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Abstract

High resolution carbon isotope curves are documented for
five Permian/Triassic boundary sections. Kuh-e-Ali Bashi
near Jolfa(NW-Iran), Peitlerkofel (SasdePltia, SassdePutia),
Pufels (Bula, Bulla), Tesero (all three Southern Alps, Italy)
and Gerennavar (Bukk Mts., Hungary).

The Dorashamian sediments of the Jolfa section were
deposited in an open marine environment with water depths
in excess of 60 meters. All conodont zones are present, and
the section marks therefore a complete biostratigraphic
Permian/Triassic transition. The decline of the 8**C values
starts at ~ 3 %o in the C. nodosa Zone, reaching ~ 0.3 %o at
the top of the C. hauschkei Zone and ~ -1.6 %o in the lower
H. parvus Zone, followed by an increase in the upper H.
parvus and lower |. isarcica Zonesto -0.5 %o.

The Permian/Triassic boundary sections of the Southern
Alps and the Gerennavéar (Bikk Mts., Hungary) were
compared with each other and with the previously published
Seis (Siusi) and San Antonio sections, using the 2 and 0 %o
chemostratigraphic levels. At Pufels and Tesero the 2 %o
level is crossed at the top of the Bellerophon Limestone,
but at Peitlerkofel this chemostratigraphic level is 40 cm
below the top of the Bellerophon Limestone and thus
lithostratigraphically lower. In each section the 3**C decline
continuesand 0 %. isreached at thetop of the Oolite Horizon
at Tesero, but at Pufelsand Peitlerkofel lithostratigraphical
higher within thelower Mazzin Member. At the more margi-
nal Seis section both, the 2 and the 0 %o chemostratigraphic
levelslie within the Tesero Oolite facies, hence thisfacies
beginsearlier and ranges higher up than in the more basinal
sections in the E-NE. At the more basinal sections San
Antonio and Gerennavér the 2 %, chemostratigraphic level
lieswithin the upper Bellerophon Limestone and within the
upper Nagyvisny6 Formation, respectively. In both sections
the equivalent of the lower Tesero Oolite Horizon of the
Western Dolomites is replaced by the fossil-rich dark
bioclastic limestones of the Badiotafacies of the Bellerophon
Limestone Formation (=Nagyvisnyd Formation at
Gerennavar). The equivalent of themiddle and upper Tesero
Oolite Horizon of western Dolomites is replaced by the
basinal faciesof the Mazzin Member (=Gerennavér Limes-
tone Formation at Gerennavér). At Gerennavér a distinct
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Boundary Clay isintercal ated between the Nagyvisnyo For-
mation and the Gerennavér Limestone Formation. The mass
extinction at the base of thisBoundary Clay can be correlated
with the event boundary of the pelagic PTB sectionsinIran
and China.

The carbon isotope curves of the Southern Alps suggest
that the lithologic changes from the Tesero oolite to the
Mazzin Member from the Bellerophon Limestone to the
Tesero ooliteand arediachronous. Previoudly, thelast facies
transition was regarded to be synchronouswith the Permian/
Triassic boundary.

1. Introduction

The Permian/Triassic boundary (PTB) was marked by the
largest mass extinction of the entire Phanerozoic history
that affected marine and continental biota (e.g. ScHINDE-
woLF 1953, Sepkoski 1989, Raup 1991, ErwiN 1993, Kozur
1998a, 1998b). This severe event was accompanied by
distinct changes in isotope records. The seawater &Sr/%Sr
and 8*S rose rapidly (HoLser & KAPLAN 1966, VEIZER &
CompstoN 1974, CravpooL et al. 1980, BurkE et al. 1982,
Koepnick et al. 1990, MARTIN & MacpboucaLL 1995, VEIZER
etal. 1999, Korre et al. 2003, 2004a, NewTon et al. 2004). A
negative carbon isotope excursion was documented for
marine carbonates (MacaRrITz et al. 1988, HoLser et al . 1989,
OBerHANSLI et al. 1989, CHeN et al. 1991, Jn et al. 2000,
DoLenecet d. 2001, KorTe et al. 2004a) aswell asfor marine
and terrestrial organic material (WanG et al. 1994, WiGNALL
etal. 1998, Hansen et al. 2000, MusasH et a. 2001, b WiT et
al. 2002). Duetoitswideregional expression the excursion
can beregarded asaglobal secular trend (Baup et al. 1989)
that was attributed to a variety of causes. For example, a
massive re-oxidation of previously stored *2C-enriched
organic material, dueto eustatic regression (Baup et a. 1989,
HoLser & MacariTz 1992), or a release of isotopic light
oceanic methane hydrates (Erwin 1993, MoranTE 1996,
KRruLL et a. 2000, oe WiT et a. 2002) could bethe cause, but
the decline in 8**C is gradual, covering a protracted time
interval (MacaRriTz et al. 1988, HoLser et al. 1989, KorTE et
al. 20044, 2004b, 2004c), making these short-term events
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improbabl e explanations. Other scenariosarguefor abreak-
downin oceanic primary productivity (VisscHer et a. 1996)
that disturbed the biological pump (HoLser 1997). Siberian
Trapvolcanism (Renne et al. 1995, BErnER 2002), Or oceanic
overturn that resulted upwelling of (anoxic) bottom waters
(KnoLL et al. 1996, Korre et a. 2004a) may also contributeto
the negative carbon isotope excursion (see Erwin et a. 2002,
Kump 2003 for further information).

Based on carbon isotope records for the Iranian PTB
sections at Abadeh and Shahreza Hevpari et al. (2001)
postulated that the negative 8*C excursion, and the
covariance of the carbon and oxygen isotope values, were
generated, at least in part, by meteoric diagenesis during
subaerial exposure of sediments. However, KorTe et a.
(20044) pointed out that the Dorashamian and thelowermost
Triassic sediments at Abadeh represent a complete
biostratigraphical succession, the 8**C decreasein the upper
Dorashamian rocks is gradual, and the coeval water depth
was in excess of 60 m. Moreover, for thetime interval that
contains the negative carbon isotope shift no correlation
exists between 6*C and §'#0. The negative carbon isotope
excursions in continuous marine sections can therefore be
regarded asaprimary secular signal.

In this study we present whole rock carbonate §**C values
for five Permian/Triassic boundary successions, Kuh-e-Ali
Bashi near Jolfa(NW-Iran), Peitlerkofel (Sasde Pitia, Sass
de Putia), Pufels (Bula, Bulla), Tesero (all three Southern
Alps), and Gerennavér (Bukk Mts., Hungary), and utilise
their isotope curves as a stratigraphic tool.

2. Geological settings
2.1. Jolfa(NW-Iran)

The Late Permian and Early Triassic Kuh-e-Ali Bashi
succession at Jolfa(NW-Iran) (Figs. 1 and 2) was deposited
on the shelf of the Sanandaj-Sirjan block, a part of the
Cimmerian microcontinent, under open marine tropical
conditions about 1000 km north of the tropic of Capricorn
(StamprLl & BoreL 2002). Its biostratigraphic constraints
werediscussed by several authors(e.g. Steranov et al. 1969,
TeicHerT et al. 1973, Kozur et a. 1975, 1978, Sweet & ME
19994, 1999b, Kozur 2004, andin press). Inthe Jolfasections,
on the slope of themain valley at Kuh-e-Ali Bashi (Fig. 1),
a continuous sequence from the upper Khachik Formation
(late Capitanian) to the Early Triassic |. isarcica Zone of
the Elikah Formation, are exposed. The rock material was
sampled by H.W.K. in 1998 from gullieson the slope of this
valley. Theselocalitiesare different from those of TeicHERT
etal. (1973), which werea so re-sampled by H.W.K. in 2002.
The Dorashamian Alibashi Formation (sensu TeicHERT €t al.
1973) comprises reddish pelagic limestones, marls and
shales. It is underlain by reddish limestones of the upper
JolfaFormation (upper Dzhulfian) and overlain by the Elikah
Formation which starts with the Boundary Clay of the
uppermost Dorashamian (C. meishanensis-H. praeparvus
Zone) and continues into the Triassic (H. parvus and .
isarcica Zones and younger Early Triassic). The Alibashi

Formation beginswith reddish shales, marlsand limestones
of the Phisonites beds and ends either with the Paratirolites
Limestone (section 4 sensu TeicHerT et al. 1973) or
encompasses also the Boundary Clay composed of shales,
marls, and overlying thin marly limestones (section 1 sensu
TeicHerT et al., 1973). TeicHeRT et a. (1973) reported for their
locality 4 palered, greyish red, red, and reddish colours as
typical for the pelagic limestones and shales of the
Dorashamian Alibashi Formation. The upper 12 m of the
16.5 m of thissection contain Paratirolites, aguideformfor
the upper Dorashamian. Other Dorashamian fossils, likethe
brachiopod Araxathyris araxensis minor and deep-water
rugose corals and nautiloids are present.

SweeT (in TeicHerT et al. 1973) correctly determined the
conodonts of their section 4 (their samplesSc 1, 2, 5, 6, 7L,
7M and 7U) as Dorashamian = Changxingian (mentioning
both names) and established the Dorashamian guideform
Clarkina subcarinata s.I. At that time, other Dorashamian
gondolellid species, such as C. changxingensis (WANG &
Wane) and C. deflecta (WanG & WanG), were still regarded
as C. subcarinata and only several years later separated
into independent taxa. Re-examination (H.W.K.) of the Irani-
an conodont collections of Sweet (from TeicHerT et al. 1973)
reveal ed that the Jolfasamples Sc 1, Sc 2, Sc 5 from locality
4 of TeicHerT et al. (1973) contain the lower to middle
Dorashamian guideform C. subcarinata, sasmples Sc 5, Sc 6
and Sc 7L the middle to upper Dorashamian guideforms C.
changxingensis and partly also C. deflecta, and in the
youngest sample Sc 7U (10 cm below the top of the
Paratirolites Limestone) C. iranica (Kozur 2004) and C.
sosioensisare present. Thus, the Dorashamian, from the C.
subcarinata Zone up to the C. iranica Zone, is represented
within Sweet’s conodonts of locality 4 of the Alibashi For-
mation. At locality 1 (sensu TeicHerT et a. 1973) theentire
Dorashamian, from its base up to 1.1 m above the
ParatirolitesLimestone (including the Boundary Clay with
the C. meishanensis-H. praeparvus Zone), was assigned to
the Alibashi Formation. In this section, there is an overlap
between the Alibashi Formation and the basal part of the
Elikah Formation (the latter generally starts with the
Boundary Clay). The sharp lithologic boundary at the base
of the Boundary Clay isthe natural base of the Elikah For-
mation.
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Fig. 1: Locations of the investigated sections of the
Permian/Triassic boundary successions at Jolfa, NW-
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changx.-deflecta: C. changxingensis-C. deflecta Zone

BC: Boundary Clay

P: Small pockets of material washed out from unconsolidated
rocks of the C. hauschkei and C. iranica Zones by a high energy event

explanations for Figs. 2, 3,4, 5,6

E&=d limestone B=d oolitic limestone
== dolostone E==2 marly limestone
£ nodular limestone [==] marl

E==1 clay, marly clay
silty marl, siltstone
® crinoids
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Fig. 2: Lithologic succes-
sion, biostratigraphy and
OC data of the Permian/
Triassic boundary interval
at Jolfa, NW-Iran (Kuh-e-
Ali Bashi sections II-1V
(Fig. 1) along the main ar-
royo). Two values (empty
circles) were obtained from
marly siltstones.
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Years later, Mel SHiLonG also re-studied Sweet’s conodont
collectionfromlocalities 1 and 4 sensu TeicHeRT et al. (1973)
and hisresultswere published in Sweet & MEei (1999a, 1999b)
(both authors did not visit or re-sample the Jolfa sections).
From section 4 sensu TeicHerT et al. (1973) SweeT & Me
(1999a, 1999b) did not describe any Dorashamian
conodonts, but only Dzhulfian (=Wuchiapingian) guide
forms. These are, in ascending order: C. dukouensis Mel &
WarbLAw, C. asymmetrica Mel & WARDLAW (junior syno-
nym of C. niuzhuangensisLi ZHiHong), C. guangyuanensis
Dai & ZHang: the holotype of this species is an advanced
variety of C. leveni (Kozur, MosTLER & Paatakova) and
therefore a junior synonym of this species, C. trans-
caucasica (GuLLo & Kozur) and C. orientalis (BArskov &
KoRroLEVA). SweeT & MEel (19993, 1999b) therefore rejected
the Dorashamian agefor the Alibashi Formation at locality
4 of TeicHerT et a. (1973). However, the re-sampling (by
H.W.K.) of locality 4 (sensu TeicHERT et al. 1973) in 2002
confirmed the presence of Dorashamian conodonts in
Sweet’smaterial, aswell asthe presence of Paratirolitesin
alarge part of the section, and other macrofaunas already
mentioned in TeicHerT et al. (1973). Our two sampling
campaigns (1998 and 2002) and the re-study of Sweet's
conodont collection yield the following results: no species
reported in Sweet & Mei (19993, 1999b) from locality 4 is
present inthe Dorashamian and their locality 4 listed species,
except for C. transcaucasica and C. orientalis, are not
present even in the upper Dzhulfian to Dorashamian red
pelagic beds of any other Iranian section. They are present
only in the grey or black limestones, marls and shales. C.
dukouensis has not yet been found in NW and Central
Iran, because below the C. niuzhuangensis Zone no pelagic
conodonts occur in shallow water facies. C. niuzhuangensis
is present in the dark-grey to black upper Codonofusiella
beds, far below the reddish Alibashi Formation at Jolfa
locality 4. Even C. orientalis, the only specieswhich occurs
exclusively in the reddish pelagic upper Jolfa beds, is not
present in the Dorashamian Alibashi Formation. Mgl in
SweeT & Mer (19993, 1999b) likely misidentified C. iranica
as C. orientalis, because they are morphologically similar,
although they belong to different phylomorphogenetic
lineages. C. iranica is common in al Iranian and Trans-
caucasian sections in the uppermost parts of the Paratiro-
litesLimestone (except at thetop of thisunit) (Kozur 2004).
Considering that C. orientalis from the uppermost sample
of section 4 in Sweet’s collection is the guideform for the
upper Dzulfian, the rest of this section was assigned to the
middle and lower Dzhulfian.

Re-sampling (H.W.K.) in the upper ParatirolitesLimestone
at Jolfalocality 1 sensu TeicHerT et a. (1973) yielded, in
ascending order, conodonts of the C. changxingensis-C.
deflecta, C. yini-H. praeparvus, C. iranicaand C. hauschkei
Zones. The youngest sample of the Paratirolites Limes-
tone in Sweet’s conodont collection from section 1, the
sample 20 U, taken at least 30 cm below its top, yielded
conodonts of the C. yini-C. zhangi Zone, correctly assigned
by Sweet & Mg (1999, 1999b). From this section thelevel
of the C. iranica and C. hauschkei zones was obviously
not sampled by TeicHerT et al. (1973) because C. iranicais
not present in Sweet’s collection from section 1. Sweet &
Mel (1999a, 1999b) could not have therefore misidentified

C.iranicaasC. orientalisat thislocality and they correctly
assigned it to the Dorashamian (Changxingian). The
localities1 and 4 of TeicHerT et a. (1973) are situated along
the strike of the Alibashi Formation on the slope of avalley
paralel to the Kuh-e-Ali Bashi main valley, and the beds
can be easily traced in anearly vegetation-free ~1 km long
outcrop. These beds, that also have the same macrofauna,
cannot be of Dorashamian agein section 1, and of lower to
upper Dzhulfian age less than one km away, as assumed by
SweeT & MEl (19993, 1999b). SweeT & Mel (1999a, 1999b)
attempted to confirm their conodont stratigraphy using a
hypothetical fusulinid- and macrofauna succession at
locality 4 and reported Codonofusiella in the lowermost
part of the section. This fusulinid, however, cannot be
present in the red pelagic facies of theAlibashi Formation,
unlessit wasre-deposited together with other shallow water
fossils, but such reworking isnot present in the Jolfaregion.
Thisfusulinid genusis common in the shallow water dark-
grey to black Codonofusiella beds below the Jolfa Forma-
tions.s. Atlocality 4, Araxilevis, Araxocerasand Vedioceras
were also reported by Sweet & Mel (19993, 1999b) above
Codonofusiella, but they are not present in the red-coloured
Alibashi Formation at Jolfaor in any other Iranian section.
The brachiopod Araxilevis is common in the dark-grey
Araxilevis Beds of the lower Jolfa Formation, but it never
occurs in the reddish Alibashi Formation and in the red
upper Jolfa Formation. Araxocerasis also restricted to the
grey lower Jolfa Formation. Vediocerasis present in thered
upper Jolfa Formation (see also photograph of Fig. 7 in
TeicHerT et al. 1973), but thisisbelow theAlibashi Formati-
on. Therefore, neither Codonofusiella nor the macrofaunas
reported in Sweet & Mel (1999a, 1999b) can be present in
the Alibashi Formation at Jolfalocality 4. It would not be
possibleto mistake the red-col oured Alibashi Formation of
Jolfa locality 4 for the grey to black beds of the lower
Dzhulfian fromwhich all the above mentioned macrofaunas
(except Vedioceras) and Codonofusiella are derived.

The present study is focussed on the Dorashamian to
lowermost Triassic part of the succession in sections 111
and IV of our locality 1 (Fig. 1) that is on the slope of the
Kuh-e-Ali Bashi main valley. The sequence begins with
reddish hard nodular limestone with thin red marl and red
shale intercalations of the upper Alibashi Formation
comprising the upper C. subcarinata, C. bachmanni, C.
nodosa, C. changxingensis-C. deflecta, C. yini-C. zhangi,
C. iranica and C. hauschkei Zones (Fig. 2). In several
adjacent sections the Paratirolites Limestone ends with a
hardground (Pleuronodoceras occidentale ZakHarov and
Hypophiceras sp. on its surface) that belongs, together
with the underlying uppermost 2-5 cm of the Paratirolites
Limestone, to the C. hauschkei Zone. In our sections |11
and 1V (Figs. 1 and 2) the hardground ismissing and ahigh-
energy event at the base of the overlying Boundary Clay
washed out parts of the not yet lithified uppermost
Paratirolites Limestone (mostly the C. hauschkei Zone,
partly the C. iranica Zone). The washed out conodonts
were re-deposited in small, up to 14 cm thick, pockets of
greenish-white clay and grey to pink limestone noduleswith
conodonts of the C. iranica and C. hauschkei Zones above
thetop of the Paratirolites Limestone (Kozur 2004, andin
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press). The overlying Boundary Clay consists of brown
siltstone, marly siltstone and greenish-yellowish clay which
contain the conodonts of the C. meishanensis-H. prae-
parvus Zone. Asin Meishan (South China), C. meishanensis
isonly present in the lower part of this conodont zone. The
Boundary Clay at Jolfa is overlain by mostly pinkish or
yellowish, thin-bedded, platy or flaserbedded, marly
limestones with intercal ations of reddish brown, yellowish
or greenish-grey to grey marly siltstones and shales. At the
top of thisunit an 18 cm thick marker horizon of grey shales
with black layersis present within thelower H. parvus Zone
of the lowermost Triassic. Above this marker horizon, are
greyish-pinkish, brownish-violet weathered (except for their
basal part) crinoid-bearing limestones of the upper H. parvus
Zone and the I. isarcica Zone. For further information
concerning the biostratigraphy of L ate Permian to lowermost

Triassic sediments at Jolfasee Kozur (2004, and in press).

In the Upper Dorashamian and lowermost Triassic bedsin
the Jolfa sections shallow water ostracods are absent, but
kymatophobe ostracods, which avoid turbulent water
movement, are common. The sediments were therefore
deposited below the storm wave base. On the other hand,
pal aeopsychrosphaeric ostracods, which live in open sea
environmentsat ~100 m water depths, but become common
between 200 to 500 m (Kozur 1991), are also absent. For
these reasons, water depths between 60 and 80 m are
assumed for the beds around the PTB in the Jolfa section.
In the middle Dorashamian, below the Paratirolites
limestone, Acanthoscapha and other palaeopsychrosphaeric
ostracods are present suggesting that, at this level, the
water depth was morethan 100 m.

Peitlerkofel (Sas de Putia, Sass de Putia)
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Fig. 3: Lithology and 6**C record at the
Peitlerkofel (Sasde Pltia, Sassde Putia)
section in the Southern Alps (lithology
slightly modified after BrocLIo Lorica
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1985); lithol ogic explanationsin Fig. 2.
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2.2. Southern Alps(Italy)

The uppermost Permian and the lowermost Triassic deposits
of three South Alpine sections at Peitlerkofel (Sasde Pitia,
Sass de Putia), Pufels (Bula, Bulla) and Tesero were
investigated. Their lithologic sequences are similar. The
uppermost part of the L ate Permian Bellerophon Limestone
Formation of the Southern Alps is overlain by oolitic
limestones and marls of the Tesero Oolite Horizon (TOH),
followed by the Mazzin Member (MM), both parts of the
Werfen Formation. Traditionally (except Kozur, 1994, who
used the H. parvus boundary), the Permian-Triassic
boundary is placed between the Bellerophon Limestone and
the Werfen Beds at the base of the TOH. However, the
International Commission on Stratigraphy defined the
beginning of the Triassic with the FAD of Hindeodus parvus
Kozur & Patakova, which isfound at a distinctly higher
level in the Southern Alps. Conodonts are rare around the
PTB in these sections and, consequently, the recognition
of the PTB boundary isdifficult.

2.2.1. Peitlerkofel (SasdePltia, SassdePutia)

The Peitlerkofel (Sas de Pitia, Sass de Putia) section is
described in BrocLio Lorica et a. (1986) and illustrated in
Figure 3 (seeaso Kozur 1994, Neri & Posenato 1985). The
uppermost part of the Bellerophon Limestone Formationis
richinfossils(foraminifers, algae, crinoids, echinoid remains,
brachiopods). The overlaying TOH is 1.5 m thick and
contains Permian fauna(BroaLio Lorica et a. 1986, Kozur
1994). The still higher MM of the Werfen Formation includes
marly mudstone and limestone (partly oolitic). H.
praeparvus Kozur and Stepanovites dobruskinae Kozur
& MovsHovicH were found throughout the TOH, except in
the lowermost 0.5 m (Kozur unpublished). Consequently,
in this section the Triassic begins above the TOH. The
MM was not investigated for conodonts and hence the
FAD of H. parvus, and with it the base of the Triassic, has
not been biostratigraphically localised (Fig. 3).

2.2.2. Pufels(Bula, Bulla)

The uppermost Bellerophon Formation of the Pufels section
(Fig. 4) consists of dark-grey limestones and black silty
marls(seeMostLER 1982). Thelimestonesarerichinfossils
and contain brachiopods, gastropods, algae, bivalves,
foraminifers, bryozoans, ostracods, ophiurians and
echinoids. The overlaying 6 m-thick TOH varies between
oolitic limestones (poor in fossils) and micritic limestones
beds. In the succeeding MM marls and limestones with
bivalves and ostracods were deposited.

In the Pufels area, conodonts were studied by HuckRrIEDE
(1958) and StaescHE (1964), and Kozur & MosTLER (in
MosrtLER 1982) subdivided the section using the conodonts.
This biostratigraphy was refined by Perri (1991) and
FaraBecoLl & Perri (1998). The H. praeparvus, H. parvus
and |. isarcica Zones are present in the sequence. The
lithology and sample numbersinthisstudy (Fig. 4) aretaken
from Perri (1991) and FaraBEGOLI & PerRI (1998), with some

new numbers added. The conodont zonation is slightly
modified. According to Perri (1991) and FARABEGOLI & PERRI
(1998), the FAD of H. parvusiswithin the sample BU 12B
fromthemiddle TOH. However, FARABEGOLI & PERRI (1998)
illustrated from this sampleajuvenile H. praeparvuswith a
rather large cusp. Notethat juvenile Hindeodus are difficult
to determine and in times of extraordinary ecological stress
around the PTB, theintraspecific variability in H. praeparvus
isvery high. Very rarely, formswith large but broad cusps
are present that have some similarity to H. parvus. One
such specimen was found in Bed 25 of Meishan and
originally assigned to H. parvus, but later (e.g. YIN & ZHANG
1996) to H. latidentatus (Kozur, MosTLER & RAHIMI-Y AZD).
KRystyN (pers. comm. to Kozur) found such a specimen
also at Abadeh, below the base of the H. parvus Zone and
Kozur found several of these specimens below the base of
the Triassic and at the base of the H. parvus Zonein the Zal
section (NW-Iran). Theserare disaster formsthat belong to
anew species(Kozur 2004). From themiddle TOH at Pufels
(sample BU 13B), FaraBEGOLI & PERRI (1998) illustrated a
HindeodusasH. parvus. However, the posterior end of this
specimen is somewhat thickened and rounded, as in
Hindeodus eurypyge (NicoLL, MetcaLre & WanG). This
species occurs in both the H. praeparvus and in the H.
parvus Zone. Wide, chisel-like denticles occur in thisspecies
only in mature specimens, whereasjuvenile and late juveni-
le specimens have pointed or needle-like denticles. Asonly
one specimen is present in sample BU 13B, it cannot be
resolved whether it is a late juvenile H. eurypyge or a H.
parvus. In both casesthe H. parvus Zone begins much later
than assumed by FaraBecoLl & Perri (1998).

2.2.3. Tesero

The uppermost Bellerophon Formation of the PTB section
in Tesero (Fig. 5) consists of dolostones and bioclastic
(algae, foraminifers, echinids, etc.) carbonates. In the
succeeding TOH carbonateswith bivalves, foraminifersand
gastropods alternate with oolitic limestone. The overlaying
MM consists of marly limestones and mudstones with thin
biocal carenite storm layers. For further information see Neri
(1999).

Conodont investigations have been made by AssereTo et
al. (1973), Perri (1991), Nicora & Perri (1999) and Kozur
(unpublished data) and their zonations are used in this study.
Carbon isotope values have previously been determined
using wholerock carbonatesfromthislocality by MacariTz
et al. (1988) and their database has been enlarged in this
work (Fig. 5).

2.3. Gerennavér (Hungary)

The marine sediments of the PTB section at Gerennavér
(Bikk Mts., Hungary) begins with the Late Permian dark
limestones of the Nagyvisnyd Formation (equivalent of the
Badiota facies of the Bellerophon Limestone), overlain by
the Boundary Clay, and followed by thin-bedded micritic,
marly limestones of the Gerennavéar Limestone Formation
(equivalent of the MM) (Fig. 6). The water depth during
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Fig. 6: PTB section at Gerennavér (Bukk Mts., Hungary)
with lithology and carbon isotope record; lithologic
explanationsin Fig. 2; BC: Boundary Clay.

deposition was deeper than in the Southern Alps, as attested
by the preservation of the Boundary Clay, which contains
clastic components that are absent in the sediments below
and above (Kozur 1988). In addition, cosmic micro-
sphaerulesare present (Detre et al. 2002). The higher water
depth during the deposition of the upper Nagyvisny6 For-
mation, compared with the upper Bellerophon Limestone
Formation of the Southern Alps, is indicated by the
composition of the ostracod fauna, comprising only steno-
haline marine forms in the upper Nagyvisnyé Formation,
among them some spined forms (K ozur 1985) which do not
occur in the upper Bellerophon Formation of the Southern
Alps. Moreover, there is acommon presence of conodonts
inthe upper Nagyvisny6 Formation (Kozur & Mock 1977),
whereas conodontsare missing or extremely rarein the upper
Bellerophon Limestone Formation of the Southern Alps
because of the very shallow water depth.

3. Methods

For the §**C analyses only homogeneous rock material —
mostly micritic limestones and mudstones — was used,
weathered portionsor veinswererejected. Between 0.15to

0.45 mg carbonate powder was drilled from afresh surface
and reacted with 5-7 drops of H,PO, in a borosilicate
exetainer after flushing with helium and heating to 72.0 £
0.1°C. The generated CO, was separated from water vapor
and their carbon and oxygen isotope values (Tab. 1) were
measured using a ThermoFinnigan GasBench |1 linked to a
Delta?**X L mass spectrometer (SpoTL & VENNEMANN 2003).
The external precision, calculated over 12 standards per
batch, wastypically 0.05-0.06 %o for §"*C and 0.06-0.08 %o
for §°0. Resultswere calibrated against the V-PDB standard.

4. Results and Discussion

Owing to the deposition in an open marine environment at
depths in excess of 60 meters and the presence of all
conodont zones (CAI = 1), theinvestigated Jolfasuccession
provides a good section for an inorganic carbon isotope
curve (Fig. 2, Tab. 1). The 8**C values vary around 3 %o in
the C. subcarinata and C. bachmanni Zones, except for
one 6°C value around 2.5 %o in the middle C. bachmanni
Zone. The continuous decrease begins in the upper C.
nodosa Zone and continues in the C. changxingensis-C.
deflecta, C. yini-C. zhangi, C. iranica Zones, reaching
values between 0.6 and 0.3 %o in the C. hauschkei Zone.
The change from the C. hauschkei Zone to the C.
meishanensis-H. praeparvus Zone is accompanied by a
change from carbonate (biomicritic limestone) into clastic
(siltstone, shale) dominance and by disappearance of all
stenotherm warm water faunal elements. Two samples of
the lower C. meishanensis-H. praeparvus Zone are marly
siltstones (J 108 and J 110; Fig. 2; empty circles) and their
&%C values are low at around -1.5 %o. A short increase of
carbon isotope valuesin the middle of the C. meishanensis-
H. praeparvus Zoneisfollowed by adecreaseto-1.6 %o in
the lowermost Triassic H. parvus (J 118) and a subsequent
increaseto the . isarcica Zone by more than 1 %o.

The general carbon isotope trend from ~ 3 %o in the
Dorashamian to negative valuesin the lowermost Triassic
for the Kuh-e-Ali Bashi section at Jolfa was previously
reported by HoLser & MAGARITZ (1987), Baup et al. (1989)
and MacariTz (1989) for whole rock carbonates, but the
biozones were not given and — particularly above the
Boundary Clay in the topmost Permian and lowermost
Triassic—only afew datapointswere presented. It isdifficult
to integrate these published data into our dataset that is
based on a highly resolved biostratigraphic subdivision.
Theliterature-data are therefore not shown in Figure 2.

The Jolfacarbon isotope curveisimportant for comparison
with other PTB sections because of its good biostratigraphic
background and because the micritic samples were
deposited in an open marine oxic environment. Between
samples J99 and J 101 and J 102 und J 107, adecreasein
&*C of 0.91 and 1.27 %o, respectively is accompanied by a
decreasein 80 of 1.34 and 1.32 %o, respectively (Tab. 1).
Thereforeit cannot be entirely excluded that alteration may
have overprinted the primary isotope trend for these two
levelsalthough theseisotope values originate from micritic
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limestones and may present, at least for carbon, the nearly
primary isotope signal of ancient seawater. Only the two
&C values of the dlightly marly siltstones (J108 and J110;
Fig. 2) from the Boundary Clay (~-1.5 %o) must be regarded
with caution because of their partially clastic lithology; these
samplesare more prone to diagenetic overprint. In the same
biostratigraphic level (lower C. meishanensis-H. praeparvus
Zone) of other pelagic Iranian sections at Shahrezaand Zal,
the 8*3C values of the nearly unweathered Boundary Clays
are between 2.1 %o and 1.3 %o (KorTE €t a. 2004b) and 1.1 %o
and 0.7 %o (KorrE et al. 2004c), respectively. Thisissimilar
to shallow water sections of theAlpsthat lack the Boundary
Clay facies (Figs. 3, 4 and 5; see also HoLser et al. 1989,
NewTon et al. 2004). For Jolfa(and for Abadeh, see KorTe et
al. 20044) the negative values of the (lower) Boundary Clay
were obtained from shalesand siltstoneswith low carbonate
contents, and their carbon isotope signal may have been
altered during modern-day weathering. Thisalso may have
been the case for the strongly weathered Boundary Clay at
the Meishan PTB-section (see also Bowring et al. 1998)
from which low carbon isotope values up to -5 %o were
reported by Xu & Yan (1993) and Jin et al. (2000). The nege-
tive carbon isotope values for the lower C. meishanensis-
H. praeparvus Zone (Boundary Clay) at Jolfa and some
other pelagic PTB sectionsisthus probably aresult of post-
depositional alteration (see aso Korre et a. 2004b).

The middle C. meishanensis-H. praeparvus Zone at Jolfa,
in which the carbonate facies is again pronounced, is
characterised by aslight short ~ 0.6 %o risein 6**C, similar
to other pelagic sections with a high resolution carbon iso-
toperecord (Korrte et al. 2004b, 2004c). With the exception
of the data reported by Jin et al. (2000) for the Meishan
section, in any complete pelagic and shallow water PTB
sections a8**C minimum occursaround the PTB (e.g. Baup
etal. 1989, HoLser et al. 1989, NewTon et al. 2004, KorTE et
al. 2004a, 2004b, 2004c). At Jolfa the lowest trustworthy
carbon isotope value has also been observed at the base of
theTriassic (Fig. 2), inthelower H. parvus Zone (—1.55 %o).
This general feature enables the utilisation of the carbon
isotope values as a stratigraphic tool for location of the
PTB. A second distinct *C minimuminthelower |. isarcica
Zone has been reported for a shallow water section at the
Gartnerkofel coreinthe CarnicAlps (HoLser et al. 1989) and
for pelagic sediments at Shahreza (Korte et al. 2004b), but
has not been observed in the Jolfa section.

The PTB inthe Southern Alpsliesintypical shallow water
deposits. The uppermost Bellerophon Limestone is very
rich in green algae, typical shallow water ostracods (e.g.
Hollinella, Kirkbyacea) and other shallow water fossils.
Lithofacies, lithology and microfacies of the TOH also
indicate very shallow water conditions (e.g. oolitic limestone,
storm layers). Pelagic conodonts (gondolellids) are absent
in both the Bellerophon Limestone and the TOH, but typical
shallow water conodonts are present in the TOH and in the
overlying MM (Hindeodus, |sarcicella, Stepanovites). The
faunas indicate water depths shallower than 20 m for the
uppermost Bellerophon Limestone Formation and the TOH.
However, the occurrence of marine faunas indicates
continuous marine conditions in the investigated sections
of the Southern Alps (Peitlerkofel, Pufels, Tesero) and at

least no biostratigraphic gap was recognised. These
observations and the fact that the Late Permian decline of
the carbon isotopesis- intiming and magnitude - similar to
those of open marine sections (e.g. Baup et al. 1989, HoL ser
et al. 1989, Newton et al. 2004, KorTE et al. 2004a, 2004b,
2004c) indicate that the 6**C values of the investigated
carbonate rocks of the Southern Alps can be regarded as
nearly aprimary signal of ancient seawater.

In order to compare the three investigated Southern Alps
sections chemostratigraphically with each other and with
other successions of the same region and with the
Gerennavar section, their carbon isotope curves have been
correlated in Figure 7 by using the ~ 2.0 %o and the ~ 0 %o
chemostratigraphic levels. At Peitlerkofel the 2 %o level (a
sudden decrease of the 8**C values from 2.5 to 1.3 %o) lies
about 0.4 m below the top of the Bellerophon Limestone
and in Gerennavér 0.2 m below the top of the Nagyvisny6
Formation (equivalent of the Badiota facies of the
Bellerophon Formation). On the other hand, at Tesero and
Pufels the 2 %o level lies at the base of the TOH (sudden
drops occur from 2.5t0 1 %o and 3 to 1.5 %o, respectively).
In these two sections the carbon isotope values in the
uppermost Bellerophon Formation are morethan 1 %o higher
than in the Peitlerkofel section. The 8**C decline continues
in the South Alpine PTB sections, reaching 0 %o close to
the top of the TOH in the Tesero section (no carbon isoto-
pe values are available for the Pufels section), but >3 m
above the top of the TOH in the MM of the Peitlerkofel
section (Fig. 7).

Carbon isotope values of wholerock carbonates have been
published for the Seis (Siusi) section by NewTon et a. (2004)
and for the San Antonio section (Carnic Alps) by BRANDNER
(1988) and OserHANSLI et al. (1989) (Fig. 7). For the Seis
section only a few 8*C values exist and a comparison to
Tesero, Pufelsand Peitlerkofel isdifficult, but it seemsthat
the 2 %o chemostratigraphic level is within the TOH, and
therefore the oolite facies started at Seis earlier than in all
other discussed South Alpine sections.This is consistent
with the palacomagnetic data from ScHoLGer et a. 2000).
Additionally, the 0 %0 chemostratigraphic level of this
locality iswithin the upper TOH, indicating that the oolite
facies lasted longer than in the more eastern sections.
The 8%C values of the PTB-sections of the Southern Alps
indicate that the lithologic changes from the Bellerophon
Formation to the TOH (the previous Permian/Triassic
boundary in the Southern Alps) and from the TOH to the
MM are slightly diachronous. Thiswas generally accepted
for the TOH/MM contact since Assereto et a. (1973) (e.g.
WieNALL & HatLam 1992), but the boundary between the
Bellerophon Limestone and TOH was, up to recent time,
regarded as an isochronous boundary s.s. (ScHoLGeR €t al.
2000).

Our results back up Kozur (1994) but contradict the
statement of ScHoLGer et al. (2000: 504) that ,, the current
event (i.e. boundary event) at the base of the Tesero Horizon
can be regarded as synchronous boundary in a strict sen-
se". This statement is based on their palaeomagnetic data,
which infact show that the Bellerophon Limestone-Tesero
Oolite and the TOH-MM boundaries have diachronous
character. Note that the diachronous character of the latter
boundary was recognised also by ScHoLcer et al. (2000). In
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Fig. 7: Comparison of the carbon isoto-
perecordsat Seis, Tesero, Pufels(Bula,
Bulla), Peitlerkofel (Sas de Plitia, Sass
de Putia), San Antonio and Gerennavér.
*Note, Tesero is somewhat further to
thewest (and about 30 km further to the
south) of Seis, but the former coastline
was situated closer to Seis than to
Tesero (see also BRANDNER 1988).
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the Pufels (Bula, Bulla) section, the last reversed sample
was 5 cm below, thefirst normally magnetised sample 5 cm
above, the top of the Bellerophon Limestone, the reversal
isthus practically at the very base of the Werfen Beds. In
the Seis (Siusi) section, the last sample with reversed
polarity iswithin the upper TOH, 42 cm abovethetop of the
Bellerophon Limestone, and the first sample with normal
magnetisation is 72 cm above the top of the Bellerophon
Limestone. Thus at Pufels the Bellerophon Limestone/
Tesero Oolite boundary is stratigraphically higher than in
the Seis section. Thereit can be equivalent to the top of the
TOH sensu ScHoLceR et al. (2000) or be even higher, within
the lowermost MM. Notethat, compared to ScHoLGerR et al.
(2000), NewTon et al. (2004) assumed that the upper
boundary of the TOH ismuch higher up in the Seis section,
but these discrepancies do not influence the fact that at
|east the bottom 42 cm of the TOH at Seis correspond to the
uppermost Bellerophon Limestone at Pufels.

The diachronous characters of both boundaries
(Bellerophon Limestone to TOH and TOH to MM) — also
assumed from evaluation of the faunal distributionsin the
Dolomites by Kozur (1994) — can have the following
explanation. The change from the Badiota facies of the
Bellerophon Limestone to the TOH indicates a regression
caused by a dlight sea-level drop. The facies change from
the TOH to the MM was caused by a subsequent slight sea
level rise. The Pufels section was situated east (NE) of
Tesero and west of the Peitlerkofel. The Seis(Siusi) section
was situated west of Pufels, but east of Tesero. Note, the
former coastline was situated closer to Seisthan to Tesero
because the last was situated about 30 km further in the
south (see also BRANDNER 1988). Based on the 3**C values,
the TOH begins earlier in the west, where the water depth
was generally shallower (see also AssereTo et al. 1973,
BrANDNER 1988). At thetime of sealevel rise, the TOH was
replaced by the MM, this time earlier in the east. In the
Comelico areaof the eastern Southern Alps, the TOH finally
disappears and the MM lies directly on the Bellerophon
Limestone (see Nog 1987; BRANDNER 1988). Thelower TOH
of thewestern Dolomitesisan equival ent of the uppermost
Bellerophon Limestone further in the east, and the middle
and upper TOH isreplaced by the MM. Finally, the Tesero
Oolitefaciesdisappeared in the east because the water depth
remained too deep for forming the oolitic limestones. This
isalso the case for the San Antonio section (east of Peitler-
kofel), where no Tesero Oolitefacies exist (see OBERHANSLI
et al. 1989). Any comparison of the carbon isotope values
of thislocality with those of other successionsis difficult.
In the last 1.7 m of the Bellerophon Limestone at the San
Antonio section a slight increase, from 2 to 2.4 %0, and a
decline, from 2.4 to 2 %o, isfollowed by adecline to 0.4 %o
after the facies change into the MM. More data are needed
for amore precise 6**C-curve, but the best interpretation for
San Antonio chemostratigraphic results is that the lower
TOH of thewestern Dolomites—similar to Peitlerkofel —is
replaced by the uppermost Bellerophon Limestone whereas
the middle and upper TOH is replaced by the facies of the
MM (Fig. 7). Towards the basin centre (in the east) the
Bellerophon Limestone Formation does not terminate by
shallowing-induced replacement of this formation by the

Tesero Oolite facies, but the fossil-rich Badiota facies of
the Bellerophon Limestone Formation (or of the contem-
poraneous Nagyvisnyd Formation of the Bikk Mountains)
changes abruptly into the Mazzin facieswhich isvery poor
in fossils. This can be observed at Gerennadvar (BUkk
Mountains, Hungary) where the Tesero Oolite facies is
absent and the Nagyvisnyé Formation is directly overlain
by thin marly siltstones and marls of the Boundary Clay
followed by thin-bedded, marly limestones of the lower
Gerennavar Limestone Formation (equivalent of the Mazzin
Member) (Figs. 6 and 7). The mass extinction at the base of
the Boundary Clay at the Gerennavar section allows the
correlation with the event boundary of the pelagic PTB
sections in Iran and China. The carbon isotope values of
the Gerennavar section decline from > 3to ~ 1.9 %o within
the uppermost Nagyvisnyd Formation, and the decline
continues within the lowermost Gerennavar Formation
towards ~ -1.5 %o at the base of the Triassic. This carbon
isotope trend is similar to that of the San Antonio section
(Carnic Alps), indicating that the very base of the MM in
these sections corresponds to the middle and upper TOH
of the western Dolomites.

5. Conclusions

Late Dorashamian and basal Triassic beds in the Jolfa
section (Iran) were deposited in water depths in excess of
60 meters. All pelagic conodont zones are present in this
locality. The carbonisotoperecord inthe Jolfasection varies
around 3 %o (V-PDB) in the C. subcarinata and C.
bachmanni Zones, decreases from the C. nodosa Zone,
reaches-1.55 %o in the H. parvus Zone and increases again
t0-0.5%o inthel. isarcica Zone. The °C curve of the Jolfa
section is similar to other open marine pelagic sections.
The patterns of the 3*C drop in the upper Permian and the
presence of all established conodont zones suggest that
the entire Dorashamian sedimentary sequence existsinthis
locality.

The 8*°C values of the three South Alpine sections,
Peitlerkofel, Pufels and Tesero, indicate that the lithologic
changes from the Bellerophon Formation to the TOH, the
previous Permian/Triassic boundary in the Southern Alps,
and those from the TOH to the MM, are slightly
diachronous events. The lower part of the TOH of western
sectionsisatime-equivalent of the uppermost Bellerophon
Limestonein eastern sections, whereasits middle and upper
part changes|laterally into the Mazzin Member facies.
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