
27 December 2002
ISSN 0619-4324

ALBE R IANAT



2

Albertiana 27
Contents

Cover: Picture of Norian rhythmic shale - limestone alternation (Zlambach, Austria) taken during a
fieldwork (fall 2002) by Dr. W. M. Kürschner (Utrecht) together with Prof. Dr. L. Krystyn (Vienna) for a new
initiative on integrated biostratigraphic – palynological studies of the Alpine Late Triassic.

Editor
Dr. Wolfram M. Kürschner, Laboratory of Palaeobotany and Palynology, Utrecht University, Budapestlaan 4,
3584 CD Utrecht, The Netherlands, w.m.kuerschner@bio.uu.nl;
Editorial Commitee
Dr. Aymon Baud, Musee de Geologie, BFSH2-UNIL, 1015 Lausanne, Switzerland, aymon.baud@sst.unil.ch;
Prof. Dr. Hans Kerp, WWU, Abt. Palaeobotanik, Hindenburgplatz 57, 48143 Münster, Germany, kerp@uni-
muenster.de;
Dr. Spencer G. Lucas, New Mexico Museum of Natural History, 1801 Mountain Road N. W., Albuquerque, NM
87104, USA, slucas@nmmnh.state.nm.us;
Dr. Mike Orchard, Geological Survey of Canada, 101-605 Robson Street, Vancouver, British Columbia, V6B 5J3,
Canada, morchard@nrcan.gc.ca;
Dr. E. T. Tozer, Geological Survey of Canada, 101-605 Robson Street, Vancouver, British Columbia, V6B 5J3,
Canada, etozer@nrcan.gc.ca;
Prof. Dr. Henk Visscher, Laboratory of Palaeobotany and Palynology, Utrecht University, Budapestlaan 4, 3584
CD Utrecht, The Netherlands, h.visscher@bio.uu.nl.

Executive Notes
From the Chair
Minutes of the Business Meeting Sept. 2002
From the Secretary
Member contact information
The Dorset and East Devon Coast World Heritage Site

Scientific Reports
Some preliminary observations on the association of ammonoids and conodonts about the Ladinian-Carnian
boundary in North America by  Orchard et al.
Towards a Tethyan Carnian–Norian boundary GSSP by Krystyn & Gallet
Recent Studies on the Lower Triassic of Chaohu, Anhui Province, China by the Chinese Lower Triassic
Working Group
Report on the Field Excursion to Chaohu, Anhui Province, South China
by Jinnan et al.
The Hyperodapedon Biochron, Late Triassic of Pangea by Lucas & Heckert
The need to describe and illustrate all elements in conodont collections – a rationale with special reference
to Permian- Triassic conodonts by Lai & Swift
Triassic ammonoid succession in south Primorye: 1 Lower Olenekian Hedenstroemia  Bosphorensis and
Anasibirites Nevolini zones by Zakharov et al.
Preliminary data on Triassic palaeomagnetism of South Primorye by Zakharov et al

New Triassic Literature
Triassic Bibliography by Warrington, Kerp, Kürschner & Lucas
British Triassic Literature: Supplement 27 by Warrington.
New Books by Warrington
Future Meetings
Miscellaneous
Guidlines for the submission of manuscripts

The primary aim of ALBERTIANA is to promote the interdisciplinary collaboration and understanding among mem-
bers of the I.U.G.S. Subcommission on Triassic stratigraphy. Within this scope ALBERTIANA serves as the newslet-
ter for the announcement of general information and as a platform for discussion of developments in the field of
Triassic stratigraphy. ALBERTIANA thus encourages the publication of anouncements, literature reviews, progress
reports, preliminary notes etc. - i. e. those contributions in which information is presented relevant to current interdis-
ciplinary Triassic research.

Pages
3
3
5
6
7

8

12
20

26

30

38
52

65

71
86
87
88
94
96



3

Albertiana 27

From The Chair

The STS meeting in Veszprum, Hungary announced else-
where in this newsletter has come and gone. Due to the
efforts of our secretary Geoff Warrington we are able to
include herein the general minutes of the business meet-
ing that took place. I will not repeat what is contained
therein but simply emphasize that GSSP decision time is
upon us and by now anyone with an interest in any of the
6 undefined boundaries should have made that know to
the chair of the Task groups - there should be no reason
for dissent by those opting out of the process. Please read
the minutes and be reminded of where we are and what
needs to be done. Hope to see many of you in Vancouver
next May
( www.vancouver2003.com ).

Executive Notes

ICS Subcommission on Triassic
Stratigraphy

Minutes of Business Meeting, Veszprém,
Hungary, 8 September 2002

Chairman: M. Orchard

Secretary: G. Warrington

Present:
D. Aljinovic, V. Atudorei, M. Balini, A. Baud, P. Brack,
T. Budai, H. Bucher, M. Gaetani, J. Haas, M. Hounslow,
D. Ivanova, T. Kolar-Jurkovsev, S. Kovacs, H. Kozur, L.
Krystyn, D. Lehrmann, V. Lozovsky, A. Marquez-Aliaga,
P. Mietto, A. Nicora, J. Pálfy, L. Petrunova, O. Piros, N.
Preto, H. Rieber, G. Roghi, A. Shevyrev, M. Shishkin, M.
Siblik, M. Sudar, J. Szulc, Tong Jinnan, A. Vörös, Yin
Hongfu.

Agenda:

1. Apologies for absence
2. Review of requirements for GSSPs, and the present
state of Triassic GSSP studies
3. Future meetings
4. Any other business

Chairman opened the meeting at 10.50, welcomed par-
ticipants and thanked J. Haas and his colleagues for the
excellent organization that had ensured the success of the
STS meeting in Veszprém.

Item 1.
Apology received from A. Oravecz-Scheffer.

Item 2.
Chairman announced a paper (Future Directions in
Stratigraphy) issued by ICS following a meeting in Urbino
in June, 2002. This includes a requirement for the comple-
tion of work on Phanerozoic boundary GSSPs by 2008.

Chairman emphasized the need for STS members to fa-
miliarize themselves with the ICS requirements and guide-
lines for GSSP selection, which appeared in Albertiana
26.

Chairman had requested STS members to inform him of
their interest in being involved in GSSP working groups
but had only one response; he repeated this request. In
the latest ICS statutes, ratified in February 2002, the GSSP
working groups had been re-designated as ‘Task Forces’
(TF), with a working duration of 4 years.

Chairman proceeded to review the present situation with
regard to each Triassic GSSP and the relevant TF.

A - Base Olenekian GSSP (TF Chairman: Zakharov): In
the absence of the TF Chairman, Tong Jinnan was asked
to review work on a possible candidate GSSP in China;
this section had been the subject of a poster display dur-
ing the scientific sessions, and might be visited during a
meeting in China in 2005.
Chairman suggested that a proposal for the base
Olenekian GSSP might be made after the meeting in
China.
Kozur asked why a section in the Indus River area was
not being considered
Chairman invited proposals for base Olenekian candi-
date GSSPs as quickly as possible, in view of the 2008
deadline set by ICS. Proposals should be sent to the TF
Chairman.

B - Base Anisian GSSP (TF Chairman: Gradinaru): This
had been the subject of extensive discussion during the
STS meeting on 7 September. Chairman would contact
Gradinaru, indicating that there is a concensus in favour
of the GSSP being at the base of Bed 7 in the Desli Caira
section, and that he is to proceed with this proposal.
Gradinaru had indicated that a report on this candidate
GSSP would be submitted early in 2003, for inclusion in
Albertiana 28. No other candidate was yet proposed;
Gradinaru is to be informed of work in progress in China.

C - Base Ladinian GSSP (TF Chairman: Baud): This had
been the subject of extensive discussion during the STS
meeting on 7 September. Chairman reiterated the ICS
schedule for completion of GSSP work and stressed that
people involved with the two candidate GSSPs must take
action, within the relevant guidelines, to have dossiers on
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their sections ready by the end of the year (2002). He did
not intend that a vote would be carried out then but ex-
pected that this would be possible by September 2003,
after circulation of the proposals and prompt receipt of
responses. The proposal dossiers would appear in
Albertiana 28. The TF voting members would vote to se-
lect the preferred candidate GSSP on the basis of this pub-
lished information and the STS voting members would
vote on the preferred candidate by the end of 2003. This
GSSP should, therefore, be ratified at or before the IGC
in Florence in 2004. Chariman stressed the need to main-
tain momentum; slippage through inertia would not be
accepted but relevant constructive discussion would not
be impeded. The meeting in Vancouver in May 2003 could
provide a timely opportunity for discussion of conodont
taxonomy and resolution of problems; a similar opportu-
nity might be required for discussion to resolve problems
in ammonite taxonomy.

D - Base Carnian GSSP (TF Chairman: Gaetani): This
had been discussed during the STS meeting earlier on 8
September. Gaetani outlined his schedule, leading to
completion before the IGC in Florence in 2004.

E - Base Norian GSSP (TF Chairman: Orchard): Or-
chard mentioned the meeting in Vancouver in May, 2003,
with a session on the Upper Triassic, and similar oppor-
tunities in the programme of the IGC in 2004. He ex-
pected to have enough information available to progress
to the selection of a candidate GSSP by the end of 2004,
and to vote on the candidate in 2005. He noted work on
successions in Sicily by Krystyn, Nicora and others.

F - Base Rhaetian GSSP (TF Chairman: Krystyn): Chair-
man noted that this topic is covered by the Vancouver
(2003) and IGC (2004) programmes. Krystyn stated that
he is compiling the membership of his TF, with Kozur as
Secretary. He asked interested people to submit their
names for inclusion in the TF, and emphasized the need
for palynological representation. Chairman suggested
that a decision on this GSSP might be expected in 2005.

Chairman reviewed the above (A-F). He reiterated the
need for the TFs to get organized, with the involvement
of relevant workers, and for tangible progress to be made.
He requires the names of the members of each TF, as these
will be relevant to the voting procedures in due course;
lists exist for the base Olenekian, base Ladinian and base
Norian TFs.

Item 3.
Chairman introduced the subject of future meetings.
2003:
26-28 May: Vancouver, including participation of IGCP
projects 467 (Triassic time and trans-Panthalassan corre-
lations) and 458 (Triassic/Jurassic boundary events).
September: Croatia.
September/October: Italy. Brack said that the final meet-
ing of the Seceda Borehole project would be held in Sep-

tember or October, 2003 [*now Sept. 11-15], possibly
with field trips to Seceda and Latemar. This meeting would
cover general issues but include relevant Triassic contri-
butions. Chairman suggested that this meeting might be
supported by STS, and could include the 2003 business
meeting.

2004:
June-July: Spiti; because of the limit on participant
numbers this would not be a full STS meeting
20-28 September: Florence; the IGC, including an STS
business meeting and several thematic sessions covering
Triassic issues. The STS executive will be changed at this
time.
Márquez-Aliaga mentioned a meeting of the Spanish
Mesozoic group, planned for June 2004, in the Univer-
sity of Valencia; the dates for this event might be moved
to later in the year.

2005:
Possible meeting in China, with a focus on the base of
the Olenekian.

Item 4:
Yin Hongfu asked about the continuation of work by the
Base Triassic TF, with focus on terrestrial sequences.
Chairman advised that a TF is dissolved when its remit
of selecting a GSSP in a marine succession has been car-
ried out and the GSSP ratified. Secretary commented that
any subsequent work comprised the continuation of sci-
entific study and the extension of correlations away from
the GSSP. There was discussion on the creation of auxil-
iary non-marine GSSPs; Chairman advised that there is
no provision for these under the ICS guidelines.

No further points were raised.

Chairman thanked those present for their participation,
and declared the meeting closed at 11.48.

G. Warrington
Secretary: STS
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From the Secretary

J. D. Campbell (1927-2001)

The death of Doug Campbell was recorded in Albertiana
26. Under the heading ‘Torlesse headstone for Doug
Campbell’ (Geological Society of New Zealand News-
letter 128, July 2002), Hamish Campbell tells us that
Doug’s ashes were buried at Matawara, near his birth-
place, on Easter Sunday this year, and that the site is
marked with a headstone of Torlesse sandstone from
Horokiwi quarry near Wellington that is ‘almost certainly
of Late Triassic age (Norian-Rhaetian)’. The use of this
sandstone in a memorial for a man who spent much of his
career working on Norian-Rhaetian (Oretian, Otamitan,
Warepan and Otapirian) strata, and advocating research
on the Torlesse, is particularly appropriate.

Professor W. A. S. Sarjeant, DSc, FRSC,
(1935-2002)

It is with great sadness that I record the death of Bill
Sarjeant, in Saskatoon, Canada, on 8th July, 2002. In geo-
logical circles Bill may be best known amongst palynolo-
gists, for his work on acritarchs and dinoflagellate cysts,
and in this field may be thought of as particularly associ-
ated with Jurassic sequences. However, his interests, re-
flected in a prodigious publication record and other
achievements, embraced many branches of geology and
palaeontology, as well as non-geological topics. Involve-
ments with the Trias included the first description of di-
noflagellate cysts from the Late Triassic in the British
Isles (Sarjeant 1963). These remains, observed by W. G.
Chaloner in a palynology preparation from the ‘Cotham
Beds’ (now the Cotham Member of the Lilstock Forma-
tion: Penarth Group, Rhaetian) in the British Geological
Survey Stowell Park Borehole, Gloucestershire, were de-
scribed by Bill who created the new species Gonyaulax
chaloneri and G. rhaetica. These remains have subse-
quently, as Rhaetogonyaulax rhaetica, been found in abun-
dance in the Penarth Group in the British Isles, and occur
elsewhere; R. rhaetica is the index taxon for the Late Tri-
assic Rr dinoflagellate cyst biozone of Woollam & Riding
(1983). Other contributions on Triassic palynology in-
cluded work on acritarchs and tasmanitids from Pakistan
(Sarjeant 1973). A long-lasting involvement concerned
vertebrate trace fossils, with publications on Triassic ma-
terial from Nottinghamshire (Sarjeant 1967, 1970) and
Worcestershire, (Wills & Sarjeant 1970). Material from
these early studies was later revised by Bill (Sarjeant 1996)
and critically reviewed by King and Benton (1996). An
extensive review of British fossil vertebrate footprints
(Sarjeant 1974) was followed by compilations of mate-
rial in some British museums (Sarjeant 1984) and of pho-
tographs and other material produced by H. C. Beasley
(Sarjeant 1985), and a supplement to the 1974 review
(Delair & Sarjeant, 1985). Latterly, Bill collaborated in a
volume on Triassic footprints from north-west England
(Tresise & Sarjeant, 1997), and an article on Chirotherium,

jointly authored with M. J. King, G. Tresise and D.B. Th-
ompson, was completed and submitted for publication
shortly before his death. Bill may truly be said to have
left his ‘impression’ on the Trias.

Geoff Warrington, STS Secretary
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Members contact information

All members are requested to advise the Secretary* im-
mediately of any changes to their contact details (postal
or e-mail addresses; phone or FAX numbers) to ensure
that information from the Subcommission reaches them
without delay. The following changes have been notified
since the last list of members was published (Albertiana
26, December 2001):

Voting members:
Gaetani, M.
New phone/FAX numbers:
Phone: +39 02 503 15520
FAX: +39 02 503 15494
(Postal and e-mail addresses unchanged)

Prof. Dr. Bucher
Paläontologisches Institut und Museum
Universität Zürich
Karl Schmid Strasse 4
CH 8006 Zürich
http://www.palinst.unizh.ch/

Corresponding members:
Hirsch, F.
New details (moved from Jerusalem to Japan; working
in the universities of Naruto and Tokushima):
159-23 Aza-Hanamen, Satoura-Cho, Naruto City,
Tokushima Prefecture, 772-0021, Japan
E-mail: francis-hirsch@mrj.biglobe.ne.jp
Phone/FAX: +81 88 686 7723 Mobile: +81 90 1006
8977

Martini, R.
Université de Genève, Département de Géologie et
Paléontologie, 13 rue de Maraîchers,
CH-1211 Genève 4
E-mail: Rossana.Martini@terre.unige.ch
Phone: +41 22 702 66 12
FAX: +41 22 320 57 32
http://www.unige.ch/sciences/terre/geologie

Dr Martini was added to the list of corresponding
members in September 2000 (Albertiana, 24) but was
inadvertently missed from the most recent list
(Albertiana 26, December 2001). Her fields of interest
are: sedimentology, biostratigraphy (foraminifera) of
Permian and Triassic of Tethys; sequence stratigraphy,
palaeogeography, sea-level implications.

Salai, J.
Geological Institute of the Slovak Academy
Bratislava, Dubravska cesta 9
84226 Bratislava
dublanh@gssr.sk
Field of interest: microbiostratigraphy of the
Mediterranean Triassic sediments and taxonomy,
phylogeny and systematic  problems of the Triassic
foraminifers.

*Geoffrey Warrington: gwar@bgs.co.uk
British Geological Survey, Keyworth, Nottingham
NG12 5GG, UK
Phone: +44 (0)115 9363407; FAX: +44 (0)115
9363437
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The Dorset and East Devon Coast

World Heritage Site

by the Secretary

The coast between Exmouth, East Devon, and Studland
Bay, Dorset, became Britain’s first Natural World Heri-
tage Site in December 2001. The site, ‘The Jurassic Coast’
(Geoscientist, 12 (4), April 2002), includes, in its 95-mile
length, rocks that represent 185 million years of earth his-
tory, from the Early Triassic to the Late Cretaceous. Tri-
assic rocks comprise the western part of the site, between
Exmouth and Pinhay Bay near Lyme Regis, and are ex-
posed entirely in East Devon. This section of the coast
provides nearly continuous exposure through an almost
complete Triassic sequence and in these respects is unique
in the British Isles. The sequence comprises, from the base
upwards, the Aylesbeare Mudstone, Sherwood Sandstone,
Mercia Mudstone and Penarth groups, and the basal part
of the Lias Group. The majority of the formations seen
are continental in origin, and include the well-known
braided river deposits of the Budleigh Salterton Pebble
Beds, and the Otter Sandstone Formation, with its impor-
tant Mid Triassic reptile fauna. Marine environments rep-
resented by the Penarth and Lias groups were established
by a transgression that entered the region during the depo-
sition of the highest Mercia Mudstone Group beds. The
base of the Triassic is not yet clearly identified in this
area but may be within the Ayesbeare Mudstone Group;
rocks of Permian age are exposed in coast sections to the
west of the site. The boundary with the Jurassic is placed
at the appearance, slightly above the base of the Lias
Group, of the ammonite Psiloceras planorbis, and is seen
at Pinhay Bay.

A leaflet covering the general geological aspects of the
site is available from the Dorset and East Devon Coast
World Heritage Site Team, County Hall, Dorchester,
Dorset DT1 1XJ, UK (www.jurassiccoast.com; Phone:
+44 (0)1305 225101; e-mail: jurassiccoast@dorset-
cc.gov.uk), and other publications are planned. Geologi-
cal information may be accessed at www.dorsetrigs.com
and www.devon-cc.gov.uk/geology.
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Scientific Reports

Some preliminary observations on the
association of ammonoids and
conodonts about the Ladinian-

Carnian boundary in North America.

M.J. Orchard, E.T. Tozer, and J.P.
Zonneveld1

Geological Survey of Canada, 101-605 Robson
St., Vancouver, B.C. V6B 5J3, Canada.

1Geological Survey of Canada, 3303 33 St,
NW, Calgary, Alberta, T2L 2A7, Canada

Recent discussions about placement of the Ladinian-
Carnian boundary have considered the distribution of key
ammonoid genera Frankites, Daxatina, and Trachyceras,
and of the broadly co-eval conodonts belonging to the
genera Budurovignathus, Neogondolella,
Metapolygnathus, Mosherella, and Pseudofurnishius.
Published data is now available for the candidate GSSP
section at Stuores in Italy (Broglio Lorega et al., 1999),
and from important sections in Spiti (Balini et al., 2001).
In both areas, significant conodont datums have not been
found to correspond to the base of an ammonoid zone
(neither Daxatina, nor Trachyceras). In North America,
significant ammonoids and their context have been de-
scribed by Tozer (1967, 1994) but only a brief summary
of the conodont record is available (Orchard & Tozer,
1997). This note provides details of both published and
unpublished associations of ammonoids and conodonts
presently known from the Ladinian-Carnian boundary in-
terval in western Canada, with some additional informa-
tion from the important section at New Pass in the USA.

Boundary conodont taxa.
Budurovignathus (Sephardiella of authors)
Species of this genus are characteristically Ladinian in
age. By far the most common species in North America is
Budurovignathus mungoensis, which is commonly asso-
ciated with both Frankites and Daxatina ammonoids, but
never with Trachyceras. New data provided here confirms
the species also occurs in the subjacent Maclearni Zone.
Budurovignathus mungoensis is known in numerous col-
lections from Canada (e.g. Orchard, 1991; Orchard &
Tozer, 1997) and sometimes occurs to the exclusion of
other conodont taxa, although more commonly it is asso-
ciated with Neogondolella, and rarely with both
Metapolygnathus and Mosherella.

There are several additional species of Budurovignathus
recognized in Europe that apparently do not occur in North
America. However, some early growth stages of B.

mungoensis resemble B. mostleri, and some late growth
stages resemble B. diebeli. Growth series for these latter
species need to be demonstrated. Several Budurovignathus
species co-occur in European faunas (e.g. Mastandrea in
Broglio Lorega et al., 1999) and it is not clear how much
stratigraphic utility they truly have. Collections of
Budurovignathus from sub-Desatoyense beds at New Pass
(collected by L. Krystyn) are the most morphologically
diverse in North America and include rare specimens re-
sembling both B. diebeli and B. longobardicus, but this
may well be intraspecific variation.

Neogondolella (Gondolella, Paragondolella of
authors)
Reconstructed multielement assemblages indicate that the
Neogondolella assemblage template (Orchard & Rieber,
1999) persists with only minor change  from the Middle
Permian up to the Ladinian-Carnian boundary interval.
The youngest representatives of the genus are N. inclinata
and probably N. foliata, the differentiation of which fol-
lows Kovacs (1983). Both species have previously been
placed into the genera Gondolella or Paragondolella but
there is no doubt that N. inclinata has an apparatus that
differs from that of Neogondolella only in having a slightly
different Sa element; the two former genera have signifi-
cantly different apparatuses (Orchard, in prep.). The spe-
cies inclinata, and by association foliata, are therefore
referred to Neogondolella. These species show progres-
sive reduction of the anterior platform and an increase in
the abruptness of its termination within the Sutherlandi
Zone and thus lead to Metapolygnathus, which retains
the same apparatus.

Neogondolella inclinata varies in its blade-height and in
the development of the anterior platform. In some speci-
mens, the platform withdraws leaving a free blade but
there are no geniculation points developed as in
Metapolygnathus tadpole, and nor is the lateral profile
straight as in Neogondolella. foliata. Most morphotypes
of N. inclinata appear to occur with  Frankites, Daxatina
and Trachyceras, but the free-bladed forms (differenti-
ated herein as morphotype F) are so far only known with
Daxatina and from younger collections. Neogondolella
foliata is rare in the present collections and its stratigraphic
range is uncertain; it too may occur first with Daxatina.

Metapolygnathus (Gondolella,
Paragondolella of authors)
The type species of Metapolygnathus, M. communisti, has
two morphological features that set it apart from
Neogondolella, namely a reduced platform with anterior
geniculation points and an anteriorly shifted basal pit. The
platform reduction occurred first in the youngest
Neogondolella species but the abrupt down-turning of
both platform margins is here taken as the essential crite-
rion for separating Metapolygnathus, which shares the
same multielement apparatus as Neogondolella. The free
blade is also generally more differentiated and higher in
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Metapolygnathus. The older Metapolygnathus species do
not have an anteriorly shifted pit but in younger species
this is progressive;  this criterion alone is not adequate to
separate the species at the generic level. Metapolygnathus
species also develop nodose anterior platform margins,
as do some specimens of N. inclinata. Transitional ele-
ments are quite variable and only those specimens that
clearly have geniculation points on both platform mar-
gins are included in M. ex gr. polygnathiformis.

Metapolygnathus, represented by both M.
polygnathiformis and M. tadpole, occurs in undisputed
Lower Carnian strata (e.g. Obesum, Desatoyense zones)
and in association with some but not all Daxatina-bear-
ing collections. It is not known from faunas that include
Frankites.

Mosherella, Pseudofurnishius
Mosherella was named for C. Mosher who first described
Neospathodus newpassensis from the Lower Carnian
Desatoyense Zone at New Pass, Nevada (Mosher, 1968).
The species is abundant at that level (new collections of
L. Krystyn and M. Balini) and may be found in mono-
specific collections allowing confident reconstruction of
its apparatus, which is clearly different from contempo-
raneous conodonts. The origin of the genus has been sug-
gested to lie in Pseudofurnishius, through total platform
loss (Sadeddin & Kozur, 1992), although this has not been
demonstrated in a single section. In fact, Pseudofurnishius
has not been reported from North America whereas it is
uncertain whether Mosherella occurs outside it! The trend
toward overall reduction of (Pseudofurnishius-)
Mosherella is supported by collections made by L.
Krytsyn from post-Desatoyense Zone strata at New Pass.
There, Mosherella n sp. A shows complete reduction of
the posterior process. The same species occurs in one
collection from strata above the Daxatina limpida fauna
in the Callazon Creek area in British Columbia.

Sadeddin (1990) and Marquez-Aliaga et al. (1999) re-
corded Pseudofurnishius in association with B.
mungoensis in Jordan and Spain respectively, and accord-
ing to Mastandrea (in Broglio Lorega et al., 1999) the
FAD of P. muricianus is slightly below that of
Metapolygnathus polygnathifomis. This implies that
Mosherella - if it truly does arise from Pseudofurnishius
- would be unlikely to occur lower than the FAD of
Metapolygnathus polygnathiformis and yet it does seem
to occur prior to this species. In North America,
Mosherella appears to occur exclusively above the range
of Budurovignathus and is more commonly associated
with Metapolygnathus. However, Mosherella is also
known from collections with only Frankites.

Summary
The known distribution of conodonts in collections from
about the Ladinian-Carnian boundary provide cosmopoli-
tan indices belonging to the Budurovignathus, the
Neogondolella-Metapolygnathus, and the

?Pseudofurnishius-Mosherella  lineages. Speciation
within the first genus is problematic and needs work. The
transition from Neogondolella to Metapolygnathus pro-
vides several stratigraphically useful morphotypes that
need tighter definition. The Pseudofurnishius -Mosherella
relationship is unclear due to apparent geographic sepa-
ration and species appear to be useful only within sepa-
rate faunal provinces.

The transition from Neogondolella to Metapolygnathus,
and the appearance of Metapolygnathus occurs within the
range of the ammonoid Daxatina and prior to the appear-
ance of Trachyceras (ammonoid genera that are not known
to co-occur in Canada). Mosherella also appears at about
this time although it is also known in Frankites faunas
lacking Daxatina. The appearance of Neogondolella
inclinata Morphotype A, with a reduced platform, may
be synchronous with that of Daxatina.

A base for the Carnian chosen at the appearance (FAD)
of Metapolygnathus or Mosherella has correspondence
to a boundary ammonoid datum neither in North America
nor elsewhere. On the hand, the disappearance (LAD) of
Budurovignathus may well correspond to the boundary
between Daxatina and Trachyceras.

Ammonoid-conodont associations:

Liard River, Boiler Canyon (94N/6).  Tozer 1967, p. 64-
66; 1994, p. 329. This is probably the type locality for
Daxatina canadensis. Datum is Cretaceous contact
GSC loc. 68229, -104 m: Daxatina canadensis, Lobites
ellipticus, Nathorstites macconnelli, Neogondolella
inclinata.
GSC loc. 68231, -140 m: Daxatina canadensis,
Asklepioceras laurenci, Nathorstites macconnelli,
Neogondolella inclinata, Morphotype F.

Liard River, Middle Canyon, 1 mile below Boiler Can-
yon (NTS map 94N/7). Tozer 1994, p. 330. Datum is Cre-
taceous contact. This locality is one of two in Canada
that support the inclusion of Daxatina as an element of
the Sutherlandi Zone.
GSC loc. 68272, -52.4 m: Daxatina canadensis,
Metapolygnathus ex gr. polygnathiformis, Mosherella
newpassensis, Neogondolella inclinata, Morphotype F.
GSC loc. 68266, -74.9 m: Daxatina laubei, Frankites
sutherlandi; Budurovignathus mungoensis, Nogondolella
inclinata, Morphotype F.

Ewe Mountain area (94N/3). Tozer 1967, p. 63; 1994, p.
328. Datum is base of section.
GSC loc. 42310, +800+ m: Sirenites sp., Metapolygnathus
ex gr. polygnathiformis, Neogondolella inclinata,
Morphotype F.
GSC loc. 42311, +800 m above 42308: Clionitites
arietinus, Sirenites nanseni, S. ovinus. Neogondolella?
sp.
GSC loc. 42308, +700 m above 42: Austrotrachyceras
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obesum, Metapolygnathus ex gr. polygnathiformis
GSC loc. 42316, at 0 m: Daxatina canadensis,
Neogondolella? sp.

Clearwater Lake/ Callazon Creek area (93O/10).  Tozer
1994, p. 167, 336-9; McRoberts, 2000. This area includes
the record of Daxatina limpida in a fauna tentatively re-
garded as a Lower Carnian equivalent of the Desatoyense
Zone (Tozer, 1994, p. 35).
GSC loc. 84212: Trachyceras desatoyense, Neogondolella
foliata?, N. inclinata, Morphotype F.
GSC loc. 84270: brachiopods, bivalves indet.,
Neogondolella foliata, N. inclinata.
GSC loc. 83822: Daxatina? sp. Neogondolella inclinata,
?Budurovignathus sp.
GSC loc. 83825, +~150 m above 83824: Halobia sp.,
Mosherella n.sp. A, Neogondolella inclinata.
GSC loc. 83824 contains Stolleyites sp., Clionitites
callazonensis, C. reesidei, Daxatina limpida, Coroceras
sp., Halobia daonellaformis.

NW Besa River (94G/5)
GSC loc. C-416001, C-305045: Daxatina canadensis,
Daonella sp., Neogondolella inclinata, B, Neogondolella
inclinata, Morphotype F, ?Metapolygnathus ex gr.
polygnathiformis.
Datum is base of section:
GSC loc. C-416013, C-305050, +147 m: Frankites
sutherlandi, Nathorstites macconnelli, Mosherella
newpassensis, Neogondolella inclinata.
GSC loc. C-416012, C-305049, +144 m: Neogondolella
inclinata.
GSC loc. C-416010, C-305048, +120 m: Daonella
elegans, Nathorstites sp., Budurovignathus mungoensis,
Neogondolella inclinata.
GSC loc. C-305047, +37.5 m: Budurovignathus
mungoensis, Neogondolella inclinata.

‘Keilly’s Tendon’ (94G/5). Datum is base of section.
GSC loc. C-416030, C-146042 (talus), C-305224, +137
m: Daxatina canadensis, Frankites sutherlandi,
Nathorstites macconnelli, nautiloids, brachiopods,
Mosherella newpassensis, Neogondolella inclinata.
GSC loc. 416029, +135 m: Nathorstites sp.,
GSC loc. 416044, +129.75: Nathorstites sp.;
Maclearnoceras? sp.
GSC loc. 305223, +87 m: Budurovignathus sp.,
?Neogondolella inclinata.
GSC loc. 305222, +81 m: Budurovignathus mungoensis,
Neogondolella sp.
GSC loc. 416023, +77.5 m: Maclearnoceras ensio
GSC loc. 305221, +72-75 m: Budurovignathus
mungoensis

Mount Trimble (94G/5).
GSC loc. C-304828: Aspekioceras laurenci, Nathorstites
sp., Neogondolella inclinata, Neogondolella inclinata,
Morphotype F.

Williston Lake, West Glacier Spur (94B/2). This locality

is one of two in Canada that support the inclusion of
Daxatina as an element of the Sutherlandi Zone.
GSC loc. C-304349, +8 m: Lobites ellipticus,
Neogondolella inclinata, Morphotype F.
GSC loc. C-304348, +0.6 m: Daxatina canadensis,
Frankites sutherlandi, Lobites ellipticus, Muensterites
glaciensis, Nathorstites macconnelli, Budurovignathus
mungoensis, Neogondolella inclinata.
GSC loc. C-304347, +0.4: Frankites sutherlandi, Lobites
ellipticus, Nathorstites macconnelli, brachiopods,
Budurovignathus mungoensis, Neogondolella inclinata.
GSC loc. C-304346, 0 m: Muensterites glaciensis,
Nathorstites sp., Neogondolella inclinata.
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Abstract
Long distance correlation of the Carnian-Norian (C-N)
boundary is possible by ammonoids, conodonts and likely
by pelagic bivalves of the genus Halobia. Depending on
the chosen fossil group and bioevent, this boundary may
be located at the base of the Guembelites jandianus Zone
of the current Tethyan ammonoid scale and/or at the co-
eval FO of Metapolygnathus communisti B within the
Tethyan conodont zonal framework as applied in this pa-
per. A second and slightly earlier conodont event, the FO
of M. communisti, may have the potential for worldwide
recognition but it is presently not well individualized in
the ammonoid and halobiid Tethyan successions. Other
conodont events are less favourable: the incoming of
Norigondolella navicula is unsatisfactory because its
stratigraphic level appears to differ from one area to an-
other and the potential of Epigondolella abneptis A as
boundary guide needs additional clarification. The first
two mentioned conodont FOs are well constrained by
magnetostratigraphic data: the communisti event and the
communisti B event occurring respectively at the base and
at the top of a reversed polarity interval during the top-
most part of the Carnian. If M. communisti B turns out to
be missing in North America, the communisti event may
remain as the only reliable time indicator for interconti-
nental correlation of the C–N boundary in low
paleolatitudes between the Panthalassa and Tethys oceans.
In this study, pelagic sequences from three Western
Tethys regions (Slovakia, Turkey and Sicily) are
documented, correlated with each other and compared
for their sedimentary and magnetobiochronological
potential to serve as GSSP candidates for the Carnian–
Norian boundary. Sections from Turkey and Slovakia
are suitable for magnetostratigraphy, are rich in
conodonts and also display megafossil data (halobiids,
ammonoids), but they are developed as sedimentary
condensed Hallstatt limestones and thus reduced in
thickness. A thick and stratigraphically expanded
section in Sicily (Pizzo Mondello) shows the most
complete magnetostratigraphic sequence but a
qualitatively unsatisfying conodont record and it
presently misses any megafossil support. If the fossil
record from this section could be improved, Pizzo

Mondello would become the best available Tethyan
locality for the implementation of a GSSP.

Introduction
Compared with many disputed Triassic stage boundaries,
the Carnian-Norian boundary is a rare exception because
of its well defined and undisputed status. This is surpris-
ing since no reliable historical reference section has been
mentioned so far and that the presumable Norian
stratotype in Sommeraukogel near Hallstatt
(Salzkammergut) lacks an age-diagnostic megafauna at
the base (Krystyn et al., 1971). The earliest Norian am-
monoid Sommeraukogel record belongs to the “Zone des
Discophyllites patens” (Mojsisovics, 1873-1902) and rep-
resents an interval now known as corresponding to the
top-Lower Norian Juvavites magnus Zone. A more
appropiate age for the base of the Norian stage may be
obtained from the analysis of those faunas which were
included by Mojsisovics (1893) in the Upper Carnian or
Tuvalian substage (in Mojsisovics et al., 1895). Accord-
ing to our present knowledge, the youngest Mojsisovics�s
Carnian fauna is from the “Linse mit Thisbites agricolae”
and correlates to a very short-ranging level (Euisculites
Biohorizon) of less than one ammonoid subzone within
the topmost Carnian Spinosus Zone of the Tethys (level b
in fig. 1). The North American equivalent is found in the
Klamathites macrolobatus Zone of Canada (Tozer, 1994)
and Nevada (Silberling, 1959). Norian faunas above this
level were included in the Guembelites Zone by Silberling
(1959) and later referred to the Zone of Mojsisovicsites
(now Stikinoceras) kerri by Tozer (1967). Dimorphites,
Griesbachites and Guembelites are characteristic genera
of the zone which was first identified in the Tethys at
Feuerkogel (Krystyn, 1974) and later named as
Guembelites jandianus Zone (Krystyn, 1980).

Beside the Alps, Tethyan places with a reliable Upper
Carnian to lower Norian ammonoid record across the C-
N boundary are known from Sicily ( Gemmellaro, 1904)
and from the Himalayas (Diener, 1906; Jeannet, 1959;
Krystyn, 1982). However, a detailed faunal sequence in-
formation is still restricted to Feuerkogel and this local-
ity is thus the only one which provides direct
intercalibration between ammonoid, halobiid and con-
odont zonal schemes. Magnetostratigraphic results un-
fortunately could not be obtained from Feuerkogel (J.
Besse, pers. comm.) but several conodont-dated pelagic
limestone sections from Turkey have provided numerous
magnetostratigraphic data allowing the construction of a
geomagnetic polarity time scale for this time interval
(Gallet et al., 1992; 2000; Krystyn et al., in press). These
data are in good agreement with the most complete
Tethyan C-N magnetostratigraphic record recently ob-
tained by Muttoni et al. (2001) at Pizzo Mondello (Sic-
ily), although the lack of time diagnostic fossils prevented
Muttoni et al. 2001 to locate the boundary to better than a
40 m-thick interval. Based on a combined analysis of all
available data, we discuss here the significance of the
various bioevents with respect to faunistic,
magnetostratigraphic and interregional cross-correlations,
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and we evaluate the sequential and fossiliferous potential
of the studied sections as C-N boundary GSSP candidates.

Magnetobiochronology
We recently carried out a study on the Carnian-Norian
magnetobiochronology (Krystyn et al., in press). We sum-
marize below our general conclusions.

The Upper Carnian (Tuvalian) Tethyan ammonoid
biochronology was previously proposed by Krystyn
(1980) and it was summarized in Gallet et. al. (1994). We
also consider the Lower Norian (Lacian) ammonoid zones
and subzones defined by Krystyn (1980) and Krystyn
(1982), respectively. Originally established in rather thin
and sediment-reduced red cephalopod limestones of the
so-called Hallstatt facies in Austria, this zonation has
meanwhile been found applicable to many Tethys regions
(e.g., Timor, Oman, Himalayas). The Carnian-Norian
boundary has been defined at the base of the North Ameri-
can Kerri Zone (Tozer, 1967) which correlates with the
Tethyan Jandianus Zone as both zones share the FO of
the distinct juvavitid genus Dimorphites (Figure 1;
Krystyn, 1980). This boundary reflects the strong faunis-
tic changes observed between the Euisculites Biohorizon

and the Dimorphites n. sp. 1 Subzone which are well dem-
onstrated in the faunal record of sections 4 and 5 in
Feuerkogel (Austria). The Tuvalian and Lacian substages
are each divided into 3 standard zones with twofold
subzonal divisions in most cases.

Halobiids form easily recognizable species with little
chance of taxonomic confusion and are extremely useful
for independent calibration when tied into the ammonoid
time scale. This is the case for the Carnian-Norian bound-
ary interval where H. radiata, H. austriaca and H. styriaca
constitute a sequence of short successive ranges in many
areas of the Tethys, from Sicily to the Himalayas (Krystyn
et al., in press). Data from the Alps show that the FAD of
H. austriaca corresponds with the base of the Jandianus
Zone (and thus with the C-N boundary; Krystyn, 1980),
and suggest an age range of one ammonoid subzone for
each of the forementioned halobiid species. In addition,
the widespread geographic distribution of halobiids pro-
vides a firm basis for long distance correlation of the
Carnian-Norian boundary in ammonoid free Halobia-
bearing Tethyan rocks.

Previous Tethyan Upper Triassic conodont zonations have

Fig. 1: Upper Carnian to Lower Norian Tethyan magnetobiochronology . The encircled X marks the
Carnian-Norian boundary proposed by Orchard et al. (2000) for the communisti event.
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been proposed by several authors since the early seven-
ties (Kozur and Mostler, 1973; Kozur, 1980; Krystyn,
1980; Vrielynck, 1987; Budurov and Sudar, 1990). All of
them are rough, with long ranging zonal intervals exceed-
ing the duration of the ammonoid zones by two or three
times. None of the cited studies, but Krystyn (1980), has
provided accurate sequential information on the ranges
of stratigraphically relevant taxa against the ammonoid
zonal frame. In a more detailed subdivision, Kozur (1990)
increased the number of Upper Carnian and Lower Norian
zones to six but missed again a direct integration into the
ammonoid scale. Based on conodont collections obtained
from ammonite-controlled sections in Austria and Timor
(Indonesia), completed by material from newly measured
sequences in Turkey, Krystyn et al. (in press) improved
and refined this zonation to a sequence of 11 zones for
the same time interval (Figure 1). The zonal guides of the
Upper Carnian to basalmost Norian are thereby based on
the genus Metapolygnathus, and those of the Norian on
Epigondolella species. Each zone is defined by the FAD
of its index species and is ended by the FAD of the suc-
ceeding zonal guide. This allows to define zonal bound-
aries independently from the total range of the zonal
marker which may extend into the next younger zone or
beyond. This procedure avoids problems in taxonomy
used differently by the various authors, what ultimately
leads to strongly differing ranges of many zonal index
species in the literature. Reference sections for the new
resp. redefined conodont zones have been named in Tur-
key (see below).

In order to avoid any misleading interpretations, the fol-
lowing remarks on some conodont boundary interval spe-
cies are necessary. Metapolygnathus primitius is typical
for North America and obviously missing in the Tethys
as many other Pacific metapolygnathids and
epigondolellids (Orchard, 1991). It is replaced in Tethyan

sections by the time-equivalent M. pseudodiebeli long
used as zonal index for the Carnian-Norian boundary in-
terval (Kozur, 1973). Metapolygnathus communisti A of
Krystyn, 1980 corresponds to Metapolygnathus
communisti Hayashi, 1968 (see Krystyn, 1980, pl. 12,
fig.8-14). The usefulness of Metapolygnathus communisti
B for determining the base of the Norian by conodonts
has been questioned by Muttoni et al. (2001) who con-
sidered the species as doubtful and held it in synonymy
with M. nodosus although there is a distinct time break
between the two species (Figure 1). There is now con-
vincing morphological evidence that M. communisti B is
closely related to M. oertlii (Kozur) and this latter spe-
cies bridges the stratigraphic gap between M. nodosus
and M. communisti linking perhaps the three taxa in a
phylomorphogenetic cline. M. nodosus sensu Orchard is
morphologically close to M. carpathicus (Mock) and may
have been misinterpreted in North America. Epigondolella
abneptis A is identical to E. abneptis sensu Kozur and
very similar to E .quadrata Orchard. E. triangularis n.
ssp. is distinguished from E. abneptis A by the asymmetri-
cally expanding semi-triangular posterior platform end.
The newly discriminated subspecies of Epigondolella tri-
angularis (Budurov & Stefanov) has smaller platform
nodes and a less widening posterior platform than E. tri-
angularis sensu stricto. Note that all epigondolellid spe-
cies can be safely distinguished only in adult stages.

Carnian- Norian boundary sections

Feuerkogel
Located in the classical Hallstatt region of the Northern
Calcareous Alps, the Feuerkogel has gained wide atten-
tion as historical reference both for the Tuvalian substage
and for the base of the Norian (Krystyn and Schlager,
1971). Pelagic megafossils from this place are therefore

Fig. 2: Halobiid and conodont biochronology of three sections in Feuerkogel. Note the lithostratigraphic
marker levels A and B (“A” corresponding to the Carnian-Norian boundary).
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of great importance for our understanding of the strati-
graphic subdivision of the Carnian-Norian boundary in-
terval. Rich ammonoid faunas were found in quarry F4
(and F5), where the accumulation rate was stongly re-
duced during the interval. The present top-Carnian
Euisculites Biohorizon consists of a 15 cm thin bed (F4/
IV) containing the genera Euisculites, Thisbites,
Hadrothisbites, Microtropites and Margarijuvavites. From
the overlying 30 cm thick bed F4/III (fig. 2), a different
fauna is observed, marked by the appearance of the
juvavitid genera Dimorphites and Griesbachites, and,
except Thisbites, all forementioned genera have disap-
peared. Bed F4/III further yields the FO of Halobia
austriaca replacing H. lenticularis found in F4/IV. The
tops of the two beds in quarries F4 and F5 are developed
as thin white limestone layers with characteristic mm-thick
ichnoburrows, numbered A and B in fig.2. These levels
are distinct lithostratigaphic marker horizons which are
followed laterally over relatively large distances. Level
A allows the exact recognition of the C-N boundary in
other ammonoid free areas of the Feuerkogel where a more
expanded sedimentary record is present (F 1-E and F-B
on fig.2). They have been described by Krystyn (1980)
and provide a more detailed insight on the ranges of
stratigraphically significant Halobia and conodont spe-
cies. The two sections indicate: 1) the FAD of Halobia
austriaca and the FO of  Norigondolella navicula are close
to the base of the Norian, 2) the range of Halobia styriaca
is directly above the one of H. austriaca, 3) each species
are restricted to just one ammonite subzone, 4) the FO of
Metapolygnathus communisti postdates both M.

polygnathiformis and M. nodosus, and 5) the FO of M.
communisti B is at the very base of the Norian. All these
data provide the basis for an exact correlation of the cur-
rent C-N boundary in ammonoid free pelagic sections
throughout the Tethys realm with pelagic bivalves of
Halobia type and/or conodonts. With the exception of
section F-B, Feuerkogel is clearly unsatisfying as GSSP
candidate due to the reduced sedimentation rate. The lack
of any primary palaeomagnetic record, likely due to light-
ning effect, is also a negative point for this locality (J.
Besse, pers. comm.).

Slovakia
The section (fig. 3), called Silicka Brezova from the name
of a nearby village located in the eastern part of the West
Carpathians, was documented by various authors (Mock,
1980; Korte, 1999). It contains reddish fine-grained pe-
lagic limestones of Hallstatt type and has some impor-
tance as type locality of Upper Carnian conodont zones
(Kozur, 1980). Materials mentioned below have been col-
lected together with the late J. Bistricky more than 20
years ago when only rare natural outcrops partly covered
by grass were accessible. A trench was recently digged
providing now a much better exposed bed-by-bed se-
quence which is currently under study for detailed
magnetobiochronology (H. Kozur and others, pers.
comm.).
The section is included to this paper for discussing its
potential as boundary GSSP in comparison with the other
described localities. It is very similar to Feuerkogel F-B
by the joint appearance of H. austriaca, M. communisti B
and N. navicula at or closely above the C-N boundary
(fig. 3). The top Tuvalian is less than 2 m thick with a
rather late occurrence of M. polygnathiformis and M
.nodosus just below M. communisti. This may be ex-
plained by a short stratigraphic gap or by faulting not vis-
ible at that time due to the restricted outcrop situation.
Based on our data elsewhere, the magnetostratigraphy is
predicted as follow: Reversed polarity between 1 m and
3 m, Normal polarity from 3 m to approximately 6 m.

Turkey
Three sections (KA, BT and EM2) are presented which
all belong to the Bakirli Dag unit of the Upper Antalya
Nappes (Marcoux, 1987). They are located relatively close
to each other. Two sections have been described earlier,
the Bölücektasi Tepe (BT) section by Gallet et al. (1992)
and the Kavaalani (KA) section by Gallet et al. (2000).
Erenkolu Mezarlik 2 (EM2), located 4 km SSW of BT, is
a new and hitherto undescribed section with the most ex-
panded and complete Carnian sedimentary record known
to date from any Upper Antalya Nappe outlier. The
magnetobiochronology (fig. 4, 5) of the C-N boundary
interval is figured for the first time in detail and allows a
better insight on the faunal sequences and on the
magnetostratigraphic correlation between the Turkish
data.
The three Turkish sections give us the opportunity to re-
fine the ages of C-N boundary conodont datums in the
Tethys and, in particular, to establish true first appear-

Fig. 3: Biochronology of the Silicka Brezova
section.
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ance datums (FADs) for the species concerned. These sec-
tions display similar lithologies of Hallstatt-type consist-
ing in fine-grained pelagic limestones with mostly red-
dish to light grey thin beds for the Carnian and whitish,
thicker beds for the lowermost Norian. The basal beds of
KA contain additional rare chert layers resp. nodules
(fig.3). The thickness of BT and KA is nearly identical
which makes very easy the comparison between the two
sections. EM2 is much thinner and may represent short-
termed hiati close to the C-N boundary but stratigraphic
condensation can be clearly excluded by the normal, i.e.
non-mixed conodont record. A discontinuity surface also
marks the C-N boundary in KA and the occurrence of the
Norian exactly at the onset of a magnetic polarity inter-
val further suggests a short sedimentary break at this level.
Distinct ammonoid genera (Tropiceltites, Griesbachites)
allow the control of the conodont-based determination of
the C-N boundary in EM2 (fig.5). The Kavaaalani and
BT sections yield a Tuvalian 3 to Lacian 1 halobiid suc-
cession identical to the one obtained from Feuerkogel
whose time stratigraphic validity can be proven by a cross-
correlation with the conodont zonation. Both BT and EM
2 show an excellent conodont record with a complete
zonal succession from the Upper Carnian to the lower-
most Norian (fig. 4, 5). For this reason, we consider the
two sections as references for the following conodont
zones: M. oertlii (EM2), M. communisti (BT), M.

communisti B (EM2) and E. abneptis A (EM2).

Sicily
The Pizzo Mondello sequence has been studied in detail
by Muttoni et al. (2001) to establish the Carnian–Norian
boundary interval magnetostratigraphy. The section is well
exposed and rather thick in the basal Tuvalian 3 (80 m)
and from the Lacian 2 upward. Across the C-N boundary,
the sedimentation rate is reduced, to 7 m within the top-
most Tuvalian equivalent of the Euisculites Biohorizon
and to 18 m in the basalmost Norian (Lacian 1 zone).
However, these thicknesses are still three to four times
higher than in the coeval parts of the Slovakian and Turk-
ish sections. Pizzo Mondello was therefore an ideal place
for magnetostratigraphic investigations and it has indeeed
provided the most complete magnetostratigraphic record
(fig.5).

According to Muttoni et al. (2001), the greyish to light
grey fine-grained calcilutites are almost barren of
megafossils and contain a diversity reduced conodont
fauna in which boundary diagnostic species such as N.
navicula and M. communisti B are missing. As a result,
Muttoni et al. (2001) failed to locate precisely the C-N
boundary and introduced instead a 40 m-thick boundary
interval. To improve its potential for correlation with other
sections, one of us (LK) collected there megafossils and

Fig. 4: Magnetobiochronology of Kavaalani (left) and Bölücektasi Tepe (right) sections. Note the short
sedimentary break at the Carnian-Norian boundary in KA and the strongly reduced early Tuvalian 3 in
BT, further indicated by the magnetostratigraphic record.
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some new conodont samples (Krystyn et al., in press).
The new sampling clearly indicate different ranges for
stratigraphical conodont guides as those cited in Muttoni
et al. (2001). These differences may be explained in dif-
ferent ways but we interprete them as resulting from an
inadequate taxonomy. The biochronology shown in fig.
5 is a combination of our (black dots) and reinterpreted
range data (black bars). The reinterpretations are based
on the presence of M. nodosus together with M. oertli at
70 m (sample PM 19), the exclusive occurrence of M.
pseudodiebeli without M. communisti at 88 m (PM 25)
and the last (?) appearance of M. communisti at 100 m
(PM29). An independent confirmation of the different
chronostratigraphic correlations is given by the presence
of H. styriaca within the first longer reversed polarity
interval (PM 5r) above the Carnian-Norian boundary. Fol-
lowing our reference frame (fig.1), the current C-N bound-
ary occurs below the last occurrence of M. communisti.
The alternative boundary proposed by Orchard et al.
(2000) at the FO of the forementioned species is located
7-8 m below and the base of the Lacian 2 zone approxi-
mately corresponds to 116 m, slightly above the disap-
pearance of H. beyrichi. Here we point out the excellent
agreement between the magnetostratigraphic data from
Pizzo Mondello and those previously obtained from Tur-
key (Krystyn et al., in press).

The Pizzo Mondello section constitutes a part of the Up-
per Triassic deep marine Sicani basin (Catalano and
D’Argenio, 1978), which has a minimal size of more than

200 square kilometers on mainland Sicily, where many
sections contain the Carnian- Norian time interval. Within
a distance of less than 10 km from Pizzo Mondello, there
are at least 4  outcrop regions (Monte Triona, Contrada
Votana, Monte Cammerata and Contrada Modanesi)
which, according to the large faunas described in
Gemmelaro’s (1888 and 1904) monographs, may provide
the missing megafaunal evidence. This will be the task of
future work to recollect those data and integrate them into
a new stratigraphic network. If this happens, Pizzo
Mondello will become the best Tethyan GSSP candidate
for the C-N boundary.

Conclusions
Any selection of the Carnian-Norian GSSP will depend
on the event chosen to define the boundary. A combina-
tion of different events would be preferable to strengthen
the adopted boundary as a single event could not be safe
enough to insure the validity of long distance correla-
tions. Concerning bioevents, a decision has to be taken
about the favourite fossil group. If priority is given to
conodonts, their events should preferably correlate to one
or more megafossil datums to represent a
biochronologically more significant level. This is the case
with the FO of M. communisti B which equals the tradi-
tional ammonoid-defined base of the Norian and which
is close to the FO of Halobia austriaca (F-B, SB, BT).
The communisti B date is also close to a magnetic polar-
ity reversal (top of PM 4r sensu Muttoni et al., 2001) and
may therefore be independently approximated by

Fig. 5: Magnetobiochronology of Erenkolu Mezarlik 2 (left) and Pizzo Mondello (right). We underline the
almost perfect agreement between the two magnetostratigraphic records for the Tuvalian 3 and the
Lacian 1 despite strongly differing thicknesses.
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magnetostratigraphy. M. communisti B, however seems
to have a facies-restricted and palaeogeographically lim-
ited distribution. It is presently not known from Pizzo
Mondello and may not be found outside the Tethys what
would exclude its use as a worldwide correlation tool.
The slightly older FO of M. communisti is currently not
reproducable by any other bioevent. It may correspond
to the onset of one or more diagnostic ammonoids of the
Euisculites Biohorizon but this needs future verification.
An advantage of the communisti event is its
magnetostratigraphic correlation with the base of the top-
Carnian reversed polarity interval PM 4r (fig. 5). How-
ever, this almost perfect fit may be incidental because of
the slow sedimentation rate in the Turkish sections and it
needs a confirmation from a detailed resampling of the
uncondensed Pizzo Mondello section. The lowering of
the C-N boundary towards the communisti event as pro-
posed by Orchard et al. (2000) seems therefore prema-
ture but this may remain the single alternative for an in-
tercontinental recognition of the boundary by conodonts.
The abneptis A event is the youngest possible C-N bound-
ary level. Favoured by H. Kozur (pers. comm.), it may be
recognized worldwide but it is not unequivocal con-
strained in the Turkish sections (Fig. 4,5). Another some-
times favoured alternative, the FO of  Norigondella nav-
icula is clearly undermined by the presented data.

Finally, we summarize below the results presented in our
paper:

• The abneptis A event is presently not well
constrained and the often mentioned navicula
date is completely inadequat.

• The communisti B event can be determined in
the Slovakian and Turkish sections which are
all thin but not condensed. The
biochronological records are similar and no
section can be clearly favoured.

• The communisti event is found in all discussed
sequences but Pizzo Mondello should be
clearly preferred because of its expanded
sedimentary thickness and of the most detailed
magnetostratigraphic record obtained there.
However, additional studies are necessary to
improve the fossil record from this section
before any formal steps may be initiated.

• Classical sections in Feuerkogel
(Salzkammergut, Austria) though preparing the
base for the ammonoid defined C-N boundary,
are useless because they are highly condensed
and they do not provide a primary
magnetostratigraphic record.

• Chemostratigraphy may provide other
constraints, but which are still not available
from any of the described section. Stable
isotope studies are in progress both from
Bölücektasi Tepe and Pizzo Mondello.

Acknowledgments
L.K. acknowledges financial support by the Austrian
National Committee for IGCP within IGCP Project 467
(Triassic Time). Graphics have been prepared by A.
Lukeneder.

References
Budurov, K., and Sudar, M., 1990. Late Triassic conodont

stratigraphy. Courier Forschungs-Institut Senckenberg,
118: 203-239.

Catalano, R.. and D’Argenio, B., 1978. An essay of
palinspastic restoration across the western Sicily.
Geologica Romana, 17, 145-159.

Diener, C., 1906. The Fauna of the Tropites-Limestone
of Byans. Paleontologica. Indica, Ser. 15, Mem. 1, 201
p.

Gemmellaro, G. G., 1882. Sul Trias della regione oc-
cidentale della Sicilia. Memorii Accademia Lincei,  3,
12: 451-473.

Gemmellaro, G. G., 1904. Cefalopodi del Trias Superiore
della regione occidentale della Sicilia. Giornale
Scientie Naturale e Econom. Palermo: 21, 319 p.

Gallet, Y., Besse, J., Krystyn, L., Marcoux, J., Théveniaut,
H., 1992, Magnetostratigraphy of the late Triassic
Bolücektasi Tepe section (southwestern Turkey): im-
plications for changes in magnetic reversal frequency.
Physics of the Earth and Planetary Interiors, 93:273-
282.

Gallet, Y., Besse, J., Krystyn, L., Theveniaut, H., and
Marcoux, J., 1994. Magnetostratigraphy of the
Mayerling (Austria) and Erenkolu Mezarlik (Turkey)
sections: Improvement of the Carnian (late Triassic)
magnetic polarity time scale: Earth Planetary Science
Letters, 125: 173-191.

Gallet, Y., Besse, J. Krystyn, L., Marcoux, J., Guex, J.,
Théveniaut, H., 2000. Magnetostratigraphy of the
Kavaalani section (southwestern Turkey): Conse-
quence for the origin of the Antalya Calcareous Nappes
(Turkey) and for the Norian (Late Triassic) magnetic
polarity timescale. Geophysical Research Letters, 27:
2033-2036.

Jeannet, A., 1959. Ammonites Permiennes et Faunes
Triassiques de l’Himalaya Central (Expedition Siusse
A. Heim et A. Gansser, 1936). Paleontologica.lndica,
New Ser., 34, Mem.1: 168 p.

Korte, C., 1999. 87Sr/86Sr-, ä180 und ä13C-Evolution des
triassischen Meerwassers: Geochemische und
stratigraphische Untersuchungen an Conodonten und
Brachiopoden. Bochumer geologische und
geotechnische Arbeiten, 52: 171 p.

Kozur, H. and Mostler, H., 1973. Die Bedeutung der
Conodonten für stratigraphische und
paläogeographische Untersuchungen in der Trias.
Mitteilungen Gesellschaft der Geologie- und
Bergbaustudenten, 212: 777-810.

Kozur, H., 1973: Beiträge zur Stratigraphie und
Paläontologie der Trias. Geologisch- Paläontologische
Mitteilungen Innsbruck, 3/ 1: 1-30.

Kozur, H., 1980. Revision der Conodontenzonierung der



19

Albertiana 27
Mittel- und Obertrias des Tethyalen Faunenreiches.
Geologisch-Paläontologische Mitteilungen Innsbruck,
2: 1-20.

Kozur, H., l990. Significance of events in conodont evo-
lution for the Permian and Triassic stratigraphy. Cou-
rier Forschungs-Institut Senckenberg, 117: 385-408.

Krystyn, L., 1974: Zur Grenzziehung Karn-Nor mit
Ammoniten und Conodonten. Anzeiger der
mathematisch-naturwissenschaftlichen Klasse der
Österrichischen Akademie der Wissenschaften, 1972,
4, 47-53.

Krystyn, L. 1980. Triassic conodont localities of the
Salzkammergut region (northern Calcareous Alps). In
H.P. Schönlaub (ed.), Second European Conodont
Symposium, Guidebook and Abstracts. Abhandlungen
der Geologischen Bundesanstalt, 35: 61-98.

Krystyn, L., 1982. Obertriassische Ammonoideen aus dem
Zentralnepalesischen Himalaya. Abhandlungen der
Geologischen Bundesanstalt, 36: 63 p.

Krystyn, L. & Schlager, W., 1971. Der Stratotyp desTuval.
Annales Instituti Geologici  Publici Hungarici, 54/2:
591-606.

Krystyn, L., Schäffer, G. und Schlager, W., 1971: Der
Stratotyp des Nor. Annales Institut Geologici Publici
Hungarici, 54/2: 607-629.

Krystyn, L., Gallet, Y., Besse, J. and Marcoux, J., in press.
Integrated Upper Carnian to Lower Norian
biochronology and implications for the Upper Trias-
sic magnetic polarity time scale. Earth and Planetary
Science Letter,

Mock, R., 1980: Triassic of the Western Carpathian Moun-
tains. In H.P. Schönlaub (ed.), Second European Con-
odont Symposium, Guidebook and Abstracts.
Abhandlungen der Geologischen Bundesanstalt, 35:
129-147.

Mojsisovics, E. v., 1873-1902. Das Gebirge um Hallstatt:
Abhandlungen der Geologischen Reichsanstalt 6/1
(1873), 356 p., (Suppl. Bd.) 1902, 6/2, 835 p.

Mojsisovics, E. von, Waagen, W., and Diener, C., 1895.
Entwurf einer Gliederung der pelagischen  Sedimente
des Triassystems. Sitzungsberichte der Akademie der
Wissenschaften Wien, 104: 1271-1302.

Muttoni, G., Kent, D., Di Stephano, P., Gullo, M., Nicora,
A., Tait, J., Lowrie, W., 2001, Magnetostratigraphy and
biostratigraphy of the Carnian/Norian boundary inter-
val from the Pizzo Mondello section (Sicani Moun-
tains, Sicily). Palaeogeography Palaeoclimatology
Palaeoecology, 166: 383-399.

Orchard, M. J., Carter, E. S., Tozer, E. T. 2002. Fossil
data and their bearing on defining a Carnian-Norian
(Upper Triassic) boundary in Western Canada.
Albertiana, 24: 42-43.

Silberling, N.J., 1959. Pre-Tertiary stratigraphy and Up-
per Triassic paleontology of the Union District,
Shoshone Mountains, Nevada: U.S. Geological Sur-
vey, Prof. Paper 322.

Tozer, E.T., 1967. A standard for Triassic time: Geologic
Survey Canada Bulletin, 156: 103 p.

Vrielynck, B., 1987. Conodontes du Trias
perimediterraneen. Systematique, Stratigraphie. Docu-
ment  Laboratoire Geolologie du Lyon: 97, 301p.



20

Albertiana 27
Recent Studies on the Lower Triassic
of Chaohu, Anhui Province, China

Chinese Lower Triassic Working Group

The Lower Triassic in Chaohu area, Anhui Province,
China is well developed and the sequence is typical in
South China, yielding rich fossils and relatively complete
biostratigraphical sequence. It is one of the classic Lower
Triassic sequences in South China and received consid-
erable study in early years.
During the Early Triassic Chaohu was on the same car-
bonate ramp as Meishan, where the GSSP of the Permian-
Triassic boundary is situated, but it was in a deeper part
than Meishan. Fossils are abundant throughout the Lower
Triassic in Chaohu, including ammonoids, bivalves and
conodonts, while rich only at the base of the Triassic in
Meishan. Therefore, Chaohu becomes the key area to
study the Lower Triassic. During the past year some works
have been done in the Lower Triassic of Chaohu and some
new data achieved, which properly enhance the study of
the Lower Triassic of South China. Here we would pro-
vide a brief introduction of the study on the Lower Trias-
sic of Chaohu last year and present some material new
data. We will not discuss here these data but provide a
reference and ask experts for advice.

1. Research activity
Since the lower part of the classic Majiashan Section in
Chaohu is heavily covered due to the composition of
predominating argillaceous rocks, it is hardly possible to
do further works there. Early time last year we found some
better well-exposed Lower Triassic sections in the near
north of the Majiashan Section, which were excavated
by road-building (see figure 1 in Albertiana 25, p.23).
The lower part of the Lower Triassic is best developed at
the North Pingdingshan and West Pingdingshan sections
on both limbs of the Pingdingshan Syncline, so most of
the works last year focused on these sections. A consider-
able amount of new work has continued this year. The
study has been speeded and we went to work there over
times only last year. The study focused on the biostratig-
raphy, especially the conodont and ammonoid biostrati-
graphic sequences, as well as the carbon and oxygen iso-
topic stratigraphy, magnetic stratigraphy, lithostratigraphy
and sedimentology. Special attention has been paid to the
strata from the Permian-Triassic boundary to the lower
part of the Olenekian.
A post-symposium field excursion to Chaohu was ex-
ecuted on August 14-15, 2001 after the International Sym-
posium on the Global Stratotype of the Permian-Triassic
Boundary and the Paleozoic-Mesozoic Events in
Changxing. Ten Permian and Triassic experts including
the STS chairman and vice-chairmen attended this ex-
cursion to visit mainly the Lower Triassic sequences ex-
cept for the Permian sequence and the base of the Chi-
nese Permian.
In April 2002 Dr. Yuri Zakharov was invited to Chaohu

again to scrutinize the ammonoid biostratigraphy. Based
upon the investigation in field and the examination of the
collected specimens in door, the horizon of the Induan-
Olenekian boundary was concluded, which is quite close
to the boundary defined by conodonts. At the West
Pingdingshan Section the base of ammonoid Flemingites
Zone is 30-50cm below the FAD of conodont
Neospathodus waageni. At the same time Dr. Hans Hansen
at the Copenhagen University was invited as well to
Chaohu to study magnetostratigraphy as well as organic
carbon isotopes.
The studies performed in the Lower Triassic of Chaohu
last year include: 1200 conodont samples have been col-
lected and analyzed, including many recollected samples
and closer spaced samples, and about 1500 conodont
specimens recovered; about 2000 macrofossil specimens
have been obtained, mostly ammonoids and bivalves and
a few specimens of fish; the inorganic carbon and oxy-
gen isotopes of 246 samples and the organic carbon iso-
topes of 67 samples have been measured, and about 500
samples have been analyzed for the organic carbon iso-
topes; 67 samples have been detected for the
macroelements and some microelements; and 42 orien-
tated samples have been analyzed for the
magnetostratigraphy.

2. Main Lower Triassic sections
 The strata from the Permian-Triassic boundary to the
Induan-Olenekian boundary are continuously exposed at
the North Pingdingshan Section (Fig.1). The topmost of
the Permian in this area is the Dalong Formation com-
posed of siliceous rocks and chert beds, which are coeval
with the Changxing Formation but in different facies. The
stratigraphic sequence at the Permian-Triassic boundary
(see Picture 1 in Albertiana 26, p.41, which was misplaced
in the report of the field excursion to Guizhou) is clearly
coinciding with that at the Meishan Section. The “bound-
ary clay bed” and “boundary limestone” are distinctive
in the Permian-Triassic boundary sequence. The repeated
conodont works indicate that the FAD of conodont
Neospathodus waageni is in Bed 45 and the FAD of N.
pakistanensis is in Bed 43, about 1.5 m below N. waageni
(The stratigraphic sequence can be seen on Picture 2 in
Albertiana 26, p.42). No significant ammonoids have been
observed in a few meters of strata above these horizons.
The upper part of the section extends into the core of the
Pingdingshan syncline and the decollement structure as-
sociated with the syncline might have caused the thin-
ning of the middle Olenekian strata.
At the West Pingdingshan Section the Lower Triassic is
even better exposed except that about 10m strata at the
base of the Lower Triassic is covered by a road to the
quarry on the hill side though the Permian-Triassic bound-
ary is observable (Fig.2). The sequence around the Induan-
Olenekian boundary, up to the lower part of Spathian, is
extremely good for study (see Picture 3 in Albertiana 26,
p.42). According to Dr. Zakharov’s observation in field,
the Induan-Olenekian boundary defined by ammonoids
is at the top part of Bed 24. The repeated conodont analy-
sis shows that the FADs of both Neospathodus waageni
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and N. pakistanensis are at 20cm above the base of Bed
25. The upper part of the Lower Triassic at this section is
also in the core of the Pingdingshan Syncline but the
decollement structure is not evident at the section and the
thickness in the lower part of the Olenekian, e.g. the

Smithian, is much bigger than that at the North
Pingdingshan Section. The whole Olenekian sequence till
the lower Anisian is exposed in the Majiashan Hill, about
500m in the south of the West Pingdingshan Section.
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Fig.3 Distribution of some conodonts around the Induan-Olenekian boundary at the West Pingdingshan
Section



23

Albertiana 27

3. Conodonts around the Induan-Olenekian
boundary at the West Pingdingshan Section
Figure 3 shows the distribution of some key conodonts
around the Induan-Olenekian boundary at the West

Pingdingshan Section based on the conodont analysis and
primary identification of samples from the section. The
Induan-Olenekian boundary is placed at the base of Bed
25-2, which is the FAD of conodont Neospathodus
waageni. The first appearance of conodont Neospathodus
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Fig.4 Excursions of inorganic carbon and oxygen isotopes in the Lower Triassic of the North
Pingdingshan Section, CX-Changhsingian, DL-Dalong Formation
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pakistanensis is also in Bed 25-2. According Dr.
Zakharov’s investigation at the section in field, the Induan-
Olenekian boundary defined by ammonoids is between
two limestone beds at the top of Bed 24, i.e. the lower
part of Bed 24-4, which is slightly lower than the con-
odont boundary.

4. Inorganic carbon isotope excursion
Fig.4 plots the excursions of inorganic carbon and oxy-
gen isotopes in 67 samples from the Lower Triassic at the
North Pingdingshan Section, which were collected in
October 2001. In April 2002 we re-sampled the section
and the West Pingdingshan Section was sampled as well
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Fig.5 Lower Triassic magnetostratigraphical column in Chaohu
The lower part (ACP) is from the North Pingdingshan Section and the upper (CPX) from the West
Pingdingshan Section. CX£-Changhsingian
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for correlation. 180 samples were selected for the analy-
sis of inorganic carbon and oxygen isotopes. The result
shows the same excursions as those in Fig.4. The values
of carbon isotopes are believed to reflect initial ratios,
but the oxygen isotopes should have been fully altered.
The excursion of the carbon isotopes is not only crucial
in stratigraphy but greatly significant to study the situa-
tion of the ecosystems and their evolution during the sur-
vival and recovery time following the end-Permian mass
extinction.

5. Magnetostratigraphy
With the help of Dr. Hans Hansen at the Copenhagen
University, 32 orientated samples collected from the lime-
stone or argillaceous limestone beds interbedded with
mudrocks at the North Pingdingshan Section (lower
Induan) and the West Pingdingshan Section (middle
Induan to lower Olenekian) were analyzed. The result is
drawn in Fig.5. The rubble in the breccia limestone at the
base of the Middle Triassic provide a particular chance to
test the demagnetization. Meanwhile, the studied two sec-
tions are on the different limbs of the Pingdingshan Syn-
cline, thus they provide a unique condition to verify the
results. As a result, the analysis is reliable. The Induan-
Olenekian boundary locates close to the top of the sec-
ond main normal polarity zone in the Triassic. Unfortu-
nately, as the samples were taken only from the limited
limestone beds intercalated in mudrocks, the resolution
might be low in some parts at the sections.
In addition, there are some beds of rhyolitic tuff around
the Induan-Olenekian boundary, which might be used for
the isotope dating. However, the further study is neces-
sary.
Conodonts might be the better index fossils to define the
Induan-Olenekian boundary but whether Neospathodus
waageni or N. pakistanensis is selected as the key fossil
needs more work. According to the data from Chaohu
and the distribution of the conodonts over the world,
Neospathodus waageni is better for the boundary defini-
tion.
Meanwhile, in the scheme of the Chinese
chronostratigraphic division the Lower Triassic is divided
into two stages. The lower stage, Yinkengian Stage, has
its type area in Meishan, where the GSSP of the Permian-
Triassic boundary locates, while the upper stage,
Chaohuan Stage, is named in Chaohu.
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Report on the Field Excursion to
Chaohu, Anhui Province, South

China
Tong Jinnan, Zhang Jianjun, Zhao Laishi

(China University of Geosciences, Wuhan
430074, China)

A two-day field excursion to Chaohu, Anhui Province was
undertaken after the International Symposium on the Glo-
bal Stratotype of the Permian-Triassic Boundary and the
Paleozoic-Mesozoic Events in Changxing, Zhejiang Prov-
ince on August 10-13. Twelve of the symposium partici-
pants took part in this excursion, including the chairman
of the STS, Dr. Michael Orchard, the vice-chairman of
the STS, Prof. Yin Hongfu (leader of the Permian-Trias-
sic Boundary Working Group), the vice-chairman of the
STS, Dr. Yuri Zakharov (leader of the Induan-Olenekian
Boundary Working Group), and the secretary-general of
the SPS, Dr. Charles Henderson.
Chaohu is a medium-sized city in Anhui Province, 60 km
from Hefei, the capital of the province, and is served by
railway and freeway. Moreover, it is only 90 km from
Chaohu to Nanjing, the capital of the Jiangsu Province.
The excursion group drove five hours by bus from
Changxing, where the GSSP of the Permian-Triassic
Boundary is located, to Chaohu. Five stops were sched-

uled to visit the Permian and Triassic sequences in the
suburbs of Chaohu City, with emphasis on the Lower Tri-
assic.

At the first stop the Carboniferous and Permian bound-
ary sequence was examined. Here the difference between
the global and the traditional Chinese Carboniferous-Per-
mian boundaries were noted and the Lower and Middle
Permian lithostratigraphic sequence was viewed. In most
parts of South China, including Chaohu, the rocks from
the Upper Carboniferous to the Middle Permian are mainly
composed of carbonate sediments except that the lowest
part of the Qixia Formation is a thin member of clastic
rocks, the so-called “Liangshan Coal-Series”, usually less
than one meter in thickness. An unconformity exists at
the base of the “Liangshan Coal-Series”, thus the tradi-
tional Chinese Carboniferous-Permian boundary is placed
there. But the global Carboniferous-Permian boundary is
roughly at the base of the Chuanshan Formation or mod-
erately higher according to the fusulinid correlation to
the GSSP of the Carboniferous-Permian Boundary. It is
located within a uniform carbonate sequence without a
distinctive lithostratigraphic indicator perceptible in the
field. The five members of the Qixia Formation above
the “Liangshan Coal-Series” were observed in a mining
quarry but the overlying cherty beds of the Gufeng For-
mation and the sandstones of the Yinping Formation were
inspected only in some isolated outcrops.
The other four stops (four sections) focused on the Upper

 

Figure 1 Correlation of the Permian-Triassic boundary sequences between the Chaohu and Meishan
sections
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Permian and Lower Triassic with emphasis on some key
boundaries, i.e. the Permian-Triassic boundary, the
Induan-Olenekian boundary and the Lower-Middle Tri-
assic boundary. The sequences were well exposed by some
local highways. Stop 2 and Stop 3 are on the flanks of the
Pingdingshan Hill, where the whole sequence from the
Upper Permian to the middle Lower Triassic was investi-
gated. The two stops have similar sequences as they are
on the different limbs of the Pingdingshan syncline. The
Upper Permian includes the Longtan Formation of coal-
bearing clastic rocks and the Dalong Formation of sili-
ceous and argillaceous rocks, which is the same age as
the Changxing Formation (limestone) but in different fa-
cies. The Lower Triassic consists of three formations:
Yinkeng Formation, Helongshan Formation and
Nanlinghu Formation. The Yinkeng and Helongshan for-
mations are dominated by mudrocks while the Nanlinghu
Formation is mostly carbonate rocks. However, in the
Pingdingshan Hill the Nanlinghu Formation is in the core
of the syncline so that only the lower part occurs here.

At the Permian-Triassic boundary a stratigraphic set com-
parable with that in the Meishan section (Figure 1 and
Picture 1) was observed and discussed. Though no
Hindeodus parvus has been found in the Chaohu sections
so far, other fossils around the boundary roughly confirm
the position of the  boundary. The rich Permian brachio-
pod Waagenites spp. and ammonoid Pseudotirolites sp.
and Hunnanoceras sp. occur immediately below the lower

claybed while the Triassic bivalve Claraia spp. and am-
monoid Ophiceras sp. are collected right above the up-
per claybed. However, it is observed at the North
Pingdingshan section that a few cherty beds at the top of
the Dalong Formation seem to be cut off beneath the over-
lying claybed. Therefore, there was a suggestion that  an
unconformity might exist between the Dalong and
Yinkeng formations. According to the regional paleogeog-
raphy and the depositional and paleoecologic changes
across the boundary, it is believed that there is no signifi-
cant gap at the boundary and the disconnected beds might
be caused by the post-diagenetic tectonic movement.

The Induan-Olenekian boundary caught particular atten-
tion and discussion. The lower part of the Lower Triassic
is quite rich in bivalve and ammonoid fossils at the viewed
sections. Some index ammonoids were collected in the
sections, e.g. Ophiceras spp., Lytophiceras sp.,
Prionolobus sp., Dineroceras sp., Flemingites spp.,
Euflemingites sp., Anasibirites sp., Meekoceras sp.,
Subcolumbites sp., Xenodiscoides sp. and others. All are
the typical Tethyan forms, entirely different from the
Boreal elements in the Siberia; unfortunately, no basal
Smithian Hedenstroemia are seen here. Conodonts do
occur in these sections and the Induan-Olenekian bound-
ary is marked by both Neospathodus waageni and
Flemingites. The FAD of N. waageni is about 42m above

Picture 1 The Permian-Triassic boundary at Stop 2 (North Pingdingshan Section)
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the Permian-Triassic boundary. The Induan, as defined
by the conodonts, is composed of multiple cycles of
mudrock and limestone (or marl) with a dominance of
mudrocks. It is regarded as condensed due to its much
thinner development than the overlying Olenekian, which
is about 200m thick. In terms of sequence stratigraphy,
the Induan-Olenekian boundary is located close to a se-
quence boundary with a considerable increase of lime-
stones (Picture 2 and 3), comparable with that observed
in the North America.

The lower part of the Olenekian is the interval of the rich-
est fossils in the sections, including bivalves, ammonoids
as well as conodonts, and even fishes and trace fossils. It
consists of the apparent cycles of thin- to medium-bed-
ded mudrocks and limestones, including the upper
Yinkeng Formation and Helongshan Formation in
lithostratigraphy. It is well exposed in the Pingdingshan
Hill but the complete Olenekian sequence is situated in
the Majiashan Hill, where Stop 4 and Stop 5 were sched-
uled.

In the Majiashan sections (Stop 4 and Stop 5) the
Helongshan and Nanlinghu formations were closely ex-
amined on the roadsides and quarries. The Helongshan

Formation has more limestone beds, usually forming
nodular limestones or zebra limestones with thin-bedded
mudrocks, than the Yinking Formation while the
Nanlinghu Formation is mainly composed of limestones
with some thin intercalated beds of calcareous mudrock.
The locality yielding the amphibians such as
Chaohusaurus spp. was reviewed although, unfortunately,
no vertebrate fossils were seen there during the excur-
sion. Fossils are quite rare in the uppermost part of the
Triassic sequences as the rocks become dolomitized or
dominated by dolomite or evaporites. The Lower and
Middle Triassic boundary is commonly placed between
the Nanlinghu and Domaanshan formations according to
the fossil data from neighboring areas. The boundary be-
tween the two lithostratigraphic units is evident as the
rocks in the uppermost Nanlinghu Formation are bedded
relatively thinner, medium- to thick-bedded, colored
darker and chiefly limestones while the strata of the
Dongmaanshan Formation are mostly grayish massive
dolomites and evaporite-solution breccia.

It is believed that the Lower Triassic of Chaohu is quite
suitable as a candidate for the GSSP of the Induan-
Olenekian boundary, because: (1) the Lower Triassic sec-
tions have a good geographic condition with excellent

Picture 2 The Stratigraphic sequence around the Induan-Olenekian boundary (and sequence surface) at
Stop 2 (North Pingdingshan Section)
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access and good stratigraphic exposure on the roadsides.
The sections are in the suburb of the Chaohu City, only
3km from downtown. (2) the Lower Triassic of Chaohu
has abundant fossils. Most of the crucial ammonoids and
conodonts have been collected so that the boundary could
be clearly defined and correlated. In the meantime, the
sections yield rich bivalves and some vertebrates and they
are important sites producing rare fossils of reptiles. (3)
the Lower Triassic sequence of Chaohu is complete. The
sedimentary sequences are highly suited to sequence
stratigraphic analysis and correlation with those of the
North America. The cyclic sediments are also propitious
to the high-resolution cyclostratigraphic study.

Further in-depth works are planned for the Chaohu sec-
tions, especially in conodont and ammonoid biostratig-
raphy and magnetostratigraphy. The Chinese colleagues
are anxious to have collaborations with world experts in
order to present a section as a potential GSSP for the
Induan-Olenekian boundary.
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Picture 3 The Stratigraphic sequence around the Induan-Olenekian boundaryat Stop 3 (West
Pingdingshan Section)
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The Hyperodapedon Biochron, Late

Triassic of Pangea

Spencer G. Lucas and Andrew B. Heckert

New Mexico Museum of Natural History, 1801
Mountain Road N.W., Albuquerque, New

Mexico 87104-1375 USA
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Globally, occurrences of the rhynchosaur Hyperodapedon
define a Hyperodapedon biochron of late to latest Carnian
(Otischalkian-Adamanian) age for strata in North America,
Scotland, India, Zimbabwe, Tanzania, Madagascar, Ar-
gentina, and Brazil. The biochronological resolution pro-
vided by Hyperodapedon occurrences is coarser than that
achieved using other taxa, principally phytosaurs and
aetosaurs, but helps to correlate basins in which these other
taxa are rare or absent.

Introduction
Rhynchosaurs are an order of primitive archosauromorph
reptiles with an Upper Triassic fossil record from all mod-
ern continents except Antarctica and Australia (Hunt &
Lucas, 1991a). Hunt & Lucas (1991a) last reviewed the
global record of Late Triassic rhynchosaurs and placed
them in a biochronological framework. However, in the
decade that has passed since their article, new discoveries
and taxonomic revisions have greatly altered our under-
standing of Late Triassic rhynchosaur distribution and tax-
onomy. Particularly important is recognition of the wide
distribution of Hyperodapedon Huxley, based primarily
on a revision of some South American and Malagasy
rhynchosaurs (Contreras, 1999; Langer & Schultz, 2000;
Langer et al., 2000a, b). Furthermore, a rhynchosaur re-
cently documented from the Upper Triassic Popo Agie
Formation of Wyoming has been assigned to
Hyperodapedon (Lucas et al., 2002). Here, we define a
Pangean Hyperodapedon biochron of Otischalkian-
Adamanian (late Carnian) age.

The Hyperodapedon Biochron
When Hunt & Lucas (1991a) presented the last review of
the distribution of Late Triassic rhynchosaurs, they only
recognized two records of Hyperodapedon—the type lo-
cality in the Lossiemouth Sandstone Formation of Scot-
land and occurrences in the Maleri Formation of India.
The Popo Agie Formation record of Hyperodapedon re-
ported by Lucas et al. (2002), a record from Zimbabwe
(Raath et al., 1992), and taxonomic revisions (Contreras,
1999; Langer & Schultz, 2000; Langer et al., 2000a, b)
have resulted in a much broader geographic distribution
of Hyperodapedon (Fig. 1). The stratigraphic distribution
of Hyperodapedon is restricted to rocks of Otischalkian
and Adamanian (late Carnian) age, and this establishes a
Hyperodapedon biochron of that age (Fig. 2). Here, we

review the geographic and temporal distribution of
Hyperodapedon.

Wyoming
Lucas et al. (2002) documented a specimen of
Hyperodapedon from the lower part of the Popo Agie
Formation of the Chinle Group in Natrona County, Wyo-
ming. The Popo Agie Formation is the stratigraphically
lowest Upper Triassic unit throughout its outcrop belt in
Wyoming, Idaho, Colorado, and Utah (Branson, 1927;
Lucas, 1993). The most age-diagnostic fossils from the
Popo Agie Formation are the tetrapod assemblage col-
lected near Lander, Wyoming by E.B. Branson and M.G.
Mehl (e.g., Mehl, 1913, 1915a,b, 1928; Branson, 1915,
Branson & Mehl, 1928, 1929). This assemblage includes
the phytosaurs Paleorhinus and Angistorhinus and the
metoposaur Buettneria (taxonomy follows Hunt, 1993,
1994; Long and Murry, 1995) as well as rarer rauisuchians,
including Poposaurus gracilis Mehl and Heptasuchus
clarkei Dawley et al. (Mehl, 1915b, Dawley et al., 1979;
Lucas, 1993, 1994, 1997; Long & Murry, 1995).
Paleorhinus is an index taxon of the Otischalkian (late
Carnian) land-vertebrate faunachron (lvf) and thus dem-
onstrates that the Popo Agie Formation, and this occur-
rence of Hyperodapedon, are of late Carnian
(Otischalkian) age.

Nova Scotia
In the Fundy basin of Nova Scotia, the middle part of the
Wolfville Formation yields a tetrapod assemblage that was
summarized by Baird & Olsen (1983) and Olsen (1988,
1989). Baird (1964), Hopson (1984), Sues (1992) and
Hunt (1993) have described some elements of this as-
semblage, which includes the temnospondyl amphibian
Metoposaurus, an index taxon of the Otischalkian lvf.
The rhynchosaur from this assemblage has been assigned
to Scaphonyx (Hunt & Lucas, 1991a), and is now referred
to Hyperodapedon (Langer et al., 2000a; M. Langer, writ-
ten commun., 2002). The Nova Scotia Hyperodapedon is
thus part of a tetrapod assemblage of Otischalkian age
(Huber et al., 1993).

Scotland
The tetrapod assemblage of the Lossiemouth Sandstone
Formation of Grampian (Elgin) Scotland comes from
small quarry workings and the coastal section at
Lossiemouth. Benton & Spencer (1995, p. 62-72) pro-
vided a detailed summary and indicate that all sites come
from a narrow stratigraphic range, so we treat the verte-
brates as a single biostratigraphic assemblage. This as-
semblage includes: the procolophonid Leptopleuron
lacertinum, the sphenodont Brachyrhinodon taylori, the
rhynchosaur Hyperodapedon gordoni, the aetosaur
Stagonolepis robertsoni, the ornithosuchid Ornithosuchus
longidens (= O. woodwardi: Walker, 1964), the
ornithodirans Erpetosuchus granti and Scleromochlus
taylori and the dinosaur Saltopus elginensis (Benton &
Spencer, 1995 and references cited therein). The pres-
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ence of Stagonolepis supports correlation of this assem-
blage to the Chinle Group Adamanian, and therefore it is
of late Carnian age.

India
In the Pranhita-Godawari Valley of south-central India,
the Maleri Formation is up to 330 m thick and consists
mostly of red-bed mudstones, siltstones and sandstones.
There are two vertebrate fossil assemblages—lower and
upper—in the Maleri Formation (e.g., Kutty & Sengupta,
1987; Kutty et al., 1987).

The lower assemblage is from the basal Maleri and in-
cludes the lungfishes Ceratodus hislopianus and C.
virapa, the elasmobranch Xenacanthus indicus, a
“holostean” fish, the temnospondyl Buettneria perfecta,
the rhynchosaur Hyperodapedon huxleyi, the phytosaur
Paleorhinus (=Parasuchus) hislopi, the protorosaur
Malerisaurus, an aetosaur, the theropod dinosaur
Alwalkeria maleriensis , a prosauropod (“cf.
Massospondylus” of Kutty and Sengupta, 1987), a large
dicynodont, and the cynodont Exeraetodon statisticae
(e.g., Miall, 1878; Huene, 1940; Roy Chowdhury, 1965;
Chatterjee, 1967, 1974, 1978, 1980b, 1982, 1987;
Chatterjee & Roy-Chowdhury, 1974; Chatterjee &
Majumdar, 1987; Jain, 1980, 1990; Jain & Roy-

Chowdhury, 1987). This is the only well-described as-
semblage from the Pranhita-Godavari Valley. It includes
Paleorhinus, an index taxon of late Carnian strata (espe-
cially Otischalkian age strata of the Chinle Group) and is
securely assigned a late Carnian age.

Zimbabwe
Raath et al. (1992) documented specimens of
Hyperodapedon from the “Pebbly Arkose Formation” at
Dande in the western Cabora Bass basin of the Lower
Zambezi Valley. These specimens were associated with
fragmentary dinosaur bones and a Dicroidium paleoflora,
which led Raath et al. (1992) to assign them a Late Trias-
sic age. Raath (1996) considered the Pebbly Arkose For-
mation a distal facies of, and thus stratigraphically equiva-
lent to, the Molteno Formation. Although many workers
interpret the age of the Molteno Formation differently (see
Anderson et al., 1998), most lithologic and biostrati-
graphic evidence supports a late Carnian age for the
Molteno Formation (Hancox, 1998; Lucas & Hancox,
2001). Based on the temporal range of Hyperodapedon
elsewhere, we would assign the Zimbabwe
Hyperodapedon occurrence a late Carnian (Otischalkian-
Adamanian age) (Fig. 2).

Tanzania
Boonstra (1953) named two new species of rhynchosaur,

Paleo tethys

Mesotethys

Gondwanides

Otischalkian/Adamanian localities
Adamanian localities
Otischalkian localities
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Figure 1: Map of Late Triassic Pangea showing Hyperodapedon localities. A = Popo Agie Formation,
Wyoming, U.S.A.; B = Wolfville Formation, Nova Scotia, Canada; C = Lossiemouth Sandstone, Scotland;
D = Maleri Formation, India; E = Pebbly Arkose Formation, Zimbabwe; F= un-named strata, Tanzania; G
= “Isalo II beds,” Madagascar; H = Ischigualasto Formation, Argentina; I = Santa Maria and Caturrita
formations, Brazil.
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Scaphonyx stockleyi and S. africanus, from un-named
Triassic strata in the Tunduru district of Tanzania.
Chatterjee (1980a) erected the genus Supradapedon for
S. stockleyi. However, as Benton (1983) and Hunt & Lucas
(1991b) concluded, Supradapedon is most likely a large
Hyperodapedon, though they only referred it to
Hyperodapedontinae indeterminate. Langer et al. (2000b),
however, assign it to Hyperodapedon. Furthermore, S.
africanus, based on a femur fragment, is best regarded as
a nomen dubium (Hunt & Lucas, 1991b). The Tanzanian
Hyperodapedon record is presumably of Otischalkian or
Adamanian age, but no stratigraphic data or other verte-
brate fossil association is known for this record.

Madagascar
In western Madagascar, Besarie (1930; also see Besarie
& Collignon, 1960, 1971) coined the term Isalo Group
(“Groupe d l’Isalo”) and divided it into informal units
with numerical designations (in ascending order, Isalo I,
Isalo II, Isalo III) based on perceived age. The Isalo II
strata are as much as 2000 m thick and dominantly red-
bed sandstones of fluvial origin (e.g., Besarie & Collignon,
1971; Wescott & Diggens, 1998; Piqué et al., 1999)

“Early” collections from the nonmarine portion of the
Isalo II beds consisted of fragmentary Late Triassic ver-
tebrate fossils: osteoderms of phytosaurs (Guth, 1963;
Westphal, 1970), metoposaur fragments (Dutuit, 1978),
and lungfish toothplates assigned to Ceratodus acutus and
C. hislopianus (Martin, 1981). As noted above, C.
hislopianus also is known in the upper Carnian Maleri
Formation of India (Martin, 1981).

The rhynchosaur Isalorhynchus genovefae Buffetaut
(Buffetaut, 1983; Hunt & Lucas, 1991a), reassigned to

Hyperodapedon by Langer et al. (2000a), comes from the
base of the Isalo II along the Malio River in the Morondava
basin of west-central Madagascar. Subsequently collected
Madagascan specimens of Hyperodapedon apparently are
from the same stratigraphic level along the Malio River
(Langer et al., 2000a). These Hyperodapedon records thus
suggest that the Isalo II base is no older than Otischalkian
(late Carnian), which is consistent with palynological age
determinations of the unit (Razafimbelo, 1987). Further-
more, it has long been recognized that the Isalo Group is
correlative to the Stormberg Group of South Africa: both
represent pericratonic deposits that postdate a significant
tectonic pulse in the rifting of eastern and southern Af-
rica (e.g., Boast & Nairn, 1982; Wopfner, 1994). The old-
est age of the Stormberg Group is late Carnian (e.g., Lucas
& Hancox, 2001), so a consistent correlation of tectonic,
palynostratigraphic and vertebrate biochronologic data
indicates a late Carnian age for the Isalo Group base.

Indeed, Burmeister (2000) has recently described a ver-
tebrate fossil assemblage from stratigraphically high in
the Isalo II west of Malaimbandy in the central Morondava
basin that includes acrodontid, semionotid and
colobodontid fish, the characteristically Otischalkian-
Adamanian aetosaur Desmatosuchus haplocerus,
phytosaur, poposaur, postosuchid and theropod fossils.
Although Burmeister (2000) suggested a possible Norian
age for this assemblage, the Desmatosuchus fossils indi-
cate it is more likely late Carnian.

Flynn et al. (1999, 2000) have reported a vertebrate fos-
sil assemblage from near Sakaraha in the Morondava ba-
sin that includes sphenodontids, rhynchosaurs, cynodonts,
dicynodonts and prosauropod dinosaurs. This assemblage
is near the base of the Isalo II (it is estimated to be about
1200 m lower than the assemblage described by
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Burmeister) but is evidently either at the same approxi-
mate stratigraphic level or stratigraphically above the
Hyperodapedon records documented by Buffetaut (1983)
and Langer et al. (2000a). Despite this, Flynn et al. (1999,
2000) suggest this assemblage may be as old as Ladinian,
though they base this on their ideas about the evolution-
ary grade of some of the fossils, not on index fossils. In-
stead, we assign all of the Isalo II tetrapod assemblages a
late Carnian (Otischalkian-Adamanian) age and consider
that Hyperodapedon records in Madagascar place a maxi-
mum age of Otischalkian on the Isalo II beds (Fig. 2).

Argentina
In the Ischigualasto-Villa Unión basin, the Ischigualasto
Formation is 500 to 900 m thick and consists of drab
mudstones, tuffs and sandstones that produce an exten-
sive tetrapod assemblage including: the temnospondyl
Promastodonsaurus; the chiniquodontid cynodont
Chiniquodon, the gomphodont cynodonts Exaraetodon,
Proexaraetodon, and Ischignathus; the dicynodont
Ischigualastia, the pseudosuchians Saurosuchus and
Proterochampsa, the rauisuchian Saurosuchus, the
aetosaur Stagonolepis (=Aetosauroides), the rhynchosaur
Hyperodapedon (formerly Scaphonyx); the poposaurid
Sillosuchus and the dinosaurs Herrerasaurus
(=Ischisaurus, =Frenguellisaurus), Eoraptor, and
Pisanosaurus (e.g., Cabrera, 1944; Reig, 1959, 1961,
1963; Casamiquela, 1960, 1962; Cox, 1965; Bonaparte,
1976; Rogers et al., 1993; Sereno et al., 1993; Alcober &
Parrish, 1997). The assemblage slightly and mostly over-
lies the Herr Toba bentonite that yielded an 40Ar/39Ar age
of 227.8 ± 0.3 Ma (Rogers et al., 1993).

Romer (1960, 1962a, b) and Reig (1961, 1963) assigned
the Ischigualasto tetrapods a Middle Triassic (Ladinian)
age. This well fitted the concept—developed and best ar-
ticulated by Romer—that Middle Triassic tetrapod assem-
blages had numerous gomphodont cynodonts and an “ex-
plosive development” of rhynchosaurs. However,
Bonaparte (1966, 1967), noting that rhynchosaurs co-oc-
cur with phytosaurs and aetosaurs in the Upper Triassic
of Europe and India, assigned a Carnian age to the
Ischigualasto vertebrate assemblage.

Subsequent workers have accepted the Carnian age as-
signment but have correlated the Ischigualasto tetrapods
as early or “middle” Carnian, arguing that they predate
late Carnian assemblages such as the basal Chinle or lower
Maleri. Therefore, according to common practice, the di-
nosaur fossils from the Ischigualasto Formation are often
considered to be the oldest known (e.g., Benton, 1990;
Rogers et al., 1993; Novas, 1996).

Hunt & Lucas (1991a, b), Lucas et al. (1992) and Lucas
& Hunt (1993) challenged this practice, arguing that the
Ischigualasto Formation is of late Carnian age based on:
(1) postcrania identified as cf. Ischigualastia sp. from
Adamanian-aged strata of the Chinle Group, suggesting
an Adamanian-Ischigualastian correlation; (2) the pres-
ence of Staurikosaurus-like dinosaurs in the Adamanian

interval of the Chinle Group; and (3) the presence of
rhynchosaurs in late Carnian strata of the Chinle Group,
Newark Supergroup, Lossiemouth Sandstone Formation
and Maleri Formation. Although rhynchosaurs are not
abundant in these strata, their presence refutes Romer’s
assertion that rhynchosaurs indicate a Middle Triassic age.

None of these arguments are incontrovertible evidence
for a late Carnian age of the Ischigualasto tetrapods. How-
ever, recent revision of the South American aetosaurs by
Heckert & Lucas (1996, 2002) indicates that
Aetosauroides from Argentina (and Brazil) is a subjec-
tive junior synonym of the Adamanian index fossil
Stagonolepis. Furthermore, recognition of
Hyperodapedon in the Ischigualasto Formation
(Contreras, 1999) supports this correlation as well. This
secures an Adamanian correlation of the Ischigualasto
tetrapods, which are thus clearly of latest Carnian age.
We note also that ongoing refinement of the Triassic
timescale suggests that 227.8 Ma is a late Carnian age
(e.g., Kent et al., 1995), not the early or “middle” Carnian
age suggested by the less precise Triassic timescales uti-
lized by Rogers et al. (1993).

Brazil
The Upper Triassic vertebrate assemblage from the up-
per part of the Alemoa Member of the Santa Maria For-
mation is mostly from the vicinity of Santa Maria City in
Rio Grande do Sul, southern Brazil. This is the
Rhynchocephalia Assemblage Zone of Barberena (1977)
or the Scaphonyx Zone of Barberena et al. (1985). As the
rhynchosaurs in this assemblage are dominantly
Hyperodapedon, not Scaphonyx (Langer & Schultz,
2000), Lucas (2002) renamed the zone the
Hyperodapedon Assemblage Zone.

The Hyperodapedon Assemblage Zone in the Alemoa
Member includes abundant fossils of the rhynchosaur
Hyperodapedon (formerly Scaphonyx); a few specimens
of the aetosaur Stagonolepis (formerly Aetosauroides);
traversodontids and other cynodonts, including
Charrudon, Therioherpeton and Gomphodontosuchus; the
proterochampsids Cerritosaurus binsfeldi, Rhadinosuchus
gracilis, and Hoplitosuchus raui; and the archetypal
rauisuchian Rauisuchus tiradentes. Alemoa Member di-
nosaurs are the theropod Staurikosaurus pricei Colbert,
1970, the prosauropod Saturnalia tupiniquim Langer et
al. 1999 (also see Kellner & Campos, 2000), and the
theropod Teyuwasu barberenai Kischlat, 1999.

In this assemblage zone most, if not all, of the
rhynchosaurs, long referred to Scaphonyx, are now as-
signed to Hyperodapedon, (Hunt & Lucas, 1991a; Langer
& Schultz, 2000; Langer et al., 2000b). The aetosaur
Stagonolepis is also of well documented Adamanian age
in the USA and Europe and is abundant in the
Ischigualasto Formation in Argentina (Lucas & Heckert,
2001; Heckert & Lucas, 2002). Clearly, the presence of
Hyperodapedon and Stagonolepis supports correlation of
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the Hyperodapedon Assemblage Zone of the Santa Maria
Formation with the vertebrates of the Ischigualasto For-
mation in Argentina, and therefore an Ischigualastian
(Adamanian) age assignment (Lucas, 1998; Lucas &
Heckert, 2001).

The tetrapod assemblage from the Caturrita Formation,
which overlies the Santa Maria Formation, includes a
sphenodont skull and postcrania, the proterochampsid
Proterochampsa nodosa, archosaur teeth, phytosaur teeth
and jaw fragments, the cynodonts  Riograndia and
Exaeretodon, the rhynchosaur Hyperodapedon, the
dicynodont Ischigualastia (= Jachaleria candeleriensis
Araújo and Gonzaga) and a supposed Erythrotherium-
like mammalian mandible fragment (Araújo & Gonzaga,
1980; Barberena et al., 1985; Dornelles, 1990; Ferigolo,
1999; Bonaparte et al., 1999; Faccini et al., 2000;
Bonaparte et al., 2001). Caturrita Formation dinosaurs are
the theropod? Guaibasaurus candelarai Bonaparte et al.
1999 and a new, undescribed prosauropod (Azevedo,
1993; Azevedo et al., 1990, 1999). Lucas & Wild (1995)
suggested that the skull assigned to Jachaleria belongs
to Ischigualastia, and we maintain this conclusion, hav-
ing now studied the Brazilian material firsthand.

The Caturrita assemblage thus shares index taxa with the
Ischigualasto Formation of Argentina (Ischigualastia,
Exaeretodon and Hyperodapedon), so we also assign it
an Ischigualastian age. We therefore reject correlations,
such as Bonaparte (1982), Barberena et al. (1985) and
Schultz et al. (2000), that indicate that at least part of the
Caturrita Formation is younger than the Ischigualastian.
All Late Triassic tetrapods known from Brazil are of
Ischigualastian (Adamanian) age (Fig. 2).

Certainly, the Caturrita Formation tetrapods are
stratigraphically above those from the upper part of the
Alemoa Member of the Santa Maria Formation. How-
ever, the two assemblages are not, at present,
biochronologically separable. Thus, both are of
Ischigualastian age, and we include both in the
Hyperodapedon Assemblage Zone (Fig. 4). More collect-
ing and study of Caturrita Formation tetrapods are needed
to provide a basis for recognizing them as a
biochronologically distinct assemblage. Using the corre-
lations and biochronology documented here, all Brazil-
ian occurrences of Hyperodapedon are of latest Carnian
(Adamanian) age.

Conclusions
Clearly, ongoing work has greatly increased our knowl-
edge of Upper Triassic rhynchosaurs since Hunt & Lucas
(1991a) last reviewed their fossil record. Particularly sig-
nificant are new occurrences from North America (Lucas
et al., 2002), South Africa (Raath et al., 1992) and the
taxonomic revisions of Langer & Schultz (2000) and
Langer et al. (2000a, b). The result is a much more uni-
fied understanding of the distribution of Upper Triassic
rhynchosaurs in general and Hyperodapedon in particu-

lar. Presently, the Hyperodapedon biochron delineates a
substantial interval of time (Otischalkian-Adamanian), as
opposed to the finer resolution achieved with, for example,
genera of phytosaurs or aetosaurs, many of which are re-
stricted to a single lvf. Still, the Hyperodapedon biochron
is exceptionally useful, as Hyperodapedon appears to be
one of the most widely distributed (Pangean) Upper Tri-
assic tetrapods, and thus facilitates correlations in places
where other index taxa, particularly phytosaurs, are ab-
sent.
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Introduction
For over 100 years since Pander (1856) first described
Ordovician fish teeth-like fossils and established the taxon
of conodont, workers studying these microscopic fossils
used the concept of form taxonomy as a basis for the de-
scription of conodont collections i.e. each individual ele-
ment type was treated as a separate biological entity and
was given a unique binomen to reflect that perceived in-
dividuality. Although Hinde (1879) proposed the
multielement species Polygnathus dubius based on the
discovery of a Devonian conodont assemblage consisting
of various forms of conodonts from the Genesee Shale in
New York, it wasn’t until the years after1966, stimulated
by the work of Bergström and Sweet (1966) and Webers
(1966), that conodont workers began to believe that many
different elements constituted the presumed feeding ap-
paratus of a then unknown marine animal, which became
known as the conodont animal. As more and more bed-
ding plane assemblages came to light from different lo-
calities and geological periods, palaeontologists gradu-
ally accepted the multielement nature of the conodont
animal apparatus. The final confirmation came in the
1980’s with the discovery of conodont animal body fos-
sils from Scotland (Briggs et al. 1983) containing a suite
of elements in the head region.

For many decades, Permian –Triassic (P/T) conodonts
have been the subject of intense research, especially those
found around the P/T boundary. This was because this
junction constituted the Palaeozoic – Mesozoic bound-
ary, and also marked the biggest mass extinction in the
geological record. However, P/T conodont apparatuses are
still poorly understood compared with that of other geo-
logical periods. Based on logical inference, historical and
micromorphological and statistical methods (e.g. Clark,
1972; Dzik, 1980; Sweet, 1988; von Bitter and Merrill,
1983; Zhang Shunxin, 1991; Orchard and Rieber, 1999),
there are about 35 P/T conodont genera that have been
reconstructed by means of multiement taxonomy during
past years (this paper does not deal with the validity of
these genera). Unfortunately, the basis of many of these
reconstructions is unsatisfactory and unsafe, so that P/T
conodont workers still have not reached a common un-

derstanding of some of these genera or species. For ex-
ample, the important P/T ‘gondolellid’ conodonts
(Gondolella, Neogondolella, Mesogondolella etc.), are
thought by some authors to have unimemberate appara-
tuses, while others believe that they are multielement in
constitution. Few ‘gondolellid’ taxa have broadly accepted
reconstructions.

The problems of Permian-Triassic conodont
multielement taxonomy
First of all, the multielement taxonomy of P/T conodonts
is rarely emphasized in the literature. Since 2001, the au-
thors have been gathering together published papers re-
lated to P-T conodonts for the purpose of documenting
conodont evolution over the mid-Permian – mid-Triassic
interval. According to our P/T conodont library, there are
just 65 papers out of approximately 450 published since
1966 which deal with conodont collections in a
multielement sense, complete with illustrations of all ele-
ments recovered. Even some major contributors to P/T
conodont research are inconsistent in their approach, al-
ternatively employing multielement methodology and
then perhaps only considering pectiniform (platform) el-
ements alone.

Secondly, another major problem with P/T multiement
taxonomy is that only two natural assemblages have been
found to date. Rieber (1980) reported a natural assem-
blage of Neogondolella from the Middle Triassic, which
played a very important role in establishing Neogondolella
as a multielement conodont genus (Orchard et al., 1999).
Ritter and Baesemann (1991) published a natural assem-
blage of Sweetognathus cf S. inornatus from the Early
Permian which established the multilelement nature of
the apparatus of Sweetognathus and demonstrated that it
possessed elements which were homologous with those
of coeval genera such as Hindeodus, Adetognathus,
Streptognathodus and Neostreptognathodus. However,
most P/T conodont genera have no natural apparatus tem-
plates on which to base reconstructions, although some
data is available from published clusters of elements.

Thirdly, the practice of figuring ramiform elements has
declined greatly since the use of multielement taxonomy
became universally accepted. This is especially evident
in P/T conodont studies, wherein many authors make ref-
erence only to pectiniform elements. Where the intention
is simply to use conodonts biostratigraphically, this is per-
haps understandable. However, the failure to discuss or
illustrate ramiform elements is apparent even in many
papers which deal with P/T conodont faunas, evolution
and taxonomy. Neglecting ramiform elements inevitably
leads to the loss of potentially important information about
the biological relationship between pectiniform elements
and ramiforms, which hinders meaningful reconstructions.

Approaches to the treatment of ramiform
elements in publications
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Like many P/T conodont workers, the authors have faced
difficulties in dealing with ramiform elements whose af-
finities are uncertain. In these cases, the principles of
multielement taxonomy are attempted first, but for sev-
eral reasons it is often not known where to allocate the
ramiform elements. Firstly, the apparatuses of some P/T
conodont genera are unreliably reconstructed, thus re-
searchers do not know which group of ramiform elements
belong to these genera. Secondly, certain morphotypes
of ramiform elements maybe belong to several different
established taxa i.e. there are vicarious. When these dif-
ferent genera or species occur at the same level or in the
same bed, it is difficult to assign such ramiform elements
to the correct taxa. In these cases, a easy way out is to
illustrate all the platform elements, but only those
ramiform elements whose affinites are certain. This re-
sults in neglect of the remaining ramiform elements, with
the loss of much data which could prove of use to re-
searchers attempting sensible reconstructions elsewhere.

Considering these difficulties, we would like to suggest
the following approaches:

1. Where the affinity of ramiform elements is in no doubt,
it should always be the case that the multielement (i.e.
true biological) species is stated and the apparatus posi-
tion recorded. For example, the form species
“Apatognathus” longidentatus Tatge belongs in the
multielement species Neogondolella mombergensis
(Tatge) (Orchard and Rieber, 1999), so it should always
be referred to as Neogondolella mombergensis Sb1 ele-
ment.

2. Some ramiforms only belong to a single multielement
genus. Thus, when a single species of this genus occurs
at a certain level associated with these ramiforms, we can
use the multielement species name and apparatus posi-
tion for these ramiforms (see above). If we find more than
two species of this multielement genus at the same level
associated with the ramiforms, in this case we need just
indicate the generic name and apparatus position for the
ramiform elements. For example, the form genus
Enantiognathus is the Sb1 element of the multielement
genus Neogondolella, thus when more than two species
of Neogondolella occur at the same level (which is quite
common in the Permian and Triassic), the ramiform ele-
ment previously named Enantiognathus should be de-
scribed as Neogondolella Sb1 element.

3. For ramiform elements which have a form genus name,
but whose multilelment affinities are unknown, it is sug-
gested that the form genus name is used and is followed
by the term “form element”. For example, in the case
where a ramiform element of the form species Hindeodella
occurs at a certain horizon, but the multielement genus is
unknown, it is suggested that the term “Hindeodella form
element” is used. If more than one type of the form genus
occurs, they can be distinguished as Hindeodella form
element 1, Hindeodella form element 2, etc.

4. For new ramiform elements, where multielement
affinites are unknown, it is very desirable that an illustra-
tion should be given, captioned with Gen et sp. indet. 1,
Gen et sp. indet. 2, etc., or other sensible description.

5. As a general principle in publications, it is urged that
wherever possible, all ramiform element types in a col-
lection are illustrated and a distribution table included.
Such data are invaluable to other workers attempting re-
constructions.

Conclusions
Multielement taxonomy should be applied in all publica-
tions dealing with conodonts. The universal adoption of
this principle is particularly urged for studies focussing
on the P/T interval. More natural assemblages and clus-
ters should be sought. All ramiform element types should
be figured wherever practicable and distribution/occur-
rence tables included. The implementation of these sug-
gestions will advance reconstructive studies immeasur-
ably.
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Abstract
A review of a new data on the Lower Triassic
(Hedenstroemia bosphorensis and Anasibirites nevolini
Zones) biostratigraphy of South Primorye is given. The
exact position of the Induan- Olenekian boundary and
Hedenstroemia bosphorensis - Anasibirites nevolini
Zones bondary in the basic sections of  South Primorye
may be recognized only using data on distribution both
ammonoids and conodonts.

Introduction
Hedenstroemia bosphorensis and  Anasibirites nevolini
subdivisions were firstly offered as subzones of the lower
Olenekian Owenites koeneni Zone (Zakharov, 1968). The
type sections of the first one and the second one were
arov, 1968, 1978; Burij et al., 1972), correspondingly.
Now these subdivisions seem to be the lower zones of
the Ayaxian Substage of the Olenekian Stage (Table 1) (
Zakharov, 1978, 1997; Zakharov and Rybalka, 1987).
This paper presents the new data on  distribution  of am-
monoids in the lower part of the Olenekian (Ayaxian Sub-
stage) of South Primorye.

Early Olenekian ammonoid distribution

Ayax Bay in Russian Island
The Ayax Bay section is located at the north-eastern part
of Russian Island (Fig. 1, 2 and 3). The top of the Induan,
exposed on the sooth coast (locality 6), contains pure pre-
served ammonoids (Gyronites? sp.) (Zakharov, 1996) and
conodonts Neospathodus pakistanensis Sweet ( Buryi,
1979). In the lower part of the Hedenstroemia
bosphorensis Zone ammonoids very rare and are  repre-
sented by Proharpoceras and Juvenites (Fig. 4) ; its middle
part (localities 9, 10-12)  is characterized by abundant
ammonoid association , but  representatives of
Hedenstroemia bosphorensis Zakharov are very rare here.
The Anasibirites nevolini Zone is characterized by
Arctoceras labogense (Zharnikova), Preflorianites sp. 1,
Hemiprionites sp. indet, Gurleyites sp. and some other
ammonoids, but  zonal key-index has not been discov-
ered there. Conodonts Furnishius triserratus were met in
both the Hedenstroemia bosphorensis Zone  and the
Anasibirites nevolini Zone.

Tobizin Cape in Russian Island

The Tobizin Cape section is located at the south-eastern
part of Russian Island (Fig. 5). In the lower part of the
Hedenstroemia bosphorensis Zone conodonts
Neospathodus pakistanensis  associate with early
Olenekian ammonoids (Ussuria, Arctoceras,
Dieneroceras and Meekoceras). In the overlying zone
ammonoid  Anasibirites, Hemiprionites, Wasatchites,
Arctoceras, Meekoceras, Juvenites?, Koninkites and
Prosphingitoides associate with conodonts Furnishius
triserratus (Fig. 6).

Novik Bay in Russian Island (Fig. 7)

The uppermost part of the Induan is characterized
by rare ammonoids Gyronites subdharmus
Kiparisova. Ammonoids Dieneroceras,

Fig. 1 (page 39): Lower and Middle Triassic (marine and terrestrial) sections in South Primorye. Black
circles – localities and their numbers: 1 - Novyj Dzhigit Cape– Vyatlin Cape), 2 – Polonsky Cape, 3 –
Melkovodnaya Cape – Konechnyj Cape, 4 – Staritskij Cape; 5 - Ayax Bay - Akhlestyshev Cape, 6 –
Atlasov - Ugolnyj Capes; 7 – Vladivostok, Kirov Street; 8 – Bogataya River, 9 – Basargin Cape, 10 -
Lazurnaya (Shamora) Bay – Tri Kamnya Cape; 11 – Village of Smolyaninovo, quarry, 12 - Golyj (Kom-
Pikho-Sakho) Cape, 13 – Village of Yuzhnorechensk (Shimeuza), removal, 14 – Abrek Bay, 15 – upper
Peschanka River, right bank (Rogaty and Zybunnyj Creeks watershed)), 16 – Artyom town, SMID quarry,
17 - Ammonitovyj Creek, Bolshaya Kiparisovka River basin, 18 – Dlinnyj Creek, right tributary of the
Knevichanka River), 19 – left bank of the Surazhevka River, Artyomovka River basin, 20 – ðó÷.
Òðàêòîðíûé (Tractornyj Creek), 21 – left tributaries of the Mramornyj Creek watershed, Knevichanka
River basin, 22 – country between Smolnyj Klyuch  Creek – Perevoznaya River), 23 – Pad’ Pryamaya
Creek, left bank, and Perevoznaya River, left bank, 24 – Pryamaya Volkha River – Pad’ Partizanskaya
Creek watershed, Komarovka River basin, 25 – Pad’ Partizanskaya – Pikhtovyj Creeks watershed,
Komarovka River basin, 26 – Komarovka River basin, 27 – Rakovka River, 28 – Solontsovaya Pad’
Creek area, right watershed, Osinovka Rier basin, 29 – Artyomovka River, 30 – Sergeevka River, left
bank, upstream from the mouth of the Klyuch Starikov Creek, 31 – Klyuch Starikov Creek, right bank, 4
km upstream from its  mouth, 32 – Tekhnicheskij Creek, 2 km upstream from its mouth, Pad’
Povorotnaya River basin, 33 – Perevalnyj Creek, left tributary of the Malaya Lazovka River, 34 – Tikhij
Creek, left tributary of the Malaya Lazovka River, 35 – Malaya Lazovka River watershed, 36 – Lazovka
River, right bank, 37 – Zverolovnaya River, left tributary of the Kievka River.
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Hedenstroemia, Owenites, Prosphingitoides,
Juvenites, Meekoceras and Arctoceras were
discovered. in the Hedenstroemia bosphorensis Zone
(Fig. 8). From the Anasibirites nevolini Zone, only

Meekoceras subcristatum  Kiparisova and Arctoceras
labogense (Zharnikova) are known for certain.

Tri Kamnya Cape on the western coast of
Ussuri Gulf
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Fig. 2. Geological map of the Russian Island, with locality numbers). 1-9 – suites (formations) and their
age: 1 – pre-Cambrian? Putyatin Suite, 2 –Kungurian-Roadian Pospelov Suite, 3 – Wordian lower
Vladivostok Suite, 4 – Induan lower Lazurnaya Suite, 5 – upper Lazurnaya Suite (Olenekian basal beds),
6 - lower Ayaxian Tobizin Suite, 7 –upper Ayaxian Schmidt Suite, 8 – Russian Zhitkov Suite, 9 – Anisian
Karazin Suite, 10 - Upper Ladinian Akhlestyshev Suite, 11 –Quaternary sediments, 12 - early Paleozoic?
granitoids, 13 – late Permian granite porphyry, 14 – late Permian andesite, 15 – Cretaceous felsite
porphyry, 16 – tectonic boundary, 17 locality number.
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Fig. 4. Lithostratigraphical column of Triassic sediments exposed between Margaritov and Balka (Fig. 1,
section 5, Fig. 2 and 3), localities 5-17). : 1 – grussstone, 2 – siltstone, 3 – mollusc species and its
number, 4 –dominant mollusc species and its number, 5 – âèä  ê î í î ä î í òîâ è åãî  í î ì å ð  (conodont
species and its number). Other designition as in Fig. 2 and 3).

Species: 1 – Gyronites sp., 2 – Neospathodus pakistanenis, 3 – Proharpoceras carinatitabulatum, 4 –
Juvenites cf. simplex, 5 – Gyronites aff. planissimus, 6 – Arctoceras septentrionale, 7 – Juvenites sp., 8 –
Dieneroceras chaoi, 9 – Meekoceras subcristatum, 10 – Pseudosageceras sp., 11 – Epihedenstroemia
ajaxensis, 12 – Hedenstoemia bosphorensis, 13 – Ussuria iwanowi, 14 – Arctoceras sp., 15 – Owenites
koeneni, 16 - Pseudosageceras longilobatum,– 17 - Prosphingitoides hxexagonalis, 18 – Preflorianites
sp., 19 – Meekoceras boreale, 20 – Anaxenaspis orientalis, 22 – Inyoites spicini, 23 - Arctoceras
labogense,  24 – Furnishius triserratus, 25 – Meekoceras sp., 26 – Preflorianites sp. 1, 27 –
Hemiprionites sp. indet., 28 – Gurleyites sp., 29 – Ambites cf. discus, 30 – Tchernyschevites costatus, 31
– Bandoites elegans, 32 – Amphistephanites parisensis.
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Species: 1 - Ussuria aff. iwanowi, 2 – Arctoceras septentrionale, 3 – Dieneroceras sp., 4 – Meekoceras
subcristatum, 5 – Neospathosdus pakistanensis, 6 – Meekoceras cf. boreale, 7 – M. varaha, 8 –
Owenites koeneni, 9 – Furnishius triserratus, 10 – Parahedenstroemia conspicienda, 11 – Anasibirites
sp., 12 – Hemiprionites sp., 13 –Wasatchites sikhotealinensis, 14 – Arctoceras labogense, 15 –
Meekoceras aff. gracilitatis, 16 – Juvenites? sp., 17 – Koninckites timorensis, 18 – Prosphingitoides
ovalis, 19 – Neospathodus aff. hommeri, 20 – Amphistephanites parisensis, 21 – Bandoites tobisinensis,
22 – “Flemingites” tobisinensis.
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This section is located at the western coast of the Ussuri
Gulf (Fig. 9 and 10). I/ O boundary was investigated at
locality 97. In the upper part of the Induan pure preserved
Gyronites subdharmus were discovered (Fig. 11). Just at
the base of the Hedenstroemia bosphorensis together with
species-index Parahedenstroemia sp., Gyronites
separatus Kiparisova, Gyronites aff. planissimus Spath
and Ambites sp. are known (Zakharov, 1996; Zakharov et

al., 2000). The most representative ammonoid assemblage
(Parahedenstroemia, Ussuria, Arctoceras,
Prosphingitoides, Paranannites, Ambites, Koninckites,
Meekoceras, Anakashmirites, Flemingites, and
Euflemingites) was found  stratigraphically somewhat
higher, in association with the conodont Neospathodus
dieneri (Flemingites beds in Kiparisova’s (1961) sense).
The beds containing Palaeokazakhstanites and

S
TA

G
E

S
U

B
S

TA
G

E

ZO
N

E
 

S
U

IT
E

LA
YE

R AMMONOIDS 

LI
TH

O
LO

G
Y

TH
IC

K
N

E
S

S
, 

   
   

   
m

O
   

 L
   

 E
   

 N
   

 E
   

 K
   

 I 
   

A 
   

N
I  

 N
   

D
   

U
   

A 
  N

Lower (?)
Paleozoic

A 
   

 Y
   

  A
   

  X
   

  I
   

   
A 

   
 N

H
ed

.
A

na
si

bi
rit

es
G

yr
on

ite
s

ne
vo

lin
i

bo
sp

h.
su

bd
ha

rm
us

Am
.

Ti
r. 

-

N
U

M
B

E
R

7

4

2

6

5

3

1 40

20-30

15-20

10-12

 2-3

30-40

10-20

10-20

10

30

11

About

13

11 12

9

2

1

3 4 5 6 7 8

10

Fig. 8. Lithostratigraphical column of Triassic sediments exposed between the Melkovodnaya Bay and
Konechnyj Cape (Fig. 1, section 3, Fig. 2 and 11), localities 28-38 and 46). Abbraviation: Hed. bosph. –
Hedenstroemia bosphorensis, Tir.-Am. – Tirolites-Amphistephanites.
Ï ð î÷èå îáîç íà÷åíèÿ íà ðèñ. 3-5 (other designition as in Fig. 3-5).

Species: 1 - Gyronites subdharmus, 2 – Dieneroceras chaoi, 3 – Hedenstroemia bosphorensis, 4 –
Owenites sp. indet., 5 – Prosphingitoides sp. indet., 6 – Juvenites novikensis, 7 – Meekoceras boreale, 8
– Arctoceras sp., 9 – Meekoceras subcristatum, 10 – Arctoceras labogense, 11 – A. robinsoni, 12 – A.
septentrionale, 13 – Tchernyschevites costatus.
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Prionolobus  could belong to the Anasibirites nevolini
Zone.

Orel Cliff on the western coast of Ussuri Gulf
Orel Cliff is located 1.6 km NE from locality 97 of the Tri
Kamnya Cape section (Fig. 12). The upper layers of the
Induan is characterized by the occurrence of  Gyronites
subdharmus Kiparisova, associating with  conodont
Neogondolella cf. carinata. I/O boundary was determined
by the first appearance of Meekoceras cf. subcristatum
Kiparisova and Gyronites separatus Kiparisova there
(they were met together with conodonts Neospathodus

sp. indet., Diplododella sp. indet. and Lonchodina cf.
triassica).

Artyom town, “SMID” quarry (Fig. 13)
Rare Late Induan ammonoids Gyronites subdharmus
Kiparisovawere discovered in the neighbour quarry (about
0.8 km E). No any Induan fossils were found at “SMID”
quarry. Metussuria, Dieneroceras, Arctoceras,
Prosphingitoides, Owenites, Flemingites, Meekoceras,
and Anaxenaspis are presented in the Hedenstroemia
bosphorensis Zone (Fig. 14). Anasibirites nevolini (Burij
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Fig. 9. Sketch map locating the Seryj –Tri Kamnya Capes section at the western Ussuri Gulf (Fig. 1,
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Fig. 10. Sketch map locating the Tri Kamny Cape area, western Ussuri Gulf between Kontaktnyj and
Melovoj Creeks (Fig. 1, section 10, Fig. 15), localities 95-97). Designation: 1 –coarse grained sandstone
with plant fossils. Other designition as in Fig. 3 and 4.

Species in Fig. 11: 1 – Glyptophiceras ussuriense, 2 – Gyronites subdharmus, 3 –  Proptychites? sp., 4 –
Lytophiceras eusakuntala, 5 – Proptychites hiemalis, 6 – Koninckites sp., 7 – K. varaha, 8 –
Neogondolella carinata, 9 – Preflorianites? sp., 10 – Promyalina shamarae, 11 – Meekoceras
subcristatum, 12 – Gyronites separatus, 13 – Hedenstroemia bosphorensis, 14 – Parahedenstroemia sp.,
15 – Gyronites aff.  planissimus, 16 – Ambites sp. indet., 17 – Promyalina putiatinensis, 18 – Meekoceras
sp. nov., 19 – Koninckites cf. timorensis, 20 – Parahedenstroemia conspicienda,
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Fig. 11. Lithostratigraphical column of Triassic sediments exposed between the Seryj and Tri Kamnya
Capes (Fig. 1, section 10, Fig. 15, 16 and 17), localities 90-99). Designation: 1 –andesite, 2 –marl.

Species in Fig. 11 (continued): 21 – Arctoceras septentrionale, 22 - Koninckites timorensis, 23 –
Meekoceras gracilitatis, 24 – Anakashmirites shamarensis, 25 – Euflemingites prynadai, 26 – Ussuria
iwanowi, 27 – Prosphingitoides sp., 28 – Pseudosageceras cf. multilobatum, 29 – Flemingites radiatus,
30 –Ambites cf.  discus, 31 – Euflemingites sp., 32 – Anakashmirites latiplicatus, 33 – Neospathodus
dieneri, 34 – Palaeokazachstanites ussuriensis, 35 – Prionolobus subevolutus, 36 – Anakashmirites? sp.,
37 – Arctoceras sp. indet., 38 – Dieneroceras sp., 39 – Prosphingitoides ovalis
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et Zharnikova), Arctoceras labogense (Zharnikova),
Wasatchites  sp., Kashmirites?  sp. and Churkites sp. nov.
seem to be typical  elements of the Anasibirites nevolini
Zone.

Artyomovka River
The Hedenstroemia bosphorensis Zone in the Artyomovka
River section yields Metussuria bella Zakh., Dieneroceras
chaoi Kipararisova, Hedenstroemia cf. bosphorensis
(Zakharov), Arctoceras septentrionale (Diener),
Prosphingitoides ovalis (Kiparisova), Juvenites simplex
(Chao), Owenites koeneni Hyatt et Smith, Meekoceras
subcristatum Kiparisova, Eophyllites ascoldiensis

Zakharova, Hemiprionites dunajensis Zakharov.

>=0 Anasibirites nevolini the type section is character-
ized by  Parahedenstroemia nevolini Burij et Zharnikova,
Arctoprionites maritimus Burij et Zharnikova ,
Arctoprionites ovalis Burij et Zharnikova,
Parahedenstroemia nevolini Burij et Zharnikova,
Hemiprionites contortus Burij et Zharnikova, Anasibirites
nevolini Burij et Zharnikova, Wasatchites vlasovi Burij
et Zharnikova., Gurleyites maichensis Burij et
Zharnikova., Burijites skorochodi (Burij et Zharnikova),
Arctoceras sp., Paranannites minor Parahedenstroemia
nevolini Burij et Zharnikova, Owenites koeneni Hyatt et
Smith, Hemiprionites contortus Burij et Zharnikova,
Preflorianites? sp.2, Subalbanites mirabilis Zakharov
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(Burij et al., 1972; Zakharov, 1978). Typical conodonts
of the Anasibirites nevolini  are Neogondolella milleri,
Neospathodus waageni, N. discreta, Furnishius
triserratus, Hindeodella nevadensis, H. budurovi, H.
raridenticulata, Hadrodontina adunca, H. symmetrica,
H. subsymmetrica, Parachirognathus symmetrica, H.
subsymmetrica, Parachirognathus symmetrica,
Lonchodina triassica (Buryj, 1979).

Village of Smolyninovo quarry

The finding of gigantic shells of Churkites sp. nov.
(Zakharov, 2002) in the Anasibirites nevolini Zone is a
main result of  our investigation of the Smolyaninovo sec-

tion. Genus Churkites was firstly described by Okuneva
(1990) on the base of material from the Lower Olenekian
beds of Khabarovsk area characterized by conodonts
Neogondolella milleri.

Golyj (Kom-Pikho-Sakho) Cape on the eastern coast of
Ussuri Gulf

Golyj Cape section is located at the eastern coast of the
Ussuri Gulf (Fig. 15). Very rare Gyronites subdharmus
Kiparisova are known from the uppermost Induan (Fig.
16). Hedenstroemia, Parussuria, Metussuria, Arctoceras,
Prosphingitoides, Juvenites, Owenites, Prionolobus,
Inyoites, Hemiprionites, Gurleyites?, Bandoites,
Euflemingites were met in the upper part of the
Hedenstroemia bosphorensis Zone, in association with
conodonts Neospathodus zharnikovae and Furnishius
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triserratus. Hedenstroemia bosphorensis - Anasibirites
nevolini Zones boundary  is not determined there (the beds
containing  Arctoceras labogense and Preflorianites  cf.
radians could belong to the lower part of the Anasibirites
nevolini Zone).
Yuzhnorechensk (Shimeuza) area
This section is located about 1-1.2 km E from the Golyj

Cape section. No Induan ammonoid were discovered there
(Fig. 17). At the base of the Hedenstroemia bosphorensis
Zone, Meekoceras gracilitatis White, Hemiprionites
dunajensis Zakharov and Koninckites  sp. were recently
found. In its upper part, Dieneroceras,  Arctoceras,
Metussuria, Hedenstroemia, Koninckites, Parakymatites,
Anaxenaspis, Owenites, Euflemingites, Lanceolites are
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present in association with conodonts Neospathodus
zharnikovae and Furnishius triserratus. Just above a
single shells of Anasibirites were found in association with
Gurleyites, Anakashmirites, Kashmirites, Anakashmirites,
Prionolobus, Subalbanites, Preflorianites?, Eophyllites,
Ussuria and Melagaticeratidae. (Anasibirites nevolini
Zone).

Abrek Bay, Strait of Strelok
This section is located at the Strelok Strait (Fig. 18). Rare
Induan ammonoids were determined as Gyronites
subdharmus Kiparisova, Lytophiceras cf. eusacuntala
Zakharov and Koninkites  sp. indet. (Fig. 19). The base
of the Hedenstroemia bosphorensis (member 7) is marked
by rare shells of Meekoceras boreale Diener associated
with Ambites sp. and Neogondolella carinata. The latter
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Species: 1 – Meekoceras gracilitatis, 2 –
Hemiprionites dunaijensis, 3 – Koninckites sp.,  4 –
Dieneroceras chaoi, 5 – Arctoceras septentrionale,
6 – Metussuria sp. nov., 7 – Hedenstroemia
bosphorensis, 8 – Koninckites timorensis, 9 –
Parakymatites sp. nov., 10 – Anaxenaspis
orientalis, 11 – Owenites koeneni, 12 –
Prosphingitoides ovalis, 13 – Arctoceras sp., 14 –
Euflemingites prynadai, 15 – Lanceolites sp. nov.,
16 – Neospathodus zharnikovae, 17 – Furnishius
triserratus, 18 – Anasibirites sp.,  19 – Gurleyites
armatus, 20 – Pseudosageceras longilobatum, 21
– Ussuria sp. nov., 22 – Arctoceras cf. labogense,
23 – Anaxenaspis orientalis, 24 – Juvenites
simplex, 25 – Prosphingitoides hexagonalis, 26
Anasibirites nevolini, 27 – Anakashmirites sp. nov.,
28  - Kashmirite sp. indet, 29 – Prionolobus
subevolvens, 30 – Subalbanites mirabilis, 31 –
Preflorianites? sp., 32 – Eophyllites ascoldiensis,
33 – Pseudosageceras sp., 34 – Ussuria iwanowi,
35 – Melagaticeratidae gen. et sp. nov., 36 –
Bandoites sp., 37 – Radiolaria.

Species in Fig. 16 (continued):12 – Owenites koeneni, 13 – Prionolobus subevolvens, 14 – Inyoites
spicini, 15 – Hemiprionites dunajensis, 16 – Gurleyites? sp., 17 – Bandoites elegans, 18 – Euflemingites
prynadai, 19 – Neospathodus zharnikovae, 20 – Furnishius triserratus, 21 – Pseudosageceras sp. indet.,
22 – Arctoceras labogense, 23 – Preflorianites cf. radians, 24 – Neocolumbites sp., 25 – Columbites
ussuriensis, 26 – Columbites sp., 27 – Neospathodus triangularis, 28 – Khvalinites unicus, 29 –
Hellenites? sp., 30 – Olenekoceras? sp., 31 - Hollandites? sp.,  32 – Leiophyllites? sp., 33 –
Tropigastrites sublahontanus, 34 – Tropigastrites sp., 35  - Leiophyllites cf. pradiumna, 36 – Hollandites
tozeri.
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Fig. 18. Sketch map locating the Abrek Bay section at the Strelok Strait (Fig. 1, section 14).
Designation:  1- Wordian Abrek suite, 2 – Lazurnaya suite (Induan and basal beds of the Olenekian), 3 –
lower Zitkov suite (Lower Ayaxian), 4 – Anisian Karazin suite, 5 – dykes of porphyrite, 5 –geological route.
Other designition as in Fig. 3.
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is a single conodont species recently determined by G.I.
Buryj in this section. Rare ammonoids Arctoceras? and
Melagathiceratidae occur 2.6 m upper. 5-9 m above the
base of the Olenekian (member 10), Meekoceras boreale
Diener  was found again. Hedenstroemia sp. indet .
(Kiparisova, 1961) and Gyronites cf. subdharmus
Kiparisova (Y. Shigeta’s finding) seem to be found in this
level. Ammonoids are extremely abundant and varied in
the member 12 (Parahedenstroemia, Inyoites, Arctoceras,
Pseudoprosphingites, Ambites, Koninckites, Meekoceras,
Dieneroceras and Preflorianites), member 14
(Gyronitidae?, Koninckites, Flemingites, and
Anaxenaspis). A single small shell of Anasibirites nevolini
Burij et Zharnikova was found in the member 15, in as-
sociation with  Arctoceras labogense (Zharnikova),
Arctoceras subhydaspis  (Kiparisova), Arctoceras
septentrionale  (Diener), Pseudoprosphingites
magnumbilicatum (Kiparisova), Owenites koeneni Hyatt
et Smith, Gyronitidae gen et sp. nov., Koninckites
timorensis Wanner, Gurleyites  sp., Palaeokazakhstanites
ussuriensis  (Zakharov), Euflemingites prynadai
(Kiparisova) and Eophyllites sp. (Anasibirites nevolini
Zone). The upper part of this zone contains Arctoceras,
Pseudoproshingites, Koninckites, Parakymatites,
Meekoceras,, Hemiprionites and Preflorianites.

The finding ammonoids similar with Gyronites
subdharmus in the member 10 somewhat  disturb well-
composed picture of the Abrek Bay section painted early
(Zakharov et al., 2000). Y. Shigeta considers that I/O
boundary is lockated at the base of member 10, 5-9 m
above the base of the Olenekian offered early (Zakharov
et al., 2000). In Y. Zakharov’s opinion, the position of the
I/O boundary in the Abrek Bay section must be check up
by the data on conodont distribution taking into account
the relative rarity and not so good preservation of some
ammonoids just at the I/O boundary transition and also
the fact that some Induan and Olenekian ammonoids
(Gyronites) differ at least only on species level.

Concluding remark
Mainly based on data on lower Olenekian  ammonoids
from South  Primorye we arrive at a conclusion that the
comprehensive approach, including the investigation of
both ammonoid and conodont assemblages, is an indis-
pensable condition of  successful  correlation of  Lower

Triassic sediments of Tethys (Table 2) and the Boreal
realm.
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Anasibirites nevolini
Hedenstroemia bosphorensis

Gyronites subdharmus

Слои с Glyptophiceras ussuriense

Ussuriphyllites amurensis

Tirolites ussuriensis  beds
Bajarunia dagysi  beds

Western
group

of sections

H
or

iz
on

C
he

rs
.

(B
ur

ij,
 1

99
7)

  Akhlestyshev 
(Zakharov et al.,
    this  work)

    Sputnik
(Burij, 1959)

       Karazin
(Zakharov, 1997)

K 
   

a 
   

r  
  a

   
 z

   
 i 

   
n

       Zhitkov
(Zakharov, 1997)         Zhitkov

 (Zakharov et.al.,
         2000)        Shmidt

(Zakharov, 1997)
        Tobizin
(Zakharov, 1997)

Lazurnaya  (Zakharov, 1997)

group
of sections

Eastern

   Traktornyj 
(Shorokhova, 
   this work)

Table 1. Lower and Middle Triassic sequence in South Primorye.
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?

Table 2. Correlation of the upper Induan and lower Olenekian ammonoid and conodont zones at the
Tethys and Boreal realm.
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Preliminary data on Triassic

palaeomagnetism of South Primorye

Y.D. Zakharov1, Y.S. Bretstein & A.V.
Klimova

1yurizakh@mail.ru

Introduction
In practice of palaeomagnetic investigation of Phanero-
zoic sections located in folded belts we have many nega-
tive results (McElhinny & Opdyke, 1973; Dobson &
Heller, 1992; Wang & Van der Voo, 1993). As was shown
early (Vlasov & Popova, 1964; Zakharov & Sokarev,

1991a,b; Bazhenov et al., 1999), the material from many
series of the Permian-Triassic sections in South Primorye
contains secondary or unstable magnetization components
only, particularly the Triassic. Therefore we have some
problems to choose the global stratotype and point of the
Induan-Olenekian boundary in Primorye region on this
reason, in spite of abundance of good preserved am-
monoids at the base of the Olenekian in many sections of
the region (Zakharov, 1996; Zakharov et al., 2000).

Palaeomagnetic sampling and
measurements
The aim of the present paper is to estimate the fundamen-
tal possibility to use Triassic rocks of South Primorye for
palaeomagnetic investigation, we made an additional at-
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Figure 1: Maps showing location of
palaeomagnetic samples in the
Triassic of South Primorye (A)
including Russian Island (B).
Sections: 1 – Ayax Bay (Lower
Olenekian), 2 – western
Tchernyschev Bay (Upper
Olenekian), 3 – eastern
Tchernyschev Bay (middle Lower
Anisian), 4 – Tri Kamnya Cape
(Lower Olenekian),  5 – Artyom
(quarry SMID) (Lower Olenekian and
lower Lower Anisian), 6 – village of
Mnogoudobnoye (Upper Triassic), 7
– village of Podyampolskoye (Middle
Triassic) (Bazhenov et al., 1999), 8 –
Zhemchuzhina Hotel area (Lower
Triassic) (Bazhenov et al., 1999), 9 –
village of Tavrichanka (Upper
Triassic) (Bazhenov et al., 1999), 10
– village of Razdolnoye (Upper
Triassic) (Bazhenov et al., 1999).
Rocks in Russian Island: 1 –large
xenolith (Precambrian? Putyatin Fm.)
in early Palaeozoic granitoids, 2 –
Kungurian-Roadian (Pospelov Fm.),
3 – Wordian (Vladivostok Fm.), 4 –
Induan (Lazurnaya Fm.), 5 –
Olenekian (Tobisin, Schmidt and
Zhitkov Fms.), 6 – Anisian (Karasin
Fm.), 7 –Ladinian? (Akhlestyshev
Fm.), 8 - Quaternary, 9 – early
Palaeozoic granitoids, 10 – late
Permian granite porphyry , 11 – late
Permian andesite, 12 – Cretaceous
felsite porphyry.
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Figure 2: Anisotropy of magnetic sensitivity of Triassic rocks (in Bretstein & Klimova’s interpretation).
A – distribution of direction projections for main axes of the ellipsoid AMS on the scope and average
direction for the magnetization vector In. Closed (open) squares, triangles and circles denote projections
of the large, intermediate and small axes of the ellipsoid on the lower (upper) Hemisphere. The star in the
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projections of flats for bed declining on the lower Hemisphere. Reinforced lines denote the projection of
magnetic anisotropy flats (tensor distribution of large and intermediate axes of the ellipsoid AMS) on the
lower and upper Hemispheres, correspondingly. Double circles mean the initial position of the vectors In.

 B – Flinn’s diagrams (distribution of scalar values of parameters AMS). Sections: 1 – Rusasian Island, 2 –
Artyom (SMID), 3 –Mnogoudobnoye, 4 – Tri Kamnya.
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tempt to make something on this topic, using the modern
cryogenic magnetometer o the California University
(USA) for investigation of restricted material from some
sections of South Primorye: (1) Ayax Bay (Lower
Olenekian, Hedenstroemia bosphorensis Zone), (2)
Tchernyshev Bay (Upper Olenekian, Neocolumbites
insignis Zone; middle Lower Anisian (Acrochordiceras
kiparisovae Zone), (3) Tri Kamnya Cape (Lower
Olenekian, Hedenstroemia bosphorensis Zone), (4)
Artyom, quarry SMID (Lower Olenekian, Anasibirites
nevolini Zone; lower Lower Anisian, Leiophyllites
pradiumna Zone), and (5) village of Mnogoudobnoye
(Upper Triassic) (Figure 1). It was made after cleaning in
thermal demagnetization (with 6-12 stages of cleaning
within 150-690oC interval). All investigated rocks except
sandstone of the Tri Kamnya Cape section are character-
ized by presence of the anisotropy levels confined to the
lamination levels. Russian Island rocks seem to be sig-
nificantly not deformed because tensorial distributing of
axes in them is observed, besides, they are usually char-
acterized by slightly sloping inclination of their beds.

We have used also recently published results on some
other Triassic sections (the village of Razdolnoye (Upper
Triassic), village of Tavrichanka (Upper Triassic), village
of Podyampolskoye (Middle Triassic), Hotel
Zhemchuzhina area (Lower Triassic) (Bazhenov et al.,
1999) for comparative purpose. Our main results and
mentioned published data are placed in the Table 1 and
Figures 2-4. Released high-temperature component be-
lieves to be mainly before folded but it must confirmed
on the basis of more representative material in feature.

Preliminary results on pole position for
South Primorye in Triassic time
According our preliminary interpretation next data on
North pole position for South Primorye during Triassic
time were obtained: l = 54.1o; f = 61.1o; jm = 54.1o; dp =
12.6o; dm = 14.6o. The calculated pole situates in direc-
tion of crossing of seeming trend lines of North pole mi-
gration for North China and Siberia (Figure 4). It well
agree with palaeobiogeographical data (Zakharov &
Sokarev, 1991b), according which Triassic marine and
terrestrial organisms found in South Primorye and
Kitakami (Japan) inhabited in condition of temperate cli-
mate closed to subtropical one.
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Supplement 27

G. Warrington

Since the completion of the writer’s previous supplement
(No.26; ALBERTIANA, 26: 57) on British Triassic
palaeontology, the following works relating to aspects of
that subject have been published or have come to his no-
tice:
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The following new books will be of
interest to workers on the Triassic:

Benton, M. J., Cook. E. & Turner, P. 2002. Permian and
Triassic Red Beds and the Penarth Group of Great Britian.
Geological Conservation Review Series, No.24. Joint
Nature Conservation Committee, Peterborough,
xvi+337pp. A4 format. ISBN 1-86-107-493-X

This is the 24th in a projected series of 42 volumes in the
Geological Conservation Review series, and covers 45
sites in England, Scotland and Wales that were selected
to represent and illustrate aspects of Triassic successions
in Britain.

Price £62 (Sterling), plus handling charges. Available from
NHBS Ltd, 2-3 Wills Road, Totnes, Devon TQ9 5XN,
UK (www.nhbs.com) (e-mail: nhbs@nhbs.co.uk)

For further information contact the GCR Unit, Joint Na-
ture Conservation Committee, Monkstone House, City
Road, Peterborough PE1 1JY, UK (www.jncc.gov.uk)
(Phone: +44 (0)1733 562626, FAX: +44 (0)1733 555948)

Weiss, R. H. (ed.). 2002. Contributions to Geology and
Palaeontology of Gondawa in honour of Helmut Wopfner.
Geological Institute, University of Cologne, x+530pp,
including 182 black and white figures, 8 colour figures,
39 tables, 27 black and white plates and 2 colour plates.
A4 format. ISBN 3-934027-07-5.

This volume comprises 32 papers contributed by 53 geo-
scientists from 14 countries. It covers the reconstruction
of the assembly, evolution, and fragmentation of
Gondwana, and the inter-regional stratigraphical correla-
tion of sequences preserved in basins that are now dis-
persed throughout the southern hemisphere.

Price EUR 64, plus postage and any bank charges. Order
forms available from Dr. R. H. Weiss, Universität zu Köln,
Geologisches Institut, Zülpicher Strasse 49a, D-50674,
Köln, Germany (FAX: +49 2173 960473; e-mail:
aro.cologne@t-online.de).

This contribution is published with the
approval of the Director, British Geological
Survey (N.E.R.C.).

New Books
Contributor’s address:

G. Warrington, British Geological Survey,
Keyworth, Nottingham NG12 5GG, Great
Britain.
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Future Meetings

First announcement:

Triassic geochronology and
cyclostratigraphy -a field

symposium
 
St. Christina, Val Gardena, Dolomites, Italy,
Sept. 11 - 15, 2003

The Seceda Working Group in conjunction
with the International Commission on
Triassic Stratigraphy (STS) and IGCP 467
(Triassic Time and trans-Panthalassan
Correlations) invite you to an open symposium
on geochronology, stratigraphy and
sedimentology of the Triassic. Special
emphasis will be given to age dating,
depositional rhythms and the question of
orbital cycles of the Triassic.
 
The symposium is also the concluding meeting
of the Seceda Working Group, an informal
assembly of earth scientists from 15
institutions in five countries that studied the
Seceda boring, a research bore hole in mid-
Triassic basin sediments contributed to the
Earth Science Community by the Province of
Bolzano/Bozen, Italy.
Both the STS and IGCP 467 are promoting the
quest for enhanced Triassic chronologies as a
contribution towards time scale definition.
 
The program consists of:
September, 12+13: oral and poster
presentations, discussions
September, 14: field trip to Seceda outcrops
and bore hole
September, 15: field trip to Latemar carbonate
platform.
 
The meeting will be organized by Wolfgang
Schlager (Free University Amsterdam,
Netherlands), Marco Stefani (University of
Ferrara, Italy) and Peter Brack (ETH Zürich,

Switzerland), in close collaboration with the
Geological Survey of Bolzano/Bozen, Italy.
 
After the symposium, interested participants
should be able to reach the 22nd IAS Meeting
of sedimentology in Opatija (Croatia), Sept.
17-19, 2003.

Information on Hotels and (reduced) room
rates will follow in the next few weeks.

We appreciate early response to the
questionnaire because available space will be
somewhat limited! If you are interested
please press the reply button and compile /
modify the questionnaire below and return this
information by e-mail to:
peter.brack@erdw.ethz.ch
or fax the compiled printed version to: Peter
Brack, Department of Earth Sciences, ETH-
Zentrum, CH-8042 Zurich, Switzerland; Fax
nr.: ++41 1 632 1088.

Preliminary application form see next page:
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Triassic geochronology and cyclostratigraphy - a field
symposium

St. Christina, Val Gardena, Dolomites, Italy, Sept. 11 - 15, 2003

Last name:      ...

First name:     ...

Affiliation:    ...

Address:        ...

City:   ...

Country:        ...

E-mail: ...

Phone:  ...

Fax:    ...

I am interested in giving Talk: YES / NO

I am interested in giving Poster:       YES / NO

Title of talk or poster:        ...

I am interested in the field-trip to Seceda (1 day: Sept. 14):  YES / NO

I am interested in the field trip to Latemar (1-2 days: Sept. 15-16):   YES / NO
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The XVth International Congress on Carboniferous and Permian Stratigraphy will be organised by the Netherlands
Institute of Applied Geoscience TNO - National Geological Survey (TNO-NITG) and the Faculty of Earth Science
of the Utrecht University, in Utrecht, the Netherlands. The congress will take place at the campus of the Utrecht
University in the period between 10 - 16 August 2003. The venue is within 5 minutes walking distance from the
buildings of the Faculty of Earth Sciences of Utrecht University and TNO-NITG.
Invitation
Geoscientists all over the world with an interest in Carboniferous and Permian geology are invited to meet in
Utrecht, the Netherlands from August 10-16, 2003 in order to present and discuss their research. The technical
sessions, workshops and fieldtrips of the XVth International Congress on Carboniferous and Permian Stratigraphy
include all aspects of Carboniferous and Permian geology.
The deposition and burial of Carboniferous and Permian sediments and organisms provided today’s mineral
resources. The environment during Carboniferous and Permian was continously changing as continental fragments
amalgamated into Pangea. Environmental and climatic changes had their effects on organisms and plants.
A better understanding of the evolution of the earth during the Carboniferous and Permian will not only help to
find more mineral resources for future societal needs, but also provide insight into important environmental
questions of today’s world.

In order to visualise the geology of the Southern North Sea Basin, various field excursions will be organised to
several classical exposures in Germany, Belgium and the U.K.
We invite you to come to Utrecht to meet and discuss ideas with university, industry and consulting geoscientists
working in different fields of research.

We hope you will be able to attend.

55th Meeting of the International Committee for Coal and Organic Petrology
In the same period and at the same location the International Committee of Coal and Organic Petrology (ICCP)
will hold its annual meeting.
For more information on this meeting: http://www.nitg.tno.nl/eng/iccp.shtml

The XVth International
Congress on Carboniferous
and Permian Stratigraphy
(XV ICC-P)

The Netherlands

University Centre De Uithof
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Call for abstracts

Abstracts are invited for oral and poster presentation at
the congress. Please submit your abstract for oral
presentation or poster before March 1st, 2003.

Instructions
Please submit abstracts electronically according to
the guidelines below:

• Abstracts should be submitted in English by
email or on disk (if email is not possible) in
one of the following formats: Microsoft Word
97 (or lower), WordPerfect, as a text
attachment or in the body of the mail message.

• Each abstract should include a completed
Abstract Submission Form. Fax copies are not
acceptable.

• Please indicate if the abstract is for oral or
poster presentation.

• Please indicate in which section you would
like to give the presentation

• Abstracts should not exceed 3 pages page in
length (including tables and figures).
Photographs cannot be accepted. Use single
line spacing throughout. Make the title as
concise as possible.

• Set last name off with a comma followed by
the first name or initial, then second initial;
follow this, if appropriate, with another
comma. If multiple authors from the same
institution, list all authors followed by address
and the e-mail address of Senior Author.
Where multiple authors from differing
addresses, insert address following each
author. Do not indent second line of authors.
Make sure all authors are capitalised. Indicate
by (*) presenting author(s).

• Include four keywords.

• All abstracts will be refereed and a criterion of
rejection will be lack of originality. A condition
of submission is that, if accepted, the paper
will be presented at the XVth International
Congress on Carboniferous and Permian
Stratigraphy by one of the authors.

For more information contact:

Ms. Margriet de Ruijter
FBU - Congresbureau
PO Box 80125
3508 TC Utrecht
Tel: +31 30 253 27 28
Fax: +31 30 253 58 51
E-mail: m.deruijter@fbu.uu.nl

Call for papers

General
The proceedings of the XV ICC-P will be published as
a special issue of the Netherlands Journal of
Geosciences. A strict time frame is kept to ensure
publication of the proceedings within 18 months after
the Congress.

Reviews
All papers will be reviewed by two reviewers and a
third if there is a conflict.

Length
The contributions will be limited to 10 printed pages
per paper, therefore the manuscript should be concisely
written and conform to the presentation. Review copies
of manuscripts to be submitted double spaced
including, title, authors, addresses and references.

Submission Date
August 12th, 2003 preferred (at the beginning of the
congress).
Manuscripts will not be accepted after October 31st,
2003.

Instructions to authors

Manuscripts should generally be organized in the
following order

1. title;

2. name(s) of the author(s);

3. the author(s) affiliation(s) and e-mail
address(es); in the case of more than one
author, please, indicate to whom the
correspondence should be addressed;

4. abstract;

5. keywords (in alphabetical order);

6. introduction;

7. methods and materials;

8. results and analyses;

9. discussion and conclusions;

10. acknowledgements;

11. references (according to the format detailed
below);

12. appendices (if any; their use should be
restricted to a minimum);

13. tables;



92

Albertiana 27
14. figure and table captions;

15. figures.

The title should be as concise as possible, but leave no
doubt as to the contents. Area and age of studied
material should if appropriate be mentioned.
Abbreviations in the title should be avoided. Names etc.
should contain all relevant diacritical symbols required.

The abstract should not be descriptive but rather be a
concise summary stating the methods used, the main
results and the conclusions. It should not exceed 500
words.

Keywords should preferable amount to 3-6. They
should preferably be taken from the most recent
American Geological Institute GeoRef Thesaurus. A
single keyword should not consist of more than three
words, but preferably of one.

The running text should be subdivided into chapters and
if required sections and subsections. The headings are,
respectively, in bold (with a white line underneath), in
italics (with a white line underneath), and in italics
(without a white line underneath). Chapters, sections and
subsections should not be numbered.

All references cited in the text are to be listed in the
reference list (and vice versa). The manuscript should be
carefully checked to ensure that the spellings of authors’
names and publication years are exactly the same in the
text as in the reference list. Do not type anything in bold
or italics. Do not abbreviate journal titles. Refer in the
text to the author’s name (without initials) and year of
publication: ‘as suggested earlier (Smith, 1999)’ or ‘as
suggested by Smith (1999) and Johnson & Petersen
(2000)’. If reference is made to publications written by
more than two authors, the name of the first author
should be used, followed by ‘et al.’. This indication
should, however, never be used in the list of references:
all names of authors and all co-authors must be given in
full in the list.
References in the text should be arranged
chronologically. The list of references should be
arranged alphabetically by authors’ names, and
chronologically per author. If an author’s name in the list
is also mentioned with co-authors, the following order
should be used:

1. publications by the single author, arranged
according to publication year;

2. publications of the same author with one co-
author, arranged alphabetically per co-author
and, if necessary, per co-author according to
publication year;

3. publications of the author with more than one
co-author, arranged chronologically (per year, if
necessary, alphabetically).

The following system should be used for arranging
references:

1. Journal papers: names and initials of all
authors, year. Title of paper. Journal name (in
full), volume number: first and last page
numbers of the paper. Issue numbers should be
provided between brackets after the volume
number, but only if the issues of one volume do
not show consecutive page numbering.
Example:
Louwije, S., De Coninck, J. & Verniers, J.,
1999. Dinoflagellate cyst stratigraphy and
depositional history of Miocene and Early
Pliocene Formations in northern Belgium
(southern North Sea Basin). Geologie en
Mijnbouw 78: 31-46.

2. Books: names and initials of all authors, year.
Title of the book. Publisher (location of
publisher): page numbers.
Example:
Brodzikowski, K. & Van Loon, A.J., 1991.
Glacigenic sediments. Elsevier Science
Publishers (Amsterdam): 674 pp.

3. Edited volume papers: names and initials of all
authors, year. Title of paper. In: Names and
initials of the volume editors: title of the edited
volume. Publisher (location of publisher): first
and last page numbers of the paper.
Example:
De Jong, J.D. & Maarleveld, G.C., 1983. The
glacial history of the Netherlands. In: Ehlers, J.
(ed.): Glacial deposits in North-West Europe.
Balkema (Rotterdam): 353-356.

All figures must be presented separate from the
manuscript. The design, line widths, letter sizes and
scale bars should allow reproduction at column width,
120 mm width, or page width in such a way that the
‘information density’ is high. All illustrations must be
numbered consecutively and referred to in the text in the
same or-der.

Foldouts and colour figures are possible. The author
should indicate this and state explicitly that the cost will
be paid.

Drawings must be sharp and drawn at high density on
bright white paper, on glossy paper or on drawing film.
The same type of lettering should be used throughout.
Authors are recommended to submit clearly legible
copies when submitting a manuscript, and to keep the
originals until the Editors have accepted the manuscript.

Photographs and micrographs, etc. must be sharp and
exhibit good contrast. Original glossy prints (e.g., from
negatives) are required. Reproductions of photographs
cannot be accepted. The object being shown must fill
the image. Bar scales on the photograph must be used
rather than magnification factors in the caption.
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Each illustration should be identified on the reverse side
on the lower front side by its number and the name of
the principle author. Indicate the top of the illustration in
cases where doubt may arise.

Tables should not exceed the printed area of the page. If
this appears impossible, reversing columns and rows
will often make the impossible possible, but large tables
should be avoided. Tables should be compiled on
separate sheets and must be numbered according to their
sequence in the text. The text must include references to
all tables. Column headings should be brief, but
sufficiently explanatory. Units of measurement should
be given in parentheses. Each table must have a brief
and self-explanatory caption. Explanations that are
necessary to the understanding of the table should be
given as footnotes at the bottom of the table. A footnote
should be indicated by a super-script number.

All formulae should be presented consistently and
clearly with regard to the meaning of each symbol and
its correct location. Formulae must be typed throughout.
All unusual symbols must, if numerous, be collected in
a separate list in an appendix, giving a clear explanation
of each symbol. Please, try to keep the notation as
simple as possible, and avoid ambiguities. Do not use
special typefonts if there is no urgent need to do so.
Different formulae should be clearly separated in the
manuscript, at least by punctuation marks, if not by
words. Avoid breaking formulae if breaking is not
strictly necessary (i.e., if the equation is less than one
typed line).

Footnotes should be used only if absolutely essential. In
most cases it will be possible to incorporate them in the
main text. If used, footnotes should be numbered
consecutively throughout the manuscript, indicated by
super-script arabic numbers, and kept as short as
possible.

One set of page proofs will be sent to the corresponding
author to be checked for typesetting/editing. The au-thor
is not expected to make changes or corrections that
constitute departures from the article that was accepted
by the editor. Text changes may be charged to the author
at cost price. Fifty reprints of each article are supplied
free of charge. Additional reprints provided at cost price
can be ordered on a reprint order form that will be sent
to the corresponding author of the accepted article.

Copyright
Upon acceptance of an article by the journal, the
author(s) will be asked to transfer the copyright of the
article to the Netherlands Journal of Geosciences
Foundation. This transfer will ensure the widest possible
dis-semination of information. The author(s) will be
allowed to re-use their material for other scientific work
without explicit permission by the foundation.

The author is responsible for obtaining permission to
use any copyrighted material. When quoting from some-
one else’s work or when considering reproducing an
illustration or table from a book or journal article, the
author should ensure that he is not infringing copyright.
Although in general an author may quote from other
published works, he should obtain permission from the
copyright holder if he wishes to use substantial excerpts
or to reproduce tables, plates, or other illustrations. If
the copyright holder is not the author of the quoted or
reproduced ma-terial, it is recommended that the
permission of the author in question is also sought.
Note: material in unpub-lished letters and manuscripts is
also protected and must not be published unless
permission has been obtained.

Electronic submission
All texts, and preferably the figures as well, should be
submitted in electronic form. In order to avoid
unneccessary delay, we advise you to adhere to the
following instructions. You should submit the final text
on a 3.5" disc version. Both double-density (DD) and
high-density (HD) discs are acceptable. Text and figures
should be stored in separate files with clearly
identifiable file names. The format of these files
depends on the word processor used. We prefer
Microsoft Word for Windows (up to 7.0), Word Rich
Text Format, Corel WordPerfect (up to 8.0), or ASCII;
Page Maker may also be accepted. It is essential that the
name and version of the word processing program, the
type of computer on which the text was prepared, and
the format of the text files are clearly indicated in the
accompanying letter. The contents of the disc should
correspond exactly to the contents of the hardcopy
manuscript. Discrepancies can lead to proofs of the
wrong version being made.The word-processed text
should be in single column format. Keep the layout of
the text as simple as possible; in particular, do not use
the word processor’s options to justify or to hyphenate
the words. Please, refrain from using so-called styles, as
these may induce severe mistakes during conversion
procedures. We will handle electronic figures prepared
in Illustrator, in Freehand, in Photoshop (if used as tiff,
eps, jpeg, rgb or psd files, and in Corel Draw (if saved
as an Adobe Illustrator file, 3.0 or higher).

Figures should be submitted preferable on 1.44 Mb
discs, but may also be submitted on 650 Mb CD-ROM,
100 Mb ZIP disc, 128, 230 and 640 Mb MO optical
disc, 40 Mb disc and 80 Mb disc.
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Miscellanous

FRIEDRICH VON ALBERTI-
STIFTUNG - HOHENLOHER

MUSCHELKALKWERKE

Friedrich von Alberti-Preis 2002

Verleihung des Friedrich von Alberti-Preises 2002 an
Dr. Léa Grauvogel-Stamm und Prof. Dr. Jean-Claude
Gall, Université Louis Pasteur de Strasbourg,
Frankreich

Im Jahr 2002 wird der Friedrich von Alberti-Preis wieder
geteilt verliehen. Vorstand und Kuratorium der Alberti-
Stiftung folgten damit der Empfehlung der
Paläontologischen Gesellschaft und bestimmten als
Preisträger die Paläontologen Dr. Léa Grauvogel-Stamm
und Prof. Dr. Jean-Claude Gall von der Université Louis
Pasteur de Strasbourg in Frankreich.
Beide Laureaten haben ihr wissenschaftliches Werk zu
einem guten Teil der Erforschung des Voltziensandsteins
in den Nordvogesen gewidmet. Dieser rötlichgraue
Sandstein wird seit Jahrhunderten in vielen Steinbrüchen
als Baustein gewonnen. Seit 1936 sammelte Louis
Grauvogel, der Vater von Léa Grauvogel-Stamm, in
dünnen Tonsteinlinsen, die zwischen den
Werksteinbänken lagern, Tausende von Fossilien. Später
hat Jean-Claude Gall, der 1971 mit einer Monographie
über Fauna und Entstehung des „Grès à Voltzia”
promovierte und habilitierte, die Sammlung fortgeführt.
Die fossilreichen Tonsteine öffnen ein Fenster in die Zeit
der beginnenden Mitteltrias, vor etwas mehr als 240
Millionen Jahren. Während sich weiter östlich schon das
Muschelkalkmeer ausdehnte, lagerte sich im Gebiet des
heutigen Elsass in einer von Flüssen durchzogenen
Küstenebene Sand als Schuttfächer des Vogesengebirges
ab. Der feinkörnige Tonschlamm in ausgetrockneten
Wasserläufen hat in einmaliger Detailtreue feinste
Strukturen von Insektenflügeln, Skorpione, Spinnen,
verschiedenartige Krebse, Fische, Amphibien, ja sogar
Eigelege von Insekten und hauchdünne
Süßwassermedusen überliefert. Léa Grauvogel-Stamm
wandte sich in ihrer Doktorarbeit der Pflanzenwelt des
Voltziensandsteins zu und bearbeitete die Makro- und
Mikrofloren, darunter die Zweige der namengebenden
Voltzia, eines frühen Nadelbaums, Schachtelhalme und
Farne und die zugehörigen Sporen. Seither haben die
beiden Preisträger den Grès à Voltzia der Vogesen zu einer
der besterforschten und bedeutendsten Fossillagerstätten
der Triaszeit gemacht, die wie nirgendwo sonst auf der
Welt faszinierende Einblicke in die amphibische Welt
kleiner periodischer Gewässer der Triaszeit öffnet.
Mit erstmals auf diese Floren angewandten Methoden,
der Mazerationstechnik, der Kutikularanalyse und der in-
situ-Untersuchung von Fruktifikationen nach

Palynomorphen, kam Dr. Léa Grauvogel-Stamm zu
grundlegenden Ergebnissen über das Ökosystem des
Voltziensandsteins. Ihre Arbeit über das sukkulente
Bärlappgewächs Pleuromeia, das nach dem weltweiten
Aussterbeereignis an der Perm/Trias-Wende als erste
Pionierpflanze wieder festländische Biotope besiedelte,
weitete sie auf die ganze Welt aus. Außerdem arbeitete
sie über die krautige Konifere Aethophyllum, neuerdings
verstärkt über die Koevolution von Tieren und Pflanzen,
wie sie sich an Fraß- und Siedlungsspuren auf Pflanzen
zeigt. Frau Grauvogel-Stamm hat ihre Forschungen stets
in renommierten internationalen Zeitschriften
veröffentlicht und dabei mit Wissenschaftlern aus vielen
Ländern kooperiert. Neben ihrer Forschungstätigkeit hat
sie für die interessierte Öffentlichjkeit
populärwissenschaftlich geschrieben und Besucher aus
aller Welt durch das von ihr betreute Museum Grauvogel
in Ringendorf geführt.
Die Alberti-Stiftung verleiht den Alberti-Preis des Jahres
2002 an Frau Dr. Léa Grauvogel-Stamm und würdigt
damit ihre „Verdienste auf dem Gebiet der Paläobotanik,
besonders um die Erforschung der reichen triaszeitlichen
Floren im Grès à Voltzia und um die Rekonstruktion des
Ökosystems im Oberen Buntsandstein der Vogesen, um
Mikrofloren und Floren der europäischen Trias und um
die Erhaltung und wissenschaftliche Auswertung der
Sammlung ihres Vaters Louis Grauvogel”.
Ausgehend vom Grès à Voltzia untersuchte Jean-Claude
Gall auch vergleichbare fossile Ökosysteme der
erdgeschichtlichen Vergangenheit in Marokko und den
USA, wandte sich Fragen der Diagenese und Geochemie
zu, besonders den mikrobiellen Biomatten, und legte seine
Forschungen in über 130 Publikationen nieder, darunter
sein preisgekröntes Lehrbuch „Sedimentationsräume und
Lebensbereiche der Erdgeschichte. Eine Einführung in
die Paläoökologie”, das vom Französischen ins Deutsche,
Englische und Chinesische übertragen wurde. Über sein
hochschulpolitisches Engagement um Studiengänge und
Administration hinaus hat er mehrere wissenschaftliche
Kongresse organisiert. Ganz besondere Verdienste erwarb
er sich mit der Gründung der European Palaeontological
Association (EPA), einer wissenschaftlichen und
wissenschaftspolitischen Nicht-Regierungsorgansation, in
der paläontologische Interessen auf höchster Ebene im
Europarat vertreten werden. Herr Gall hat die EPA als ihr
Gründungspräsident von 1991 bis 1995 an seinem Institut
in Straßburg geleitet. Angesichts seiner weitreichenden
wissenschaftlichen, populärwissenschaftlichen und
wissenschaftspolitischen Erfolge und seines Engagements
für die Paläontologie hat er vielfache Ehrungen aus
Frankreich und aus anderen Ländern erfahren. Die
Paläontologische Gesellschaft ernannte ihn im Jahr 2000
zum Korrespondierenden Mitglied.
Die Alberti-Stiftung verleiht den Alberti-Preis des Jahres
2002 an Jean-Claude Gall für seine „Verdienste um die
Erforschung der reichen und exzellent erhaltenen
triaszeitlichen Faunen im Grès à Voltzia und um die
Rekonstruktion von Genese und Lebewelt des Oberen
Buntsandsteins in den Vogesen, um die Paläoökologie
vorzeitlicher Biotope und um die Gründung der Euro-
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pean Palaeontological Association”.

Mit den beiden Preisträgern des Jahres 2002 geht der
Alberti-Preis erstmals über die Landesgrenzen hinaus,
freilich in ein Land und an ein Institut, mit dem wir nicht
nur durch die Triasgesteine rechts und links des Rheins
und durch zwei Jahrhunderte ihrer Erforschung verbunden
sind. Dafür stehen Namen wie Elie de Beaumont und
Friedrich von Alberti, A. Mougeot und W. P. Schimper,
L. Voltz und E. W. Benecke. Der Namenspatron der
Stiftung, Friedrich von Alberti, hat seine „Trias-Forma-
tion” 1834 mit dem Blick auf beide Seiten des Rheins
begründet, und hier wie dort und überall auf der Welt gilt
heute sein Begriff, mit dem er die geologischen
Formationen des Buntsandsteins, des Muschelkalks und
des Keupers zusammengefasst hat. Freilich versteht man
heute darunter das erdgeschichtliche System, mit dem vor
250 Millionen Jahren das Erdmittelalter begonnen hat.

Die Laudationes bei der festlichen Preisverleihung am
29. November im württembergischen Ingelfingen
(Hohenlohekreis) halten Klaus-Peter Kelber,
Paläobotaniker am Institut für Mineralogie der Universität
Würzburg, und Prof. Dr. Fritz Steininger, Direktor des
Forschungsinstituts Senckenberg Frankfurt am Main. Im
Festvortrag führt Prof. Dr. Jean-Claude Gall in die Welt
des Voltziensandsteins ein und spricht über:

„Der Buntsandstein der Nordvogesen. Ein Blick in
die Lebewelt vor 240 Millionen Jahren”.

Das Muschelkalkmuseum zeigt in den nächsten Monaten
in drei Vitrinen Funde aus Sammlung Grauvogel und Gall,
die von den Laureaten für die Ausstellung

„Der Sandstein lebt. Funde aus dem Voltziensandstein der
Nordvogesen aus Sammlung Grauvogel und Gall”

zur Verfügung gestellt wurden.

Kontakt und Belegexemplare erbeten an:

Dr. h.c. Hans Hagdorn
Muschelkalkmuseum Ingelfingen

Schloss-Str. 11  74653 INGELFINGEN
Telefon 07940/59500
Telefax 07940/59501
encrinus@t-online.de
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GUIDELINES FOR THE

SUBMISSION OF MANUSCRIPTS
TO ALBERTIANA

Albertiana is published twice a year. Contributions
should be sent to the editor. In order to facilitate the
production of this newsletter and reduce typing errors,
authors are kindly requested to submit their contribu-
tions electronically, preferably by email or on 3½ inch
MS-DOS formatted floppy discs together with a printed
hard copy. You may also use the Utrecht Albertiana FTP
server to upload larger files that cannot be sent as email
attachments. The user name is “Alb”, even so the pass-
word is “Alb”. Please DO NOT use BinHex-encoded
files (MacIntosh) as these cannot be read! Those who
are unable to submit a manuscript in electronic format
are kindly requested to send flat (unfolded), clearly
typed manuscripts in a 12-point typeface (sans serif)
with single line spacing.
Text files can be submitted formatted as *.wpd, *.doc
or *.rtf files and illustrations as pixel based graphics
(e.g: *.bmp, *.tif, *.gif or *.jpeg) or vector based graph-
ics (e.g: *.ai, *.cdr) that can be directly imported into
Adobe PageMaker. Please provide good, clean, flat,
printed copies (NOT xerox copies) of any illustrations,
which MUST be designed to fit on an A4 page (cen-
tered, with at least 2.54 cm wide margins left and right,
and 4 cm margins at the top and bottom).
Special attention should be paid to grammar and syntax
- linguistic corrections will be minimal. In case of doubt,
send your manuscript to a colleague for proof reading.
References should be in the format used in the ‘New
Triassic Literature’ section in issue 25 of Albertiana.
Please write all Journal titles in full length. The use of
names of biostratigraphic units should be in accordance
with the International Stratigraphic Guide:
The formal name of a biostratigraphic unit should be
formed from the names of one, or preferably no more
than two, appropriate fossils combined with the appro-
priate term for the kind of unit in question.”
The writing and printing of fossil names for stratigraphic
units should be guided by the rules laid down in the
International Code of Zoological Nomenclature and in
the International Code of Botanical Nomenclature. The
initial letter of generic names should be capitalized; the
initial letter of the specific epithets should be in lower-
case; taxonomic names of genera and species should be
in italics. The initial letter of the unit-term (Biozone,
Zone, Assemblage Zone) should be capitalized; for ex-
ample, Exus albus Assemblage Zone.”
The name of the fossil or fossils chosen to designate a
biozone should include the genus name plus the spe-
cific epithet and also the subspecies name, if there is
one. Thus Exus albus Assemblage Zone is correct. Af-
ter the first mention, the genus name may be abbrevi-
ated to its initial letter if there is no danger of confusion
with some other genus beginning with the same

letter; for example, Exus albus may be shortened to E.
albus. On the other hand, the use of the specific epithet
alone, in lowercase or capitalized, in italics or not (albus
Assemblage zone, Albus Assemblage zone, albus Assem-
blage zone, or Albus Assemblage zone), is inadvisable
because it can lead to confusion in the case of frequently
used species names. However, once the complete name
has been cited, and if the use of the specific epithet alone
does not cause ambiguous communication, it may be used,
in italics and lowercase, in the designation of a biozone;
for example, uniformis Zone.”

From: Salvador, A. (ed.), 1994. International Stratigraphic
Guide. Second Edition. International Commission on
Stratigraphic Classification of IUGS International Com-
mission on Stratigraphy. IUGS/GSA, Boulder, Co, p. 66.
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