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Abstract. The Permian—Triassic boundary sections in north-  While time-equivalent sedimentary successions in other
western Iran belong to the most complete successions, imegions such as South China have been studied in great de-
which the largest mass extinction event in the history oftail (e.g. Sun et al., 2012; Romano et al., 2013, for more
the Earth can be studied. We investigated the Changhsingialiterature), the Transcaucasian and NW Iranian sections are
stage in six sections in the area of Julfa (Aras Valley) for theirknown from fewer studies. Although sections in this re-
lithology, conodonts and ammonoids. Revision of the bios-gion have attracted scientists for a long time (Abich, 1878;
tratigraphy led to the separation of 10 conodont zones (fromFrech and Arthaber, 1900; Bonnet and Bonnet, 1947), de-
bottom to topClarkina orientalis-C. subcarinatainterval tailed lithostratigraphical and biostratigraphical studies of
zone, C. subcarinata C. changxingensisC. bachmanni  the Changhsingian sections in the Transcaucasus and NW
C. nodosa C. yini, C. abadehensisC. hauschkeiHindeo- Iran have only rarely been carried out. An exception is the
dus praeparvusH. changxingensiand Merrilina ultima— conodont succession in these outcrops, which has been stud-
Stepanovite®mostlerizones) and 8 ammonoid zones (from ied in greater detail by Kozur et al. (1980), Sweet and Mei
bottom to toplranites transcaucasiuhisonites triangu-  (1999a, b), Partoazar (2002), Kozur (2004, 2005, 2007),
lus, Dzhulfites nodosyshevyrevites shevyreHaratirolites Henderson et al. (2008) and Shen and Mei (2010). In addi-
trapezoidalis P. waageni Stoyanowites dieneriAbichites  tion, several investigations focused on the stable isotopes of
stoyanowiand Arasella minutazones). The new ammonoid the NW Iranian sections, such 48°C (Baud et al., 1989;
generaStoyanowitesndArasellaare described. Korte et al., 2004; Richoz, 2006; Korte and Kozur, 2010;
Richoz et al., 2010)$180 (Schobben et al., 2013) and a
Ce anomaly (Kakuwa and Matsumoto, 2006). These stud-
ies demonstrate the high potential for a subdivision of the
1 Introduction Changhsingian stage of sections in the Palaeotethys, compa-
rable or even finer than in the more intensely studied sections
Permian—Triassic boundary sections in the vicinity of Julfain South China.
(East Azerbaijan Province, NW Iran) play a key role in the In the following we present a correlation of lithostrati-
subdivision of the Late Permian sedimentary successions ofraphical data and the distribution of conodonts and am-
the Palaeotethyan realm (Figs. 1, 2). The Changhsingian (latmonoids. It will be shown that the Changhsingian stage
est Permian) deposits were accumulated on an outer sheffannot only be subdivided into a number of zones by
(Leda et al., 2014); they display a continuous successiormeans of conodonts, but also of ammonoids. These two
and contain a considerably rich pelagic fauna consisting obiostratigraphical subdivisions are supported by lithologi-
conodonts and cephalopods, allowing for the separation of &al characteristics.
number of biozones within this time unit.

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



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

Mashhad

IRAN

Tehran

eEsfahan

.
*Shiraz Kerman

I

\

1 - Kuh-e-Ali Bashi
2 - Dorasham 1 and 2
3 - Ogbin 1

4 - Ogbin 2

5 - Gnishik

6 - Karabaglyar

7 - Akhura

g - é;;:; @Nakhichevan
10 - Kabakhayal
11 - Yaydzhi

12 - Dzhegazur
13 - Metridag
14 - Areni

15 - Dzhafarlu

16 - Tezkkar ’p Dzhulfa
17 - Sovetashen o
18 - Argichi al

19 - Armik Julfa

39.00° N

20 - Geranos
21-Vedi1

22 -Vedi 2

23 - Aras Valley
24 -Zal 0 10 20 km 02

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 highligh{Bii Palaeogeographic position of the Julfa area (after Stampfli and Borel, 2002).

Figure 2. The Permian-Triassic boundary sections in the Ali Bashi Mountains, NW Iran.
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2 Localities 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.
Sedimentary rocks representing the transition from the 4 g

Palaeozoic into the Mesozoic in uninterrupted successiorfC) Ali Bashi N section (38.9458N, 45.5137 E): the newly
are very well exposed in the regions of Transcaucasia irfliscovered section begins with poor outcrops in the lower
Armenia, Azerbaijan and NW lIran (F|g 1) The Outcrops pal’t of the Ali Bashi Formation and ends in the Elikah For-
the authors are located south of the Aras (Araxes) Riverdistance of 200m.

which coincides with the political boundary between Iran (d) Ali Bashi M section (38.9354N, 45.5238 E) = Locality
and the province of Nakhichevan (Azerbaijan). The expo-1 with the sections I-IV of Kozur (2005): the outcrop in the
sures are located west or south of the two neighbouring towngnain valley of the Ali Bashi Mountains shows rather poor
Dzhulfa (or Culfa, Nakhichevan province; Azerbaijan) and outcrop conditions, but the complete Changhsingian interval
Julfa (or Jolfa, East Azerbaijan Province, Iran). We investi- can be measured.

gated and measured six fossil-rich pelagic Permian—Triassi_ 3) zal: this section is situated 22km SSW of Julfa

(P-Tr) boundary sections in greater detail and recorded the'and 2.2km NNW of the village of Zal (38.732K,

petrography and ca.rbonate @crofames as well as their €Oz oo E). Columnar sections have been published by
odont and ammonoid content:

Korte et al. (2004), Kozur (2005, 2007) and Shen and Mei
(1) Aras Valley (39.0154N, 45.4348 E): this section was  (2010). Lasemi et al. (2007) investigated the sedimentology
described for the first time by Leda et al. (2014); it is situ- of the Wuchiapingian succession. It is one of the best out-
ated about 19km WNW of the towns of Dzhulfa and Julfa crops of the Permian—Triassic transitional beds in NW Iran
in a dry small side valley west of the Aras (Araxes) River. and exposes the entire Late Permian and a large part of the
The new section has a position approximately 2km north-Early Triassic succession.
west of the Dorasham | section of Ruzhencev et al. (1965).
A nearly complete Wuchiapingian and Changhsingian suc-
cession is exposed at this locality with a considerably goo : ; -
outcrop of the lower, shale-dominated part of the Changhsind?’ Lithostratigraphy (Ghaderi, Leda, Schobben, Korn)
gian, a perfect outcrop of tHearatirolitesLimestone over an
extension of 200 m and a rather good exposure of the “bound
ary clay” (renamed Aras Member here).

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-
(2) P—Tr boundary beds crop out in several parallel sectionder here), theParatirolites Limestone (both together com-
over a range of about 1.5 km in the Ali Bashi Mountains (i.e. posing the Ali Bashi Formation), and the “boundary clay”
Kuh-e-Ali Bashi) 9 km west of Julfa (Fig. 1). The sedimen- (described here as the Aras Member and is the base of the
tary and faunal succession and the thickness of the varioumainly Triassic Elikah Formation). This lithological suc-
rock units principally parallel the section in the Aras Valley. cession has already been outlined by a number of previ-
Four of the numerous sections were measured and samplealis studies; Arakelyan et al. (1965) as well as Rostovt-
by us: sev and Azaryan (1973) described the sections in Armenia
(a) Ali Bashi 1 section (38.939N, 45.5197 E) = Local- and the Nakhic_hevan province of Azerbaijan (including the
ity 1 of Teichert et al. (1973): it is the section described in Dorasham sections), and Stepanov et al. (1969) as well as
detail by Teichert et al. (1973, p. 377). The section begins'€ichert etal. (1973) described the Ali Bashi section.

with red nodular marls and limestone beds of the upper part !N the following, we discuss the three rock units in terms
of the Wuchiapingian Julfa Formatiokédioceradeds) and of their lithological features in ascending order (Fig. 3).
continues into the Early Triassic Elikah Formation. The en-1. Ali Bashi Formation — two members compose this forma-
tire Changhsingian succession is exposed in this section antion: a lower shale-dominated and a so far unnamed member
allows for a detailed study. described here as the Zal Member, and an upper carbonate-

(b) Ali Bashi 4 section (38.94F@\, 45.5158 E) = Locality dominated membgr, for which the narRaratirolites Lime-

4 of Teichert et al. (1973): it is the section described in detailSton€ has been coined.

by Stepanov et al. (1969) and Ghaderi et al. (2013); Teicherta) Zal Member (with the type locality in the Zal section
etal. (1973, p. 380) gave a brief description of the lower part2.2 km NNW of the village of Zal) — the member has a thick-
of the section (for a discussion of the correlation of the Ali ness of 12.5 to 20m in the vicinity of Julfa, i.e. 20m in
Bashi 1 and Ali Bashi 4 sections, see Leda et al., 2014, andhe Dorasham section according to Arakelyan et al. (1965),
particularly Ghaderi et al., 2013). It is the most complete of 13.5m in the Aras Valley section, 18 m in the Ali Bashi 4
all the sections in the Ali Bashi Mountains (Fig. 3), begin- section according to Stepanov et al. (1969), 12.5m in the Ali
ning with the early Wuchiapingia@odonofusielldbeds and  Bashi 1 section according Teichert et al. (1973) as well as
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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 A lithostratigraphical correlation of the sections of the
sections show a very similar rock succession, which is dom-ParatirolitesLimestone in NW Iran can be performed by the
inated by dark-grey shales at the base turning violet-reddishuse of limestone—clay alternations.

towards the top. Marly and nodular limestone beds are in-, gjixah Formation — the majority of this formation belongs
tercalated and occur usually in packages; they are grey at thg, yhe Triassic, and only the lowermost portion, described as
base of the_ membgr apd redto plnkat the to_p. The memper 'Sooundary clay” by Leda et al. (2014), is of Late Permian
onIy.oc.casmnaIIy richin mgcrofossns, of which ammonoids, age. This will be described here as the Aras Member.
nautiloids and small brachiopods are the most common. Aras Member (with the type locality in the Aras Valley

In the sections in Armenia and the northern part of section) — these beds represent the transition from the Per-
Nakhichevan, the member is extremely reduced in thicknessnian into the Triassic; the shale-dominated member marks a
(Arakelyan et al., 1965). The shales are nearly absent therdrastic reduction of CaC§)down to 15-30 weight %. A de-
with the result that the entire member has a thickness of onlytailed description of the occurrence in the Dorasham 2 sec-
2-5m in the Armenian sections of Vedi, Zangakatun (i.e.tion was provided by Zakharov (1992), and conodont faunas
Khanakhchi or Sovetashen in the literature), and Ogbin (Rosfrom the unit in the Ali Bashi Mountains were described by
tovtsev and Azaryan, 1973). Kozur (2004, 2005, 2007). The carbonate microfacies and the

(b) Paratirolites Limestone Member — theParatirolites ~ [0SSil inventory were outlined by Leda etal. (2014).
Limestone has a similar lithological appearance in all stud- The member has a variable thickness in the investigated

ied sections; usually it shows thicknesses ranging betweef€ctions and range from 0.50m in the Zal section to 3.00m
about 4 and 5m (Aras Valley: 4.60 m, Ali Bashi N: 4.50m, N the Aras Valley section. It is largely composed of dark red
Ali Bashi 4: 4.15m, Ali Bashi 1: 4.15m, Zal: 5.10m). The to brownish shales with occasionally occurring greenish-grey
unitis composed of’5 to 30 cm-thick red,nodular marly lime- intervals and thin marly limestone intercalations towards the

stone beds with a CaG@ontent ranging between 80 and 96 top of the unit. A 10-centimetre-thick grey nodular limestone
weight % (Fig. 4). It is typically developed in the Julfa area bed occurs as a lenticular intercalation in the Zal section.

(Stepanov et al., 1969; Teichert et al., 1973), but similar sed- 1 N€_Aras Member is poor in macrofossils. Leda et

imentary rocks occur in central Iran (e.g. Taraz, 1971, Tarazal' (2014) showed that co_ncentrgtlon_s of sponge sppules

etal., 1981; Leda et al., 2014). and ostracods occur occasionally in thin carbonate-enriched
The carbonate microfacies of tiRaratirolites Limestone ~ 10rizons in the middle and upper part of the member;

has been intensely described by Leda et al. (2014); there further macrofossils are rare gastropods and bivalves. Za-

was shown that the unit is largely uniform but can be Sepa_kharov (1992) investigated the unit, which is well-exposed

rated into two subunits because of microfacies characters; N the Dorasham section, in greater detail.

(1) The base of theParatirolites Limestone shows some

rather compact limestone beds of 10-30 cm thickness; they Conodont stratigraphy (Ghaderi, Ashouri)

are clearly separated by red shale and marl horizons (gaCO

down to 54 weight %). Distinct limestone beds can easily beThe conodont biostratigraphy of the Changhsingian deposits
correlated between neighbouring sections. The shale interef north-western Iran has been published in several pioneer-
calations, which become much less prominent higher in théng papers (e.g. Sweet in Teichert et al., 1973; Kozur, 1975,
section, occasionally contain limestone nodules. In the mid-1978). A more precise resolution followed thereafter by
dle of theParatirolites Limestone (i.e. about 1.90 to 2.00m Kozur (2004, 2005) and Shen and Mei (2010). Kozur (2005)
below the top of the unit), a conspicuous limestone bed oc-subdivided the Changhsingian successions of north-west and
curs in the Aras and Ali Bashi sections. This bed differs, in its central Iran into 10 conodont biozones, in ascending order:
much lighter colour and denser matrix, from the other bedsthe Clarkina hambastensi<C. subcarinataC. bachmanni

of the Paratirolites Limestone. It works as a lithological in- C. nodosaC. changxingensi<C. deflectaC. zhangiC. iran-

dex horizon in all studied sections around Julfa (Fig. 4). Theica, C. hauschkeiC. meishanensidlindeodus praeparvus
clear separation between limestone beds and shale intercalandMerrillina ultima—Stepanovite8mostlerzones (Fig. 5).
tions at the base of tHearatirolitesLimestone diminishes to- According to Kozur (2005), th€. hambastensiand C.
wards the top of the member, but here an alternation of moresubcarinatebiozones were recognized in the shaly unit (here
compact limestone beds and horizons richer in clay can belescribed as Zal Member) of the Ali Bashi Formation. The
recorded. Paratirolites Limestone includes the next six conodont bio-

(2) The upper part (0.30 m thick in the Ali Bashi 1 section) zones, and tZeMquﬁ.r tWOIt.b'OZ%TES' (me!fh;r;en?rﬁ.
of theParatirolitesLimestone shows evidence of stratigraph- praeparvusand Merrillina. ultima-Stepanovitesamostler)

ical condensation; it contains isolated nodules, which occa?rzss'ﬁ:rfge\g'thm the boundary clay (here described as the

’ . - Ar
sionally possess black ferruginous and manganese coatin .
yp 9 9 é% Later, Shen and Mei (2010) re-evaluated all collected and

and are preserved as hard-ground clasts (Leda et al., 2013). . .
P v grou ( )reported conodont materials by Teichert et al. (1973), ICRG
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Figure 4. Columnar sections of thearatirolitesLimestone in the Aras Valley, Ali Bashi 4 and Ali Bashi 1 sections with their conodont and
ammonoid zonation as well as the weight % of CaG@etermined 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 Shiraniulfa by the last occurrence 6f orientalisuntil the first oc-
(2002) and Kozur (2004, 2005, 2007) based on the sampleeurrence ofC. subcarinata
population approach. They proposed eight biozones for the The equivalent strata with this interval in the Meishan
Changhsingian deposits of Iran, thus differing from Kozur’s section (Zhejiang, South China) are regardedCasvangi
zonation. Their conodont biozones in ascending order are aZone by Mei et al. (2004) based on the first appearance of
follows: the Clarkina wangj C. subcarinataC. changxin- C. wangj the base marker of Changhsingian stage. Jin et
gensisC. bachmanniC. nodosacC. yini, C. abadehensiand  al. (2001) proposed the Global Boundary Stratotype Section
C. hauschketones (Fig. 5). and Point (GSSP) for the Wuchiapingian—Changhsingian
In their subdivision, theC. wangiand C. subcarinata  stage boundary by the first appearanceCofwangiwithin
zones are located in the Zal Member and the other biozonethe lineage fronC. longicuspidatao C. wangiat Meishan
are distinguishable in th@aratirolites Limestone and the section D above the flooding surface of the second parase-
boundary clay (Aras Member). guence in the Changxing Limestone.
We studied four sections by bed-by-bed sampling: the This stage boundary was questioned by Kozur (2005),
Aras Valley section as well as the Ali Bashi section 4, 1 andbecause he regarded. hambastensi&Kozur 2004 as the
M. Our investigations, which apply the sample-population best index species for a definition of the Wuchiapingian—
taxonomic approach (Mei et al., 2004), led to the separationfChanghsingian boundary. He therefore proposed theGew
of 10 conodont biozones for the Changhsingian sections ohambastensigone based on the first appearanc&€oham-
the Julfa area (Fig. 5, Table 1). Characteristic conodont spechastensisfor the base of “Dorashamian” in the Hambast
imens are illustrated in Fig. 6. Mountains (Abadeh area, central Iran) insteadCofvangij
which was absent in his materials from Iran. However he re-
ported the specie€. hambastensienly from the Shahreza

1. Clarkina orientalis-Clarkina subcarinatainterval zone section and from sections V and VI of the Hambast Moun-
(equivalent to theC. wangiZone) — the newC. orientalis- tains. but not from the Julfa area.

C. subcarinatainterval zone is defined in the sections near

The zones are in ascending order:

www.foss-rec.net/17/41/2014/ Foss. Rec., 17, 812014
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Figure 6. Characteristic Changhsingian conodonts from the Julfa region (scale bars equal to 100 um); all specimens stored in the collection
of the Ferdowsi University, MashhafA) Clarkina orientalis(Barskov and Koroleva, 1970); FUM#1J192.1; upper Julfa b¥ddifceras
beds), Ali Bashi 1 sectior{B) Clarkina subcarinatesSweet, 1973; FUM#4J142.8; Zal Member (Ali Bashi Formation), Ali Bashi 4 section.
(C) Clarkina changxingensi¢/ang and Wang, 1981; FUM#4J153.1; Zal Member (Ali Bashi Formation), Ali Bashi 4 se¢fpClarkina
bachmannKozur, 2004; FUM#AJ185.2ParatirolitesLimestone (Ali Bashi Formation), Aras Valley sectidi) Clarkina nodosaozur,
2004; FUM#G249.16Paratirolites Limestone (Ali Bashi Formation), Ali Bashi M sectio(f) Clarkina yini Mei, 1998; FUM#AJ192.4;
Paratirolites Limestone (Ali Bashi Formation), Aras Valley sectidi@) Clarkina abadehensi&ozur, 2004; FUM#1J248.PRaratirolites
Limestone (Ali Bashi Formation), Ali Bashi 1 sectiafid) Clarkina hauschkekKozur, 2004, FUM#1J249D.®aratirolites Limestone (Ali
Bashi Formation), Ali Bashi 1 sectio(l) Hindeodus eurypygiicoll, Metcalfe and Wang, 2002, FUM#1J255.7 (cusp broken); Zal Member
(Ali Bashi Formation), Ali Bashi 1 sectiorfJ) Hindeodus typicaliSweet, 1970, FUM#G233.Paratirolites Limestone (Ali Bashi Forma-
tion), Ali Bashi M section(K) Hindeodus typicaliSweet, 1970, FUM#4J200.5BaratirolitesLimestone (Ali Bashi Formation), Ali Bashi

4 section.(L) Hindeodus julfensiSweet, 1973, FUM#1J198.4; Zal Member (Ali Bashi Formation), Ali Bashi 4 secfMj.Hindeodus
praeparvusKozur, 1996, FUM#G274.6 (cusp broken); Aras Member (Elikah Formation), Ali Bashi M se@prlindeodus changxingen-
sisWang, 1995, FUM#4J201.6 (cusp broken); Aras Member (Elikah Formation), Ali Bashi 4 sg@ipNlerrillina ultima Kozur, 2004,
FUM#AJ204.13; Aras Member (Elikah Formation), Aras Valley sect{@) Hindeodus parvu&ozur 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. changxingensiZone 0.40 0.80 0.65 2.30
C. hauschkeiZone 0.15 0.13 0.15 0.13
C. abadehensiZone 0.31 0.30 0.35 0.18
C. yini Zone 151 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. changxingensiZone 6.70 6.72 6.95 4.30
C. subcarinataZone 5.40 5.20 5.20 4.58
C. orientalis—C. subcarinatmterval zone 0.85 1.10 0.90 1.65

Kozur (2005) suggested that a correlation of the hambastensisan be regarded as a subspecies or a geograph-
Wuchiapingian—Changhsingian stage boundary of sections iical cline of C. wangi”
Iran and South China is possible becadséambastensis Our new investigations indicate there are @iohambas-
also present in Changhsingian beds of the South Chinese irntensisor C. wangispecimens in the four investigated sections
traplatform basins, where it was assignetovangiby Jin of the Julfa area. In the Ali Bashi sections 1 and 4 and Aras
et al. (2003). However, in the Iranian sectiahshambasten-  Valley, theC. orientalisZone (equal td/ediocerasZzone ac-
sisappears somewhat earlier than tievangj which isthe  cording to the classical ammonoid stratigraphy) is overlain
marker for the base of the Changhsingian in China. Thereby 1-2m of dark shale (base of the Ali Bashi Formation)
fore, he proposed that this biozone is more complete in Iranwith some intercalations of marly limestone. These are bar-
and the largest part of th€. hambastensigone is missing ren of clarkinids, but with many specimens Ht typicalis,
because of a gap in the Meishan section. H. julfensis Merrillina sp. and some chondrichthyan teeth
Henderson et al. (2008) confirmed tBe wangiZone in in all sections. The first carbonate rock unit above the men-
the Zal section, but he did not provide any illustrations of thetioned shaly interval contains typicél. subcarinataspec-
conodonts. Th&€. wangiZone was also confirmed by Shen imens and a few other conodonts, but it is not possible to
and Mei (2010) from sections in Iran, but again without any ascribe them t&. wangi
illustrations of the materials. In their paper (and in Nafi et We assume that there is @ wangior its probable syn-
al., 2006; Chen et al., 2008). hambastensisvas regarded onym C. hambastensit the sections of the Julfa area. At
as a probable synonym &. wangi Shen and Mei (2010) the same time, there are no traces of a sedimentary gap be-
indicated thatC. hambastensiss less common in the pop- tween theC. orientalisandC. subcarinatabiozones. Hence,
ulation of C. wangiin South China. They wrote “if it can it would be possible to explain the lack 6f wangiwith re-
be established that. hambastensis more common in the placement by a hindeodid fauna due to changes in sedimen-
sample-population of. wangiin Iran than South China;. tary facies and environmental conditions.
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All sections in the Julfa area show that there are six short3. Clarkina changxingensigone — the first occurrence 6f.
intervals within the Changhsingian, in which the clarkinid changxingensimarks the base of this zone. Wang and Wang
conodont fauna is replaced or strongly influenced by a hin-in Zhao et al. (1981) first defined tli& changxingensi&one
deodid fauna oMerrillina sp. The first of these replacements in the Meishan section. Elements 6f changxingensigare
is situated above the uppermost part of the Wuchiapingiardifferentiated from those of its probable predecesSogsub-

succession, where th@. orientalis Zone is replaced by. carinata, by the relatively more strongly reduced posterior
typicalis H. julfensisandMerrillina sp. in theC. orientalis- denticles of many individuals and, thus, by a more distinct
C. subcarinatainterval zone (equal t€. wangiZone). depression between the cusp and posterior denticles in the

Comparison of the replacement horizons with téC carina profile (Shen and Mei, 2010).
curve of the Ali Bashi section 1 (Schobben et al., 2013) The numbers off. typicalis and H. julfensisincreased
demonstrates minor to major accordance between the rise af the fourth H/C replacement in the upper part of tiae
hindeodid/ clarkinid ratio & / C ratio) and a negative excur- changxingensigZone. TheC. bachmanniZone begins di-
sion of thes13C curve. Faunal changes in these intervals wererectly above this major replacement.

regarded as a replacement of a warm-water fauna by coolwéy cjarkina bachmannizone — in the Meishan section, the
ter forms (Kozur, 2005, 2007; Korte and Kozur, 2011). How- ~ changxingensi&one is succeeded by th@. yini Zone

ever, a correlation off /C ratio and thes'80 curve of the (Mei et al., 1998b). Kozur (2005) established tebach-
Ali Bashi section 1 (Schobben et al., 2013) cannot supporiyannizone based on the full range of the nominate species
this assur_npﬂon. . C. bachmannifor the sections in central and north-western
Acc_:ordlng to Lai et f"‘l' (2001), the _replacement of the | an. Because of the absence@fbachmannin the equiva-
Clarkina fauna by theHindeodusfauna in P—Tr boundary gt interval of the Meishan section, Kozur (2005) interpreted
deposits of the Meishan section is caused by the oxygen, a5 in this section. Late,. bachmanniwhich has a short
depletion in the basin, because clarkinids could not inhabity 4 1)roaqd platform with posterior pointed protrusion of the
dysoxic—anoxic bottom waters. Lithology will support this 4rina was considered as a transitional morphotype between
idea, although at the moment we do not have enough meana round and narrow morphotypes ©f yini by Chen et
surements to state if anoxia or a change in the temperaturg, (2008) and as a geographical varianiofyini by Shen
from warm water to cool water in th€. orientalis-C. sub- 4 Mei (2010). Individuals of . bachmannire very com-

carinatainterval zone caused the faunal replacement. mon in the sections of the Julfa area, especially in the Ali
Lithological and palaeoenvironmental differences may eX-g,<hi Mountains

plain the lack ofC. hambastensiin the Julfa area and its )

appearance in the Shahreza and Hambast Mountain sections, €larkina nodosaZone — the base of thé. nodosazone,
which was reported by Kozur (2005). The lower shaly part of"."h'Ch was first defined by Kozur (2005) from Iranian sec-
the Ali Bashi Formation in the Julfa area has carbonate equiviions, i recognizable by the first occurrence of the nomi-
alentintervals in the central Iran sections. Hence, there are n§at€ species. This full range zone above thebachmanni
conspicuous changes in lithology and palaeoenvironmentaf-One Yielded numerous specimens with wrinkled upper plat-
conditions between théedioceraZone and the”. hambas-  form surfaces and with nodes and broad ridges. These wrin-

tensisZone in the Wuchiapingian—Changhsingian boundaryk|ed specimens were first illustrated by Sweet in Teichert et
interval in central Iran, and thus. hambastensisould be  &l- (1973) and were later naméd nodosaby Kozur (2004).
present. He interpreted the absence of the 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

al. (1973). In north-western Iran and Meishan, this zone isgjiyntly wrinkled compared to those from Iran (unpublished
succeeded by th€. changxingensiZone. However, Kozur data).

(2005) placed theC. bachmanniZone directly on top of _ . o _ _ _

the C. subcarinataZone in Iran.C. subcarinatagradually ~ - Clarkina yini Zone — this biozone is defined by the first

evolves intoC. changxingensiby reduction of posterior den-  occurrence ofC. yini, which in the Meishan section fol-

ticles and the gradual development of a gap between the cug@s theC. changxingensiZone and is itself overlain by the

and posterior denticles (Mei et al., 1998a, and Shen and MeiC- Meishanensi&one (Mei et al., 1998b). The stratigraph-

2010). ical scheme is somewhat different in the sections in north-
The second and third replacement instances of clarkiniddVester Iran, where th€. bachmannandC. nodosazones

by hindeodids occur in the lower and upper parts ofhe &€ very well preserved between t@e changxingensisnd .

subcarinataZone. These replacements are supported by thé - Yini zones. Kozur (2005, 2007) regarded representatives

dominance of. typicalisand H. julfensisover C. subcari- ~ ©f the C. yini Zone as belonging to either hs. changxin-
natacommunities. gensisC. deflectaZone below or the&”. zhangiZone above,

2. Clarkina subcarinataZone — the base of this zone is de-
fined by the first occurrence of the nominal speciesub-
carinata, which was first recognized by Sweet in Teichert et

Foss. Rec., 17, 4567, 2014 www.foss-rec.net/17/41/2014/



A. Ghaderi et al.: High-resolution stratigraphy of the Changhsingian successions of NW Iran 51

which directly follow the C. nodosaZone. Although the 8. Clarkina hauschkeZone — theC. hauschkeiZone ends

boundary between his. changxingensisC. deflectaandC. at the end-Permian mass extinction horizon. Kozur (2005)
zhangizones is not well defined, the mentioned species rangestablished the&”. hauschkeiZone based on the nominate
into the higher biozones. speciesC. hauschkeiwhich has a relatively flat platform,

Mei et al. (1998b) assigned. zhangito narrow morpho-  a narrowly rounded posterior end and a cusp that is separated
types ofC. yini based on the sample-population appro&th. from the widely spaced posterior denticles by a wider gap.
changxingensisvas based originally on the round morpho- These features are comparable with thos€.aheishanensis
types, andC. deflectawas based on squared morphotypes. elements, which occur in the upper part of themeishanen-
Using this diagnosis and the sample-population approachsisZone. Therefore, we suppose that thehauschkeZone
Shen and Mei (2010) explained wity changxingensiand is equal to the upper part of thé. meishanensiZone of
C. deflectaof Kozur (2005) range into th€. yini Zone. We  Meishan. Shen and Mei (2010) stated thahauschkeprob-
confirm here the view of Shen and Mei and suggest that thebly represents a geographical varianttbfmeishanensis
C. changxingensisC. deflectaandC. zhangizones of Kozur  Both subspecies @f. meishanensj<. meishanensis zhangi
(2004, 2005), which are the lower and upper equivalents ofand C. meishanensis meishanensite also present in the
theC. yini Zone, should be combined to a unique biozone. C. hauschkeZone in our materials from north-western Iran.

The fifth replacement of clarkinid by hindeodid fauna oc- This co-occurrence may confirm the assumption by Shen and
curs at about 0.50 m above the baseCofyini Zone in Ali Mei (2010) thatC. hauschkeis a geographical variant af.
Bashi Locality 1 and 4 sections and continues upwards tillmeishanensis
0.90 m from the zonal base. This interval is characterized by The sixth and final replacement of clarkinids by hin-
a major invasion of small. typicalisand intense reduction deodids in the Changhsingian begins in the upggr
of clarkinids. TheH /C ratio is associated with some fluc- hauschkeZone and continues to the basal Triaggigarvus
tuations inC. yini Zone and allow us to consider two ma- Zone. H. typicalis H. latidentatus H. changxingensisH.
jor amplifications inH/C ratio: first enrichment at about praeparvus H. eurypyge H. inflatus Merrillina ultima and
0.50 m above the base ¢f. yini Zone and the second one Stepanovite@mostleriare the main hindeodid and ramiform
at 1.15 m distance from the base in section 1 and 1.18 m diselements and dominate the latest Permian clarkinid-based
tance from the base in section 4. Both horizons are equivalenbiozones.
with two unusual negative excursionssdfC in theParatiro-

: ) 9. Hindeodus praeparvusiindeodus changxingensione
lites Limestone.

— Kozur (2005) defined th€. meishanensisH. praeparvus

7. Clarkina abadehensigone — theC. yini Zone is followed  Zone in the boundary clay (lowermost Elikah Formation),
by theC. meishanensigone in the South Chinese sections. with its lower boundary immediately at the mass extinc-
C. meishanensibas reduced posterior denticles and a widetion horizon.C. meishanensis already present at the base
gap between the usually reclined cusp and the first denticl®f the C. hauschkeizone, but rarely continues into th@.

in many individuals of the sample population in South China meishanensisH. praeparvusZone (Kozur, 2005). Only a
(Mei et al., 1998b). The morphological evolution Gf yini few specimens ofC. meishanensisvere found at the top

is different in the Iranian material where the cusp and pos-of the extinction horizon in the four sections during the
terior carina is reduced and sank into the platform throughpresent study. Instead!. praeparvusand H. changxingen-
ontogeny. This different pattern has led Kozur (2004) to thesis, which appear in the lowest samples of the “boundary
definition of the two new specie€. abadehensisand C. clay” for the first time, are very abundant. Thus, we name
iranica. He usedC. abadehensifor the wedge-like speci- this interval theH. praeparvusH. changxingensiZone.
mens with a deflected posterior carina @&hdranicafor the = The appearance off. changxingensisas a characteristic
slender to moderately wide specimens without deflected posmarker index fossil immediately above the extinction horizon
terior end and with a symmetrical or slightly asymmetrical has been reported previously from South China (Wang and
rounded or narrowly rounded posterior margin. The brim isWang in Zhao et al., 1981; Mei et al., 1998b), Italy (Wang,
always very wide in both species. Henderson et al. (2008)1995; Nicoll et al., 2002), Iran (Kozur, 2004, 2005), Pakistan
regardedC. iranica as a junior synonym of . abadehensis  (Perri and Farabegoli, 2003) and Tibet (Shen et al., 2006).
and because of the page priority©f abadehensighey ac-  In the Abadeh regionH. changxingensi®ccurs in the up-
cepted the name of. abadehensidor this species. Later, per part of the “boundary clay” — i.e. the upper part@f
Shen and Mei (2010) changed the name of ¢hdranica meishanensis. praeparvusZone according to the zona-
Zone established by Kozur (2005) into tiie abadehen- tion of Kozur (2005). In the Zal section this species appears
sis Zone. C. abadehensidike specimens are present in the 30cm above the extinction horizon (Kozur, 2005). In the
lower part of theC. meishanensiZone in the Xifanli sec-  Ali Bashi sections 1, 4 and MH. changxingensigppears
tion (Hubei, South China) (Lai and Zhang, 1999) but havein the lower part of the “boundary clay”. We did not find
not been confirmed subsequently. specimens of. changxingensi@ the Aras Valley section,
but H. praeparvuss abundant therel. praeparvushas the
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Figure 7.
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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 fur Naturkunde, BerliA) Phisonites triangulu$Shevyrev, 1965 from the Aras Valley section, specimen MB.C.22%0R0.

(B) Iranites transcaucasiuéShevyrev, 1965) from the Aras Valley section, specimen MB.C.22%0.(C) Dzhulfites nodosuShevyrev,

1965 from the Aras Valley section, specimen MB.C.2278%;.0. (D) Shevyrevites nodos@&hevyrev, 1965 from the Aras Valley section,
specimen MB.C.22706x 1.0.(E) Paratirolites trapezoidalisShevyrev, 1965 from the Ali Bashi 4 section, specimen MB.C.22%00J.75.

(F) Stoyanowites dienetStoyanow, 1910) from the Aras Valley section, specimen MB.C.22%080.(G) Paratirolites vediensiShevyreyv,

1965 from the Ali Bashi N section, specimen MB.C.2279).75.(H) Abichites stoyanowKiparisova, 1947) from the Ali Bashi N section,
specimen MB.C.22710x 1.25.(l) Arasella minutaZakharov, 1983) from the Ali Bashi N section, specimen MB.C.22411;25.

identical first occurrence in all sections in north-western Iran;which represents the shaly interval (“boundary clay” of Leda
however its last occurrence appears to be heterochrofibus. et al., 2014) between the Late Permian and Early Triassic
changxingensigs limited to the “boundary clay” in the Julfa carbonates.

area sections, butl. praeparvusranges higher into théf. Up to now, a subdivision of th@aratirolites Limestone
parvusZone. 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

lished by Kozur (2005)M. ultima—S. 2mostlerizone is con- (Figs. 4,5). Sub.division of thig rock unitis par.ti'cularly iqter—
sidered to be correlated with th@. zhejiangensiZone of esting because it has a very different composition (dominated

Mei et al. (1998a, b) in the Meishan section (Kozur, 2005). 0y members of the family Dzhulfitidae) of ammonoids from
The presence of this biozone and tie meishanensisH. the occurrences in South China (in which the Dzhulfitidae

praeparvusZone, which was defined by Kozur (2005), was &€ €ither rare or totally missing) (Zhao et al., 1978).
questioned by Shen and Mei (2010). However, these authors A total of eight biozones (in ascending order) of the

did not have any samples with the elements of this biozondohanghsingian interval may be used for regional correlation,

in their collections. Our sample populations of this interval f Which the lower three represent the lower shaly portion
yield and confirm the presence of thé. ultima—S. ?most- (zal Member) of the Ali Bashi Formation and the upper five

leri Zone in all sections of the Julfa area. As Kozur (2005) the Paratirolites Limestone (characteristic ammonoid speci-

explained, this biozone includes cold water elements domiMmens are illustrated in Fig. 7):

nated byM. ultima, S. ?mostleriH. praeparvusand veryrare 1. Iranites transcaucasiu$’hisonites triangulusZone —

C. zhejiangensisbut without its Triassic component, which according to our collections, the zones separated by

can be separated by the first appearancé.gfarvus Shevyrev (1965) cannot be separatienites transcauca-

The upper limits of these intervals are characterized by thesius (Shevyrev, 1965) was even collected belBhisonites

first appearance aff. parvus which indicates the adminis- triangulus Shevyrev, 1965. The unit is 7.00 m thick in the

trative Permian—Triassic boundary. The first appearance oborasham 2 section after Arakelyan et al. (1965) and 6.50 m

H. parvusis situated at a distance 1.32m in the Ali Bashi thick in the Ali Bashi 4 section after Stepanov et al. (1969).

Locality 1, 1.86 m in the Ali Bashi Locality 4, 2.75minthe  The lowermost part of the Ali Bashi Formation contains

Aras Valley section, 1.18 m in the main valley section. ammonoid faunas in low diversity, and the specimens are
usually poorly preservedranites transcaucasiugShevyrev,
1965) andPhisonites triangulusShevyrev, 1965 occur, to-

5 Ammonoid stratigraphy (Korn) gether with other smooth ceratitic ammonoids, at the base
of the Ali Bashi Formation in the Aras Valley section.

The frame for the subdivision of the Changhsingian depositsarakelyan et al. (1965) listed frequent specimensXeh-

in the area of Julfa was outlined by Ruzhencev and Shevyreydiscusand Xenaspisfrom this interval in the Dorasham

(1965); they separated five units now regarded as represenp section. A newly collected fragment ¥&diocerassp. in

ing the Changhsingian (of which the upper four of thesethe shales at the base of the Ali Bashi Formation in the Ali

were at that time placed into the Triassic), in ascending ordeBashi 1 section demonstrates the change fk@dioceras

the PhisonitesZone, Tompophiceragone, DzhulfitesZone,  dominated faunas of the Wuchiapingian to the xenodiscid-

BernharditesZone and théaratirolites Zone. dominated faunas of the Changhsingian in this interval.

Steparjov etal. (1969) as well as Teichert etal. (1973) fOI_Z. Dzhulfites nodosuZone — it is 7.50 m thick in the Do-
lowed this scheme, and the latter authors replaced the genus

nameslfompophiceraandBernharditeswhich originally re- ra;ham 2 segtion after Arakelyan et al. (1965) and 4.60m
fer to Triassic ammonoids, biyanites and Shevyrevitesre- thick in the Ali Bashi 4 section after Stepanovet al. (1969).

spectively. Zakharov (1992) added another zorRig(iron- S:g\g/rev i£l1965)wtrdl?shcrtlﬁed t)k:el tvi\</o ISpetfrlis tnt()jd?suﬂs]
odoceras occidental@one”) at the top of the succession, a - SPInosUs whic €y exclusively atiriouted to the

10. Merrilina ultima—Stepanovites?mostleri Zone — This
biozone contains elementsderrilina ultimain association
with H. preparvusand rareC. zhejiangensigind was estab-
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Dzhulfitesbeds. In our field work we found th&. spinosus  Systematic descriptions, characterization of new taxa:
occurs also in the following zone. N
Order Ceratitida Hyatt, 1884

3. Shevyrevites shevyreXione — it is 5.50 m thick in the Do- .
Suborder Paraceltitina Shevyrev, 1968

rasham 2 section after Arakelyan et al. (1965) and 6.10m
thick in the Ali Bashi 4 section after Stepanov et al. (1969). Superfamily Xenodiscaceae Frech, 1902
Shevyrevitedias obviously only a very limited stratigraphi- Family Dzhulfitidae Shevyrev, 1965

cal range and characterizes a thin interval of the Ali Bashi

Formation below théaratirolites Limestone Dzhulfitesoc-

casionally occurs in this zone. Stoyanowites. gen.

4. Paratirolites trapezoidalisZzone — this zone has a posi-
tion at the base of th@aratirolites Limestone, where the
taxonomic diversity of the ammonoid faunas is rather low.
This interval contains paratirolitid ammonoids with unsubdi- Type speciesParatirolites DieneriStoyanow, 1910.

vided or bifid prongs of the external lodearatirolites trape-  piagnosis: genus of the Dzhulfitidae with laterally compressed
zoidalis Shevyrev, 1965 best characterizes this interval, ofwhorl cross section. Orament with small ventrolateral nodes and
which the base is difficult to recognize because of the scarcityiten also dorsolateral nodes. Suture line with short external lobe,
of fossils at the base of tHearatirolitesLimestone. which reaches only 60 % of the depth of the adventive lobe.

5. Paratirolites waagenZone — this interval is characterized Discussion: the specimens of the new genus are easily sepa-
by the main occurrence of the genaratirolites of which  raple from the generBzhulfites Paratirolites and Abichites
alsoParatirolites vediensiShevyrev, 1965 can be used as an py the laterally compressed whorl cross section with a ra-
index fossil besides the nominate spedfesatirolites waa-  tio of whorl width/whorl height of less than 0.80 (usually

geni (Stoyanow, 1910). Even without distinct species attri- more than 1.00 and reaching more than 2.00 in the other three
bution, specimens of this zone are usually clearly assigned tgenera).

this zone because of the strongly serrated external, adventive,
and lateral lobes. This interval is, in the Aras Valley and Al

Bashi sections, often very fossiliferous and thus easily rec-
. Arasellan. gen.
ognizable.

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

6. Stoyanowites dienerione —the entry of paratirolitids with  Derivation of name: after the Aras Valley, the locality of the type
laterally compressed whorl sections, of whidPatatirolites  material.
dieneri Stoyanow, 1910” performs as the type species for

the new genustoyanowitescharacterizes the next biozone
within the Paratirolites Limestone. 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.
Sadventive lobe and lateral lobe rounded and unserrated.

Type speciesSinoceltites minutugakharov, 1983.

7. Abichites stoyanowZone — the upper portion of the
Paratirolites Limestone is dominated by paratirolitid am-
monoids with quadrate or slightly compressed whorl cros

sections. Such forms usually belong to the geAbihites ] ] . ]
which possesses a suture line with unsubdivided or bifigDiscussion: Zakharov (1983) described the species as
prongs of the external lobe. 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
(9). (Pleuronodoceras occidentalfone) — Zakharov (1992) as the suture line and thus is difficult to interpret in terms
attributed the lower 2m of the “boundary clay” of the Do- of phylogeny. Two possible phylogenetic origins may be
rasham Il section to thBleuronodoceras occidentaone,  discussed:

based on a finding of the nominate species in the basal ch&) A xenodiscid origin — this would imply a ghost lineage

of the interval. In our study, we did not_ find gmmonoids in ranging through the higher part of the Changhsingian.
the Aras Member and thus cannot confirm this record. Evidence of a xenodiscid origin is lacking.

8. Arasella minutaZone — at the top of théaratirolites
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.
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(2) A paratirolitid origin — this would imply a simplifica- Hyatt, A.: Genera of fossil cephalopods, Proceedings of the Boston
tion of conch and suture morphology. Indeed, obvious phy- Society of Natural History, 253-338, 1883-1884.

logenetic relationships occur between the stratigraphically)CRG (Iranian-Chinese Research Group): Field work on the Lopin-
older Paratirolites towards the youngehbichitesin the re- ~_ gian stratigraphy in Iran, Permophiles, 27, 5-8,1995.
duction of size, the change from trapezoidal towards quadratdn: Y- Henderson, C. M., Wardlaw, B. R., Glenister, B. F., Mei, S.,
whorl cross sections, the disappearance of strong nodes in the S"eM: S-» and Wang, X.: Proposal for the Global Stratotype Sec-
sculpture and the reduction of sutural notchiAgasellahas tion and Point (GSSP) for the Guadalupian-Lopingian boundary,

L . . . . Permophiles, 39, 32-42, 2001.
some similarities with the stratigraphically younger SPECIeS akuwa, Y. and Matsumoto, R.: Cerium negative anomaly just be-

of Abichitesand may thus be an advanced but morphologi-  fore the Permian and Triassic boundary event — The upward ex-

cally simplified descendent. pansion of anoxia in the water column, Palaeogeogr. Palaeocl.,
229, 335-344, 2006.
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