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Abstract. The Permian–Triassic boundary sections in north-
western Iran belong to the most complete successions, in
which the largest mass extinction event in the history of
the Earth can be studied. We investigated the Changhsingian
stage in six sections in the area of Julfa (Aras Valley) for their
lithology, conodonts and ammonoids. Revision of the bios-
tratigraphy led to the separation of 10 conodont zones (from
bottom to topClarkina orientalis–C. subcarinatainterval
zone, C. subcarinata, C. changxingensis, C. bachmanni,
C. nodosa, C. yini, C. abadehensis, C. hauschkei, Hindeo-
dus praeparvus–H. changxingensisand Merrilina ultima–
Stepanovites?mostlerizones) and 8 ammonoid zones (from
bottom to topIranites transcaucasius–Phisonites triangu-
lus, Dzhulfites nodosus, Shevyrevites shevyrevi, Paratirolites
trapezoidalis, P. waageni, Stoyanowites dieneri, Abichites
stoyanowiandArasella minutazones). The new ammonoid
generaStoyanowitesandArasellaare described.

1 Introduction

Permian–Triassic boundary sections in the vicinity of Julfa
(East Azerbaijan Province, NW Iran) play a key role in the
subdivision of the Late Permian sedimentary successions of
the Palaeotethyan realm (Figs. 1, 2). The Changhsingian (lat-
est Permian) deposits were accumulated on an outer shelf
(Leda et al., 2014); they display a continuous succession
and contain a considerably rich pelagic fauna consisting of
conodonts and cephalopods, allowing for the separation of a
number of biozones within this time unit.

While time-equivalent sedimentary successions in other
regions such as South China have been studied in great de-
tail (e.g. Sun et al., 2012; Romano et al., 2013, for more
literature), the Transcaucasian and NW Iranian sections are
known from fewer studies. Although sections in this re-
gion have attracted scientists for a long time (Abich, 1878;
Frech and Arthaber, 1900; Bonnet and Bonnet, 1947), de-
tailed lithostratigraphical and biostratigraphical studies of
the Changhsingian sections in the Transcaucasus and NW
Iran have only rarely been carried out. An exception is the
conodont succession in these outcrops, which has been stud-
ied in greater detail by Kozur et al. (1980), Sweet and Mei
(1999a, b), Partoazar (2002), Kozur (2004, 2005, 2007),
Henderson et al. (2008) and Shen and Mei (2010). In addi-
tion, several investigations focused on the stable isotopes of
the NW Iranian sections, such asδ13C (Baud et al., 1989;
Korte et al., 2004; Richoz, 2006; Korte and Kozur, 2010;
Richoz et al., 2010),δ18O (Schobben et al., 2013) and a
Ce anomaly (Kakuwa and Matsumoto, 2006). These stud-
ies demonstrate the high potential for a subdivision of the
Changhsingian stage of sections in the Palaeotethys, compa-
rable or even finer than in the more intensely studied sections
in South China.

In the following we present a correlation of lithostrati-
graphical data and the distribution of conodonts and am-
monoids. It will be shown that the Changhsingian stage
cannot only be subdivided into a number of zones by
means of conodonts, but also of ammonoids. These two
biostratigraphical subdivisions are supported by lithologi-
cal characteristics.

Published by Copernicus Publications on behalf of the Museum für Naturkunde Berlin.



42 A. Ghaderi et al.: High-resolution stratigraphy of the Changhsingian successions of NW Iran

Figure 1. (A) Geographical position of Permian–Triassic boundary sections in the Transcaucasus and in NW Iran (after Arakelyan et al.,
1965); sections investigated in this study are highlighted.(B) Palaeogeographic position of the Julfa area (after Stampfli and Borel, 2002).
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Figure 2. The Permian–Triassic boundary sections in the Ali Bashi Mountains, NW Iran.
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2 Localities

Sedimentary rocks representing the transition from the
Palaeozoic into the Mesozoic in uninterrupted succession
are very well exposed in the regions of Transcaucasia in
Armenia, Azerbaijan and NW Iran (Fig. 1). The outcrops
of Late Permian to Early Triassic successions studied by
the authors are located south of the Aras (Araxes) River,
which coincides with the political boundary between Iran
and the province of Nakhichevan (Azerbaijan). The expo-
sures are located west or south of the two neighbouring towns
Dzhulfa (or Culfa, Nakhichevan province; Azerbaijan) and
Julfa (or Jolfa, East Azerbaijan Province, Iran). We investi-
gated and measured six fossil-rich pelagic Permian–Triassic
(P–Tr) boundary sections in greater detail and recorded their
petrography and carbonate microfacies as well as their con-
odont and ammonoid content:

(1) Aras Valley (39.0154◦ N, 45.4345◦ E): this section was
described for the first time by Leda et al. (2014); it is situ-
ated about 19 km WNW of the towns of Dzhulfa and Julfa
in a dry small side valley west of the Aras (Araxes) River.
The new section has a position approximately 2 km north-
west of the Dorasham I section of Ruzhencev et al. (1965).
A nearly complete Wuchiapingian and Changhsingian suc-
cession is exposed at this locality with a considerably good
outcrop of the lower, shale-dominated part of the Changhsin-
gian, a perfect outcrop of theParatirolitesLimestone over an
extension of 200 m and a rather good exposure of the “bound-
ary clay” (renamed Aras Member here).

(2) P–Tr boundary beds crop out in several parallel sections
over a range of about 1.5 km in the Ali Bashi Mountains (i.e.
Kuh-e-Ali Bashi) 9 km west of Julfa (Fig. 1). The sedimen-
tary and faunal succession and the thickness of the various
rock units principally parallel the section in the Aras Valley.
Four of the numerous sections were measured and sampled
by us:

(a) Ali Bashi 1 section (38.9397◦ N, 45.5197◦ E) = Local-
ity 1 of Teichert et al. (1973): it is the section described in
detail by Teichert et al. (1973, p. 377). The section begins
with red nodular marls and limestone beds of the upper part
of the Wuchiapingian Julfa Formation (Vediocerasbeds) and
continues into the Early Triassic Elikah Formation. The en-
tire Changhsingian succession is exposed in this section and
allows for a detailed study.

(b) Ali Bashi 4 section (38.9416◦ N, 45.5158◦ E) = Locality
4 of Teichert et al. (1973): it is the section described in detail
by Stepanov et al. (1969) and Ghaderi et al. (2013); Teichert
et al. (1973, p. 380) gave a brief description of the lower part
of the section (for a discussion of the correlation of the Ali
Bashi 1 and Ali Bashi 4 sections, see Leda et al., 2014, and
particularly Ghaderi et al., 2013). It is the most complete of
all the sections in the Ali Bashi Mountains (Fig. 3), begin-
ning with the early WuchiapingianCodonofusiellabeds and

ranging into the Elikah Formation. Unfortunately, the lower
shaly part of the Ali Bashi Formation is largely covered by
scree and hence accessible only by trenching.

(c) Ali Bashi N section (38.9456◦ N, 45.5137◦ E): the newly
discovered section begins with poor outcrops in the lower
part of the Ali Bashi Formation and ends in the Elikah For-
mation. TheParatirolites Limestone is well-exposed over a
distance of 200 m.

(d) Ali Bashi M section (38.9354◦ N, 45.5238◦ E) = Locality
1 with the sections I–IV of Kozur (2005): the outcrop in the
main valley of the Ali Bashi Mountains shows rather poor
outcrop conditions, but the complete Changhsingian interval
can be measured.

(3) Zal: this section is situated 22 km SSW of Julfa
and 2.2 km NNW of the village of Zal (38.7327◦ N,
45.5795◦ E). Columnar sections have been published by
Korte et al. (2004), Kozur (2005, 2007) and Shen and Mei
(2010). Lasemi et al. (2007) investigated the sedimentology
of the Wuchiapingian succession. It is one of the best out-
crops of the Permian–Triassic transitional beds in NW Iran
and exposes the entire Late Permian and a large part of the
Early Triassic succession.

3 Lithostratigraphy (Ghaderi, Leda, Schobben, Korn)

Three lithological units represent the Changhsingian stage
in the Transcaucasus and NW Iran: from bottom to top,
a so far unnamed shaly member (described as Zal Mem-
ber here), theParatirolites Limestone (both together com-
posing the Ali Bashi Formation), and the “boundary clay”
(described here as the Aras Member and is the base of the
mainly Triassic Elikah Formation). This lithological suc-
cession has already been outlined by a number of previ-
ous studies; Arakelyan et al. (1965) as well as Rostovt-
sev and Azaryan (1973) described the sections in Armenia
and the Nakhichevan province of Azerbaijan (including the
Dorasham sections), and Stepanov et al. (1969) as well as
Teichert et al. (1973) described the Ali Bashi section.

In the following, we discuss the three rock units in terms
of their lithological features in ascending order (Fig. 3).

1. Ali Bashi Formation – two members compose this forma-
tion: a lower shale-dominated and a so far unnamed member
described here as the Zal Member, and an upper carbonate-
dominated member, for which the nameParatirolitesLime-
stone has been coined.

(a) Zal Member (with the type locality in the Zal section
2.2 km NNW of the village of Zal) – the member has a thick-
ness of 12.5 to 20 m in the vicinity of Julfa, i.e. 20 m in
the Dorasham section according to Arakelyan et al. (1965),
13.5 m in the Aras Valley section, 18 m in the Ali Bashi 4
section according to Stepanov et al. (1969), 12.5 m in the Ali
Bashi 1 section according Teichert et al. (1973) as well as

www.foss-rec.net/17/41/2014/ Foss. Rec., 17, 41–57, 2014
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Figure 3. Ali Bashi 4 section and columnar sections of the entire Changhsingian in Ali Bashi 4, Ali Bashi 1 and Ali Bashi M sections with
their conodont zonation.
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new studies, and 16 m in the Zal section. All the mentioned
sections show a very similar rock succession, which is dom-
inated by dark-grey shales at the base turning violet-reddish
towards the top. Marly and nodular limestone beds are in-
tercalated and occur usually in packages; they are grey at the
base of the member and red to pink at the top. The member is
only occasionally rich in macrofossils, of which ammonoids,
nautiloids and small brachiopods are the most common.

In the sections in Armenia and the northern part of
Nakhichevan, the member is extremely reduced in thickness
(Arakelyan et al., 1965). The shales are nearly absent there
with the result that the entire member has a thickness of only
2–5 m in the Armenian sections of Vedi, Zangakatun (i.e.
Khanakhchi or Sovetashen in the literature), and Ogbin (Ros-
tovtsev and Azaryan, 1973).

(b) Paratirolites Limestone Member – theParatirolites
Limestone has a similar lithological appearance in all stud-
ied sections; usually it shows thicknesses ranging between
about 4 and 5 m (Aras Valley: 4.60 m, Ali Bashi N: 4.50 m,
Ali Bashi 4: 4.15 m, Ali Bashi 1: 4.15 m, Zal: 5.10 m). The
unit is composed of 5 to 30 cm-thick, red nodular marly lime-
stone beds with a CaCO3 content ranging between 80 and 96
weight % (Fig. 4). It is typically developed in the Julfa area
(Stepanov et al., 1969; Teichert et al., 1973), but similar sed-
imentary rocks occur in central Iran (e.g. Taraz, 1971; Taraz
et al., 1981; Leda et al., 2014).

The carbonate microfacies of theParatirolitesLimestone
has been intensely described by Leda et al. (2014); there it
was shown that the unit is largely uniform but can be sepa-
rated into two subunits because of microfacies characters:

(1) The base of theParatirolites Limestone shows some
rather compact limestone beds of 10–30 cm thickness; they
are clearly separated by red shale and marl horizons (CaCO3
down to 54 weight %). Distinct limestone beds can easily be
correlated between neighbouring sections. The shale inter-
calations, which become much less prominent higher in the
section, occasionally contain limestone nodules. In the mid-
dle of theParatirolitesLimestone (i.e. about 1.90 to 2.00 m
below the top of the unit), a conspicuous limestone bed oc-
curs in the Aras and Ali Bashi sections. This bed differs, in its
much lighter colour and denser matrix, from the other beds
of theParatirolitesLimestone. It works as a lithological in-
dex horizon in all studied sections around Julfa (Fig. 4). The
clear separation between limestone beds and shale intercala-
tions at the base of theParatirolitesLimestone diminishes to-
wards the top of the member, but here an alternation of more
compact limestone beds and horizons richer in clay can be
recorded.

(2) The upper part (0.30 m thick in the Ali Bashi 1 section)
of theParatirolitesLimestone shows evidence of stratigraph-
ical condensation; it contains isolated nodules, which occa-
sionally possess black ferruginous and manganese coatings
and are preserved as hard-ground clasts (Leda et al., 2013).

A lithostratigraphical correlation of the sections of the
ParatirolitesLimestone in NW Iran can be performed by the
use of limestone–clay alternations.

2. Elikah Formation – the majority of this formation belongs
to the Triassic, and only the lowermost portion, described as
“boundary clay” by Leda et al. (2014), is of Late Permian
age. This will be described here as the Aras Member.

Aras Member (with the type locality in the Aras Valley
section) – these beds represent the transition from the Per-
mian into the Triassic; the shale-dominated member marks a
drastic reduction of CaCO3, down to 15–30 weight %. A de-
tailed description of the occurrence in the Dorasham 2 sec-
tion was provided by Zakharov (1992), and conodont faunas
from the unit in the Ali Bashi Mountains were described by
Kozur (2004, 2005, 2007). The carbonate microfacies and the
fossil inventory were outlined by Leda et al. (2014).

The member has a variable thickness in the investigated
sections and range from 0.50 m in the Zal section to 3.00 m
in the Aras Valley section. It is largely composed of dark red
to brownish shales with occasionally occurring greenish-grey
intervals and thin marly limestone intercalations towards the
top of the unit. A 10-centimetre-thick grey nodular limestone
bed occurs as a lenticular intercalation in the Zal section.

The Aras Member is poor in macrofossils. Leda et
al. (2014) showed that concentrations of sponge spicules
and ostracods occur occasionally in thin carbonate-enriched
horizons in the middle and upper part of the member;
further macrofossils are rare gastropods and bivalves. Za-
kharov (1992) investigated the unit, which is well-exposed
in the Dorasham section, in greater detail.

4 Conodont stratigraphy (Ghaderi, Ashouri)

The conodont biostratigraphy of the Changhsingian deposits
of north-western Iran has been published in several pioneer-
ing papers (e.g. Sweet in Teichert et al., 1973; Kozur, 1975,
1978). A more precise resolution followed thereafter by
Kozur (2004, 2005) and Shen and Mei (2010). Kozur (2005)
subdivided the Changhsingian successions of north-west and
central Iran into 10 conodont biozones, in ascending order:
the Clarkina hambastensis, C. subcarinata, C. bachmanni,
C. nodosa, C. changxingensis–C. deflecta, C. zhangi, C. iran-
ica, C. hauschkei, C. meishanensis–Hindeodus praeparvus
andMerrillina ultima–Stepanovites?mostlerizones (Fig. 5).

According to Kozur (2005), theC. hambastensisand C.
subcarinatabiozones were recognized in the shaly unit (here
described as Zal Member) of the Ali Bashi Formation. The
Paratirolites Limestone includes the next six conodont bio-
zones, and the upper two biozones (C. meishanensis–H.
praeparvusand Merrillina ultima–Stepanovites?mostleri)
are situated within the boundary clay (here described as the
Aras Member).

Later, Shen and Mei (2010) re-evaluated all collected and
reported conodont materials by Teichert et al. (1973), ICRG

www.foss-rec.net/17/41/2014/ Foss. Rec., 17, 41–57, 2014
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Figure 4. Columnar sections of theParatirolitesLimestone in the Aras Valley, Ali Bashi 4 and Ali Bashi 1 sections with their conodont and
ammonoid zonation as well as the weight % of CaCO3 (determined by the weight loss–acid digestion method) of the Ali Bashi 1 section.
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Figure 5. The correlation of the conodont schemes by Kozur (2005, 2007), Shen and Mei (2010) and own results with the ammonoid
stratigraphy by Shevyrev (1965) and own results.

(Iranian-Chinese Research Group) (1995), Yazdi and Shirani
(2002) and Kozur (2004, 2005, 2007) based on the sample-
population approach. They proposed eight biozones for the
Changhsingian deposits of Iran, thus differing from Kozur’s
zonation. Their conodont biozones in ascending order are as
follows: the Clarkina wangi, C. subcarinata, C. changxin-
gensis, C. bachmanni, C. nodosa, C. yini, C. abadehensisand
C. hauschkeizones (Fig. 5).

In their subdivision, theC. wangi and C. subcarinata
zones are located in the Zal Member and the other biozones
are distinguishable in theParatirolites Limestone and the
boundary clay (Aras Member).

We studied four sections by bed-by-bed sampling: the
Aras Valley section as well as the Ali Bashi section 4, 1 and
M. Our investigations, which apply the sample-population
taxonomic approach (Mei et al., 2004), led to the separation
of 10 conodont biozones for the Changhsingian sections of
the Julfa area (Fig. 5, Table 1). Characteristic conodont spec-
imens are illustrated in Fig. 6.

The zones are in ascending order:

1. Clarkina orientalis–Clarkina subcarinatainterval zone
(equivalent to theC. wangiZone) – the newC. orientalis–
C. subcarinatainterval zone is defined in the sections near

Julfa by the last occurrence ofC. orientalisuntil the first oc-
currence ofC. subcarinata.

The equivalent strata with this interval in the Meishan
section (Zhejiang, South China) are regarded asC. wangi
Zone by Mei et al. (2004) based on the first appearance of
C. wangi, the base marker of Changhsingian stage. Jin et
al. (2001) proposed the Global Boundary Stratotype Section
and Point (GSSP) for the Wuchiapingian–Changhsingian
stage boundary by the first appearance ofC. wangiwithin
the lineage fromC. longicuspidatato C. wangiat Meishan
section D above the flooding surface of the second parase-
quence in the Changxing Limestone.

This stage boundary was questioned by Kozur (2005),
because he regardedC. hambastensisKozur 2004 as the
best index species for a definition of the Wuchiapingian–
Changhsingian boundary. He therefore proposed the newC.
hambastensisZone based on the first appearance ofC. ham-
bastensisfor the base of “Dorashamian” in the Hambast
Mountains (Abadeh area, central Iran) instead ofC. wangi,
which was absent in his materials from Iran. However he re-
ported the speciesC. hambastensisonly from the Shahreza
section and from sections V and VI of the Hambast Moun-
tains, but not from the Julfa area.

www.foss-rec.net/17/41/2014/ Foss. Rec., 17, 41–57, 2014
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Figure 6.
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Figure 6. Characteristic Changhsingian conodonts from the Julfa region (scale bars equal to 100 µm); all specimens stored in the collection
of the Ferdowsi University, Mashhad.(A) Clarkina orientalis(Barskov and Koroleva, 1970); FUM#1J192.1; upper Julfa beds (Vedioceras
beds), Ali Bashi 1 section.(B) Clarkina subcarinataSweet, 1973; FUM#4J142.8; Zal Member (Ali Bashi Formation), Ali Bashi 4 section.
(C) Clarkina changxingensisWang and Wang, 1981; FUM#4J153.1; Zal Member (Ali Bashi Formation), Ali Bashi 4 section.(D) Clarkina
bachmanniKozur, 2004; FUM#AJ185.23;ParatirolitesLimestone (Ali Bashi Formation), Aras Valley section.(E) Clarkina nodosaKozur,
2004; FUM#G249.16;Paratirolites Limestone (Ali Bashi Formation), Ali Bashi M section.(F) Clarkina yini Mei, 1998; FUM#AJ192.4;
Paratirolites Limestone (Ali Bashi Formation), Aras Valley section.(G) Clarkina abadehensisKozur, 2004; FUM#1J248.9;Paratirolites
Limestone (Ali Bashi Formation), Ali Bashi 1 section.(H) Clarkina hauschkeiKozur, 2004, FUM#1J249D.9;ParatirolitesLimestone (Ali
Bashi Formation), Ali Bashi 1 section.(I) Hindeodus eurypygeNicoll, Metcalfe and Wang, 2002, FUM#1J255.7 (cusp broken); Zal Member
(Ali Bashi Formation), Ali Bashi 1 section.(J) Hindeodus typicalisSweet, 1970, FUM#G233.5;ParatirolitesLimestone (Ali Bashi Forma-
tion), Ali Bashi M section.(K) Hindeodus typicalisSweet, 1970, FUM#4J200.56;ParatirolitesLimestone (Ali Bashi Formation), Ali Bashi
4 section.(L) Hindeodus julfensisSweet, 1973, FUM#1J198.4; Zal Member (Ali Bashi Formation), Ali Bashi 4 section.(M) Hindeodus
praeparvusKozur, 1996, FUM#G274.6 (cusp broken); Aras Member (Elikah Formation), Ali Bashi M section.(N) Hindeodus changxingen-
sis Wang, 1995, FUM#4J201.6 (cusp broken); Aras Member (Elikah Formation), Ali Bashi 4 section.(O) Merrillina ultima Kozur, 2004,
FUM#AJ204.13; Aras Member (Elikah Formation), Aras Valley section.(P) Hindeodus parvusKozur and Pjatakova, 1976, FUM#4J213.1;
Elikah Formation; Ali Bashi 4 section.

Table 1.Thickness (in metres) of the conodont zones in sections in the area of Julfa.

Zone Ali Bashi section 1 Ali Bashi section 4 Ali Bashi section M Aras Valley

M. ultima–S. ?mostleriZone 0.92 1.06 0.53 0.25
H. praeparvus–H. changxingensisZone 0.40 0.80 0.65 2.30
C. hauschkeiZone 0.15 0.13 0.15 0.13
C. abadehensisZone 0.31 0.30 0.35 0.18
C. yini Zone 1.51 1.55 1.50 1.95
C. nodosaZone 0.58 0.62 0.45 1.25
C. bachmanniZone 0.48 0.51 0.35 0.38
C. changxingensisZone 6.70 6.72 6.95 4.30
C. subcarinataZone 5.40 5.20 5.20 4.58
C. orientalis–C. subcarinatainterval zone 0.85 1.10 0.90 1.65

Kozur (2005) suggested that a correlation of the
Wuchiapingian–Changhsingian stage boundary of sections in
Iran and South China is possible becauseC. hambastensisis
also present in Changhsingian beds of the South Chinese in-
traplatform basins, where it was assigned toC. wangiby Jin
et al. (2003). However, in the Iranian sectionsC. hambasten-
sisappears somewhat earlier than trueC. wangi, which is the
marker for the base of the Changhsingian in China. There-
fore, he proposed that this biozone is more complete in Iran,
and the largest part of theC. hambastensisZone is missing
because of a gap in the Meishan section.

Henderson et al. (2008) confirmed theC. wangiZone in
the Zal section, but he did not provide any illustrations of the
conodonts. TheC. wangiZone was also confirmed by Shen
and Mei (2010) from sections in Iran, but again without any
illustrations of the materials. In their paper (and in Nafi et
al., 2006; Chen et al., 2008)C. hambastensiswas regarded
as a probable synonym ofC. wangi. Shen and Mei (2010)
indicated thatC. hambastensisis less common in the pop-
ulation of C. wangi in South China. They wrote “if it can
be established thatC. hambastensisis more common in the
sample-population ofC. wangiin Iran than South China,C.

hambastensiscan be regarded as a subspecies or a geograph-
ical cline ofC. wangi.”

Our new investigations indicate there are noC. hambas-
tensisor C. wangispecimens in the four investigated sections
of the Julfa area. In the Ali Bashi sections 1 and 4 and Aras
Valley, theC. orientalisZone (equal toVediocerasZone ac-
cording to the classical ammonoid stratigraphy) is overlain
by 1–2 m of dark shale (base of the Ali Bashi Formation)
with some intercalations of marly limestone. These are bar-
ren of clarkinids, but with many specimens ofH. typicalis,
H. julfensis, Merrillina sp. and some chondrichthyan teeth
in all sections. The first carbonate rock unit above the men-
tioned shaly interval contains typicalC. subcarinataspec-
imens and a few other conodonts, but it is not possible to
ascribe them toC. wangi.

We assume that there is noC. wangior its probable syn-
onym C. hambastensisin the sections of the Julfa area. At
the same time, there are no traces of a sedimentary gap be-
tween theC. orientalisandC. subcarinatabiozones. Hence,
it would be possible to explain the lack ofC. wangiwith re-
placement by a hindeodid fauna due to changes in sedimen-
tary facies and environmental conditions.
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All sections in the Julfa area show that there are six short
intervals within the Changhsingian, in which the clarkinid
conodont fauna is replaced or strongly influenced by a hin-
deodid fauna orMerrillina sp. The first of these replacements
is situated above the uppermost part of the Wuchiapingian
succession, where theC. orientalis Zone is replaced byH.

typicalis, H. julfensisandMerrillina sp. in theC. orientalis–
C. subcarinatainterval zone (equal toC. wangiZone).

Comparison of the replacement horizons with theδ13C
curve of the Ali Bashi section 1 (Schobben et al., 2013)
demonstrates minor to major accordance between the rise of
hindeodid / clarkinid ratio (H/C ratio) and a negative excur-
sion of theδ13C curve. Faunal changes in these intervals were
regarded as a replacement of a warm-water fauna by cool wa-
ter forms (Kozur, 2005, 2007; Korte and Kozur, 2011). How-
ever, a correlation ofH/C ratio and theδ18O curve of the
Ali Bashi section 1 (Schobben et al., 2013) cannot support
this assumption.

According to Lai et al. (2001), the replacement of the
Clarkina fauna by theHindeodusfauna in P–Tr boundary
deposits of the Meishan section is caused by the oxygen
depletion in the basin, because clarkinids could not inhabit
dysoxic–anoxic bottom waters. Lithology will support this
idea, although at the moment we do not have enough mea-
surements to state if anoxia or a change in the temperature
from warm water to cool water in theC. orientalis–C. sub-
carinata interval zone caused the faunal replacement.

Lithological and palaeoenvironmental differences may ex-
plain the lack ofC. hambastensisin the Julfa area and its
appearance in the Shahreza and Hambast Mountain sections,
which was reported by Kozur (2005). The lower shaly part of
the Ali Bashi Formation in the Julfa area has carbonate equiv-
alent intervals in the central Iran sections. Hence, there are no
conspicuous changes in lithology and palaeoenvironmental
conditions between theVediocerasZone and theC. hambas-
tensisZone in the Wuchiapingian–Changhsingian boundary
interval in central Iran, and thusC. hambastensiscould be
present.

2. Clarkina subcarinataZone – the base of this zone is de-
fined by the first occurrence of the nominal speciesC. sub-
carinata, which was first recognized by Sweet in Teichert et
al. (1973). In north-western Iran and Meishan, this zone is
succeeded by theC. changxingensisZone. However, Kozur
(2005) placed theC. bachmanniZone directly on top of
the C. subcarinataZone in Iran.C. subcarinatagradually
evolves intoC. changxingensisby reduction of posterior den-
ticles and the gradual development of a gap between the cusp
and posterior denticles (Mei et al., 1998a, and Shen and Mei,
2010).

The second and third replacement instances of clarkinids
by hindeodids occur in the lower and upper parts of theC.

subcarinataZone. These replacements are supported by the
dominance ofH. typicalisandH. julfensisoverC. subcari-
natacommunities.

3. Clarkina changxingensisZone – the first occurrence ofC.

changxingensismarks the base of this zone. Wang and Wang
in Zhao et al. (1981) first defined theC. changxingensisZone
in the Meishan section. Elements ofC. changxingensisare
differentiated from those of its probable predecessor,C. sub-
carinata, by the relatively more strongly reduced posterior
denticles of many individuals and, thus, by a more distinct
depression between the cusp and posterior denticles in the
carina profile (Shen and Mei, 2010).

The numbers ofH. typicalis and H. julfensis increased
in the fourthH/C replacement in the upper part of theC.

changxingensisZone. TheC. bachmanniZone begins di-
rectly above this major replacement.

4. Clarkina bachmanniZone – in the Meishan section, the
C. changxingensisZone is succeeded by theC. yini Zone
(Mei et al., 1998b). Kozur (2005) established theC. bach-
manniZone based on the full range of the nominate species
C. bachmannifor the sections in central and north-western
Iran. Because of the absence ofC. bachmanniin the equiva-
lent interval of the Meishan section, Kozur (2005) interpreted
a gap in this section. Later,C. bachmanni, which has a short
and broad platform with posterior pointed protrusion of the
carina, was considered as a transitional morphotype between
the round and narrow morphotypes ofC. yini by Chen et
al. (2008) and as a geographical variant ofC. yini by Shen
and Mei (2010). Individuals ofC. bachmanniare very com-
mon in the sections of the Julfa area, especially in the Ali
Bashi Mountains.

5. Clarkina nodosaZone – the base of theC. nodosaZone,
which was first defined by Kozur (2005) from Iranian sec-
tions, is recognizable by the first occurrence of the nomi-
nate species. This full range zone above theC. bachmanni
Zone yielded numerous specimens with wrinkled upper plat-
form surfaces and with nodes and broad ridges. These wrin-
kled specimens were first illustrated by Sweet in Teichert et
al. (1973) and were later namedC. nodosaby Kozur (2004).
He interpreted the absence of theC. nodosaas well as the
C. bachmannizones in the Meishan section as an indication
of a gap. Later, Shen and Mei (2010) referred to this biozone
as sample 22–14 (i.e. upper part of Bed 22) in the Meishan
section, which contains individuals whose platforms are only
slightly wrinkled compared to those from Iran (unpublished
data).

6. Clarkina yini Zone – this biozone is defined by the first
occurrence ofC. yini, which in the Meishan section fol-
lows theC. changxingensisZone and is itself overlain by the
C. meishanensisZone (Mei et al., 1998b). The stratigraph-
ical scheme is somewhat different in the sections in north-
western Iran, where theC. bachmanniandC. nodosazones
are very well preserved between theC. changxingensisand
C. yini zones. Kozur (2005, 2007) regarded representatives
of theC. yini Zone as belonging to either hisC. changxin-
gensis–C. deflectaZone below or theC. zhangiZone above,
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which directly follow theC. nodosaZone. Although the
boundary between hisC. changxingensis–C. deflectaandC.

zhangizones is not well defined, the mentioned species range
into the higher biozones.

Mei et al. (1998b) assignedC. zhangito narrow morpho-
types ofC. yini based on the sample-population approach.C.

changxingensiswas based originally on the round morpho-
types, andC. deflectawas based on squared morphotypes.
Using this diagnosis and the sample-population approach,
Shen and Mei (2010) explained whyC. changxingensisand
C. deflectaof Kozur (2005) range into theC. yini Zone. We
confirm here the view of Shen and Mei and suggest that the
C. changxingensis–C. deflectaandC. zhangizones of Kozur
(2004, 2005), which are the lower and upper equivalents of
theC. yini Zone, should be combined to a unique biozone.

The fifth replacement of clarkinid by hindeodid fauna oc-
curs at about 0.50 m above the base ofC. yini Zone in Ali
Bashi Locality 1 and 4 sections and continues upwards till
0.90 m from the zonal base. This interval is characterized by
a major invasion of smallH. typicalisand intense reduction
of clarkinids. TheH/C ratio is associated with some fluc-
tuations inC. yini Zone and allow us to consider two ma-
jor amplifications inH/C ratio: first enrichment at about
0.50 m above the base ofC. yini Zone and the second one
at 1.15 m distance from the base in section 1 and 1.18 m dis-
tance from the base in section 4. Both horizons are equivalent
with two unusual negative excursions ofδ13C in theParatiro-
litesLimestone.

7. Clarkina abadehensisZone – theC. yini Zone is followed
by theC. meishanensisZone in the South Chinese sections.
C. meishanensishas reduced posterior denticles and a wide
gap between the usually reclined cusp and the first denticle
in many individuals of the sample population in South China
(Mei et al., 1998b). The morphological evolution ofC. yini
is different in the Iranian material where the cusp and pos-
terior carina is reduced and sank into the platform through
ontogeny. This different pattern has led Kozur (2004) to the
definition of the two new speciesC. abadehensisand C.

iranica. He usedC. abadehensisfor the wedge-like speci-
mens with a deflected posterior carina andC. iranica for the
slender to moderately wide specimens without deflected pos-
terior end and with a symmetrical or slightly asymmetrical
rounded or narrowly rounded posterior margin. The brim is
always very wide in both species. Henderson et al. (2008)
regardedC. iranica as a junior synonym ofC. abadehensis,
and because of the page priority ofC. abadehensis, they ac-
cepted the name ofC. abadehensisfor this species. Later,
Shen and Mei (2010) changed the name of theC. iranica
Zone established by Kozur (2005) into theC. abadehen-
sis Zone.C. abadehensis-like specimens are present in the
lower part of theC. meishanensisZone in the Xifanli sec-
tion (Hubei, South China) (Lai and Zhang, 1999) but have
not been confirmed subsequently.

8. Clarkina hauschkeiZone – theC. hauschkeiZone ends
at the end-Permian mass extinction horizon. Kozur (2005)
established theC. hauschkeiZone based on the nominate
speciesC. hauschkei, which has a relatively flat platform,
a narrowly rounded posterior end and a cusp that is separated
from the widely spaced posterior denticles by a wider gap.
These features are comparable with those ofC. meishanensis
elements, which occur in the upper part of theC. meishanen-
sisZone. Therefore, we suppose that theC. hauschkeiZone
is equal to the upper part of theC. meishanensisZone of
Meishan. Shen and Mei (2010) stated thatC. hauschkeiprob-
ably represents a geographical variant ofC. meishanensis.
Both subspecies ofC. meishanensis, C. meishanensis zhangi
and C. meishanensis meishanensisare also present in the
C. hauschkeiZone in our materials from north-western Iran.
This co-occurrence may confirm the assumption by Shen and
Mei (2010) thatC. hauschkeiis a geographical variant ofC.

meishanensis.
The sixth and final replacement of clarkinids by hin-

deodids in the Changhsingian begins in the upperC.

hauschkeiZone and continues to the basal TriassicH. parvus
Zone.H. typicalis, H. latidentatus, H. changxingensis, H.

praeparvus, H. eurypyge, H. inflatus, Merrillina ultima and
Stepanovites?mostleriare the main hindeodid and ramiform
elements and dominate the latest Permian clarkinid-based
biozones.

9. Hindeodus praeparvus–Hindeodus changxingensisZone
– Kozur (2005) defined theC. meishanensis–H. praeparvus
Zone in the boundary clay (lowermost Elikah Formation),
with its lower boundary immediately at the mass extinc-
tion horizon.C. meishanensisis already present at the base
of the C. hauschkeiZone, but rarely continues into theC.

meishanensis–H. praeparvusZone (Kozur, 2005). Only a
few specimens ofC. meishanensiswere found at the top
of the extinction horizon in the four sections during the
present study. Instead,H. praeparvusandH. changxingen-
sis, which appear in the lowest samples of the “boundary
clay” for the first time, are very abundant. Thus, we name
this interval theH. praeparvus–H. changxingensisZone.
The appearance ofH. changxingensisas a characteristic
marker index fossil immediately above the extinction horizon
has been reported previously from South China (Wang and
Wang in Zhao et al., 1981; Mei et al., 1998b), Italy (Wang,
1995; Nicoll et al., 2002), Iran (Kozur, 2004, 2005), Pakistan
(Perri and Farabegoli, 2003) and Tibet (Shen et al., 2006).
In the Abadeh region,H. changxingensisoccurs in the up-
per part of the “boundary clay” – i.e. the upper part ofC.

meishanensis–H. praeparvusZone according to the zona-
tion of Kozur (2005). In the Zal section this species appears
30 cm above the extinction horizon (Kozur, 2005). In the
Ali Bashi sections 1, 4 and M,H. changxingensisappears
in the lower part of the “boundary clay”. We did not find
specimens ofH. changxingensisin the Aras Valley section,
but H. praeparvusis abundant there.H. praeparvushas the
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Figure 7.Characteristic Changhsingian ammonoids from the Julfa region (scale bars equal to 5 mm); all specimens stored in the collection of
the Museum für Naturkunde, Berlin.(A) Phisonites triangulusShevyrev, 1965 from the Aras Valley section, specimen MB.C.22703;× 1.0.
(B) Iranites transcaucasius(Shevyrev, 1965) from the Aras Valley section, specimen MB.C.22704;× 1.0.(C) Dzhulfites nodosusShevyrev,
1965 from the Aras Valley section, specimen MB.C.22705;× 1.0. (D) Shevyrevites nodosusShevyrev, 1965 from the Aras Valley section,
specimen MB.C.22706;× 1.0.(E) Paratirolites trapezoidalisShevyrev, 1965 from the Ali Bashi 4 section, specimen MB.C.22707;× 0.75.
(F) Stoyanowites dieneri(Stoyanow, 1910) from the Aras Valley section, specimen MB.C.22708;× 1.0.(G) Paratirolites vediensisShevyrev,
1965 from the Ali Bashi N section, specimen MB.C.22709;× 0.75.(H) Abichites stoyanowi(Kiparisova, 1947) from the Ali Bashi N section,
specimen MB.C.22710;× 1.25.(I) Arasella minuta(Zakharov, 1983) from the Ali Bashi N section, specimen MB.C.22711;× 1.25.

identical first occurrence in all sections in north-western Iran;
however its last occurrence appears to be heterochronous.H.

changxingensisis limited to the “boundary clay” in the Julfa
area sections, butH. praeparvusranges higher into theH.

parvusZone.

10. Merrilina ultima–Stepanovites?mostleri Zone – This
biozone contains elements ofMerrilina ultima in association
with H. preparvusand rareC. zhejiangensisand was estab-
lished by Kozur (2005).M. ultima–S. ?mostleriZone is con-
sidered to be correlated with theC. zhejiangensisZone of
Mei et al. (1998a, b) in the Meishan section (Kozur, 2005).
The presence of this biozone and theC. meishanensis–H.

praeparvusZone, which was defined by Kozur (2005), was
questioned by Shen and Mei (2010). However, these authors
did not have any samples with the elements of this biozone
in their collections. Our sample populations of this interval
yield and confirm the presence of theM. ultima–S. ?most-
leri Zone in all sections of the Julfa area. As Kozur (2005)
explained, this biozone includes cold water elements domi-
nated byM. ultima, S. ?mostleri, H. praeparvusand very rare
C. zhejiangensis, but without its Triassic component, which
can be separated by the first appearance ofH. parvus.

The upper limits of these intervals are characterized by the
first appearance ofH. parvus, which indicates the adminis-
trative Permian–Triassic boundary. The first appearance of
H. parvus is situated at a distance 1.32 m in the Ali Bashi
Locality 1, 1.86 m in the Ali Bashi Locality 4, 2.75 m in the
Aras Valley section, 1.18 m in the main valley section.

5 Ammonoid stratigraphy (Korn)

The frame for the subdivision of the Changhsingian deposits
in the area of Julfa was outlined by Ruzhencev and Shevyrev
(1965); they separated five units now regarded as represent-
ing the Changhsingian (of which the upper four of these
were at that time placed into the Triassic), in ascending order
thePhisonitesZone,TompophicerasZone,DzhulfitesZone,
BernharditesZone and theParatirolitesZone.

Stepanov et al. (1969) as well as Teichert et al. (1973) fol-
lowed this scheme, and the latter authors replaced the genus
namesTompophicerasandBernhardites, which originally re-
fer to Triassic ammonoids, byIranitesandShevyrevites, re-
spectively. Zakharov (1992) added another zone (“Pleuron-
odoceras occidentaleZone”) at the top of the succession,

which represents the shaly interval (“boundary clay” of Leda
et al., 2014) between the Late Permian and Early Triassic
carbonates.

Up to now, a subdivision of theParatirolites Limestone
has not been achieved. Bed-by-bed collections of more than
250 ammonoids from this interval during four field cam-
paigns between 2010 and 2013 offer the opportunity to subdi-
vide this rock unit by means of ammonoid species and genera
(Figs. 4, 5). Subdivision of this rock unit is particularly inter-
esting because it has a very different composition (dominated
by members of the family Dzhulfitidae) of ammonoids from
the occurrences in South China (in which the Dzhulfitidae
are either rare or totally missing) (Zhao et al., 1978).

A total of eight biozones (in ascending order) of the
Changhsingian interval may be used for regional correlation,
of which the lower three represent the lower shaly portion
(Zal Member) of the Ali Bashi Formation and the upper five
theParatirolitesLimestone (characteristic ammonoid speci-
mens are illustrated in Fig. 7):

1. Iranites transcaucasius–Phisonites triangulusZone –
according to our collections, the zones separated by
Shevyrev (1965) cannot be separated;Iranites transcauca-
sius (Shevyrev, 1965) was even collected belowPhisonites
triangulus Shevyrev, 1965. The unit is 7.00 m thick in the
Dorasham 2 section after Arakelyan et al. (1965) and 6.50 m
thick in the Ali Bashi 4 section after Stepanov et al. (1969).

The lowermost part of the Ali Bashi Formation contains
ammonoid faunas in low diversity, and the specimens are
usually poorly preserved.Iranites transcaucasius(Shevyrev,
1965) andPhisonites triangulusShevyrev, 1965 occur, to-
gether with other smooth ceratitic ammonoids, at the base
of the Ali Bashi Formation in the Aras Valley section.
Arakelyan et al. (1965) listed frequent specimens ofXen-
odiscusand Xenaspisfrom this interval in the Dorasham
2 section. A newly collected fragment ofVediocerassp. in
the shales at the base of the Ali Bashi Formation in the Ali
Bashi 1 section demonstrates the change fromVedioceras-
dominated faunas of the Wuchiapingian to the xenodiscid-
dominated faunas of the Changhsingian in this interval.

2. Dzhulfites nodosusZone – it is 7.50 m thick in the Do-
rasham 2 section after Arakelyan et al. (1965) and 4.60 m
thick in the Ali Bashi 4 section after Stepanovet al. (1969).
Shevyrev (1965) described the two speciesD. nodosus
and D. spinosus, which they exclusively attributed to the
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Dzhulfitesbeds. In our field work we found thatD. spinosus
occurs also in the following zone.

3. Shevyrevites shevyreviZone – it is 5.50 m thick in the Do-
rasham 2 section after Arakelyan et al. (1965) and 6.10 m
thick in the Ali Bashi 4 section after Stepanov et al. (1969).
Shevyreviteshas obviously only a very limited stratigraphi-
cal range and characterizes a thin interval of the Ali Bashi
Formation below theParatirolitesLimestone.Dzhulfitesoc-
casionally occurs in this zone.

4. Paratirolites trapezoidalisZone – this zone has a posi-
tion at the base of theParatirolites Limestone, where the
taxonomic diversity of the ammonoid faunas is rather low.
This interval contains paratirolitid ammonoids with unsubdi-
vided or bifid prongs of the external lobe.Paratirolites trape-
zoidalis Shevyrev, 1965 best characterizes this interval, of
which the base is difficult to recognize because of the scarcity
of fossils at the base of theParatirolitesLimestone.

5. Paratirolites waageniZone – this interval is characterized
by the main occurrence of the genusParatirolites, of which
alsoParatirolites vediensisShevyrev, 1965 can be used as an
index fossil besides the nominate speciesParatirolites waa-
geni (Stoyanow, 1910). Even without distinct species attri-
bution, 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 easily rec-
ognizable.

6.Stoyanowites dieneriZone – the entry of paratirolitids with
laterally compressed whorl sections, of which “Paratirolites
dieneri Stoyanow, 1910” performs as the type species for
the new genusStoyanowites, characterizes the next biozone
within theParatirolitesLimestone.

7. Abichites stoyanowiZone – the upper portion of the
Paratirolites Limestone is dominated by paratirolitid am-
monoids with quadrate or slightly compressed whorl cross
sections. Such forms usually belong to the genusAbichites,
which possesses a suture line with unsubdivided or bifid
prongs of the external lobe.

8. Arasella minutaZone – at the top of theParatirolites
Limestone is a thin interval, about 30 cm thick, which is dom-
inated 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.

(9). (Pleuronodoceras occidentaleZone) – Zakharov (1992)
attributed the lower 2 m of the “boundary clay” of the Do-
rasham II section to thePleuronodoceras occidentaleZone,
based on a finding of the nominate species in the basal 9 cm
of the interval. In our study, we did not find ammonoids in
the Aras Member and thus cannot confirm this record.

Systematic descriptions, characterization of new taxa:

Order Ceratitida Hyatt, 1884

Suborder Paraceltitina Shevyrev, 1968

Superfamily Xenodiscaceae Frech, 1902

Family Dzhulfitidae Shevyrev, 1965

Stoyanowitesn. gen.

Derivation of name: after A.A Stoyanow, who gave the first descrip-
tion of paratirolitid ammonoids from the Aras Valley.

Type species:Paratirolites DieneriStoyanow, 1910.

Diagnosis: genus of the Dzhulfitidae with laterally compressed
whorl cross section. Ornament with small ventrolateral nodes and
often also dorsolateral nodes. Suture line with short external lobe,
which reaches only 60 % of the depth of the adventive lobe.

Discussion: the specimens of the new genus are easily sepa-
rable from the generaDzhulfites, ParatirolitesandAbichites
by the laterally compressed whorl cross section with a ra-
tio of whorl width / whorl height of less than 0.80 (usually
more than 1.00 and reaching more than 2.00 in the other three
genera).

Arasellan. gen.

Derivation of name: after the Aras Valley, the locality of the type
material.

Type species:Sinoceltites minutusZakharov, 1983.

Diagnosis: genus of the Dzhulfitidae with small conch reaching
30 mm diameter. Conch widely umbilicate with circular whorl cross
section. Ornament with sharp ribs. Suture line with short external
lobe, which reaches only 50 % of the depth of the adventive lobe.
Adventive lobe and lateral lobe rounded and unserrated.

Discussion: Zakharov (1983) described the species as
belonging toSinoceltites, a genus belonging to the family
Tapashanitidae and known from occurrences in South China.
The species has a particular position in two respects: (1) it
is obviously the stratigraphically youngest ammonoid to
appear before the end-Permian mass extinction event in
the NW Iranian sections, and (2) it has a morphology
characterized by reduction of morphological characters such
as the suture line and thus is difficult to interpret in terms
of phylogeny. Two possible phylogenetic origins may be
discussed:

(1) A xenodiscid origin – this would imply a ghost lineage
ranging through the higher part of the Changhsingian.
Evidence of a xenodiscid origin is lacking.
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(2) A paratirolitid origin – this would imply a simplifica-
tion of conch and suture morphology. Indeed, obvious phy-
logenetic relationships occur between the stratigraphically
older Paratirolites towards the youngerAbichitesin the re-
duction of size, the change from trapezoidal towards quadrate
whorl cross sections, the disappearance of strong nodes in the
sculpture and the reduction of sutural notching.Arasellahas
some similarities with the stratigraphically younger species
of Abichitesand may thus be an advanced but morphologi-
cally simplified descendent.
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