribs.

Specimen MB.C.25463 (Ali Bashi N, ¡0.30 m) has a
conch diameter of 22 mm, but only one volution, half of
which belongs to the body chamber, can be studied
(Fig. 44B). The conch is extremely discoidal and evolute
(ww/dm D 0.29; uw/dm D 0.45) with a circular whorl
cross section (ww/wh D 1.02). The ornament consists of
about 20 sharp ribs on the flank; some of these ribs end in
short ventrolateral spines. The venter is smooth.

The suture line of specimen MB.C.25463 (drawn at
5.6 mm wh) shows a small and short external lobe, which
reaches only half the depth of the adventive lobe
(Fig. 44C). The prongs of the external lobe are V-shaped.
The adventive lobe is the dominant sutural element; it is

Figure 44. Arasella minuta (Zakharov, 1983). A, B, lateral and dorsal views; A, MB.C.25462, Aras Valley, ¡0.10 m; B, MB.C.25463,
Ali Bashi N, ¡0.30 m. C, suture line at 5.6 mm wh, MB.C.25463. Scale bars D 2 mm.
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nearly symmetrical and broadly rounded, while the
smaller lateral lobe is more asymmetrical and narrowly
rounded.

Remarks. Arasella minuta can easily be separated from
all other ammonoids from the Paratirolites Limestone
because of its very simple suture line with rounded adven-
tive and lateral lobes and the short external lobe.

Stratigraphical range. Paratirolites Limestone; from
0.30 m below up to the extinction horizon (Arasella min-
uta Zone).

Conclusions

The region of Julfa (East Azerbaijan, Iran) and Dzhulfa
(Nakhichevan, Azerbaijan) is one of only a few regions
worldwide in which fossiliferous Late Permian sedimen-
tary successions with diverse ammonoid assemblages are
exposed. In this region, the latest Permian is represented
by the 4 to 5 m thick Paratirolites Limestone, a deep shelf
sediment that spans an interval of about 1.5 million years
before the end-Permian mass extinction (Schobben et al.
2015).

From the outcrops in the Aras Valley and the Ali
Bashi Mountains, we collected about 230 specimens
with detailed in situ documentation; they belong to the
genera Neoaganides, Pseudogastrioceras, Dzhulfites,
Paratirolites, Julfotirolites gen. nov., Alibashites gen.
nov., Abichites, Stoyanowites and Arasella. The succes-
sion of ammonoid species within the Paratirolites Lime-
stone allows for a subdivision of the rock unit into eight
biozones (defined by the first occurrence of the zonal
index species), in ascending order: Dzhulfites zalensis
Zone, Paratirolites trapezoidalis Zone, Paratirolites
kittli Zone, Stoyanowites dieneri Zone, Alibashites
mojsisovicsi Zone, Abichites abichi Zone, Abichites
stoyanowi Zone and Arasella minuta Zone. With this
fine resolution, the ammonoid stratigraphy matches the
precision of the conodont stratigraphy (Kozur 2005,
2007; Shen & Mei 2010; Ghaderi et al. 2014b).

The material described here is, after the time-equivalent
Chinese occurrences, the most diverse assemblage known
from the critical interval before the end-Permian mass
extinction. It is striking that the two regions (South China
and Transcaucasus/North-west Iran) differ significantly in
the composition of their ammonoid assemblages. While
the family Dzhulfitidae (with the genera Dzhulfites, Para-
tirolites, Julfotirolites, Alibashites, Abichites, Stoyano-
wites) is absent in China, the North-west Iranian
occurrences did not yield other ceratitid ammonoid fami-
lies (e.g. Pseudotirolitidae, Pleuronodoceratidae) charac-
teristic in China.

The ammonoid species richness varies within the inves-
tigated Paratirolites Limestone; the richest interval is in

the upper part of the rock unit, followed by a decrease in
diversity towards the horizon marking the end-Permian
mass extinction.
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