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Executive Notes

From the Chair

I’ve recently returned from a successful International
Geological Congress in Florence, Italy. Two events stand
out for me. First the workshop on the Upper Triassic (see
report and abstracts herein) where an enthusiastic gather-
ing of Triassic workers shared their latest research results
aimed at the common goal of arriving at a standard time
scale for the interval. Good progress was made and I was
pleased to see so much quality work is being done. The
second event was the workshop of the International Com-
mission on Stratigraphy, where I briefly summarized the
status of the Triassic time scale. At this second meeting,
all chairpersons of subcommssions did the same and I
was left with an impression of how far advanced a formal
standard Phanerozoic scale is. Indeed, some subcommis-
sions have fully agreed GSSPs and are now defining sub-
stages. I should add that I was not too alarmed that the
Triassic stands out as the one period that lacks any inter-
nal GSSP because I am aware how much progress is be-
ing made by our task forces charged with defining them.
Neverthless we now face a challenge to arrive at agree-
ment on 6 outstanding boundaries within the next few
years in order to meet the IUGS requirement. Not for the
first time, I urge all of you to become involved in the task
groups where you think you can contribute data and en-
ergy. Lists are now being complied of all members of these
task groups and future decisions will be based on those
lists - so act now if you have an interest in contributing to
the task of producing a standard Triassic time scale.

Our next formal meeting is planned for Wuhan, China
next May. This meeting - which is co-sponsored by STS,
SPS, IGCP467, and CHRONOS - is an opportunity to
see not only a candidate for the Induan-Olenekian bound-
ary, but also the magnificent site that the P-T boundary
(and now base Changxingian) GSSP has become at
Meishan. Field trips will also offer the chance to see the
entire Lower Triassic and well dated Olenekian-Anisian
boundary in Guizhou Province. By then, I hope we will
also be able to celebrate final resolution of some new Tri-
assic GSSPs.

From the Secretary

ICS Subcommission on Triassic
Stratigraphy

Minutes of joint business meeting of
the STS and IGCP Project 467, 32nd

International Geological Congress,
Florence Italy, 24 August, 2004

Chairman: M. Orchard
Secretary: C. McRoberts

Present
A. Ahluwalia, A. Baud, M. Balini, M. Gaetani, J. Haas,
C. Henderson, F. Hirsch, M. Hounslow, T. Klets, H. Kozur,
L. Krystyn, W. M. Kürschner, C. McRoberts, A. Nicora,
M. Orchard, M. Szurlies, Tong Jinnan, V. Vuks, Yin
Hongfu, Y. D. Zacharov

Agenda

1. Welcome and general STS remarks
2. Future Meetings
3. Report of recent Spiti STS and IGCP 467
meeting (by L. Krystyn)
4. Review of present state of Triassic GSSPs
5. Presentation of Induan/Olenekian boundary
at Spiti (by L. Krystyn)
6. Closing remarks
Item 1.
Chairman opened the meeting at 17:40 and welcomed
participants to the joint STS and IGCP 467 business meet-
ing.  Chairman thanks all those who participated in the
Workshop DW0-09 as part of the 32nd International Geo-
logical Congress. Chairman noted changes in the STS
executive following votes from the Dolomite meeting last
fall.  Included in the changes were Macro Balini as in-
coming Vice Chairman replacing Y. D. Zacharov and
Christopher McRoberts as incoming Secretary replacing
G. Warrington.

The chairman announced the forthcoming STS website
at

to be maintained by C. McRoberts which will provide
up-to-date information regarding STS activities, member-
ships, and bulletin board discussion areas for GSSP
workgroups. The chairman also mentioned this site will
complement and not compete with the very useful
Albertiana web site run by W. M. Kürschner.

        http://paleo.cortland.edu/sts/

http://paleo.cortland.edu/sts/
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Item 2.
The chairman announced the following future meetings
that would be either official STS/IGCP 467 sponsored
events or of interest to those working on similar issues.
Further details regarding these meetings can be found
elsewhere in this issue of Albertiana or from the STS or
IGCP 467 websites.

Muscat Oman, January 2005. Elaborated on by A. Baud,
this meeting of the 25th IAS Meeting on Sedimentology
has an associated field trip of interest to STS and IGCP
467 members entitled “birth and Early Development of
the Tethyan Oman Margin from Middle Permian to Middle
Triassic: a Geochemical and Sedimentological Approach.
Baud distributed hand outs describing the meeting and
field trip.

Chaohu, China, May 2005. Elaborated on by Tong
Jinnan and Yin Hongfu, this official STS/IGCP467 meet-
ing will involve both field trips and scientific session ex-
amining the lower Triassic succession, paleoecology and
biotic recovery including candidate Induan/Olenekian
boundary and a visit to Meishan Permian/Triassic bound-
ary. A first circular and call for papers was distributed by
Tong.

Valencia, Spain, September, 2005.Joint meeting of the
XV Congreso Nacional de Sedimentologia and IV
Coloquio de Estratigrafia, Paleogeographia del Permico
y Triasico.

New Zealand, March, 2006. Circum-Panthalassa Trias-
sic Faunas and Sequences. Wellington, New Zealand. A
joint meeting InterRad XI and STS and IGCP 467, he
focus of this symposium will be on Triassic stratigraphy
and correlations in the circum-Pacific region.

Svalbard, August, 2006. The Boreal Triassic. This sym-
posium will focus on all aspects of the Arctic Triassic
and correlation with Tethys.

Belgrade, September 2006. Carpathian/Balkan Geologi-
cal Association Congress. Elaborated on by J. Haas, who
noted the first circular will be forthcoming.

New Mexico, 2007. Final meeting of IGCP 467 and
completion and publication of the Triassic timescale.

Item 3.
L. Krystyn made a short report on the recent meeting in
Spiti. Krystyn said the organization for the meeting was
excellent and thanked his co-organizers, hosts and col-
leagues, especially members from the Indian Geological
Survey and participating Indian universities. Krystyn re-
ported that the program, field guide, and abstracts of the
Spiti meeting will be published as a special issue of
Albertiana (vol. 30).

Item 4.
The Chairman made a brief PowerPoint presentation on

the current status of Triassic GSSPs and the recently re-
leased ICS timescale. The chairman noted that the STS
has only one completed GSSP at the base of the Induan
(and therefore Permian/Triassic boundary) and remarked
that the STS lagged behind other subcommissions in com-
pleting their assigned task. The chairman did report
progress on the base Ladinian GSSP, and further stressed
the need to complete selection of Triassic GSSPs before
the stated ICS goal of having all GSSPs ratified by 2008.

Item 5.
L. Krystyn made a PowerPoint presentation regarding the
possibility of a future Induan/Olenekian proposal for the
Muth locality in Spiti India as a potential GSSP or auxil-
iary GSSP. Krystyn outlined recent field-based research
activities of 2003 and 2004 in Spiti. Krystyn also noted
that, although the section was high (about 4000 meters),
it provided excellent stratigraphic exposure, is quite fos-
siliferous, and exhibits favorable facies with likely con-
tinuous and expanded deposition across the boundary. A
potential boundary datum is controlled by conodonts and
the ammonoid Flemengites. Krystyn did note that the
rocks have been somewhat heated (C.A.I = 3.5) and no
geochemical or paleomagnetic results should be expected.
However, Krystyn also noted the section is reasonably
accessible and there exists nearby lodging.

Item 6.
Chairman asked if there was any other business to be dis-
cussed and no further points were raised. Chairman
thanked those present for their participation and declared
the meeting closed at 18:45

Duly submitted,

Christopher McRoberts

STS Secretary
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Meeting Reports

IGC Workshop DWO-09: Definition,
subdivision, and correlation of the

Upper Triassic.
Co-sponsored by STS and IGCP 467

The workshop was a most enjoyable event with some 50
participants enjoying lively presentations and discussions
of the fruits of our collective scientific labor!  Fourteen
titles had been submitted as abstracts, although only 12
papers/ posters appeared on the day. All abstracts are re-
produced here and can be viewed on-line at the website
of IGCP 467 (http://paleo.cortland.edu/IGCP467)

The proceedings began with a brief introduction by Mike
Orchard (convenor) laying out the scope of the workshop
and the fact that it was dealing with the larger part of the
Triassic Period, perhaps 35 of the total ~50 million years.
There remained substantial disagreement about the rela-
tive lengths of each of the constituent stages - Carnian,
Norian, and Rhaetian - and this was unlikely to be fully
resolved until we can get an accurate isotopic age from a
marine sequence. Present durations are based on astro-
logical calibration of the Newark cycles and divergent
views on their magnetostratigraphic correlation with
Tethyan marine successions. Whichever correlations
prove the more accurate, the Norian or Carnian appear to
be the longest Stage in the Phenerozoic so the eventual
need for substage definition is evident.

Francis Hirsch presented the first paper in which empha-
sis was placed on the need for full integration of physical
characteristics and various fossil groups in establishing
boundaries, and the desirability of auxiliary sections to
serve in environments and facies where primary GSSP
markers are lacking. This is particularly needed in an-
cient oceanic environments such as those preserved in
tectonic collages. The Middle-Upper Triassic boundary
was further discussed by Maurizio Gaetani in his intro-
duction to the Ladinian-Carnian boundary session in
which Marco Balini summarised the boundary sections
in Spiti, India where his work with Leo Krystyn and Alda
Nicora is now concluding. The area provides a rare op-
portunity to compare the evolution of the ammonoids,
conodonts and bivalves and to calibrate an integrated bio-
chronostratigraphic scale. The distinction between key
ammonoids and prospective index fossils Daxatina and
Trachyceras posed a problem in poorly preserved speci-
mens, whereas the FAD of the prospective conodont spe-
cies polygnathiformis is associated with typical Ladinian
ammonoid species; the bivalve Halobia also appears close
to this boundary and affords a further guide fossil. The
choice of a GSSP datum awaits comparison with the suc-
cessions in New Pass, Nevada as well as further consid-

eration of the candidate Prati di Stuores section in north-
ern Italy.

Following a brief introduction to the Carnian-Norian
boundary, Mike Orchard presented the details of a new
conodont zonation at Black Bear Ridge in western Canada.
This succession lies on what was formerly the western
edge of Pangea and contains rich and diverse faunas. The
need for careful taxonomic work - and standardized views
and magnification (x80) in illustrations - was stressed and
many new species were shown in several different lin-
eages characterized by, for example, progressively re-
duced platform lengths, progressively raised anterior plat-
forms, and/or progressively anteriorly shifted pit. These
species formed the basis for 2 new zones lying between
the samueli interval of the former nodosus Zone and the
primitius Zone; these approximate the inappropriately
named communisti Zone of former papers.  Heinz Kozur
also discussed the mozaic evolution of Upper Triassic
conodonts and introduced some new concepts relating to
lineages through the Norian. As shown also by the Brit-
ish Columbian material, the species formerly combined
as ‘primitius’ and ‘abneptis’ conceal several
stratigraphically useful homeomorphs and a choice of
cosmopolitan guide conodont for the C-N boundary
should be possible soon.

Chris McRoberts reviewed the succession of Halobia spe-
cies across the Carnian-Norian boundary at Black Bear
Ridge, on Fredericks Island in the Queen Charlotte Is-
lands, and in the Martin Bridge Limestone in Oregon. He
showed the consistent ranges of key species and tied them
to the new conodont zones from Black Bear Ridge. In
total, the North American successions about this bound-
ary are well integrated and provide a good yardstick for
new attempts at correlating with Tehyan successions.

Leopold Krystyn with Wolfram Kürschner presented new
data on the Norian-Rhaetian boundary in a 50 m thick
boundary interval in the Zlambach Formation in Austria.
This included ammonoids, pelagic bivalves, conodonts,
radiolarians, palynomorphs and magnetostratigraphy,
work he has undertaken with. Integrated ammonoid and
palynomorph occurrence. Some of these results were un-
expected, including the overlapping ranges of the am-
monoids “Choristoceras” haueri and Cochloceras, and
the large time offset between the FOs of Misikella
posthernsteini and Cochloceras. Within a rich palynogical
record, a distinct dinoflagellate change occurs midway
through the section. This event is widely recognized and
could prove invaluable in distinguishing the Norian and
Rhaetian in shallow marine and/or high latitude basins.
Mark Hounslow  reinforced the value of dinoflagellates
such as Rhaetogonyaulux rhaetica in pinning
magnetostratigraphic correlations in his account of the
end Triassic successions in the UK.

Beth Carter’s contribution presented and supplemented
by Mike Orchard showed that radiolarians appearing at
the base of the Proparvicingula moniliformis Zone pro-
vide the most distinctive faunal change for characteriz-
ing the base Rhaetian in the oceanic realm. This level

http://paleo.cortland.edu/IGCP467

http://paleo.cortland.edu/IGCP467
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corresponds also to the FAD of the conodont
Epigondolella mosheri in North America, which is asso-
ciated with Cochloceras amoenum bearing strata at
Tyaughton Creek, B.C. and in New York Canyon, Ne-
vada.

Several papers dealt with magnetostratigraphic correla-
tion of the Late Triassic stage boundaries in nonmarine
strata. Spencer Lucas highlighted the uncertainty and
imprecision of correlating polarity profiles and preferred
the traditional correlation of the base Norian that is sup-
ported by palynomorphs and terrestrial vertebrates. Based
on Newark cyclostratigraphic calibration, this puts the
base Norian at about 214 Ma, a number supported by
Maureen Steiner’s magnetostratigraphic correlation of the
Chinle Group with Newark. In contrast, Paul Olsen ar-
gued for the unreliablity of the fossil data such as it is and
supported a quite different correlation with a base Norian
at about 227 Ma, a number supported by other recent
publications. Similar disagreements also characterize the
base Rhaetian, with published arguments for its duration
ranging from 2 - 7 million-years. Apart from the basic
uncertainty in the time scale itself and the consequent elu-
siveness of a common language, these divergent correla-
tions impact also on the recognition and apparent tempo
of faunal turnovers and extinction events within and at
the end of the Late Triassic. Some isotopic ages from the
marine realm would clearly help resolve many problems.

Two contributions from Russia rounded out the workshop.
Alena Kopylova and Tatyana Klets presented their work
on the Late Triassic of northeastern Asia where signifi-
cant correlation problems are helped by conodonts. The
terrigenous sections of Siberia contain a boreal
macrofauna and rather low diveristy conodonts dominated
by low diversity Neogondolella species. In cherty se-
quences of the Russian Far East, more diverse faunas in-
clude Tethyan elements too and allow correlation of the
two successions. Valery Vuks presented a thorough ac-
count of the stratigraphy and faunas of the Upper Trias-
sic Sakhray and Khodz groups of the Western Caucasus,
and the Chelbasskaya Group and related deposits of the
Western Precaucasus. Although sections are incomplete,
many species are common throughout the region and cor-
relations are well established. In particular, the foramin-
iferal assemblages have been useful also in correlating to
Europe.

The workshop ended with the convenor stressing the need
for sustained progress in Upper Triassic boundary stud-
ies. The momentum generated by the workshop will hope-
ful encourage that.

Mike Orchard

Ladinian/Carnian Boundary
Sections in Spiti (Tethys

Himalaya, India)

Marco Balini1, Leo Krystyn 2, Alda
Nicora1

1 Dipartimento di Scienze della Terra “A.
Desio”, Università di Milano

2 Palaeontologische Institut der Universitaet
Wien

Spiti Valley area (Tethys Himalaya, India) is well known
since XIX century for its Lower-Middle Triassic am-
monoid rich pelagic succession. The Upper Ladinian/
Lower Carnian consists of Kaga Formation, made of
shales with intercalation of distal turbidites, and Chomule
Fm., made of well bedded mudstones with marly interca-
lations. Both the units show an unusually rich record of
pelagic bivalves, ammonoids and conodonts that provides
the very rare opportunity to compare the evolution of the
three groups and to calibrate an integrated bio-
chronostratigraphic scale.

Six stratigraphic sections have been sampled in Pin and
Lingti Valleys. The sections are arranged into three work-
ing areas, roughly aligned from SW to NE. Four sections
are located close to Muth village (Muth 1 to 4), one is
close to Guling, and one near to Lalung (Lalung 3). Guling
section is the most complete and covers the whole Kaga
Fm. and the first half of Chomule Fm. It is used as master
section, while the other sections cover only the Ladinian/
Carnian boundary interval, located in the lower part of
the Chomule Fm.

The correlations of the sections emphasize that:

a) Key beds or distinct lithologic intervals can be corre-
lated and traced for tens of kilometers.

b) Thickness of Kaga Fm. and of marly intercalations in
the Chomule Fm. decreases from Muth to Lalung, i.e.,
from the present SW to the present NE.

c) The distribution of fossils in the studied sections is
rather constant, with minor changes from section to sec-
tion mostly due to local difficulty in sampling (cleavage
or unestractability).

d) From the biostratigraphic point of view the Upper
Ladinian is quite well documented by the occurrence of
the ammonoids Meginoceras meginae, Maclearnoceras
sp. and Frankites. Frankites also overlaps with Daxatina,
but the first occurrence of typical Carnian ammonoid

Abstracts
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Trachyceras is of difficult location due to rather poor pres-
ervation of the specimens.

e) The first occurrence of the Paragondolella/
Metapolygnathus polygnathiformis is recorded at the
middle of the range of Frankites, i.e. together with what
are normally regarded as Ladinian ammonoids.

f) Halobia seems to overlaps the range of Daxatina, and
possibly also the range of Frankites.

The correlation of the studied sections with the GSSP
candidate Prati di Stuores is discussed. Preliminary am-
monoid data from South Canyon (Nevada, USA) are also
compared.

A Norian-Rhaetian boundary
at Kennecott Point (Queen
Charlotte Islands, Canada)
defined by radiolarians and

conodonts

Elizabeth S. Carter1 & Michael J.
Orchard 2

1Dept. of Geology, Portland State University,
Portland, Oregon, 97207-0751, U.S.A.

2Geological Survey of Canada, 101-605
Robson St., Vancouver, B.C. V6B 5J3, Canada.

Major changes in radiolarians and conodonts occur about
10m above the base of the Sandilands Formation at
Kennecott Point, Queen Charlotte Islands. For each group,
these changes mark the transition from faunas associated
with upper Norian Monotis-bearing strata of the Peril and
basal Sandilands formation (= Cordilleranus Zone) to dis-
tinctive new faunas equivalent to the Amoenum and
Crickmayi zones. These changes are believed consistent
with the transition from Norian to Rhaetian.

Radiolarians of the Betraccium deweveri Zone (upper
Norian) are recognized around the world and their indi-
ces are well known. Conodonts from these levels are as-
signed to the Epigondolella bidentata Zone. The top of
the Norian is marked most importantly by the disappear-
ance of the radiolarians B. deweveri, Gorgansium
richardsoni, Phylostephanidium ankaraense,
Kozurastrum pseudokahleri, Citriduma sp. A (Carter
1993) and all species of Ferresium having a rounded shell.
In Queen Charlotte Islands, the B. deweveri fauna is suc-
ceeded by radiolarians of the Proparvicingula
moniliformis Zone, which are associated with the con-
odont Epigondolella mosheri. Elsewhere, e.g. Tyaughton
Creek, B.C. and New York Canyon, Nevada, this con-
odont species is associated with ammonoids of the
Amoenum Zone. These faunas undergo significant radia-
tion in the Rhaetian and many new species arise. The most
distinctive of those associated with the appearance of E.
mosheri include P. moniliformis, Deflandrecyrtium
nobense, Ferresium triquetrum, Icrioma cistella and
Squinabolella trispinosa.
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The Philosophy of Boundary

Stratotypes: The Upper
Triassic Example

F. Hirsch 1 & K. Ishida 2

1 Department of Earth Sciences, Naruto
University of Educaction, Naruto, Japan.

2 Labotatory of Geology, University of
Tokushima, 1-1 Minamijosanjima, Tokushima

7770-8502, Japan.

Assereto (1973) mentioned “tradition” as a factor to be
dealt with when dealing with the definition of some strati-
graphic stages and substages. We should have this in mind
when asking “What is Carnian, Norian or Rhaetian”. The
establishment of these stages goes back to the XIXth cen-
tury and the use of these names have gone through sev-
eral redefinitions. However, e.g. in the case of the Carnian,
the different views held about the attribution of the
Cordevolian sub-stage either to the Middle or the Upper
Triassic is still debated. First came facies as the answer,
but the development of these boundary beds differ whether
in the Northern or Southern Alps, the SA St. Cassian For-
mation having no clear match in the NA. But before open-
ing the biostragraphic debate, let us remember that Spath
(1934) proposed his so called Protrachyceratan for the
Ladinian and Trachyceratan for the Carnian. We would
very much like to follow this procedure if we could clarifie
the ammonoid questions, possibly including correspond-
ing radiolarians, conodonts, palynomorphs and also tet-
rapods.

The democratically adopted IUGS policy of one single
stratotype that imposes its features for global stratigraphic
correlation is merely virtual, since it extends boundary
lines from a well defined locality through others that may
be well defined by other tools at a level that does not
necessarily correspond with “the” level in question.

In other words, if we certainly can adopt a fair ammonoid
boundary, match it with conodonts, radiolarians,
palynomorphs and tetrapods, we still need to consider
isotopic and radiometric data, a task that is far from be-
ing possible unless we would consider next to an adopted
holo-stratotype, several regional para-stratotypes. This
more philosophical approach of electing a string of sev-
eral representative sections, could efficiently answer the
basic question, as an example, of “what happened at the
M/U Triassic boundary ?”

Among the physical factors we have a drop of sealevel
that generated the notorious Carnian salinity crisis; this
is accompanied by emersions, felt worldwide from the
Neotethys to the Izanagi Plate (Paleo-Pacific) (Hirsch and
Ishida, 2002).

Among living organisms we have a number of changes,

particularly in ammonoids and  conodonts. Among the
latter the disappearance of Neogondolellid- is followed
by the appearance of Metapolygnathid conodonts. Can
we thus propose the last appearance of Sephardiella
diebeli as upper limit of the Ladinian, or take the first
appearance of Metapolygnathus polygnathiformis as base
of the Carnian?  From the Iberic Peninsula to the Middle
East, where this boundary proposal can be applied, the
palynomorph Patinosporites densus enables correlation
with a large world of semi-marine deposits.

Before thus making the choice of the boundary-stratotype,
to be marked with fanfare, a golden spike, a bronze plaque
or a monument, one must keep in mind that nature is ver-
satile and that one single “ideal” locality is only virtual.

We definitely need to make clear that if we e.g. adopt the
classical Alpine region for the holo-stratotypes, a proposal
we advocate, a number of additional para-type-sections
from circum-pacific oceanic to continental localities in
Africa, Asia or the Americas should also be considered.
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Rhaetian and Late Norian

Magnetostratigraphy and its
Relationship to

Biostratigraphic Zonations in
NW Europe

Mark W Hounslow
Centre for Environmental Magnetism and

Palaeomagnetism, Geography Dept.,
Lancaster Environment Centre, Lancaster

University, Lancaster LA1 4YW, UK

The magnetostratigraphy through the Penarth Group, com-
monly considered to be entirely Rhaetian, is summarized,
using a composite of data from the sections at St Audrie’s
Bay, and Lavernock Point in the UK. The relationships
of this magnetostratigraphy to the dinoflagellate and
miospore zonations are also examined, in the prospect of
finding common tie points to the Rhaetian and late Norian
from the northern Alps. This approach produces a
magnetostratigraphy, which is pinned to the biostratigra-
phy most satisfactorily by constraints near the top of the
Rhaetian. The late Norian and Rhaetian
magnetostratigraphies from open marine successions are
reviewed, in order to provide a summary of a fully ma-
rine-based magnetostratigraphy and its biostratigraphic
constraints. This is most satisfactorily constrained by the
Sevatian biostratigraphy (i.e pinned at the base).  The links
between these top-down, and bottom-up approaches to
the magnetostratigraphy of the Rhaetian are provided by
the Newark Supergroup magnetostratigraphy and the oc-
currence of the dinoflagellate cyst Rhaetogonyaulux
rhaetica. In the light of this collation it is concluded that
in the UK, the Sevatian is partly represented by the
Williton Member (Mercia Mudstone Group), and the
lower part of the Westbury Formation (Penarth Group),
although disconformities fragment the UK stratigraphy.
In the light of these findings the distinctiveness of the
magnetostratigraphic polarity pattern is considered as a
possible constraint on defining the base of the Rhaetian.

Late Triassic
Conodontophorids from  NE

Asia (Systematic
Composition, Biostratigraphy,

Correlation)

T.V. Klets and A.V. Kopylova
Novosibirsk State University, Pirogova str. 2,

Novosibirsk, 630090, Russia

Triassic deposits occupy a vast territory in northeastern
Russia and are made of exceptionally terrigene rocks such
as sandstones, siltstones, and mudstones. They deposited
in single boreal basin as evidenced by monotypic and
abundant organic remains: bivalves, cephalopods, and
brachiopods. Triassic rocks of diverse composition with
tropic fauna are known from western coast of the Pacific
Ocean (Bychkov, Dagis, 1984; Dagis et al., 1989). In
Koryak region, Sikhote Alin, South Sakhalin, and Japan
recognized among these rocks are cherty complex strata
with terrigenous pelitomorphic interbeds (from several
mm to 1-2 cm) and volcanites. Permanent lithologic com-
position, considerable stratigraphic interval and small
thickness (Triassic section near Khabarovsk city is 50-60
m) are indicative of their deposition under steady rela-
tively deep-water conditions. Cherty rocks contain in
abundance microfossils with cherty (radiolarians) and
phosphate (conodontophorids) skeleton and lack the re-
mains of benthonic organisms and carbonaceous shells
of plankton (Bragin, 1991; Klets, 1995). The second type
of the section is represented by terrigenous-volcanic rocks
with reef bodies containing tropical fauna.

The problem of correlation of cherty sequences contain-
ing no macrofauna and terrigenous sections with boreal
fauna is one of the outstanding questions in stratigraphy
of northeastern Asia. Microfauna analysis is virtually the
only instrument for solving the problem. The findings of
conodontophorids in the Upper Triassic of the Kotelny
island (Novosibirsk islands) and in the basin of the
Zyryanka river (Omulevsky Uplift) are of prime interest
and of great importance for placing the boundary between
the Carnian and Norian Stages and in addition they pro-
vide the possibility to solve the problem of Boreal-Tethys
correlation (Fig. 1).

The source material in the study were the collections of
conodontophorids assembled by the authors and A.V.
Yadrenkin (Institute of Petroleum Geology, Siberian
Branch of the RAS, Novosibirsk) in cabornaceous rocks.
The sections in the basin of the Zyryanka river are de-
scribed based on the data by A.G.Konstantinov
(Konstantinov et al., 1997) and those of the Kotelny is-
land with the use of materials collected by A.Yu. Egorov
(Egorov et al., 1987).
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Taking an opportunity, we would like to thank B.N.
Shurygin for constructive and helpful discussion of the
global problem of Boreal-Tethys correlation.

Stratigraphic range of the Late Triassic
conodontophorids in northern Siberia.

Omulevsky Uplift
The lower part of the Carnian Stage in headstream of the
Zyryanka river  is represented by dark-grey, black, mi-
cro-and medium crystalline massive pyritized arenaceous
limestones with coquina interbeds (0.15-0.35 m) and
lenses (0.3-0.4 m). Bivalves, brachiopods, ammonoids,
coleoids, ostracodes, anaptychi and acanthodians were
found at different stratigraphic levels in the tenuis zone
(exposure M2). Twelve meters from the base of the mem-
ber 1 there were found conodontophorids Paragondolella
foliata Budurov (sample M2-1-12p).

Deposits on the left side of the creek Saryn’ in the
omkutchanicum zone contain bivalves, brachiopods,
ammonoids, ostracodes, and foraminifera.
Conodontophorids Paragondolella foliata Budurov were
found in limestones some 6-8 m from the base of the
member 3 (exposure M6, member 3, sample M6-3-6p and
M6-3-8p). In the seimkanensis zone similar assemblage
was found at 1m from the base of the member 5(expo-
sure M6, member 5, sample M6-5-1p).

Novosibirsk islands
On the Kotelny island the Lower Carnian Substage is rep-
resented by flyschoid-like alternation of black schistous
mudstone-like clays, light-gray nonschistous clays and
siltstones. The lenses of dark-grey bituminous limestones
occur throughout the thickness of the member. Clay rocks
contain numerous remains of bivalves and ammonoids.

In the omkutchanicum zone (exposure 195), the limestone
lense (18 m from the base) yielded Paragondolella foliata
Budurov, Pa.sp. and two specimens of ramous elements
(exposure 195, member 16, sample 195-11-18p) (Klets,
1996).

The Norian Stage on the Kotelny island is exposed in the
basin of lower reaches of the Tikhaya river and is repre-
sented by dark-grey, mudstone-like, pelitomorphous clay,
without bedding, with rare thin (0.1 m) interbeds of clayey
limestones with concretions. The clay yielded numerous
remains of bivalves and ammonoids. Conodontophorids
Norigondolella “navicula” (Huckriede) (exposure 190,
member 8, sample 190-1-2p) were found in the concre-
tion of clayey limestones at 2 m from the base of the
member 8. In the verchojanicum zone at 4 m from the
base of the member 10 occur conodontophorids
Norigondolella “navicula” (Huckriede) (sample 190-3-
4p).In the scutiformis zone at 9 m from the base of the
member 12 (exposure 192) occur conodontophorids
Norigondolella steinbergensis (Mosher) and N. navicula
(Huckriede) (sample 192-1-9p).The assemblage with
Norigondolella steinbergensis (Mosher) was found in  the
base of the member 14 (sample 192-7) and at 40 m from

the base of member 16 (sample 180-1-40p).

Biostratigraphy and correlation
The analysis of the range of the Late Triassic
conodontophorids in Siberian sections allowed us to es-
tablish a number of specific assemblages characteristic
of definite intervals. These assemblages permitted the
biostratigraphic scale in rank of beds with
conodontophorods (chart) to be proposed for the terri-
tory under discussion.

Carnian Stage
Lower Carnian Substage

Paragondolella foliata beds

These beds are recognized in the basin of the Tikhaya
river (exposure 195, member 16), in head water of the
Zyryanka river (exposure M2, member 1) and on the left
side of the Saryn’ creek (exposure M6, member 3 and 5)
based on the occurrence of the assemblage with
Paragondolella foliata Budurov, Paragondolella sp. 2 and
others.

Correlation. The species Paragondolella foliata as sug-
gested by S.Kovacs makes its first appearance at the base
of the Carnian and is distributed only in Cordevolian-
Julian (Kovacs, 1983). The correlation of beds under dis-
cussion with foliata zone by conodonts of the Russian
Far East is beyond the question due to the presence of
index-species (Buriy, 1989; Klets, 1995). The Lower
Carnian cherty deep-sea series of the region has yielded
Paragondolella polygnathiformis, Paragondolella
inlinata, Gladigondolella tethydis, Metapolygnathus
mungoensis, M. mostleri. In standard chart of X.Kozur,
conodont-based diebeli and tethydis zones (Cordevol-Jul)
are contemporaneous and characterized by the species
Paragondolella polygnathiformis, Paragondolella tad-
pole, Gladigondolella tethydis, Metapolygnathus mostleri
(Kozur, 1980). Similar assemblage was recognized in
ammonoid-based aonoides and austricum zones (Julian)
in Austria by L. Krystyn (Krystyn, 1980). The beds with
Paragondolella foliata Budurov, Paragondolella sp. 2
from northern Siberia can be dated as Early Carnian and
compared to the foliata zone of Far Eastern Russia (cherty
sequences) and diebeli and tethydis zones of conodont
standard (chart).

Norian Stage
Lower Norian Substage

Norigondolella “navicula” beds

The beds were established in the basin of the Tikhaya
river (exposure 190, member 8 and 10) due to the pres-
ence of index-species.

Correlation. According to L.Krystyn’s data, the species
Norigondolella navicula is distributed in Austria in the
zones of jandianus, paulckei, magnus, bicrenatus and
columbianus (Lower – Middle Norian), which are com-
pared to the conodont zones of primitia-Z., spatulata-Z.,
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uppermost postera-A.Z. and lower part of the bidentata-
Z. zone (Krystyn, 1980). In cherty sequences in Far East
of Russia, Norigondolella “navicula” is known from the
abneptis conodont zone (Lower Norian). Epigondolella
primitia, Mockina aff. postera are also frequent to occur
here (Klets, 1995). In British Columbia the species was
encountered at the base of the kerri zone (Mosher,
1973).The navicula subzone in conodont standard was
recognized by H.Kozur in Lower Norian (Kozur, 1980).
Consequently, in north of Siberia Norigondolella “nav-
icula” beds can be dated by conodonts as Early Norian
and compared to the abneptis zone of Far Eastern Russia
(cherty sequences) and the navicula zone of conodont
standard of H.Kozur (chart).

Norian – Rhaetian Stages
Middle Norian Substage – Rhaetian Stage

Norigondolella steinbergensis beds

They were recognized in the basin of lower reaches of
the Tikhaya river (exposure 192, members 12, 14 and
exposure 180, member 16) by presence of index-species
and Norigondolella steinbergensis.

Correlation. L.Krystyn has established in the sections of
East Alps complex conodont zone steinbergensis – A.Z.
with index-species Gondolella (=Norigondolella)
steinbergensis (Krystyn, 1980) as an age equivalent of
ammonoid subzone Choristoceras marshi – I. This zone
contains no platform conodontophorids of the genera
Epigondolella and Mockina which are common in under-
lying beds. The range of Norigondolella steinbergensis
in the region under discussion comprises conodont-bear-
ing zones postera, bidentata and steinbergensis (Middle
– Upper Norian Substages, lowermost Rhaetian Stage).
In British Columbia the above species along with Mockina
postera characterizes postera conodont zone and is close
age equivalent of the Middle Norian columbianis-II
subzone (Orchard, 1991). G.I. Burii has recognized the
studied species in Middle Norian limestones of  reef mas-
sifs in Primoriye (Burii, 1989). In the north of Siberia
Norigondolella steinbergensis beds can be dated by con-
odonts as Middle Norian – Rhaetian and compared to the
upper part of the postera zone and the bidentata and
hernsteini zones of Russian Far East (cherty sequences)
as well as to navicula, multidentata, bidentatus, andrusovi,
hernsteini zones in H. Kozur conodont standard (Kozur,
1980).

The work was financially supported by grant 03-0564737
from the Russian Foundation for Basic Research, IGCP-
Project 467.
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Evolutionary Lineages in
Upper Triassic Platform

Conodonts and their
Importance for the Definition

of the Carnian-Norian
Boundary

Heinz W. Kozur
Altwachwitz 7, D-01326 Dresden, Germany, e-

mail: kozurh@helka.iif.hu

A development from smooth gondolellids with subtermi-
nal pit to taxa with nodose and denticulated platform and
strongly forward-shifted pit occurred twice during the
Middle and Upper Triassic in a Neogondolella-based stock
and in a Paragondolella based stock. In the
Paragondolella-based evolutionary stock a mosaic mor-
phogenetic pattern can be observed in different lineages
during the middle Carnian to Rhaetian. In different lin-
eages partly the same evolutionary succession of intro-
duction of morphologic features can be observed as in
the Neogondolella-Budurovignathus stock, partly the evo-
lutionary succession of these features was reversed. By
this several homoeomorphic forms developed, and lin-
eages which are very different in the early stages of de-
velopment become very similar in later stages of devel-
opment.

In the upper Tuvalian to Rhaetian Metapolygnathus-
Orchardella lineage at first the pit is forward-shifted in a
central position and later nodes and denticles developed
on the platform margin (as in the Longobardian-
Cordevolian Neogondolella-Budurovignathus stock), and
the posterior end of the keel get pointed. All members of
this lineage have a relatively long posterior carina after
the cusp. In the Julian to Sevatian Carnepigondolella-
Epigondolella-Mockina lineage at first nodes and den-
ticles developed at the platform, but the pit remains sub-
terminal (Carnepigondolella n. gen.), later the pit is for-
ward shifted in a central position (Epigondolella Mosher)
and finally the posterior end of the keel get pointed
(Mockina Kozur). A carina after the pit is missing or very
short.

In the previous systematics the genera are polyphyletic
units of different lineages. Even in some species, taxa of
different genera were united, e.g. the North American
Metapolygnathus primitius (Mosher) contains different
species from which in the northern Tethys no one be-
longs to M. primitius, but mostly to Epigondolella
orchardi n. sp. Best suitable for the definition of the Norian
base is the FAD of M. pimitius, the first species of the
Metapolygnathus-Orchardella, in which the platform has
always distinct nodes. M. primitius is not present in the
northern Tethys, but in the Neotethys it occurs, and be-

gins there together with E. orchardi, the first species of
the Carnepigondolella-Epigondolella-Mockina lineage,
in which the pit is forward-shifted to central position.
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The Norian-Rhaetian

Boundary – New Data From
A Tethyan Key Section in

Austria

Leopold Krystyn1 & Wolfram M.
Kürschner2

1 University of Vienna, Geozentrum
Department of Palaeontology, Althanstrasse

14, Vienna, Austria A-1090
2Dept. of Geobiology - Botanical Palaeo-

Ecology, Utrecht University, Budapestlaan 4,
3584 CD Utrecht, The Netherlands

Preliminary data from an integrated shelly fauna (am-
monoids, pelagic bivalves), micropalaeontological (con-
odonts, radiolarians), palynological and
magnetostratigraphic study of a 50 m thick boundary in-
terval in the Zlambach Formation (Kleiner
Zlambachgraben, Salzkammergut) are presented. The well
exposed Western Tethys key section (of alternating deeper
water limestones and marls) shows successive FO and
LO events of relevant taxa in the following order: 1)
closely above base FO of Misikella posthernsteini, 2) 27
m a. b. FO of “Choristoceras” haueri Mojsisovics, 3) 36
m a. b. FO of Cochloceras, 4) 37 m a. b. LO of
Chochloceras, 5) 39 m a. b. FO of Epigondolella
slovakensis, 6) 41 m a. b. LO of Epigondolella slovakensis,
7) 42 m a. b. FO of Misikella rhaetica, 8) 43 m a. b. LO
of ”Choristoceras” haueri and 9) 44 m a. b. FO of
Vandaites stuerzenbaumi Mojsisovics. The overlapping
ranges of the ammonoids “C.” haueri and Cochloceras
are remarkably and truly unexpected. Another surprise is
the large time offset between the FOs of Misikella
posthernsteini and Cochloceras.

Radiolarians have been extracted from the lower 30 m of
the section but have yet to be studied. Of specific impor-
tance is the rich palynological record with a distinct di-
noflagellate change between 26 and 28 m above base –
from a Norian to a typically Rhaetian marine microflora
(e.g. FO of Rhaetogonyaulux, Suessia, Dapcodinum). As
this event is currently widely (Australia, Canada) used
for the palynological distinction between Norian and
Rhaetian in shallow marine and/or high latitude basins
and may there remain as the only useful stratigraphic tool,
it should be considered whenever a decision on the fu-
ture Norian – Rhaetian boundary is made.

Recognition of Late Triassic
Marine Stage Boundaries in

Nonmarine Strata

Spencer G. Lucas
New Mexico Museum of Natural History,

Albuquerque, New Mexico, USA.

Although GSSP’s have not been decided for the marine
stage boundaries of the Late Triassic timescale (bases of
Carnian, Norian, Rhaetian and Hettangian stages),
biostratigraphers working in nonmarine Triassic strata
have long identified and correlated to these boundaries.
Their conclusions rely primarily on palynostratigraphy
and vertebrate biostratigraphy and, more recently, on a
rapidly growing magnetostratigraphic database. Never-
theless, correlation of all Late Triassic stage boundaries
into the nonmarine Triassic section continues to be
plagued by uncertainty and imprecision:

1. The Carnian base (~ base desatoyense zone) is particu-
larly difficult to identify in nonmarine strata because of a
lack of corresponding palynostratigraphic change, a pau-
city of vertebrate fossil assemblages that closely bracket
this boundary and a lack of magnetostratigraphic data.

2. In contrast, a change in palynofloras and an extensive
and closely bracketing vertebrate fossil record allow rela-
tively confident placement of the Norian base (~ base kerri
zone), though recent (and arguably unreliable) correla-
tions of Tethyan marine to nonmarine magnetostratigraphy
challenge these correlations.

3. The Rhaetian base (however defined) correlates to a
palynological turnover in Europe, but is currently invis-
ible to vertebrate biostratigraphy; its published placement
in the Newark Supergroup is conjectural, if not demon-
strably incorrect, and has been used to argue for a 7-mil-
lion-year-long Rhaetian.

4. Many workers believe the Hettangian base (~ base
planorbis zone) has been approximated by
palynostratigraphy and vertebrate biostratigraphy, particu-
larly relying on placement of that boundary in the New-
ark Supergroup just below the base of the CAMP basalts.
However, if the palynological change in the Newark sec-
tion is equated to the base Rhaetian change in Europe
(which it resembles), and the presence of the footprint
ichnogenus Eubrontes in the Australian Triassic indicates
that the LO of Eubrontes is not the base of the Jurassic,
then the Hettangian base in the Newark section should be
moved up to above the base of the CAMP basalts.
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A Potential Candidate Section

for the Definition of the
Carnian/Norian Boundary:
The Pignola Section in the

Lagonegro Basin (Basilicata,
Italy)

Mastandrea A. a, Perri E.a, Russo F.a,
Schiattarella M.b, Neri C.a

a Dipartimento di Scienze della Terra,
Università della Calabria, I-87036 Arcavacata

di Rende (CS), Italy.
b Dipartimento di Scienze Geologiche,

Università della Basilicata, I-85100 Potenza,
Italy.

The Lagonegro units form a large part of the Southern
Apennines orogenic wedge (Pescatore et al., 1999). The
Upper Triassic - Jurassic pelagic sediments of the
Lagonegro basin are represented by mainly carbonate
(Calcari con selce Fm) and siliceous (Scisti silicei Fm)
deposits.

A detailed biostratigraphic analysis of the “Calcari con
selce” Fm on the basis of conodont associations have been
carried out with the aim to recognize in the succession
the Carnian/Norian and Norian/Rhaetian boundaries.

Two stratigraphic sections have been investigated: Pignola
and Abriola. A total of 53 samples, of about 8 kilograms
each, were collected and processed using standard meth-
ods. Conodonts, sponge spicules and pyritized radiolar-
ians were found in the residues. The conodonts show a
quite good preservation and their Alteration Index (CAI)
range from 1.5 to 2.5. The Pignola succession is well ex-
posed and accessible being located along the road con-
necting Pignola to Abriola Villages.

The Pignola section is about 470 m thick: the lower part
is composed of 400 m of calcilutites and calcarenites, lo-
cally dolomitized, with cherty lenses and nodules; the
section ends with 70 m of calcilutites, silicified shales,
marls and radiolarites.

The Abriola section, about 70 m thick, is constituted of
mainly calcarenitic beds, with cherty lenses and nodules,
interbedded with shales and marls.

The age of the Pignola section ranges from the Lower
Carnian (Julian 1-2) up to the Rhaetian as suggested by
conodonts among which were recognised some markers
of the Triassic Tethyan realm. The following main bios-
tratigraphic data can be underlined:

- the presence of M. polygnathiformis (Budurov and
Stefanov) and Gl. tethydis Huckriede from the sample PG1
to PG10;

- the coexistence of M. polygnathiformis (Budurov and
Stefanov) and M. nodosus (Hayashi) from PG11 to
PG12B;

- the first occurrence of M. pseudodiebeli (Kozur) in the
sample PG13A. This species is associated to M. nodosus
(Hayashi) up to the sample PG15;

- the first occurrence of M. communisti (Hayashi) in the
sample PG13B and its last occurrence in the sample
PG15B, where it is associated to M. pseudodiebeli
(Kozur). The specimens of M. communisti appears to be
morphologically close to M. communisti morphotype A
sensu Krystyn.

- the presence of E. spatulata (Hayashi) and E. triangu-
laris (Budurov) in the sample PG15D;

- the first occurrence of E. bidentata Mosher in the sample
PI5;

- the first occurrence of E. postera (Kozur and Mostler)
in the sample PG16;

- the first occurrence of M. posthernsteini Kozur and Mock
in the sample PG19.

The Carnian/Norian boundary should fall in the sample
PG13B in correspondence of FAD of M. communisti A as
proposed by Orchard et al. (2000). Krystyn et al. (2002)
suggest the use of M. communisti B for its better fitting to
the boundary defined by Tozer (1967), but the M.
communisti morphotype B was not observed in the Pignola
section as well as in the Pizzo Mondello section (Muttoni
et al. 2001). This form is also missing in western North
America and seems to be restricted in offshore pelagic
environments.

In the Abriola samples conodonts are not significant and
their number is very low. Only Gladigondolella tethydis
Huckriede occurs from the base up to 39 m. The occur-
rence of M. tadpole (Hayashi), at 40 m, indicates a Lower
Carnian (Julian 1-2) age.
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Halobiid bivalves and the
Carnian-Norian Boundary in

North America

Christopher A. McRoberts
Department of Geology, State University of
New York at Cortland, Cortland, New York

3045 USA.

Bivalves of the genus Halobia (Halobiidae: Pterioida)
have long been recognized as important biochronologic
indicators from Lower Carnian through Middle Norian
strata of the marine Triassic. Given the fact that
Mojsisovics named the two stages in the stratigraphically
complex Hallstatt facies of Austria and the basal Norian
is currently without a GSSP, and an attempt is made bet-
ter define the boundary on intercallibrated
biochronologies utilizing ammonoids, conodonts, and
halobiid bivalves. In North America, The Carnian-Norian
boundary may be chosen at the first occurance of Halobia
beyrichi which frequently co-occurs with the ammonoid
Stikinoceras kerri and species of Anatropites above forms
referred to as H. ornatissima and/or H. superba. This bi-
valve and ammonoid defined boundary occurs within the
Metapolygnathus primitius conodont zone. The bound-
ary is now known from both allochthonous terranes of
the western cordillera (Alexander Terrane, North Slope
Terrane, Wallowa Terrane, and possibly Wrangell Terrane)
and from craton-bound strata in British Columbia
(Pardonet Formation, Williston Lake) and Nevada
(Luning sequence of west-central Nevada). In particular,
the newly studied section in Keku Strait Alaska is most
informative and can easily be correlated with the recently
described section at Black Bear Ridge in northeast Brit-
ish Columbia. The first occurrence of H. beyrichi in North
America likely is slightly older in North America than its
appearance in the Tethyan Alpine-Himalayan belt where
the boundary may be better delimited by the first occur-
rence of H. stryiaca which is unknown in North America.
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recent marine
magnetostratigraphic
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Norian and Norian-Rhaetian

boundaries

Paul E. Olsen1, Dennis V. Kent1,2,
Giovanni Muttoni3, Jessica H.

Whiteside1

1 Lamont-Doherty Earth Observatory,
Palisades, NY 10964, U.S.A.

2 Department of Geological Sciences, Rutgers
University, Piscataway, NJ  08854, U.S.A.

3 Department of Earth Sciences, University of
Milan, Via Mangiagalli 34, I-20133 Milan,

Italy

Three recently published Tethyian magnetostratigraphies
from Turkey (Krystyn et al., 2001), Slovacia (Channell
et al., 2003), and Sicily (Muttoni et al., 2004) are similar
to each other and suggest that the conventional identifi-
cation of the correlative position of the Carnian-Norian
boundary within non-marine strata of North and South
America is significantly wrong, implying a surprisingly
long duration for the Norian (19.5 m.y.). Two of the mag-
netic polarity stratigraphies (Channell et al,, 2001; Muttoni
et al., 2004) suggest that the correlation of the Norian-
Rhaetian boundary, at least in the Newark basin of east-
ern North America is essentially correct and implies that
the Rhaetian is of longer duration (6 m.y.) than usually
thought. However, the magnetostratigraphy of Krystyn
et al., 2001 implies a significantly different correlation
for the Norian-Rhaetian boundary and a much-reduced
Rhaetian.

The basis for the conventional correlation of the marine
Carnian-Norian and Norian-Rhaetian boundaries to non-
marine sections is largely a complex correlation web of
continental palynomorph taxa (Cornet, 1993; Cornet and
Olsen, 1985; Olsen et al., 1996; Litwin andSkog, 1991)
and a very few genera of terrestrial vertebrates such as
the aetosaurs Paratypothorax,  Stagonolepis, Aetosaurus
and phytosaurs such as Paleorhinus and Pseudopalatus,
that are known from the Americas and Europe (Hunt and
Lucas, 1991; Huber et al., 1993; Lucas and Huber, 2003)..
Because the former are subject to significant if not over-
whelming climatic influences, and the latter are rare, and
at the species level seemingly endemic, these biostrati-
graphic correlations, although internally consistent and

logically robust, have always had the potential to be pro-
foundly inaccurate.

A reassessment of the available biostratigraphic data from
the continental strata placed in the Conewagian
faunachron of eastern North America (conventionally
correlated to the latest Carnian) reveals that they are
equally consistent with an early Norian age, as suggested
by the recent magnetostratigraphic correlations.
Biostratigraphically correlative strata placed in the
Adamanian faunachron of Western North America and
the Ishugulatian faunachron of South America are [?] thus
also of early Norian age. Previous correlations that iden-
tified all of these continental strata as Late Carnian also
carried the implication that there was relatively minor
faunal turnover at the Carnian-Norian boundary. Corre-
lation of these strata with the early Norian, on the other
hand, results in a correlation of the much more signifi-
cant Sanfordian-Conewagian and Otischalkian-
Adamanian  boundaries with the marine Carnian-Norian
boundary allowing synchronous concentrations of marine
and continental  biotic turnover at the Carnian-Norian
boundary.

The implication of a short Rhaetian is that biotic change
should be concentrated in multiple episodes before but
close to the Triassic-Jurassic boundary, while a long
Rhaetian spreads the biotic change out, perhaps to back-
ground levels, leaving the significant turnover at the Tri-
assic-Jurassic boundary. In either case, however, there is
little indication of significant faunal or floral turnover at
the North American equivalent of the Norian-Rhaetian
boundary. The hypothesis of a long Rhaetian stage
(Channell et al, 2003; Muttoni et al., 2004) based on iden-
tification of  the Norian-Rhaetian boundaryin the New-
ark basin, versus the short Rhaetian of Krystyn et al.
(2002) should be easily tested by paleomagnetic sampling
of actual Rhaetian marine sections; a long Rhaetian should
have a relatively large number of polarity zones, while
the short Norian hypothesis requires very few.
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A New Conodont Zonation
for the Carnian-Norian
Boundary at Black Bear

Ridge, NE British Columbia

Michael J. Orchard
Geological Survey of Canada, 101-605 Robson

St., Vancouver, B.C., Canada.

Abundant and diverse conodont faunas occur throughout
the transitional beds between the Carnian Ludington and
Norian Pardonet formations at Black Bear Ridge (BBR)
on Williston Lake in northeast British Columbia. The fau-
nas are dominated by species currently assigned to
Metapolygnathus, here interpreted as a multielement ge-
nus possessing a 15-element apparatus that differs from
that of Gondolella, Paragondolella, and Epigondolella,
genera to which various Metapolygnathus species have
been formerly assigned. Metapolygnathus has the same
apparatus as Neogondolella, from which it evolved near
the Ladinian-Carnian boundary.

Upper Carnian species of Metapolygnathus evolved rap-
idly along several lines from morphotypes combined as
M. polygnathiformis. The conservative stock carpathicus-
nodosus-?permicus-‘primitius’ sensu lato show progres-
sive increase in anterior platform ornament and a pro-
gressive migration of the pit towards  the centre of the
platform. The more strongly ornate forms of the zoae-
samueli group arise early and undergo a radiation that
also involves anterior migration of the pit in tandem with
three trends: 1) progressive shortening of the anterior plat-
form and hence a longer blade in the pseudoechinatus-
echinatus-parvus lineage; 2) an overall shortening of the
platform to produce forms similar to the Norian
Epigondolella quadrata; and 3) lengthening of the pos-
terior platform and a rapid anterior shift in pit position
ending in M. primitius sensu stricto.  A third undescribed
group arising form the polygnathiformis root stock com-
prise forms that show both progressive pit migration and
relative elevation of one or both anterior platform mar-
gins that may be smooth or nodose. Younger forms dis-
play high geniculation points, and eventually high para-
pets. The pit in these younger forms occupies an anterior
position like that of M. communisti, with which they have
formerly been combined. In fact, M. communisti, or forms
similar to it - including M. noah - are a morphologically
relatively conservative group in which pit migration was
the main trend in the Upper Carnian; this group of
metapolygnathids are uncommon in Western Canada.

Numerous closely spaced conodont datums are delineated
in the Black Bear Ridge section. Choice of a conodont
datum for C-N boundary definition can now be made
within the framework of a refined conodont zonation.
Three potential levels defined by the successive appear-
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ances of Metapolygnathus n. sp. A, M. primitius, and M.
parvus are highlighted. Magnetostratigraphic

Correlation and the Late
Triassic Timescale

Maureen Steiner
Dept. of Geology and Geophysics, University

of Wyoming, Laramie, WY 82071, U.S.A.

The magnetic polarity sequences of the Upper Triassic
(upper Carnian thru Rhaetian) Chinle Group (western
North America) and the approximately coeval Newark
Supergroup (eastern NA) are remarkably congruent. The
agreement is extraordinary, because the Chinle
magnetostrati-graphic record is preserved in only ca. 350
m of dominantly fluvial strata, whereas the Newark record
was recorded in ca. 8600 m of mixed fluvial and lacuatrine
deposition. Such congruence of magnetostratigraphic
records is contrary to the expectations that 1) a fluvial
record would contain numerous hiatuses and thus record
only a fraction of the geologic time spanned during its
deposition, and 2) the probability that a higher sedimen-
tation rate and quieter water sedimentation (lacustrine vs.
fluvial) would yield a considerably more complete record.
The similarity of Chinle magnetostratigraphy to that of
the 25-times-thicker Newark Supergroup appears to sug-
gest, at least in this case, that the hiatuses in fluvial sedi-
mentation can be of short duration, and that a relatively
complete stratigraphic record can still result.

The agreement between the Chinle and Newark geomag-
netic field polarity records provides for considerable re-
finement of the Late Triassic Time Scale. The good cor-
relation between the Chinle and Newark Groups permits
the rich biostratigraphy of the Chinle Group to place im-
portant terrestrial biostratigraphic age calibration on the
Late Triassic Magnetic Polarity Time Scale.Further, re-
cent radiochronology in the Chinle Group constrains the
Carnian/Norian boundary to be near 214 Ma (which, in-
cidently, is also the age of the Manicougan Impact
Stucture). Comparison of the Chinle-Newark terrestrial
geomagnetic polarity records with coeval marine Tethyan
records indicates that recent Tethyan attempt to define
the Carnian/Norian boundary as 227 Ma is seriously in
error. The Chinle magnetic polarity and geochronologic
record also implies a longer Carnian stage and calls into
question the “equal biozone” concept prevalent in Tethyan
biostratigraphy.
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Upper Triassic of the W
Caucasus: Foraminifers,
Subdivisions, Correlation

Valery Ja. Vuks
All-Russian Geological Research Institute
(VSEGEI), Sredny pr. 74, 199106 Saint-

Petersburg, Russia

The Upper Triassic of the Western Caucasus occur in the
Laba and Belaya River basins. The upper part of the
Caucasus Triassic is represented by the Sakhray and
Khodz Groups. The Sakhray Group consists of the ter-
rigenous deposits and overlie the Acheshbok Formation
(Middle Anisian) with an erosion. This Group correlate
to the Ladinian- Carnian according to foraminifers, am-
monites, bivalves, brachiopods. The Khodz Group, rep-
resented by diverse types of limestones, overlies the
Sakhray Group with an erosion. This Group correlate to
the Upper Norian-Rhaetian according to foraminifers,
brachiopods and ammonites. The Upper Triassic depos-
its are unconformably overlain by the Lower Jurassic. In
the Sakhray Group there are Pseudonodosaria obconica-
Lenticulina muensteri local zone (Upper Ladinian) and
Pachyphloides klebelsbergi local zone (Lower Carnian);
the Khodz Group - Aulotortus friedli zone (Upper Norian)
and Involutina liassica ? local zone (Upper Norian and
the lower Rhaetian). There is the ammonite subdivision:
the Sakhray Group - Bugunzhites-Parasturia local zone,
Proarcestes-Phloioceras local zone, Goniojuvavites-
Pararcestes local zone; the Khodz Group - Placites-
Rhacophyllites local zone, which corresponds to Vandaites
stuerzenbaumi. Besides ammonite zones in this Group,
there is bivalve local zone - Monotis local zone, which
good correlate to the Sagenites quinquepunctatus zone.
In the Western Precaucasus there are the Upper Triassic
deposits which represented by the Chelbasskaya Group
(Ladinian-Carnian) and limestone-argillite unit (Norian
?). The Chelbasskaya Group consists of argillites, lime-
stones, volcanic rocks and contains foraminifers and
bivalves. The foraminiferal assemblage of the
Chelbasskaya Group is in the upper part of this unit and
very similar to Carnian foraminiferal assemblage of the
Sakhray Group. The uppermost of the Upper Triassic is
represented by limestone-argillite unit with fauna like in
the middle part of the Khodz Group (Monotis assemblage),
which correlates to the Sagenites quinquepunctatus zone.
According to the ammonite subdivision of the Upper Tri-
assic of the Western Caucasus there is possibilty to find
the boundaries of the base of the Carnian and Rhaetian
stages, there is not fauna, which occur in the whole strati-
graphic interval. In these deposits a lot of foraminifers,
but in some intervals there are not typical forms for defi-
nition of age. Besides, there is not conodont investiga-
tions. So in the Upper Triassic of the Western Caucasus
there is the potential for the paleontological and

straitigraphical studies of the stage boundaries. The fauna
of the mentioned regions are a lot of common species
and it allows to correlate these deposit each other. The
foraminiferal assemblages of these regions correlate to
the coeval associations of the Europe.
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Future Meetings

Fieldtrip
For all interested scientists and for those who have not
be able to participate in January 2001 to the Permo-Tri-
assic Fieldtrip in Oman, a new and unique opportunity is
offer in January 2005, before or after the IAS interna-
tional meeting  January 10-13 in Muscat :

4(BF) - MESOZOIC EVOLUTION OF THE TETHYAN
MARGIN OF OMAN: correlations between platform and
basin sequences (5 days)

Leaders: Aymon BAUD (Lausanne, Switzerland), Henk
DROSTE (Carbonate Centre, Sultan Qaboos University),
Cécile ROBIN & François GUILLOCHEAU (Rennes
University, France), Philippe RAZIN (Bordeaux III Uni-
versity, France)

The mountain belt of Oman located in the eastern part of
the Arabian Peninsula, expose a segment of the
Gondwanian Tethyan paleomargin. The aim of this field
trip is to study the depositional sequences of Permian to
Cretaceous age, from the carbonate platform to the deep-
sea plain and to understand the associated tectono-cli-
matic events. The Arabian plaform deposits crop out along
the exceptionnally well-preserved wadis of the Jabal
Akhdar Mountains, part of the « autochtonous » which
are exposed in a large tectonic window. The physiogra-
phy of the deep-sea part of the margin shows a complex
pattern of depositional units located between the slope
of the Arabian platform and different seamounts (Kwar
Units) : the Sumeini ramp, the Al Aridh slope and the
Hamrat Duru deep-sea basin. This trip is focused on the
relationship between sedimentary systems,
palaeogeography and tectonic and climatic controls. More
detailed studies of the turbiditic systems is the topic of
Field Trip PF5.

• Duration: 5 days

• Departure: Muscat, Sultan Qaboos University.

• Arrival: Muscat, Sultan Qaboos University.

• Transportation: 4WD Toyota Land Cruiser.

• Physical difficulty: low with short walks and mountain
climbings.: SQU

• Participants: minimum 8, maximum 19.

• Cost: 700 USD per person including accommodation
(in twin bedrooms), breakfeast, lunch (picnic) and din-
ner and transportation.

2005

All informations costs and  applications are to be found
at :

http://www.squ.edu.om/sci/Centers/VR/IAS/
home.htm

http://www.squ.edu.om/sci/Centers/VR/IAS/home.htm
http://www.squ.edu.om/sci/Centers/VR/IAS/home.htm
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Second Circular and Registration

for
The International Symposium

on
Triassic Chronostratigraphy and

Biotic Recovery
23-25 May 2005 (Monday-

Wednesday)
to be held in

Chaohu City, Anhui Province, The
People’s Republic of China

Objective
This symposium is designed to provide a forum to all
kinds of scientists who are interested in the Triassic
chronostratigraphy, esp. the Lower Triassic, and the
ecosystem reconstruction and biotic recovery in the
early Triassic, as well as the related biotic and
environmental events following the mass extinction.
The symposium will take place at a city where a typical
Lower Triassic sequence of good geological and
stratigraphical markers is well exposed and a GSSP
candidate of the Induan-Olenekian boundary is located.
The pre- and post-symposium field excursions will lead
you to examine various Upper Permian-Lower Triassic
sequences in different paleogeographic facies,
including the famous Meishan Section, P-T sections
from normal marine to terrestrial via paralic facies, a
carbonate P/T sequence with microbialites, a Triassic
Tubiphytes-reef complex, and Lower-Middle Triassic
sections with tuffaceous beds at the boundary, as well
as the Guanling Fauna characterized by rich marine
reptiles and fully-preserved crinoids.

Nanjing
23-25 May 2005:
Symposium in Chaohu, Anhui Province
22 May 2005:
Evening: Icebreaker and Registration
23 May 2005:
Morning: Scientific Sessions
Afternoon: Scientific Sessions
Evening: STS, IGCP-467 and IOBWG Workshops
24 May 2005:
Morning: Mid-Symposium Field Excursion in Chaohu
Afternoon: Sight-seeing Tours
Evening: CHRONOS Workshop
25 May 2005:
Morning: Scientific Sessions
Afternoon: Scientific Sessions
26-30 May 2005:
Post-Symposium Field Excursion 1 in Central and
Western Guizhou
26-29 May 2005:
Post-Symposium Field Excursion 2 in Southern
Guizhou
26 May-1 June 2005:
Post-Symposium Field Excursion 3 in Guizhou

Co-Sponsors
China University of Geosciences
ICS Subcommission on Triassic Stratigraphy
ICS Subcommission on Permian Stratigraphy

IGCP-467 (Triassic Time and trans-Panthalassan Corre-
lation)

National Commission of Stratigraphy of China

National Natural Science Foundation of China

NSF-CHRONOS Project

Task Group on Induan-Olenekian Boundary

Organizer
China University of Geosciences

Office of Land and Resources, Anhui Province

Government of Chaohu City, Anhui Province

Organizing Committee

Chairman:
Orchard, Mike: Chairman of Subcommission on Triassic
Stratigraphy, leader of IGCP-467

Vice-chairmen:
Zakharov, Yuri: Leader of Induan-Olenekian Task Force,
Vice-Chairman of Subcommission on Triassic Stratigra-
phy

Yin, Hongfu: Vice-chairman of Subcommission on Tri-
assic Stratigraphy, Vice-Chairman of China National
Stratigraphic Commission

For further information of the symposium, excursions,
accommodation, travel details and payments, please con-
tact:

Dr. Tong Jinnan

Faculty of Earth Sciences, China University of Geo-
sciences, Wuhan 430074, China

Tel: +86-27-6286 7036;  Fax: +86-27-8780 1763;  E-mail:
jntong@cug.edu.cn

Symposium Calendar (2005)
31 September 2004:
Deadline for submission of response to first circular
1 February 2005:
Deadline for submission of abstracts for the proceedings
1 April 2005:
Deadline for submission of pre-registration
21-22 May 2005:
Pre-Symposium Field Excursion from Changxing to
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Members:
Henderson, Charles: Chairman of Subcommission on
Permian Stratigraphy

Lane, Richard: Vice-Chairman of International Commis-
sion on Stratigraphy

Ma, Fuchen: Vice-Chairman of National Natural Science
Foundation of China

Ogg, Jimes: Secretary General of International Commis-
sion on Stratigraphy

Su, Yuguang: Vice-President of Chaohu City, Anhui Prov-
ince

Yang, Xianjing: Vice-Director of Land and Resources
Office of Anhui Province

Wardlaw, Bruce: Co-leader of the CHRONOS Project,
NSF

Secretariat:
Tong Jinnan (Correspondence): Professor of China Uni-
versity of Geosciences (Wuhan)

Li Yixiang: Senior Engineer of Land and Resources Of-
fice of Anhui Province

Wen Xianhong: Vice-Director of Land and Resources
Bureau of Chaohu City

Scientific Programme

Themes:
The symposium will be structured into four main themes:

1. Triassic chronostratigraphy and GSSPs;

2. End-Permian mass extinction and Triassic recovery as
well as related events;

3. Triassic paleontology and paleoecology;

4. Correlation between marine and continental Triassic.

Oral Presentations:
20 minutes will be allowed for each oral presentation and
30 minutes for keynote address, plus 5 minutes for ques-
tions and discussions.

A computer projector and an overhead projector will be
available in the lecture hall. The presentation should be
prepared in a Microsoft PowerPoint format (PPT file),
but only the PC systems are used and the MacinTosh can
not be recognized.

Posters:
Poster presentations are most welcome and will form an
important part of the Symposium. The poster room is next
to the lecture hall. The size of each display board is 2.0m
high and 1.0m wide.

Abstracts:

Deadline for receipt of abstracts is 1 February 2005. The
abstract to be presented should be camera-ready and it
may be up to three A4 pages in length (both illustrations
and references inclusive). Meanwhile, a disc or e-mail of
the abstract is required. An Abstract Volume will be pub-
lished and distributed to all delegates at the beginning of
the Symposium.

Pre-symposium Field Excursion
Permian-Triassic boundary sequence in Changxing,
Zhejiang Province and Lower Triassic sequence in
Nanjing, Jiangsu Province

This two-day field excursion will provide you to view
the famous Meishan Section, where the GSSP of the Per-
mian-Triassic boundary, the type section of the
Changhsingian Stage and a potential GSSP of the stage
are located, and a Lower Triassic sequence of different
facies in Nanjing, which was a transitional facies between
Meishan and Chaohu. The Induan-Olenekian boundary
sequence will be examined as well at the Nanjing Sec-
tion. Meanwhile, we may make a stop at the Nanjing In-
stitute of Geology and Paleontology to visit the new-built
paleontological museum if we have time.

Excursion Leader: Tong Jinnan and Zhao Laishi, China
University of Geosciences (Wuhan)

Dates: 21-22 May 2005 (Saturday-Sunday)

Duration: 2 days

Begins: Hangzhou, Zhejiang Province; 8:00 a.m.

Ends: Chaohu, Anhui Province; 5:30 p.m.

Participants: min. 6, max. 30

Cost: Euro€200, including excursion guidebook, 2
breakfasts, 2 lunches, 2 dinners, 1 night hotel accommo-
dation (sharing a double room, for single room add
Euro€20)

Remarks: This excursion will starts in Hangzhou City,
Zhejiang Province. Please schedule your trip to Hangzhou.
Hangzhou is a famous city for tourism and has a very
easy travel from Beijing, Shanghai, Hong Kong and most
major cities in China. You can also come here a few days
early to make a tour of the city and its neighboring cities
such as Suzhou and Shanghai.

Mid-symposium Field Excursion
Permian-Triassic boundary and Lower Triassic se-
quence in Chaohu City, Anhui Province

During the symposium we will spend half a day to visit a
Permian-Triassic boundary section in Chaohu, which was
formed in a different facies from the Meishan Section,
and some Lower Triassic sections, which are the best-
studied Lower Triassic sequences in South China. The
Changhsingian and Lower Triassic here were formed on
deep shelf (or slope), while Meishan was on shallow shelf.
The proposed GSSP of the Induan-Olenekian boundary
at the West Pingdingshan Section will be closely exam-
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ined.

This excursion is free to all participants and a lunch pro-
vided.

Post-symposium Field Excursion 1
Permian-Triassic boundary sequences across marine
and continental facies in Central-Western Guizhou
Province

This excursion provides you for a unique chance to trace
the Permian-Triassic boundary from marine to continen-
tal via paralic facies. Many excellent marine Permian-
Triassic boundary sequences have been studied in the
central and southern Guizhou while the continental sec-
tions are in the western Guizhou and northeastern Yunnan.
A marine, a paralic and a continental Permian-Triassic
boundary sections are to be visited, respectively. The
Zhejue Section, proposed as a candidate of the terrestrial
Permian-Triassic boundary stratotype, will be closely
examined. During the trip we will have a stay at a locality
(a field museum) of the Guanling Fauna, which is a
Ladinian-Carnian fossil assemblage typically composed
of well-preserved marine reptiles and crinoids.

Excursion Leaders: Yang Fengqing and Yu Jianxin, China
University of Geosciences (Wuhan)

Yu Youyi, Guizhou University of Technology

Dates: 26-30 May 2005 (Thursday-Monday)

Duration: 5 days

Begins: Chaohu, Anhui Province; 7:00 a. m.

Ends: Guiyang, Guizhou Province; 5:00 p.m.

Participants: min. 8, max. 25

Cost: Euro €500, including excursion guidebook, 5 break-
fasts, 5 lunches, 5 dinners, 4 nights accommodation (shar-
ing a double room, for single room add Euro€80), and 1
air ticket from Nanjing to Guiyang (economic class)

Remarks: The excursion will end in Guiyang, Guizhou
Province. Please schedule your back trip from Guiyang.
There are daily flights from Guiyang to Beijing and Shang-
hai.

Post-symposium Field Excursion 2
Permian-Triassic boundary and a Lower-Middle Tri-
assic boundary sequence on the Great Bank of
Guizhou in Southern Guizhou Province

This trip is designed to allow you to examine the record
of the end-Permian extinction and pattern of biotic re-
covery in shallow- and deep-marine facies of an isolated
carbonate platform, the Great Bank of Guizhou, in south-
ern Guizhou province.

In shallow-marine facies of the platform interior we will
examine peculiar but important PT boundary sections
containing a microbialite crust deposited in the immedi-
ate aftermath of the extinction. The patterns of biotic re-
covery will be investigated in shallow-marine facies of
Lower Triassic sections with low biodiversity, oolites and
microbialites and Middle Triassic Tubiphytes reefs with
greater biodiversity. We will examine the deep-marine
record of recovery in the coeval basin-margin facies in a
chronostratigraphically constrained Permian through
Ladinian section with dated volcanic ash horizons brack-
eting the Olenekian-Anisian boundary. This section will
form an ideal reference section to compliment the O-A
GSSP to be designated at the Desli Caira, Romania. These
sections are important not only for constraining the tim-
ing and environments of biotic recovery but also for pro-
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viding an example of platform evolution entirely differ-
ent than that of the classic Dolomites platforms of Italy.

Field excursion map

Excursion Leaders: Daniel Lehrmann, University of Wis-
consin-Oshkosh

Yu Youyi, Guizhou University of Technology

Dates: 26-29 May 2005 (Thursday-Sunday)

Duration: 4 days

Begins: Chaohu, Anhui Province; 7:00 a. m.

Ends: Guiyang, Guizhou Province; 5:00 p.m.

Participants: min. 8, max. 25

Cost: Euro€450, including excursion guidebook, 4 break-
fasts, 4 lunches, 4 dinners, 3 nights accommodation (shar-
ing a double room, for single room add Euro€60), and 1
air ticket from Nanjing to Guiyang (economic class)

Remarks: The excursion will end in Guiyang, Guizhou
Province. Please schedule your back trip from Guiyang.
There are daily flights from Guiyang to Beijing and Shang-
hai.

Post-symposium Field Excursion 3
This field excursion is composed of the Post-Symposium
Field Excursion 1 and Excursion 2. The first five days it
goes the same route as the Excursion 1 to view the vari-
ous Permian-Triassic boundary sequences and the
Guanling Fauna while the last two days we will follow
the route of the Excursion 2 to visit the Great Bank of
Guizhou.

Excursion Leaders: Yang Fengqing and Yu Jianxin, China
University of Geosciences (Wuhan)

Yu Youyi, Guizhou University of Technology

Daniel Lehrmann, University of Wisconsin-Oshkosh

Dates: 26 May-1 June 2005 (Thursday-Wednesday)

Duration: 7 days

Begins: Chaohu, Anhui Province; 7:00 a. m.

Ends: Guiyang, Guizhou Province; 5:00 p.m.

Participants: min. 8, max. 25

Cost: Euro €650, including excursion guidebook, 7 break-
fasts, 7 lunches, 7 dinners, 6 nights accommodation (shar-
ing a double room, for single room add Euro€120), and 1
air ticket from Nanjing to Guiyang (economic class)

Remarks: The excursion will end in Guiyang, Guizhou
Province. Please schedule your back trip from Guiyang.
There are daily flights from Guiyang to Beijing and Shang-
hai.

Language
English is the official language of the Symposium.

All presentations, including registration forms, oral re-
ports, posters, and abstracts should be in English.

Icebreaker Party and Pre-Symposium Reception

The get-together “Icebreaker Party” is planned in the
Linhu Hotel, Chaohu on 22 May, starting at 19:00 h. You
can register at the same time. There will be a buffet with
beverages and food.

Registration
The registration, including the symposium and excursions,
should be made to the registration form attached on this
circular. All fees are in Euro dollars and all payments must
be made in this currency. Payment can be made by

Bank Transfer:

Bank: Bank of China, Wuhan City, Guanggu Sub-branch

Reference: Tong Jinnan

Account No.: 4662102-0188-012796-0

Registration fees:

Before 1 April 2005: Euro€200; After 1 April 2005:
Euro€230

The registration fees include: symposium material and
activities, icebreaker, morning and afternoon teas, 3
lunches and 3 dinners, the Mid-Symposium Field Excur-
sion, and the Sightseeing Tours on 24 May 2005.

Hotel Accommodation
Several hotels in the downtown of Chaohu City are ar-
ranged for participants. But participants are suggested to
reside in the Linhu Hotel (Lakeside Hotel), where most
Symposium activities will be held. You can also stay in
the Wanhu Hotel next to the Linhu Hotel. Both Linhu
Hotel and Wanhu Hotel are three-stars hotels. The hotels
will provide a preferential price for the participants of
the Symposium. One night costs:

Euro€20-30 for a standard double room or a standard
single room

Euro€40-50 for a luxurious suite

No deposit is needed for booking the room, but FCFS
(First Come, First Served) will be followed.

Weather

The May is the best time for working in Chaohu. The
weather is warm but not hot and cool but not cold. The
temperature is usually between 10 and 20°C, or slightly
over 20°C. The weather for the excursions is also very
welcome and comfortable, but it might be a little sunny
in field. The excursions are by bus or minibus and only
involve short walks. Some quarries and paths may be
muddy after rain. Please wear good walking boots.

Transportation

Chaohu is situated in the middle part of the Anhui Prov-
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ince. It is a mid-size city in the southeastern China with
very good traffic access, 50 km from Hefei, the capital of
the province, and is served by railway and freeway, about
an hour to Hefei City by bus. Moreover, it is only 100 km
from Chaohu to Nanjing, the capital of the Jiangsu Prov-
ince. Both freeway and railway connect Chaohu City and
Changxing County, where the GSSP of the Permian-Tri-
assic boundary is located; the drive is about three hours.

Some students will meet you in Hefei at the airport or
railway station if you let us know your exact arriving time
in Hefei. The Hefei Airport has daily flights from Beijing,
Shanghai and some other cities in China. The train and
bus systems are also very convenient from most cities to
Hefei. Also, we will arrange a minibus to meet the par-
ticipants arriving at the Nanjing Airport on 22 May, but
the last bus will leave by 5:00 p.m. The participants of
the Pre-Symposium Field Excursion will be gathered in
Hangzhou. Hangzhou is a famous tour city and has very
good connections with most cities in China by airplane,
train and bus. The express train and express bus from
Shanghai to Hangzhou are about two hours.

Meanwhile, the Nanjing Institute of Geology and Pale-
ontology and China University of Geosciences would like
to provide logistic help for those who intend to visit the
institute and the university before or after the symposium.
Insurance
The Symposium organizers cannot be held responsible

for any accident of injury or loss or damage of property
that may happen to the participants in the Symposium
and Excursions. Please make your own insurance arrange-
ments.
Letters of Invitation
A letter of invitation will be sent on request. This letter,
however, does not constitute any obligation of the orga-
nizing Committee to cover expenses, fees, etc., associ-
ated with participation in the Symposium. We will ask
the Administration of the Hubei Province to send an offi-
cial letter or a fax to the Chinese Embassy or Consulate
in your country, if requested and necessary, to help you
to get your Chinese visa.

If you need an official invitation letter for the visa, please
send us your personal data, including your full name
(which occurs in your passport), occupation and title, in-
stitution, birth date, passport no., a brief experience, etc.

Abstract
The abstract must be in English and may be up to three
pages in length.

Please follow instructions below:

Figure 2: Regional map around Chaohu
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Heading: Left justified, bold, 12pts Times New Roman

List of authors: Left justified, 10pts Times New Roman,
with first name, then initials and family name, marked by
superscripts to identify addresses

List of addresses: Left justified, italics, 10pts Times New
Roman, superscripted to correspond to the list of authors,
including the e-mail account of the corresponding author,
if possible

Please skip one line before the text

Text: 10pts Times New Roman, left justified, single-
spaced. Please indent the first line of each paragraph

Reference list: Including only key citations in the text, in
alphabetical order

Figures: Line drawings only. Halftone or color photo-
graphs are not acceptable. Hand-drawn line figures should
be prepared to a professional standard on good quality
drafting film or while paper. You are encouraged to send
figures in digital versions (CorelDraw and TIFF files
only). Please ensure that electronic artwork is prepared
such that, after reduction, all lettering will be clear and
easy to read.

To help us quickly and accurately process your abstract,
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please note:

Your abstract should be Camera-Ready. Basically, there
will be no editions and corrections.

Your abstract should be each paper only within a space of
16´24 cm. If the abstract exceeds the required format, it
might be rejected.

Indent the first line of each paragraph and lines must be
single-spaced.

The text should be sent on a 3.5² diskette or by e-mail in
MS Word or RTF format, together with a hard copy of
the paper.

The deadline for submission of Abstracts is 1 Febru-
ary 2005.

Figure 3: Town map of the Chaohu City
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Registration Form for 

The International Symposium on 

Triassic Chronostratigraphy and Biotic Recovery 

23-25 May 2005, Chaohu 

 

Forename:                    Initial (S):                 Surname:                          

Title(s):       Ms.    Mr.    Dr.    Prof.             Sex (M/F):   Female    Male  

Institution:                                                                               

Mail Address:                                                                             

                                                    Country:                             

Telephone:                   Fax:                 E-mail:                                  

Presentation:     oral paper                   poster 

Title:                                                                                    

                                                                                        

Abstract title:                                                                             

                                                                                        

Registration Fees:    Euro€200 Before 1 April 2005      Euro€230 After 1 April 2005  

Field Excursions:    Euro€200 Pre-Symposium Field Excursion 

    Euro€500 Post-Symposium Field Excursion 1 

    Euro€450 Post-Symposium Field Excursion 2 

    Euro€650 Post-Symposium Field Excursion 3 

      Total Amount:  Euro€                 

Payment (Bank Transfer):  I have instructed my bank to transfer the amount of Euro€           to: 

Bank:  Bank of China, Wuhan City, Guanggu Sub-branch 

Reference:  Tong Jinnan 

Account No.:  4662102-0188-012796-0 

Accommodation (No pre-payment needed): 

Linhu Hotel:          Single Room       Double Room       Suite 

Other hotel:                                                                          

Arrival Details:                 airplane          train         bus 

Station:               Flight/Train No.:            Date:               Time:             

Remarks:                                                                                

                                                                                        

Signature:                          Data:                        City:                     
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2006

InterRad XI: Radiolarians in
Stratigraphy

& Paleoceanography
11th Meeting of the International

Association of Radiolarian
Paleontologists

&
Circum-Pacific Triassic

Stratigraphy & Correlation

A symposium hosted by IGCP 467
and STS

Wellington, New Zealand, March 2006

~ First Circular ~

This joint conference will be held at Te Papa Tongarewa,
Museum of New Zealand, in Wellington, March 19-24.
The conference is sponsored by InterRad, IGCP Project
467 (Triassic Time and Trans-Panthalassa Correlations),
the Subcommission on Triassic Stratigraphy (STS) and
the Institute of Geological and Nuclear Sciences (GNS).

Organising committee
Chris Hollis and Hamish Campbell (convenors), Janet
Simes (organiser), Yoshiaki Aita, Jack Grant-Mackie, Rie
Hori, Barry O’Connor, John Simes, Bernhard Spörli,
Percy Strong and Atsushi Takemura

Schedule
March 13-19:  Pre-conference excursion 1. Northland and
Auckland to Wellington via west coast Triassic localities
(1A) or via central North Island volcanic and geothermal
areas (1B)

March 19:  Conference registration and ice-breaker

March 20-21, 23-24:  Conference symposia and general
sessions

March 22:  Mid-conference Excursion 2. Wellington south
coast

March 24-29: Post-conference Excursions 3, 4 and 5.
Marlborough-Canterbury, Canterbury-Southland, Nelson

Registration

Discounted registration fees (prior to 30 September 2005)
will be approximately ($NZ450 (€225, $US250) for pro-
fessionals and $NZ250 (€125, $US150) for students, re-
tired/unwaged and accompanying persons.

Funding
Some funding for travel and conference expenses is avail-
able through InterRad, IGCP and other sponsors. If your
attendance at the conference will depend on partial or
complete funding, please contact convenors as soon as
possible.

Provisional symposia
The conference will be arranged as a series of symposia,
which will begin with plenary talks. Each day will finish
with a general talk open to the wider scientific commu-
nity. Suggestions for additions or changes to symposia
are welcome and should be emailed to the convenors.

A. Triassic stratigraphy and biogeography
A1. Triassic catastrophes: P/T, T/J and intra-Triassic
boundary events

A2. Paleobiogeography and terrane analysis

A3. Trans-Panthalassan correlation and radiolarian evo-
lution

B. Paleontological and stratigraphic methods
and results
B1. Quantitative stratigraphic methods (BIOGRAPH,
CONOP, GRAPHCOR, etc.)

B2. Quantitative paleoecological analysis

B3. Advances in processing and examining microfossil
samples

C. Correlation and interpretation of
Cretaceous-Cenozoic biosiliceous facies
C1. Biostratigraphy of deep-water facies

C2. Paleoenvironmental interpretation of biosiliceous fa-
cies

D. Biological indicators of ocean productivity
D1. Climate and ocean productivity interactions in the
modern ocean

D2. Interrelations between Quaternary climate cycles and
ocean productivity

D3. Plankton response to aberrant climate events in a
greenhouse world

E. Plankton biology and phylogenetics
E1. Phylogenetic methods

E2. Advances in plankton classification
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Accommodation
Accommodation will be in a central Wellington Hotel,
five minute’s walk from the conference venue. The hotel
offers a wide range of single, twin, double and family
rooms as well as budget bunkrooms. Prices (including
breakfast) will range from about $US60 to $US20 per
night. It also has a cooking, laundry and internet facili-
ties, a restaurant and a large bar.

Excursion
Pre-conference Excursion 1: Northland, March 13-16
(4 days). Return flights: Kerikeri-Auckland. Permian-Tri-
assic oceanic association of basalt, limestone, chert, and
argillite (Waipapa Terrane), including fusuline/coral-,
conodont- and radiolarian bearing lithologies and Arrow
Rocks Permian-Triassic boundary succession. Late Cre-
taceous-Paleocene oceanic association of basalt and ra-
diolarian bearing-limestone and chert (Tangihua
Volcanics). Late Cretaceous-Oligocene allochthonous
oceanic succession, including radiolarian-bearing organic
shale and siliceous mudstone (Whangai and Waipawa
Formations) and micritic limestone (Mahurangi Lime-
stone); the latter formation containing exceptionally well-
preserved Oligocene radiolarians. Leaders: Atsushi
Takemura, Yoshiaki Aita and Bernhard Spörli. Indicative
cost $NZ1000 (€500, $US600)

Pre-conference Excursion 1A: Auckland-Taupo-
Wellington (North Island), March 19-20 (3 days).
Minivans: Auckland-Wellington. Triassic-Jurassic oceanic
association of pillow basalt, chert and argillite, Kawakawa
Bay, followed by scenic tour through central North Is-
land, overnighting in the Taupo. Maori cultural experi-
ence, thermal pools, geysers, and calc-alkaline volcanoes
in central North Island volcanic area. Leaders: Chris Hollis
and Yoshiaki Aita. Indicative cost $NZ600 (€300,
$US360).

Pre-conference Excursion 1B: Auckland-Waitomo-
Wellington, March 19-20 (3 days). Minivans: Auckland-
Wellington. Triassic-Jurassic oceanic association of pil-
low basalt, chert and argillite, Kawakawa Bay, followed
by a western North Island excursion to examined late
Triassic-earliest Jurassic volcaniclastic sections in
Marakopa and Awakino areas (Murihiku Terrane) Visits
to a native bird park and Waitomo Caves may be included.
Leaders: Hamish Campbell, Rie Hori and Jack Grant-
Mackie. Indicative cost $NZ600 (€300, $US360).

Mid-conference Excursion 2  Wellington south coast,
March 22. Late Triassic accretionary wedge and associ-
ated oceanic sediments (Torlesse Rakaia Terrane) exposed
along the Cook Strait coast. Leader: Hamish Campbell.
Indicative cost $NZ100 (€50, $US60).

Post-conference Excursion 3  Marlborough-south Can-
terbury (South Island), March 24-28. Ferry: Wellington
to Picton, minivans Picton-Oamaru-Christchurch. Late
Cretaceous-middle Eocene hemipelagic-pelagic succes-
sion of siliceous mudstone, chert, limestone and marl

(Whangai, Mead Hill and Amuri Limestone Formations),
including the only global records of radiolarian faunal
turnover from Late Cretaceous to Eocene with intact Cre-
taceous-Tertiary and Paleocene-Eocene boundary inter-
vals. Whale-watching, seal-colonies, radiolarian-bearing
Mead Hill Formation in Kaikoura.  Radiolarian-rich late
Eocene diatomite, pillow basalts and penguins of Oamaru.
Leader: Chris Hollis. 5 days. Indicative cost $NZ1000
(€500, $US600).

Post-conference Excursion 4  Southland (South Island),
March 23-28. Return flights: Wellington-Dunedin. Early-
Late Triassic neritic sequence in Southland Syncline along
Otago coast (Kaka Point to Nugget Point) and inland in
the Hokonui, Taringatura and Wairaki Hills (Murihiku
Terrane). Leader: Hamish Campbell. 4 days. Indicative
cost $NZ1200 (€600, $US720).

Post-conference Excursion 5  Nelson (South Island).
Return flights: Wellington-Nelson, boat travel to D’Urville
Island. Poorly fossiliferous Early Triassic Maitai Group
exposed in river sections near Nelson city and on
D’Urville Island. Leader: Yoshiaki Aita. 4 days. Indica-
tive cost $NZ1200 (€600, US720).

CONTACT DETAILS
Symposia, themes, funding and excursions
Chris Hollis (InterRad convenor), c.hollis@gns.cri.nz

Hamish Campbell (Triassic convenor),
h.campbell@gns.cri.nz

Registration, accommodation, travel

Janet Simes (conference organiser),
janet.simes@conferences.co.nz

Web site

This circular and conference updates will be posted at:

http://www.gns.cri.nz/interrad
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NORIAN – RHAETIAN
BOUNDARY TASK FORCE

 Call for membership

Within the Subcommission on Triassic Stratigraphy (STS)
a Norian-Rhaetian boundary working group (now called
as task force) has been formed. Scientists working ac-
tively on this boundary or are known for their specific
interest have been asked for participation. Others have
expressed their willing to cooperate during the STS busi-
ness meeting in Florence (August 2004), and this is an-
other invitation to those who would like to be included in
the search for potential GSSP candidates as well as the
most appropriate boundary level which should be
correlatable both in the marine and continental realm.
Researchers in any stratigraphic discipline usable for high-
resolution correlation and from as many regions world-
wide are highly welcome to become member of the task
force.

Leopold Krystyn
Department of Palaeontology, Vienna
University A-1090 Vienna, Althanstrasse 14
Tel. +431-4277-53533, fax   –4277-9535
leopold.krystyn@univie.ac.at

Heinz Kozur
H-1029 Budapest  Rézsü Utza 83
tel./fax 00361-3971316
kozurh@helka.iif.hu

INDUAN-OLENEKIAN
BOUNDARY TASK FORCE

Open letter to Prof. Jinnan Tong

Dear Jinnan,

You ask me about recent situation on  the GSSP of the I/
O boundary. As you know, the Indian Spiti section is char-
acterized by well-preserved ammonoids and, according
to L. Krystyn’s and H. Kozur’s data, by abundant well-
preserved conodonts. I am fully confident that L. D.
Kiparisova and Y. N. Popov, authors of the Induan and
Olenekian stages, if they would be alive, would welcome
the Leo Krystyn’s proposal in this situation. But before
evaluation of the Spiti section as a candidate of the GSSP
of the I/O boundary I should like to have, as a minimum,
full information on the ammonoid and conodont distri-
bution in the I/O boundary interval, where samples re-
cently were collected, but fossils from them have not been
determined yet. I hope that it will be done by Leo Krystyn
in nearliest feature and necessary additional data will be
demonstrated soon. It would be very alluringly to have
the IOB stratotype in the Himalayas, stratotype area of
the Induan, but I am embarrassed by the negative paleo-
magnetic results obtained from the Spiti section. The
Chaohu section in South China in this respect (excellent
paleomagnetic results were recently obtained there by
Hans Hansen) profitably differs from both the Abrek (Rus-
sian Far East) and the Spiti sections, and therefore it is
very important now to fill a small gap in our knowledge
on the Chaohu conodont succession (I mean additional
data, which you are waiting from Mike Orchard). It will
be good, if new results on both the Chaohu and Spiti sec-
tions, the main candidates for the GSSP of the I/O bound-
ary in my opinion now, will be demonstrated at the Chaohu
meeting. In this case we will have effective discussion in
this topic just in the framework of the IOBWG of the
nearest meeting.

Yuri Zakharov

(Leader of Induan-Olenekian Task Force)
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Scientific Reports

Introduction
The decline in diversity at the Triassic-Jurassic boundary
(TJB) has come to be regarded as one of the “big five”
mass extinctions of the Phanerozoic. Attribution of this
level of suddenness and severity to the extinction at the
TJB followed Sepkoski (1982), who, based on a global
compilation of families of marine invertebrates, desig-
nated this boundary as one of four mass extinctions events
of intermediate magnitude (end-Cretaceous, end-Trias-
sic, Late Devonian, Late Ordovician). Overall, this as-
sumption of intense and sudden biotic decline at the TJB
has remained unquestioned, until recently (Hallam, 2002;
Tanner et al., 2004).

Here, we reject what we believe is the myth of a cata-
strophic extinction at the TJB. This myth is largely rooted
in poor stratigraphic resolution compounded by a reli-
ance on literature compilations as a method of identify-
ing and gauging mass extinctions. Instead, the Late Tri-
assic was an interval of elevated extinction rates that
manifested themselves in a series of discrete extinctions
throughout Norian and Rhaetian time. Significantly, no
data document Late Triassic mass extinction(s) of many
biotic groups, including gastropods, brachiopods,
conulariids, foraminiferans, ostracods, fishes and marine
reptiles (Hallam, 2002; Tanner et al., 2004). Therefore,
we focus our discussion on those groups that have been
perceived by some as part of a TJB mass extinction,
namely ammonites, bivalves, reef organisms, radiolarians,
conodonts, tetrapods and land plants.

The compiled correlation effect
Two methods have been used to analyze the data on ex-
tinctions at the TJB: (1) the compilation of global diver-
sity from the published literature; and (2) the study of
diversity changes based on the actual stratigraphic distri-

Late Triassic extinction events

Spencer G. Lucas1 and Lawrence H. Tanner2

1New Mexico Museum of Natural History, 1801 Mountain Road NW, Albuquerque, New Mexico
87104-1375 USA, slucas@nmmnh.state.nm.us;

2Department of Geography & Geoscience, Bloomsburg University, Bloomsburg, PA 17815 USA,
lhtann@blomu.edu

bution of fossils in specific sections. These two methods
are not totally disjunct, because the global compilations
supposedly reflect the actual stratigraphic distributions
of the fossils in all sections. However, the global compi-
lations contain a serious flaw—their stratigraphic impre-
cision (Teichert, 1988), which Lucas (1994) termed the
Compiled Correlation Effect (CCE). This imprecision is
largely responsible for the myth of a single, TJB mass
extinction.

The CCE refers to the fact that the temporal ranges of
taxa in literature compilations are only as precise as the
correlations, or relative ages, of the compiled taxa. Be-
cause most published correlations are at the stage/age
level, the temporal resolution of extinction events within
these stages/ages cannot be resolved (Fig. 1). The result
is the artificial concentration of extinctions at stage/age
boundaries; a complex extinction of significant temporal
duration during a stage/age is made to appear as a mass
extinction at the end of the stage/age (Fig. 1).

Much of the literature on the TJB extinction fails to con-
sider the CCE. Thus, for example, the supposedly pro-
found extinction of ammonites at the end of the Rhaetian
reflects a lack of detailed stratigraphic analysis; litera-
ture compilations assumed that any ammonite taxon found
in Rhaetian strata has a stratigraphic range throughout
the entire Rhaetian (Fig. 1). This gives the appearance of
a dramatic ammonite extinction at the end of the Rhaetian,
when in fact, there were several ammonite extinction
events within the Rhaetian. Furthermore, those who did
not recognize a Rhaetian Stage exacerbated the CCE,
because they reduced stratigraphic resolution by consid-
ering the entire post-Carnian Late Triassic to belong to a
single, Norian Stage.

Also note that the Signor-Lipps effect, which recognizes

Abstract - Accelerated biotic turnover during the Late Triassic has been misinterpreted as a single, end-Triassic mass
extinction event, now regarded as one of the “big five” extinctions. However, careful examination of the fossil record
indicates that the groups usually claimed to have suffered a catastrophic extinction at the end of the Triassic, includ-
ing ammonites, bivalves, conodonts and tetrapods, experienced multiple or prolonged extinctions throughout the
Late Triassic, and that other groups were relatively unaffected or subject to only regional effects. Instead of a single
mass extinction at the end of the Triassic, the Late Triassic was an interval of elevated extinction rates, encompassing
distinct extinction events at the Late Triassic stage boundaries, as well as other, within-stage extinction events.
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that in theory some actual stratigraphic ranges in the fos-
sil record are artificially truncated, has been used by some
to discount the reliability of actual stratigraphic ranges.
Statistical methods even exist to “complete” these sup-
posedly truncated stratigraphic ranges. Howevrer, we re-
gard these methods as little more than assumption-laden
ways to invent data, and prefer to rely on the actual strati-
graphic ranges of fossils in well-studied sections.

Ammonites
Biostratigraphic recognition (and definition) of the TJB
has long been based on a clear change in the ammonite
fauna from the ornamented ceratites and their peculiar
heteromorphs of the Late Triassic to the smooth
psiloceratids of the Early Jurassic. Most workers agree
that all but one lineage of ammonites became extinct by
the end of the Triassic, and the subsequent Jurassic diver-
sification of ammonites evolved from that lineage.

There is indeed substantial turnover in the ammonites
around the TJB, and Early Jurassic ammonite assemblages
are qualitatively very different from Late Triassic assem-
blages. However, Kennedy (1977) and Signor and Lipps
(1982) correlated the drop in ammonite diversity at the
end of the Triassic with a drop in sedimentary rock area,
not with a mass extinction. And, Teichert (1988) listed
more than 150 ammonite genera and subgenera during
the Carnian, which was reduced to 90 in the Norian, and
reduced again to 6 or 7 during the Rhaetian. This indi-
cates that the most significant ammonite extinctions were
during or at the end of the Norian, not at the end of the
Rhaetian.

The most completely studied and ammonite-rich section
in the world that crosses the TJB is in the New York Can-
yon area of Nevada, USA (Fig. 2). Taylor et al. (2000,
2001) and Guex et al. (2003) plotted ammonite distribu-
tion in this section based on decades of collecting and
study; of 11 Rhaetian species, 7 extend to the upper
Rhaetian (shown in Figure 2), and only 2 are present at

the stratigraphically highest Rhaetian ammonite level.
Taylor et al. (2000) presented a compelling conclusion
from these data: a two-phase latest Triassic ammonite
extinction, one in the Norian followed by a low diversity
Rhaetian ammonite fauna that becomes extinct at the end
of the Triassic.

Another detailed study of latest Triassic ammonite distri-
bution is in the Austrian Kössen Beds (Fig. 1; Ulrichs,
1972; Mostler et al., 1978). The youngest Triassic zone
here, the marshi zone, has three ammonoid species, two
with single level records low in the zone, and only
Choristoceras marshi is found throughout the zone. This,
too, does not indicate a sudden TJB mass extinction of
ammonites. Thus, the change in ammonites across the TJB
is profound, but it took place as a series of extinction
events spread across Norian and Rhaetian time, not as a
single mass extinction at the TJB.

Bivalves
The perception of a TJB mass extinction of marine
bivalves stems from Hallam (1981), who claimed a 92%
extinction of bivalve species at the TJB by combining all
Norian (including Rhaetian) marine bivalve taxa, thereby
encompassing a stratigraphic interval with a minimum
duration of 15 million years. He then compared this to a
pool of Hettangian taxa, an outstanding example of the
CCE.

Johnson and Simms (1989) pointed out that better much
stratigraphic resolution could be achieved on the local
scale; in the Kössen beds, for example, Hallam consid-
ered all of the bivalve taxa to range throughout the
Rhaetian, even though published data (e.g., Morbey, 1975)
showed varied highest occurrences throughout the
Rhaetian section. Furthermore, Skelton and Benton’s
(1993) global compilation of bivalve family ranges
showed a TJB extinction of 5 families, with 52 families
passing through the boundary unscathed, certainly sug-
gesting that there was not a mass extinction of bivalve

Figure 1. The actual ranges of Rhaetian ammonites in the Weissloferbach section (Austria) of the Kössen Beds (after
Mostler et al., 1978) show a low diversity Rhaetian ammonite assemblage with only one taxon (Choristoceras marshi)
present at the top of the Rhaetian section. In contrast, the low stratigraphic resolution characteristic of literature
compilations indicates all ammonite ranges simply truncated at the top of the Rhaetian, a typical example of the CCE.

Choristoceras ammonitiforme (Guembel)
Choristoceras marshi Hauer
Choristoceras rhaeticum (Guembel)
Rhabdoceras suessi Hauer

?Trachyphyllites sp.

Rhabdoceras suessi zone Choristoceras marshi 

zone

Rhaetian ammonites

(literature compilation)
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families. Hallam and Wignall (1997) reexamined the bi-
valve record for the TJB in northwestern Europe and the
northern Calcareous Alps in considerable detail. They
found extinction of only 4 out of 27 genera in northwest
Europe and 9 of 29 genera in the Calcareous Alps, again,
not indicating a mass extinction. Although Hallam (2002)
continued to argue for a substantial TJB bivalve extinc-
tion, he conceded that the data to demonstrate this are not
conclusive. We believe unequivocally that these data do
not exist.

Indeed, detailed inspection of the Late Triassic bivalve
record suggests that extinctions were episodic through-
out this interval, not concentrated at the TJB. A signifi-
cant extinction of bivalves, including the cosmopolitan

and abundant pectinacean Monotis, is well documented
for the end-Norian (Dagys and Dagys, 1994; Hallam and
Wignall, 1997). Detailed studies of Late Triassic bivalve
stratigraphic distributions (e.g., Allasinaz, 1992;
McRoberts, 1994; McRoberts and Newton, 1995;
McRoberts et al., 1995) identify multiple bivalve extinc-
tion events within the Norian and Rhaetian Stages. A good
example is the New York Canyon section, where bivalve
genera disappear at several levels in the Rhaetian, with
most bivalve turnover predating the ammonite-based TJB
(Fig. 2). The pattern of bivalve extinction during the Late
Triassic is thus one of multiple extinction events, not a
single mass extinction at the TJB.

Figure 2. The actual stratigraphic ranges of ammonites and bivalves across the TJB in the New York Canyon section,
Nevada (modified from Guex et al., 2003). The TJB is placed here at the lowest occurrence of Psiloceras tilmanni.

  
 S

U
N

R
IS

E

F
O

R
M

A
T

IO
N

  
  

G
A

B
B

S

F
O

R
M

A
T

IO
N

 

T
R

IA
S

S
IC

 (
R

h
a

e
ti
a

n
)

J
U

R
A

S
S

IC
 (

H
e

tt
a

n
g

ia
n

)

M
T

 H
Y

A
T

T
 

 M
E

M
B

E
R

  
F

E
R

G
U

S
O

N

H
IL

L
 M

E
M

B
E

R
  

  
  

M
U

L
L

E
R

  
C

A
N

Y
O

N

  
  

  
 M

E
M

B
E

R

1

5

10

15

20

25

m

m

m

m

m

m

 

Siltstone

Black shales

Sandstone

Carbonate sandstone

Limestone

P
s
ilo

c
e

ra
s
 m

a
rc

o
u

x
i

O
d

o
g

h
e

rt
y
c
e

ra
s
 d

e
w

e
v
e

ri

C
h

o
ri
s
to

c
e

ra
s

c
f.

 N
e

o
p

h
y
lli

te
sm

in
u

tu
m

P
s
ilo

c
e

ra
s
 p

o
ly

m
o

rp
h

u
m

  
  

  
  

  
  

  
  

  
  

T
ra

n
s
ip

s
ilo

c
e

ra
s
 t

ra
n

s
ie

n
s

K
a

m
m

e
rk

a
ri
te

s
 s

p
p

.

P
le

u
ro

a
c
a

n
th

it
e

s
 m

u
lle

ri

P
s
ilo

c
e

ra
s
 p

a
c
if
ic

u
m

K
a

le
n

te
ra

 (
?

) 
la

w
s
i

G
e

rv
ill

e
ia

 s
p

.

O
x
y
to

m
a

 i
n

a
e

q
u

iv
a

lv
is

A
e

g
e

rc
h

la
m

y
s
 b

o
e

lli
n

g
i

P
s
ilo

c
e

ra
s
 t

ilm
a

n
n

i

P
s
ilo

c
e

ra
s
 s

p
e

la
e

A
rc

e
s
te

s
 n

e
v
a

d
a

n
u

s

A
rc

e
s
te

s
 g

ig
a

n
to

g
a

le
a

tu
s
  

R
h

a
c
o

p
h

y
lli

te
s
 c

f.
 R

. 
d

e
b

ili
s

P
la

c
it
e

s

S
e

p
to

c
a

rd
ia

N
u

c
u

lo
m

a

M
e

s
o

m
ilt

h
a

"C
h

la
m

y
s
" 

s
p

.

P
a

lm
o

x
y
to

m
a

P
le

u
ro

n
a

u
ti
lu

s

C
h

o
ri
s
to

c
e

ra
s
 c

ri
c
k
m

a
y
i

C
h

o
ri
s
to

c
e

ra
s
 s

h
o

s
h

o
n

e
n

s
is

C
h

o
ri
s
to

c
e

ra
s
 m

a
rs

h
i

BIVALVES

 

CEPHALOPODS



34

Albertiana 31
Reefs
The scleractinian corals, important reef builders during
the Triassic, underwent a marked decline at the end of the
Triassic that was followed by a “reef gap” during the
Hettangian and early Sinemurian, after which corals re-
diversified to become the dominant reef builders (Stanley,
1988). The extinctions in the reef community at the end
of the Triassic are best documented in Tethys, where the
reef ecosystem collapsed, carbonate sedimentation nearly
ceased, and earliest Jurassic reefal facies are rare. Those
earliest Jurassic reefs that are known (particularly in
Morocco) are carbonate mounds produced by
spongiomorphs and algae (e.g., Flügel, 1975). However,
coral Lazarus taxa have been discovered in Early Juras-
sic suspect terranes of western North America, indicating
the persistence of at least some corals in Panthalassan
refugia during the earliest Jurassic reef gap.

Hallam and Goodfellow (1990) argued that sea level
change caused the collapse of the reef system, with sig-
nificant extinctions of calcisponges and scleractinian cor-
als at the TJB. They discounted the possibility of a major
drop in productivity as an explanation for the facies
change from platform carbonates to siliciclastics. There
is indeed a distinct lithofacies change at or near the TJB
in many sections, particularly in the Tethyan realm, where
facies changes suggest an interval of regression followed
by rapid transgression. At the TJB section in western
Austria, for example, a shallowing-upward trend from
subtidal carbonates to red mudstones, interpreted as
mudflat deposits, is succeeded by thin-bedded marl and
dark limestone (McRoberts et al., 1997). The boundary
in parts of the Austrian Alps displays karstification, sug-
gesting a brief interval of emergence. In the Lombardian
Alps the TJB is placed (palynologically) in the upper-
most Zu Limestone at a flooding surface that marks the
transition from mixed siliclastic-carbonate sedimentation
to subtidal micrite deposition (Cirilli et al., 2003). Thus,
a change in bathymetry resulted in the extirpation of reefs,
which in large part caused the cessation of carbonate sedi-
mentation. However, the evidence that this was a global
event is lacking, and can be explained easily as a regional
extinction driven by sea level changes.

Kiessling’s (2001) compilation indicates that the decline
of reefs began during the Late Triassic and that the TJB
corresponds to the loss of reefs concentrated around 30oN
latitude, although this article is frequently cited as docu-
menting a TJB mass extinction of reef organisms (e.g.,
Pálfy, 2003). Beauvais (1984) stressed the endemism of
scleractinian species during the Liassic, raising the pos-
sibility that the apparent TJB extinction of these organ-
isms may be heavily influenced by (Tethyan?) sampling
biases. Thus, a sudden extinction of reef organisms at the
TJB is limited to Tethys and reflects a regional change in
bathymetry, not a global mass extinction of reef organ-
isms.

Radiolarians
At the family level, radiolarians show no decline at the

TJB (Hart and Williams, 1993), although significant spe-
cies turnover is indicated (Vishnevskaya, 1997). Data from
the Queen Charlotte Islands in western Canada have been
interpreted to indicate a drastic extinction of radiolarians
at the TJB (Tipper et al., 1994; Carter, 1994; Ward et al.,
2001). Carter (1974) cites the loss of 45 radiolarian spe-
cies in the top 1.5 m of the Globolaxtorum tozeri zone
(topmost Rhaetian) on Kunga Island, above which is a
low diversity Hettangian fauna in which nasselarians are
rare. However, Guex et al. (2002) argue that the radiolar-
ian extinction in the Queen Charlotte Islands section is
directly associated with a stratigraphic gap
(unconformity), which suggests the extinction is more
apparent than real, though E. Carter (personal commun.,
2003) believes there is no gap in the section. Regardless,
few data indicate that this extinction was anything more
than a local event.

Data from other Pacific rim locations suggest that the
extinction pattern was not catastrophic. Bedded cherts
from Japan, for example, display radiolarian faunas that
indicate gradual replacement across the boundary with
observable transition groups (Hori, 1992), though Carter
and Hori (2003) recently reported a drastic change in the
radiolarian fauna across the TJB in one Japanese section.
Vishnevskaya (1997) indicates that about 40% of the lat-
est Triassic radiolarian genera survived the TJB. Indeed,
the greatest radiolarian extinction of the early Mesozoic
occurred during the Early Jurassic (early Toarcian), not
at the TJB (Racki, 2003). Moreover, occurrences of bed-
ded cherts show no decrease from the Late Triassic to the
Early Jurassic, suggesting that there was no significant
radiolarian decline (Kidder and Erwin, 2001).

Conodonts
The Conodonta (a phylum or subphylum) is usually iden-
tified as one of the most significant groups to have suf-
fered complete extinction at the end of the Triassic. This
is misleading. Detailed reviews of the conodont extinc-
tion emphasize that conodonts suffered high rates of ex-
tinction throughout the Triassic (e.g., Clark, 1983; Sweet,
1988; Aldridge and Smith, 1993), and maximum conodont
extinction took place at the end of the Norian. Indeed,
this long appeared to be the final extinction of conodonts
in North America, as the youngest conodonts on the con-
tinent were from the late Norian suessi zone (Clark, 1980,
1981, 1983). Conodonts, however, are now known from
the Rhaetian crickmayi zone in Canada, though they are
known only from terranes and are low in both abundance
and diversity (Orchard, 1991, 2003). They are also found
in the Rhaetian marshi zone in Europe, though diversity
is low (4 species) and population sizes (based on sample
abundance) also are low (Mostler et al., 1978). Thus, con-
odonts were mostly extinct by the end of the Norian.

Tetrapods
The idea of a substantial nonmarine tetrapod (amphibian
and reptile) extinction at the end of the Triassic began
with Colbert (1949, 1958), and has been more recently
advocated by Olsen et al. (1987, 1990, 2002a, b), largely



35

Albertiana 31

based on the tetrapod fossil record of the Newark Super-
group (eastern North America). Benton (1994) and Lucas
(1994) rejected this conclusion, both arguing against
building a case for extinction on the very incomplete
record of the Newark Supergroup. Furthermore, Cuny
(1995) saw no evidence of a TJB mass extinction of tet-
rapods in the western European tetrapod fauna.

Colbert (1958) believed that the temnospondyl amphib-
ians, a significant component of late Paleozoic and Early-
Middle Triassic tetrapod assemblages, underwent com-
plete extinction at the TJB. However, more recent dis-
coveries have invalidated that conclusion. Milner (1993)
demonstrated a less pronounced extinction of amphib-
ians, with only one family extinct at the end of the Trias-
sic (plagiosaurids); he showed the disappearance of the
capitosaurids, metoposaurids and latiscopids at the
Norian-Rhaetian boundary. Moreover, these
temnospondyls are only a minor component of Late Tri-
assic tetrapod assemblages, being of low diversity and
relatively small numbers in many samples (e.g., Hunt,
1993). Temnospondyl extinction thus largely preceded the
Rhaetian.

The global compilation of reptile families by Benton
(1993) lists the extinction of 11 terrestrial reptile families
at the TJB: Proganochelyidae, Kuehneosauridae,
Pachystropheidae, Trilophosauridae, Phytosauridae,
Stagonolepididae, Rauisuchidae, Ornithosuchidae,
Saltoposuchidae, Thecodontosauridae and
Traversodontidae. However, only two of these families,
Phytosauridae and Procolophonidae, have well established

Rhaetian records (Lucas, 1994), especially given that new
data indicate that the uppermost Chinle Group in the west-
ern United States is pre-Rhaetian. There is thus no evi-
dence that most of the tetrapod families that disappeared
during the Late Triassic were present during the Rhaetian;
they apparently became extinct sometime earlier, during
the Norian.

The Newark Supergroup body fossil record of tetrapods
is inadequate to demonstrate a mass extinction of tetra-
pods at the TJB, so the tetrapod footprint record in the
Newark Supergroup has been used to identify a TJB tet-
rapod extinction (e.g., Olsen and Sues, 1986; Olsen et
al., 2002a,b). However, detailed stratigraphic data on the
Newark footprint record (e.g., Szajna and Silvestri, 1996)
indicate the disappearance of about 4 ichnogenera and
appearance of 2 ichnogenera at the palynologically-de-
termined TJB, with four ichnogenera continuing through
this boundary; this does not qualify as a sudden mass
extinction. Avanzini et al. (1997) described a diverse track
assemblage in peritidal sediments of the Southern Alps
of Italy of earliest Hettangian age, which negates the idea
advocated by some of low tetrapod diversity during the
earliest Jurassic.

The discussion of tetrapod footprint evidence of a TJB
mass extinction by Olsen et al. (2002a, b) argued that the
sudden appearance of large theropod tracks (ichnogenus
Eubrontes) in the earliest Jurassic strata of the Newark
Supergroup indicates a dramatic size increase in theropod
dinosaurs at the TJB. They interpreted this as the result
of a rapid (thousands of years) evolutionary response by

Figure 3. Eubrontes footprints from the Upper Triassic of the Sydney basin, Australia. The drawings are of a trackway
(after Staines and Woods, 1964), and the photograph of a track is after Batholomai (1966).
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the theropod survivors of a mass extinction and referred
to it as “ecological release” (Olsen et al., 2002a, p. 1307).
They admitted, however, that this hypothesis can be in-
validated by the description of Dilophosaurus-sized
theropods or diagnostic Eubrontes giganteus tracks in
verifiably Triassic-age strata.

Indeed, large, Dilophosaurus-size theropods have been
known from the Late Triassic body-fossil record since
the 1930s: Liliensternus from the Norian of Germany (es-
timated length of ~ 5 m) and Gojirosaurus from the Norian
of the USA (estimated length ~ 5.5 m) (Huene, 1934;
Welles, 1984; Carpenter, 1997). Dilophosaurus has an
estimated length of 6 m, and the foot of Liliensternus is
92% (based on maximum length) the size of that of
Dilophosaurus. Clearly, theropods capable of making
Eubrontes-size tracks were present during the Norian, and
the sudden abundance of these tracks in the Newark Su-
pergroup at the beginning of the Jurassic cannot be ex-
plained simply by rapid evolution to large size of small
theropods following a mass extinction.

Also, tracks of large theropod dinosaurs (ichnogenus
Eubrontes) have long been known from the Triassic of
Australia (Staines and Woods, 1964; Hill et al., 1965;
Bartholomai, 1966; Molnar, 1991; Thulborn, 1998), fur-
ther invalidating the “ecological release” hypothesis.
These tracks (Fig. 3) are from the Blackstone Formation
of the Ipswich Coal Measures near Dinmore in south-
eastern Queensland, a unit of well-established Triassic
age (probably late Carnian: Balme and Foster, 1996). The
largest tracks are 43 cm long and 38 cm wide (Fig. 3) and
closely resemble tracks of Eubrontes giganteus from the
Newark Supergroup described by Olsen et al. (1998).

Thulborn (2003) argued that the Australian Triassic record
of Eubrontes refutes the notion that its first occurrence is
at the TJB. Olsen et al. (2003), nevertheless, claimed that
the Australian Eubrontes tracks are actually tridactyl
underprints of a pentadactyl chirothere track. However,
the footprint of Eubrontes is mesaxonic (symmetrical
around its long axis), as are the Australian Eubrontes
tracks (Fig. 3). Tridactyl underprints of chirotheres are
paraxonic (asymmetrical around their long axis). There-
fore, the Eubrontes tracks from the Upper Triassic of
Australia are correctly identified. The concept of a sud-
den appearance of Eubrontes tracks due to “ecological
release” at the TJB thus was refuted decades before it
was proposed by Olsen et al. (2002a, b).

PLANTS

Ash (1986) reviewed the global record of megafossil
plants and concluded that changes across the TJB bound-
ary primarily involved seed ferns, in particular, the loss
of the families Glossopteridaceae, Peltaspermaceae, and
Corystospermaceae (also see Traverse, 1988). The TJB
in East Greenland is marked by the transition from the
Lepidopteris Zone to the Thaumatopteris Zone, with few
species in common. The former is characterized by the
presence of palynomorphs including Rhaetipollis, while
the latter contains Heliosporites (Pedersen and Lund,

1980), and although extinction of some species across
the transition between the two zones is evident, many
species continue. Thus, no catastrophic extinction is docu-
mented. This accords well with the global compilations
at the species and family levels that show no substantial
extinction at the TJB (Niklas et al., 1983; Knoll, 1984;
Edwards, 1993; Cleal, 1993a, b). Nevertheless, McElwain
et al. (1999) claimed a 95% extinction of leaf species for
northern Europe (East Greenland and Scania) at the TJB,
but this supposed extinction has not been confirmed over
a wider area.

The palynological record provides no evidence for mass
extinction at the TJB. Fisher and Dunay (1981) demon-
strated that a significant proportion of the Rhaetipollis
germanicus assemblage that defines the Rhaetian in Eu-
rope (Orbell, 1973; Schuurman, 1979) persists in lower-
most Jurassic strata. Indeed, a study of the British Rhaeto-
Liassic by Orbell (1973) found that of 22 palynomorphs
identified in the Rhaetipollis Zone, only 8 disappeared
completely in the overlying Heliosporites Zone. These
authors, as well as Brugman (1983) and Traverse (1988),
have concluded that floral turnover across the TJB was
gradual, not abrupt. Kelber (1998) also described the
megaflora and palynoflora for Central Europe in a single
unit he termed “Rhaeto-Liassic,” and concluded there was
no serious disruption or decline in plant diversity across
the TJB.

Nevertheless, profound palynomorph extinction at the TJB
has been argued from the Newark Supergroup record
(Olsen and Sues, 1986; Olsen et al., 1990; Fowell and
Olsen, 1993; Olsen et al., 2002a,b). Notably, the
palynomorph taxa used to define the TJB in the Euro-
pean sections (Rhaetipollis germanicus and Heliosporites
reissingeri: Orbell, 1973) are not present in the Newark
Supergroup basins, so placement of the palynological TJB
in these basins was initially based on a graphic correla-
tion of palynomorph records (Cornet, 1977). More re-
cent work identified the TJB in the Newark by a decrease
in diversity of the pollen assemblage, defined by the loss
of palynomorphs considered typical of the Late Triassic,
and dominance by several species of the genus Corollina,
especially C. meyeriana (Cornet and Olsen, 1985; Olsen
et al., 1990; Fowell and Olsen, 1993; Fowell et al., 1994;
Fowell and Traverse, 1995).

Nevertheless, this method of defining the system bound-
ary is compromised by regional variations in the timing
of the Corollina peak. In the classic Kendelbach section,
for example, the peak abundance of C. meyeriania oc-
curs in beds of Rhaetian and older age (Kössen Forma-
tion: Morbey, 1975), as it does in Tibet (Hallam et al.,
2000). But, in Australia this peak may not occur until mid-
Hettangian (Helby et al., 1987). Thus, abundance patterns
of Corollina spp. are not a reliable indicator of the TJB.
Furthermore, apparent extinction of palynomorphs in the
Newark Supergroup basins does not match other
megafossil data from the Newark Supergroup, which sug-
gest that any extinction effects represented by these data
are strictly local.
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Prospectus
Two hundred years of fossil collecting failed to document
a global mass extinction at the TJB, yet 20 years of litera-
ture compilation and the CCE did. The myth of a single
mass extinction at the TJB has led to a search for the cause
of the “mass extinction” (“those weapons of mass destruc-
tion must be around here somewhere”) and drawn atten-
tion away from what were actually a series of extinctions
that took place throughout the Late Triassic. Research now
needs to focus on these multiple extinctions and their
causes, not on a single extinction event. Perhaps the most
interesting question not yet addressed by most research-
ers is why this prolonged (at least 20 million years) inter-
val of elevated extinction rates occurred during the Late
Triassic?
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Introduction
The global character of geomagnetic polarity reversals
has made magnetostratigraphy an essential tool for pre-
cise facies-independent correlation between different
depositional environments. Because of the absence of pre-
Jurassic seafloor in present oceans and thus marine mag-
netic anomalies, magnetostratigraphy in Permian and Tri-
assic sections requires good biostratigraphic control. By
decision of the IUGS the Global Stratotype Section and
Point (GSSP) of the Permian-Triassic boundary (PTB) is
now the Meishan section D (China), base of bed 27c, at
the first appearance of the conodont H. parvus (e.g., Yin
et al. 2001), providing a point of reference for both
magnetostratigraphic and biostratigraphic investigations.
In the last two decades, significant progress has been made
in constructing a geomagnetic polarity scale for the PTB
interval (e.g., Heller et al. 1988, Steiner et al. 1989, Li &
Wang 1989, Ogg & Steiner 1991, Zakharov & Sokarev
1991, Heller et al. 1995, Hounslow et al. 1996, Nawrocki
1997, Scholger et al. 2000, Gallet et al. 2000, Szurlies et
al. 2003).

With respect to magneto- and biostratigraphy, two main
correlation problems are present at the PTB. First, there
are published different geomagnetic polarity patterns for
the C. meishanensis-H. praeparvus and H. parvus zones
at Meishan (Li & Wang 1989, Zhu & Liu 1999). Sec-
ondly, in several studies the base of the thick normal
magnetozone around the PTB is regarded as the PTB (e.g.,
Steiner et al. 1989, Ogg & Steiner 1991, Scholger et al.
2000, Gallet et al. 2000, Jin et al. 2000), whereas in oth-
ers it is located within the uppermost Permian (e.g., Li &
Wang 1989, Zakharov & Sokarev 1991, Szurlies et al.
2003, Bachmann et al. 2003).

The aim of this and a following more detailed study of
the PTB interval from the Jolfa section of NW Iran is to
examine the base and size of the thick normal
magnetozone around the PTB using both
magnetostratigraphy and high-resolution conodont zona-
tion (Kozur, in press).

Remarks to magnetostratigraphies around the Permian-
Triassic boundary

Li & Wang (1989) presented a magnetostratigraphy for
the Meishan section, in which the relatively thick normal
magnetozone (V) begins at least 1.2 m (or 2.7 m, with the

first 1.5 m being of unclear polarity) below the Boundary
Clay. According to Mei et al. (1998), the base of this nor-
mal interval is situated within the C. yini-C. zhangi Zone
(Upper Permian). However, recently Zhu & Liu (1999)
have shown that the normal magnetozone begins much
earlier, just about 5.07 m below the PTB within the upper
third of the C. changxingensis-C. deflecta Zone well be-
low the C. yini-C. zhangi Zone. Consistently, in both po-
larity patterns the normal magnetozone ranges up to the
I. isarcica Zone, but in the recent study just around the
PTB, there is a 0.06 m thick reversed polarity zone within
Bed 27, which is straddling the PTB (two samples below
the PTB, one sample above it).

Peng et al. (2001) used these new paleomagnetic data from
the GSSP at Meishan for a high-resolution correlation with
the Shangsi section (China). They compare Bed 26 from
Shangsi, being of reversed polarity with the thin reversed
magnetozone of Bed 27 from Meishan. As clearly seen
by the fauna and also by carbon isotope data, this corre-
lation cannot be confirmed. Whereas Bed 26 from Shangsi
is characterized by a rich conodont fauna, before the event
boundary, belonging to the C. changxingensis-C. deflecta
Zone, Bed 27 from Meishan has a poor conodont fauna,
after the event boundary, spanning the upper H.
praeparvus Zone and the entire H. parvus Zone. In terms
of magnetostratigraphy, Beds 22-26 from Shangsi show
reversed polarity, Bed 27 is of unknown polarity and Beds
28-31 belong to a normal magnetozone (e.g., Heller et al.
1988, Steiner et al. 1989). According to Nicoll et al.
(2002), the H. parvus-calibrated PTB is located within
Bed 30. In addition, around the PTB there is a minimum
in the carbon isotope curve (Baud et al. 1989). Corre-
spondingly, the base of the Triassic is located within the
relatively thick normal interval, which is extending into
the uppermost Permian.

According to results from Abadeh, Central Iran (Gallet et
al. 2000), the thick normal magnetozone begins latest
somewhat above the Boundary Clay (0.77m above the
base of the Boundary Clay). Since the FAD of H. parvus
is 1.38 m above the base of the Boundary Clay (Kozur
2003), the thick normal interval starts in the uppermost
Permian. Between 0.45 m below the Boundary Clay (up-
permost sample with reversed polarity) and 0.77m above
the Boundary Clay (lowermost sample with normal po-
larity) is an interval which did not yield palaeomagnetic
data by Gallet et al. (2000). Thus, the thick normal inter-
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val starts probably already in the uppermost Hambast
Formation. Close to the FAD of H. parvus, there begin
negative values in the carbon isotope curve (Korte et al.
in press).

In the Dorasham II-3 section of Azerbaijan the thick nor-
mal magnetozone starts at 0.5 m below the top of the
Paratirolites Beds (Zakharov & Sokarev 1991). The H.
parvus-calibrated PTB is located more than 1 m above
the top of the Paratirolites Beds, thus the base of the nor-
mal interval is situated in the uppermost Permian. In the
only a few kilometer distant Jolfa section (Iran), the cor-
responding level 0.5 m below the top of the Paratirolites
beds belongs to the upper C. yini-C. zhangi Zone. There-
fore, paleomagnetic results from the GSSP at Meishan
(Li & Wang 1989) and the composite Dorasham
(Zakharov & Sokarev 1991) and Jolfa sections from the
Azerbaijan-NW Iran region, and from the Abadeh sec-
tion are in good accordance.

In the Bulla (Pufels) section of the Southern Alps (Italy)
the thick normal magnetozone (Scholger et al. 2000) be-
gins close to the boundary between the Bellerophon Lime-
stone Formation and the Tesero Horizon (youngest re-
versed sample 5 cm below the top of the Bellerophon
Limestone Fm, oldest normal sample 5 cm above the base
of the Tesero Horizon), distinctly below the FAD of H.
parvus. The carbon isotope values of the lowermost Tesero

Horizon correspond to those of the C. yini-C. zhangi Zone
of Meishan and Jolfa (Korte & Kozur in press). In the
WSW-ward situated Siusi (Seis) section the base of the
normal magnetozone is located in the interval between
42 cm (uppermost reversed magnetised sample) and 72
cm above the base of the Tesero Horizon (lowermost nor-
mal magnetised sample) either within the uppermost
Tesero Horizon or within the lowermost Mazzin Member
(Scholger et al. 2000). Since the PTB in this section is
located some 7 m above the base of the Tesero Horizon,
being also indicated by negative values in the carbon iso-
tope curve (Newton et al. 2004), the normal magnetozone
is extending into the uppermost Permian. The compari-
son of the beginning of the normal magnetozone which
straddles the PTB in the Bulla and Siusi section indicates
a clearly diachronous boundary between the Bellerophon
Limestone Formation and the Tesero Horizon which was
already postulated by Kozur (1994) and can be also con-
firmed by stable isotope data (Korte & Kozur, in press).

In the Arctic the FAD of H. parvus is within the T. pascoei
Zone, which is located between the O. boreale s.s. and
the Ophiceras commune zones (Kozur 1998b). In terms
of magnetostratigraphy, both ammonite zones belong to
an interval of normal polarity, to which belongs also the
O. concavum Zone (Griesbach Creek, Arctic Canada, Ogg
& Steiner 1991). Therefore, also in the Boreal realm the
base of the relatively thick normal magnetozone is situ-
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ated within the uppermost Permian.

Summarily, in virtually all well dated marine sections
straddling the PTB, there is no reversed horizon around
the FAD of H. parvus, except the recent study from the
GSSP at Meishan (Zhu & Liu 1999).

Preliminary rock and paleomagnetic results
from Central and NW Iran
The Iranian sections Abadeh (Conodont Alteration Index,
CAI = 3), Shahreza (CAI = 2.5) and Jolfa (CAI = 1) (Fig.
1) were sampled for rock and paleomagnetic investiga-
tions in order to check the beginning and size of the thick
normal interval around the PTB. All these sections were
around the PTB on the southern hemisphere between
tropic of Capricorn (Abadeh) to about 1000 km north of
it (Jolfa), and Shahreza in between. 12 limestone beds
were collected, yielding a total of 42 oriented standard
(~11 cm3) paleomagnetic samples. Whereas 26 specimens
were subjected to thermal demagnetization, 16 samples
were demagnetized by alternating fields. The thermal
treatment was performed using an ASC Scientific TD48
oven. Measurements of natural remanent magnetization
(NRM) were made using an AGICO JR5A spinner
magnetometer. The alternating field demagnetization was
performed using the in-line triaxial alternating field de-
magnetizer of an automatic DC-SQUID 755SRM cryo-
genic magnetometer (2G Enterprises).

Furthermore, from each horizon one specimen was ex-
posed stepwise, to peak fields of 10 to 2700 mT in order
to record complete acquisition curves of isothermal re-
manent magnetization (IRM). It was applied with a 2G
Enterprises 660 pulse magnetizer and measured with a
Molyneux MiniSpin fluxgate magnetometer.

The magnetic properties obtained from this preliminary
study are similar to results recently presented by Gallet et
al. (2000). The NRM intensities of the limestones range
between 0.2 and 5.5 mA/m.

In the Abadeh section two horizons were sampled, the

first limestone bed above the Boundary Clay (C.
meishanensis-H. praeparvus Zone) and another one (up-
per stromatolithe layer) located ~1.8 m above the base of
the Boundary Clay (H. parvus Zone). All 5 specimens
reveal a rather strong present-day overprint. It is removed
below 300°C, with the majority of NRM unblocked be-
low 150°C and linked to a high coercivity component not
reaching saturation of IRM by 2.7 T, indicating the pres-
ence of goethite. Demagnetization to higher temperatures
yielded scattered directions. Thus, no identifiable char-
acteristic component of ancient origin is apparently
present in these samples. Only one specimen from the H.
parvus Zone reveals an isolable high temperature com-
ponent with a maximum unblocking temperature of
570°C. It is linked with a low coercivity component satu-
rated between 100 and 200 mT, which can be ascribed to
magnetite. It has a shallow negative inclination and a
southeastward declination, similar to recently obtained
data (Besse et al. 1998, Gallet et al. 2000). It is regarded
as a primary component, aquired during a geomagnetic
field of normal polarity.

In the Shahreza section three horizons around the PTB
were sampled, yielding a total of 10 specimens. In most
cases, the samples are characterized by a strong recent
overprint, with the majority of NRM, being unblocked
below 200°C, which is attributed to goethite. Above 200°C
most samples are indicated by scattered directions, being
similar to results obtained from the Abadeh section. Only
two samples from a horizon 7-11 cm below the base of
the Boundary Clay (around the boundary between the C.
iranica Zone and C. hauschkei Zone of upper
Dorashamian) reveal a characteristic component aquired
during a normal geomagnetic field. It is carried by a low
coercivity component, aquiring majority of IRM below
100 mT and being unblocked at maximum blocking tem-
peratures of 580°C, ascribed to the presence of magne-
tite.

In the Jolfa section (Figs. 2, 3) seven horizons were in-
vestigated, yielding a total of 27 specimens. The IRM
acquisition curves are all similar in shape acquiring the
majority of IRM in fields smaller than 100 mT, but not
reaching saturation by 2700 mT. At first, a weak local
present-day overprint with maximum unblocking tempera-
tures of 250°C is removed. Usually, above 250°C with
maximum unblocking temperatures of 560-580°C a fur-
ther component is isolated and interpreted as characteris-
tic remanence, carried by magnetite. Only in specimens
from site P1 the high-temperature component is charac-
terized by maximum unblocking temperature of 670°C
and linked with a high-coercivity component, being satu-
rated between 500 and 1000 mT, indicating the presence
of hematite.

Whereas specimens of site P0 from the upper C.
changxingensis-C. deflecta Zone were magnetized dur-
ing a reversed geomagnetic field, all other samples (P0A-
P5) from the C. hauschkei, H. parvus and I. isarcica zones
aquired their magnetization during a normal geomagnetic
field. These preliminary data are consistent with results

loc. 2
sect. V

Araxes riverISLAMIC REPUBLIC OF IRAN AZARBAIJAN

Jolfa
Kuh-e-Ali Bashi

0 1 2 km

N
loc. 1
sect. I - IV

Figure 2: Investigated sections from Kuh-e-Ali Bashi, 
9 km SW of Jolfa village (after Korte & Kozur, in press). 
Palaeomagnetic samples are from section V.   
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Figure 3: Position of palaeomagnetic and important conodont
samples in locality 2, section V of Kuh-e-Ali Bashi near Jolfa. 
P... = palaeomagnetic and conodont samples, 

reversed, measured by Dr. M. Szurlies, Potsdam  
V... = conodont samples,1 = Zone,
   = ammonoids,    = brachiopods,    = crinoids

N 
R

= normal, 
 = 

 C. hauschkei  

Reddish, marly, micritic nodular limestone with very
thin, reddish marl intercalations, with ammonoids, 
brachiopods and few deep water corals

Boundary Clay
in the upper part reddish brown, thin-bedded silty shales
and almost unbedded mudstones, in the lower part 
reddish-brown siltstones, silty shales and silty mudstones

In the lower part grey, yellowish to violet thin-bedded limestone, in the upper part 
pinkish, platy limestone

T
PBrown siltstone, partly hard and marly, hard, greenish-grey,

green and brown marls and limey marls, and greyish-violet
shale

Pink, yellowish weathered, mostly marly, platy limestones,
with beige shale intercalations 

Light-grey and black shale, marker horizon 

Light-grey to pinkish, thin-bedded limestone 

Thin- flaser-bedded, light grey limestone with brown spots 

Grey, yellowish-grey, partly pinkish limestones with 
numerous brown spots, some crinoids

Very thin-bedded, greyish to pinkish-grey limestones, 
yellowish-grey marls, yellowish to black shales

Medium-bedded, yellowish-grey or pinkish limestones,
with numerous brownish spots

Very thin-bedded, yellowish-grey limestone, grey shale and marl

1.47 m thin- to medium-bedded, grey to yellowish-grey
limestones, in some layers very rich in crinoids, partly
graded by crinoid remains of different size 
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from Azerbaijan (Zakharov & Sokarev 1991).

Conclusions
As to expect from the Conodont Alteration Index (CAI),
the Jolfa section (Kuh-e-Ali Bashi, locality 2, section V)
has brought the best paleomagnetic results. In future, this
section will be studied in detail. Preliminary results sug-
gest, that the PTB does not coincide with the base of the
thick normal magnetozone, but that interval straddles the
boundary extending into the uppermost Permian.

Including the beginning of the normal interval 0.5 m be-
low the top of the Paratirolites beds in the nearby
Dorasham II-3 section in Azerbaijan (Zakharov &
Sokarev, 1991) some kilometers toward the north of the
Jolfa section, the upper C. yini-C. zhangi Zone (proven
in Dorasham II-3, Zakharov & Sokarev, 1991), the C.
hauschkei Zone (proven in Jolfa), the C. iranica Zone
(proven in Shahreza), the C. meishanensis-H. praeparvus
Zone (proven in Abadeh, Gallet et al., 2000), the H. parvus
Zone (proven in Abadeh, Gallet et al., 2000, and con-
firmed by our rather weak data from this locality and our
good data from Jolfa), and the lower and middle I. isarcica
Zone (proven in Jolfa) belong to the normal interval which
straddles the PTB. Beneath, the upper third of the C.
changxingensis-C. deflecta Zone (proven in Jolfa), and
perhaps the lower part of the C. yini-C. zhangi Zone (no
data) belongs to a short reversed Zone.

Presented preliminary results and previous studies around
the H. parvus-calibrated PTB (e.g., Heller et al. 1988,
Zakharov & Sokarev 1991, Scholger et al. 2000) confirm
the paleomagnetic data published by Li & Wang (1989)
from the GSSP at Meishan. Furthermore, the results con-
firm the position of the PTB within the lower Calvörde
Formation of the Lower Buntsandstein (e.g., Kozur, 1989,
1998a, 1999, Szurlies, 2001), situated within the lower
part of the thick normal interval (sn1) (Szurlies, 2001,
Bachmann et al., 2003, Kozur, 2003, Szurlies et al. 2003).
The underlying thin reversed Zone (zrz) (Szurlies at al.,
2003) corresponds to the upper third of the C.
changxingensis-C. deflecta Zone, and to the lower part
of the C. yini-C. zhangi Zone. In the Germanic Basin it
comprises the lower Fulda Formation and the basal part
of the overlying upper Fulda Fm (Szurlies et al. 2003).
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The Mjølnir Crater
An approximately 1.5 km diameter bolide impacted the
Barents Sea (Fig. 1) at the Jurassic – Cretaceous bound-
ary and created a 40 kilometre-wide crater. Triassic and
Jurassic sediments were excavated by the impact, and
Triassic sedimentary debris dominates the crater infill.
The underlying Permian sediments seem undisturbed (Fig.
2). The Mjølnir crater was first recognised by
Gudlaugsson (1993) based on geophysical data. The im-
pact nature of the crater was clearly supported by the
records of shocked quartz grains and increased iridium
values in a drillhole 30 km from the crater periphery
(Dypvik et al. 1996). From these findings it was evident
that the impact took place in the upper part of the
Hekkingen Formation. In 1998, the drilling of a core pen-
etrating the central peak of the crater (Fig. 3) gave infor-
mation about the lithologies, structures and fossil content
of the crater-infill material as well as the first biostrati-
graphic dating of the overlying beds (Smelror et al. 2001).

The Mjølnir Crater is named after the hammer ‘Mjølnir’
used by the Norse God Tor to create thunder and light-
ning. The sediment filling the crater is called the Ragnarok
Formation (Dypvik et al. 2004b). Ragnarok means Ar-
mageddon or a catastrophe of devastating consequences.
Tor threw the hammer as a projectile at items he would
destroy.

Outside the crater itself the ejecta material form a wedge
thinning away from the crater and this wedge is named
the Sindre Bed. Sindre is the name of the dwarf and black-
smith who made Tor’s hammer Mjølnir. Forging the ham-
mer involved lots of sparks, fire and glowing melts, which
also is the meaning of the name Sindre (cinder, hammer-
scale), a proper name characterizing the air-borne ejecta
from the Mjølnir crater.

A large group of scientists from both Norway and other
countries have worked with the material. Geophysical,
sedimentological and palaeontological results have been
integrated to model the formation of the crater and its
subsequent infilling.

The Ragnarok Formation
The disturbed rocks cored between 171 m and 74.05 m
below seabed in the corehole 7329/03-U-01 represent
crater infill. They consist of chaotic and slump-dominated
sediments overlain by avalanche and mass- and gravity-
flow deposits (Fig. 4). The succession contains rock frag-
ments of lithologies resembling rocks found in surround-
ing areas of the Barents Shelf and on Svalbard (Mørk et
al. 1992, 1999). The sedimentology of the core and a re-
view of our knowledge of the Mjølnir structure are pre-
sented by Dypvik et al. (2004a,b).

The present core only penetrates the uppermost part (97
m) of the Ragnarok Formation. The base of the unit is
defined according to seismic data. The Ragnarok Forma-
tion is succeeded by the Hekkingen and Klippfisk forma-
tions and above them a 50 m thick Quaternary cover
(Smelror et al. 1998, 2001, Mørk et al. 1999).

The Ragnarok Formation was formed during Late Volgian
- Ryazanian times based on dating of the underlying and
overlying sediments (Smelror et al. 2001; Bremer et al.
2003; Smelror & Dypvik in press.). The formation, how-
ever, is dominated by re-sedimented fragments of late
Early to Late Triassic age. Material of Jurassic age is sub-
ordinate.

Palynology of the Crater infill
The palynomorphs of the Ragnarok Formation represent
a stratigraphic mixture representing upper Lower Trias-
sic (Spathian) to Upper Jurassic deposits. At irregular in-

Triassic sediment fills the Mjølnir Impact Crater (J-K
boundary),

Barents Sea – Arctic Norway

Atle Mørk2 and Jorunn Os Vigran1

SINTEF Petroleum Research, No-7465 Trondheim, Norway: atle.mork@iku.sintef.no
Mellomila 2, No-7018 Trondheim, Norway: vigran@online.no

Abstract - The Mjølnir Crater in the Barents Sea is 40 kilometres in diameter. Chaotic brecciated sediment named the
Ragnarok Formation fills the crater, and according to macrofossils and palynomorphs from above-lying strata, it was
formed by a large bolide at the time of the Jurassic – Cretaceous boundary. The central peak of the crater was drilled
in 1998, and palynological analyses of the drilled sediment show that the main volume of the infill is derived from
Triassic sedimentary rocks. The fossil occurrences as well as organic content and gamma radiation pattern indicate
that the poorly- to non-consolidated Jurassic sediment forming the sea bottom at impact time was ejected from the
area, while the slightly better consolidated Triassic sediments were redeposited in the crater. The present note informs
the community of Triassic researchers about this peculiar occurrence of mixed late-Early, Middle and Late Triassic
and minor Jurassic sediments in the crater infill.
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Figure 1. Location of the 40 km diameter Mjølnir Crater relative to the structural elements in the Barents Sea (from
Tsikalas et al. 1998b).

Figure 2 (opposite page). General stratigraphy of the Bjarmeland Platform and the Mjølnir Crater filled with the
Ragnarok Formation. Lithostratigraphical units of the Bjarmeland Platform are indicated to the right of the crater, units
occurring on land Svalbard to the left. Note that the crater disturbs beds down into the late Early Triassic but not the
top Permian. The crater is overlain by earliest Cretaceous sediments of the Hekkingen Formation.
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tervals Leiospheridia, an algal species, appears. In the
uppermost 2.5 m of the Ragnarok Formation abundant
Tasmanites algae, about ½ mm in diameter appear as black
spheres, which in thin-sections have a well-defined green
to orange appearance. Tasmanites algae of similar size
and preservation are abundant in Middle Triassic depos-
its on Svalbard. The dominance of Botryococcus and
marine plankton of presumed Jurassic age distinguishes
samples from the uppermost part of the formation, and
also have records in the overlying Hekkingen Formation
(Bremer et al. 2003). An algal bloom is also recorded in
the overlying Hekkingen Formation and indicates flour-
ishing condition with abundant nutrient immediately fol-
lowing the impact (Smelror et al. 2002).

Recorded age-significant Triassic taxa include
Jerseyiaspora punctispinosa (Fig. 5f) which occurs regu-
larly. It ranges from the late Spathian and is restricted
upwards to middle Anisian deposits. Triadispora obscura
(Fig. 5e) ranges from the late Anisian to the early Carnian,
and Echinitosporites iliacoides (Fig. 5b) is restricted to
Ladinian deposits of Svalbard and the Barents Sea Shelf
(Vigran et al. 1998). Protodiploxypinus macroverrucosus
(Fig. 5c) ranges from the Ladinian to the early Norian. A
late Ladinian - early Carnian association is recognised on
the basis of Doubingerispora filamentosa (Fig. 5d) with
a range from the late Ladinian to the late Carnian, and
Paracirculina tenebrosa with a range from the late
Ladinian to the early Carnian. Poorly preserved speci-
mens recorded as Early Jurassic dinocysts occur sporadi-
cally throughout and confirm the presence of Lower Ju-
rassic deposits throughout the Ragnarok Formation.

Dominantly Middle Triassic palynomorphs seem related
to the Middle Triassic associations recovered from de-
posits of the Sassendalen Group of Early and Middle Tri-
assic age (Mørk et al. 1992, 1999). Some of the
palynomorphs probably represent lower Carnian associa-
tions, i.e. the oldest deposits of the Wilhelmøya Subgroup.
It should be noted therefore, that the diverse evidence
described by Bjærke (1977) and Bjærke & Manum (1977)
from the youngest Upper Triassic deposits of Hopen and
Kong Karls Land has no records in the Ragnarok Forma-
tion. There is thus no evidence of Carnian-Norian and
Rhaetian deposits from palynology. Early Jurassic evi-
dence is recorded only sporadically, and in minor pro-
portions.
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Introduction
Late Olenekian and Anisian marine deposits in South
Primorye were firstly studied by D.L. Ivanov, the chief
of a geological team making reconnaissance work for the
construction of the Trans-Siberian railroad. He collected
Early and Middle Triassic ammonoids on Russian Island.
Representative collection of D.L. Ivanov was forwarded

Triassic Ammonoid Succession in South Primorye: 3. Late
Olenekian – Early Anisian Zones (Neocolumbites insignis,
Subcolumbites multiformis, Ussuriphyllites amurensis and

Leiophyllites pradyumna)

Yuri D. Zakharov1, Alexander M. Popov and Galina I. Buryi
1yurizakh@mail.ru

Abstract - A review of a new data on the Upper Olenekian (Neocolumbites insignis and Subcolumbites multiphormis
Zones) and Lower Anisian (Ussuriphyllites amurensis Zone) biostratigraphy of South Primorye is given on the basis
of the three main sections: Zhitkov Peninsula, Tchernyschew Bay and Golyi Cape. South Primorye area seems to be
one of most perspective regions of Far East for detailed investigation of the Olenekian-Anisian boundary.

to Austrian palaeontologist C. Diener (1895), who de-
scribed some Triassic ammonoids, including Middle
Olenekian Kazakhstanites nicolai (Diener) and Anisian
Ptychites sp., Acrohordiceras sp. indet. and Ussurites
sikhoticus (Diener). The role of Late Olenekian and
Anisian rocks in the South Primorye increased after pub-
lication of monographs by L.D. Kiparisova (1961, 1972)

Figure 1. Zhitkov Peninsula section, Russian Island, South Primorye.
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and some later works (Zakharov, 1968, 1978, 1997; Burij
et al., 1976; Buryi, 1979; Zharnikova, 1981).

Late Olenekian and Early Anisian ammonoid, brachio-
pod and conodont distribution

Zhitkov Peninsula
The Zhitkov Peninsula section is described at the north-

eastern part of Russian Island (Fig. 1). It is the stratotype
of the Zhitkov Suite (Formation), represented by
Neocolumbites insignis and Subcolumbites Zones. The full
thickness of the Suite is about 113 m. In descending or-
der, its sequence and overlying Anisian sediments in the
stratotype section are (Zakharov et al., 2003, Fig.2):

Figure 2. Lower Anisian Leiophyllites pradiumna Zone, Karazin Cape, Zhitkov Peninsula (Russian Island).

Anisian (Karazin Suite)
Leiophyllites pradyumna Zone
72. Sandy siltstone and striped sandstone with calcareous-marly nodules and lenses (Fig.2)..............................12.0 m
Bivalves – Pteria hoffmani Bittn., Gervilia panonica Bittn., ammonoids – Pseudosageceras simplex Kipar. and
Leiophyllites pradyumna Diener.
Apparently here were discovered Hollandites cf. japonicus Mojs. and Ptychites austroussuriensis Kipar., described
by L.D. Kiparisova (1961).
71. Middle grained arkose and quartz sandstone (Fig. 3).......……………………….............................................0.9 m
70 Sandy siltstone, middle grained sandstone and striped sandstone with calcareous-marly nodules
andlenses................................................................................................................................................................14.0 m
Ammonoids – Hollandites tozeri Zakharov, “Japonites” russkiensis Zakh. and Sturia japonica Mojs.
69. Striped mudstone and  siltstone with sandstone interbeds and calcareous-marly
nodules............................................................................……………………….………...............................…….1.2 m
Ammonoids – Leiophyllites pradyumna Diener.

Ussuriphyllites amurensis Zone

68. Mudstone and siltstone with interbeds of calcareous sandstone and calcareous-marly nodules (Fig. 4 and
5).……………………………………………………………………….…………….....................................…...2.5 m
Brachiopods, bivalves – Leda skorochodi Kipar., Entolium microtis Witt. and Neoschizodus laevigatus (Zieten).
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Figure 3. Lower Anisian arrose and quarts sandstone bed, Zhitkov Peninsula, Russian Island.

Figure 4. Ussuriphyllites amurensis Zone, Zhitkov Peninsula, Russian Island.
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Ammonoid shell remains (Prohungarites? sp., Paracrochordiceras? sp. and Cuccoceras? sp.) in this level were
found in neighbour locality (Paris Bay) (Zakharov and Rybalka, 1987).

Upper Olenekian (Zhitkov Suite)
Subcolumbites multiformis Zone

67. Mudstone and siltstone with sandstone interbeds, calcareous-marly nodules and lenses……….....................5.3 m
Brachiopods – Paranorellina parisi Dagys (1974), ammonoids – Arnautoceltites sp., Columbites sp. and
Subcolumbites multiformis Kipar.
66. Calcareous-marly lensis ........................................…………………………….….....................................…..0.2 m
Ammonoids - Subcolumbites multiformis Kipar.
65 Mudstone and siltstone with sandstone interbeds, calcareous-marly nodules and lenses (Fig.
6)......................................................………………………………………………......................................……...12 m
Ammonoids – Subcolumbites multiformis Kipar.
64. Calcareous-marly lensis.............................……………………………..…………..........................................0.3 m
Rhynchonellid brachiopods,  Costispirifena sp., bivalves –Palaeoneilo prynadai Kipar., P. elliptica Gold., Leda
skorochodi Kipar., Neoschizodus laevigatus (Ziet.), Pteria ussurica Kipar., cephalopods – Trematoceras
subcampanile (Kipar.), Grypoceras ussuriense Kipar., Pseudosageceras longilobatum Kipar., P. simplex Kipar.,
Zhitkovites insularis (Kipar.), Pseudoprosphingites globosus (Kipar.), Isculitoides? suboviformis (Kipar.),
Arnautoceltites gracilis (Kipar.), Prenkites aff. timorensis Spath, Preflorianites maritimus Kipar., Dieneroceras
karasini Kummel et Teichert and Subcolumbites multiformis Kipar.

Neocolumbites insignis Zone

63. Fine grained sandstone with mudstone and siltstone interbeds ............………………...................................5-8 m
62. Sandy siltstone and mudstone with rare sandstone interbeds and calcareous-marly nodules and
lenses................................................……………………………………………...............................................15-20 m

Figure 5. Olenekian-Anisian boundary, Zhitkov Peninsula, Russian Island.
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Ammonoids - Columbites sp.
61. Mudstone and siltstone with calcareous sandstone interbeds...........................................................................5-7 m
60. Sandy siltstone and mudstone with calcareous sandstone interbeds and calcareous-marly nodules and lenses
.......................................................…………………………………...............................................…………….8-10 m
59. Fine grained calcareous sandstone..........................………………………........................................………0.12 m
Labirintodonts – Aphaneramma sp. (=Lonchorhynchus) (Shishkin, 1964), ammonoids – Hellenites inopinatus
Kipar., Olenekoceras miroshnikovi Burij et Zharnikova and Procarnites sp.
58. Sandy mudstone and siltstone with rare sandstone interbeds and calcareous nodules.................................20-45 m
Ammonoids – Columbites sp. indet. (in the upper part).
57 Sandy mudstone and siltstone with rare calcareous-marly nodules. ................................................……….10-15 m
Plant remains – Pleuromeia stenbergi Münst. (Korzh, 1959), bivalves, gastropods, ammonoids – Svalbardiceras
zhitkoviense Zakh., Tirolites cf. subcassianus Zakh., Khvalinites cf. unicus (Kipar.), Hellenites inopinatus Kipar.,
Neocolumbites grammi Zakh. and Columbites sp. indet.
56. Siltstone with rare fine grained interbeds and calcareous-marly nodules.......................................................10.5 m
Nautiloids - Phaedrysmocheilus sp. and ammonoids – Olenekoceras sp.
55. Mudstone and siltstone with sandstone interbeds (Fig. 7)................................................................................3.3 m
Bivalves, nautiloids - Phaedrysmocheilus sp., and ammonoids – Pseudosageceras sp. indet., Nordophiceras sp. and
Columbites sp. indet.

Tchenyschew Bay
In descending order, the sequence of the Zhitkov Suite (82 m) and overlying Anisian sediments at the south-eastern
part of Russian Island are (Fig. 8):

Lower Anisian (Karazin Suite)
Leiophyllites pradyumna Zone
42. Sandy, striped siltstone with rare calcareous-marly nodules (Zakharov et a., 2003, Fig.4)…............…….13-20 m
Bivalves, ammonoids – Balatonites sp. indet.
41. Fine grained, striped sandstone with sandy siltstone and mudstone interbeds……………….........................6.0 m

Figure 6. Subcolumbites multiformis Zone (underwater slump), Zhitkov Peninsula, Russian Island.
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Figure 7. Busal beds of the Neocolumbites insignis Zone, Zhitkov Peninsula, Russian Island.

Figure 8. Tchernyschew Bay section (upper portion), Russian Island, South Primorye.
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Ammonoids – Leiophyllites aff. pradyumna (Dien.).
40. Middle grained, arkose, light-grey sandstone........…………………………...................................................0.6 m
39. Fine grained , grey sandstone with sandy siltstone and mudstone interbeds .................................................. 3.0 m
38. Fine grained, arkose with pieces of mudstone and fragments of brachiopod and mollusk shells.
.....……………………………………………………………………………….…............................................ 0.35 m
Conodonts – Hindeodella sp., Enantiognathus ziegleri (Dieb.), Neospathodus triangularis (Bend.), N. homeri
(Bend.).

Ussuriphyllites amurensis Zone

37. Sandy mudstone and siltstone with lenses of calcareous sandstone and calcareous boulders containing some
terebratullid and rhynchonellid brachiopod and nautiloid
shells........................................……………………………....................................................................................1.1 m
Shark teeth in association with terebratullid and rhynchonellid brachiopods (from talus) (Fig. 9).
36. Sandy mudstone and siltstone. ..............................……………………………..............................................0.35 m
35. Mudstone and siltstone with lenses of calcareous-marl (15 cm), calcareous sandstone-coquina (20 cm) and
arkose sandstone (10 cm) (Fig. 10)…………………………………………………………….....…....................1.5 m
Terebratullid and rhynchonellid brachiopod, bivalves, gastropods, ammonoids – Ussuriphyllites amurensis (Kipar.).

Upper Olenekian (Zhitkov Suite)
Subcolumbites multiformis Zone

34. Mudstone and siltstone with fine sandstone interbeds……………………………........................……. …....0.8 m
33. Fine grained sandstone....…………………………………............................................................................0.17 m
32. Sandy mudstone and siltstone with calcareous sandstone interbeds, containing small bivalve shells
……………………………………………………….………….……………………….......................…………3.2 m
31. Sandy mudstone and siltstone with calcareous-marly nodules and lenses of calcareous sandstone and calcareous
sandstone-coquina interbeds..........……………………………………...…….......................................................1.4 m
Brachiopods - Costispiriferina sp., bivalves –Bakevellia exporrecta Leps, gastropods, nautiloids – Trematoceras sp.,
ammonoids – Zhitkovites globosus (Kipar.), Subcolumbites multiformis Kipar. (dominant), Palaeophyllites superior
Zakh., labirintodont remains.
30. Sandy mudstone and siltstone with rare fine grained, calcareous sandstone. ..................................…………1.3 m
29. Intercalation of fine grained, calcareous sandstone and sandy siltstone and mudstone. ……..........................0.7 m
28. Siltstone with calcareous-marly nodules. .........................................................................................................1.5 m
Bivalves, cephalopods - Phaedrysmocheilus sp., Pseudosageceras sp., Arnautoceltites gracilis (Kipar.).,
Subcolumbites multiformis Kipar., plants – Cladophlebis gracilis Sze (V.I. Burago’s determination).

Figure 9. Earliest Anisian shark teeth, Tchernyschew Bay,
Russian Island.
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27. Sandy siltstone with calcareous-marly nodules …………………………..…………………..........................1.0 m
Bivalves, ammonoids - Subcolumbites multiformis Kipar.
26. Striped siltstone with calcareous-marly lenses and calcareous sandstone interbeds……...................………..0.8 m
25. Mudstone and siltstone with calcareous-marly nodules and lenses and fine grained sandstone interbeds.
.................…………………………...………………………………………………………..................………...4.2 m
Bivalves, cephalopods - Pseudosageceras sp., Arnautoceltites sp., Subcolumbites multiformis Kipar. One Prenkites
aff. timorensis Spath shell was found by H. Maeda in talus.
24. Fine grained, calcareous sandstone……...........…………………………………..…....…........................0.2-0.5 m
Cephalopods – Phaedrysmocheilus sp., Pseudosageceras sp., Arnautoceltites sp., Subcolumbites multiformis Kipar.
Closed interval (1-3 m in thickness).

Neocolumbites insignis Zone

23. Mudstone and siltstone with calcareous sandstone interbeds calcareous-marly nodules……..................…...3.0 m
Cephalopods - Phaedrysmocheilus sp.), Khvalinites unicus (Kipar.), Olenekoceras meridianus (Zakh).
22. Mudstone and siltstone with calcareous-marly nodules and rare calcareous sandstone and calcareous sandstone-
coquina interbeds and lenses. ..............…………………………………………………………....................…...2.5 m
Plants - Pleuromeia obrutschewii Elias, bivalves – Palaeoneilo prynadai Kipar., Pteria ussurica (Bittn.), Bakevellia
exporrecta (Leps.), Entolium sp., Anadontofora fassaensis (Wissm.), Nucula goldfussi (Alb.), Leda skorochodi
Kipar., scaphopods, cephalopods - Phaedrysmocheilus russkiensis (Zakh.), Khvalinites unicus (Kipar.), Hellenites
inopinatus Kipar., Hemilecanites discoideus Burij et Zharn., Hemilecanites sp., Columbites ussuriensis Burij et
Zharn., Procolumbites subquadratus Burij et Zharn., Olenekoceras miroshnikovi (Burij et Zharn.), Burijites
skorochodi (Burij et Zharn.), conodonts – Neospathodus homeri (Bend.) (Buryi, 1979).
21. Mudstone and siltstone with calcareous sandstone and calcareous sandstone-coquina interbeds....................1.5 m
Bivalves – Leda sp., Pteria sp., Bakevellia sp., gastropods, cephalopods – Phaedrysmocheilus sp., Khvalinites
unicus (Kipar.), Hellenites sp., Neocolumbites grammi Zakh., Procolumbites subquadratus Burij et Zharn.,
Olenekoceras sp.
20. Fine grained, calcareous sandstone with lenses of calcareous sandstone-coquina……………..............…….1.5 m
Bivalves - Bakevellia exporrecta (Leps.), Neoschizodus laevigatus (Ziet.), cephalopods - Phaedrysmocheilus

Figure 10. Olenekian-Anisian boundary, Tchernyschew Bay, Russian Island.
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russkiensis (Zakh.), Khvalinites unicus (Kipar.), Neocolumbites grammi Zakh., Olenekoceras miroshnikovi Burij et
Zharn.
19. Mudstone and siltstone with lenses of calcareous sandstone-coquina interbeds and fine grained , calcareous
sandstone interbeds. .....………………………………………………………………...........................................1.5 m
Plants - Pleuromeia obrutschewii Elias (V.A. Krassilov’s determination), bivalves – Bakevellia exporrecta (Leps.),
Neoschizodus laevigatus (Ziet.), cephalopods - Phaedrysmocheilus russkiensis (Zakh.), Columbites ussuriensis
Burij et Zharn. (dominant), Neocolumbites grammi Zakh., Olenekoceras miroshnikovi Burij et Zharn.
18. Mudstone and siltstone with fine grained, calcareous sandstone and lenses of calcareous sandstone-coquina and
rare calcareous-marly nodules.................................................................................................................................2.5 m
Ammonoids - Columbites ussuriensis Burij et Zharn.
17. Mudstone and siltstone with calcareous-marly nodules and plant detritus, intercalating with fine grained
sandstone…………………………………………………………………………...................................………...4.0 m
Plants – Pleuromeia obrutschewii Elias (V.A. Krassilov’s determination), bivalves, cephalopods –
Phaedrysmocheilus ussuriense (Kipar.), Khvalinites unicus (Kipar.), Columbites ussuriensis Burij et Zharn.
(Zakharov, 1997), labirintodonts – Aphanerama or Gonioglyptus (Shishkin, 1964).
16. Fine grained, calcareous sandstone. ................……………….……………………........................................0.2 m
Ammonoids –Neocolumbites grammi Zakh.
15. Mudstone and siltstone with numerous calcareous-marly nodules and plant detritus......................................1.0 m
Ammonoids – Proptychitoides sp., Khvalinites unicus (Kipar.), Neocolumbites insignis Zakh. (dominant),
Leiophyllites praematurus (Kipar.).
14. Mudstone and siltstone with calcareous-marly nodules.……………………..…….........................................9.0 m
Bivalves – Bakevellia sp.
13. Mudstone and siltstone with calcareous-marly nodules. .....…………………….....................................…....1.0 m
Ammonoids – Neocolumbites insignis Zakh., Columbites ussuriensis Burij et Zharn.
12. Mudstone and siltstone with numerous calcareous-marly nodules. ....................................................……….8.0 m
Ammonoids – Pseudosageceras sp., Khvalinites unicus (Kipar.) (dominant), Columbites ussuriensis Burij et Zharn.,
Columbites cf. parisianus Hyatt et Smith, Burijites skorochodi (Burij et Zharn.), Leiophyllites praematurus Kipar.
11. Intercalation of mudstone, siltstone and fine grained sandstone ....................................................................12.0 m

Figure 11. Golyi (Kom-Pikho-Sakho) Cape section, east Ussuri Gulf, South Primorye.
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Brachiopods – Spirifeacea, small bivalve and gastropod shells, ammonoids – Pseudosageceras sp., Khvalinites
unicus (Kipar.), Hellenites tchernyschewiensis Zakh,
10. Mudstone and siltstone with fine grained, calcareous sandstone and rare calcareous-marly nodules
...........................................…………………………………………………....................................…………..16-18 m
Ammonoids - Hemilecanites discoideus Burij et Zharn., Columbites cf. parisianus Hyatt et Smith, Burijites
skorochodi (Burij et Zharn.).

Golyi (Com-Pikho-Sakho) Cape

In descending order, the sequence of the Russian Substage (80 m) and overlying Anisian sediments of the eastern
Ussuri Gulf are (Fig. 11):

Lower Anisian (Karazin Suite)
Ussuriphyllites amurensis and Leiophyllites pradyumna Zones

29. Sandy siltstone with striped mudstone interbeds rare calcareous-marly nodules (Zakharov et al., 2002, Fig.
16)....…………………………………………………………………………………….……............................... 15 m
Ammonoids – Tropigastrites sublahontanus Zakh., Tropigastrites? sp., Leiophyllites cf. pradyumna (Dien.),
Hollandites tozeri Zakh.
Closed interval (10-15 m in thickness).
28. Striped, sandy siltstone with rare calcareous-marly nodules, containing bad preserved
ammonoids.................………………………….................................................................................................30-40 m
27. Mudstone and siltstone with fine grained sandstone interbeds and rare calcareous boulders….................…..18 m
26. Fine grained, light grey, arkose sandstone..……………………………………..………….…........................2.5 m
Bivalves, aptychi.
25. Striped mudstone and siltstone with fine grained sandstone interbeds. ..............................................................6 m
Closed interval (25 m in thickness).
24. Intercalation of sandy siltstone (7-20 cm) and fine grained sandstone (5-60 cm) ..........…….….......................6 m
23. Fine grained, light grey, arkose sandstone with pieces of mudstone at the base calcareous sandstone
boulders…………………………………………………………….......……………………….............................1.5 m
22. Intercalation of fine grained sandstone (12-20 cm) and siltstone (10-30 cm) ......….....................…………...3.0 m
Ammonoids - Leiophyllites? sp.
21. Fine grained sandstone with siltstone interbeds (5-7 cm).................................................................................7.3 m
20. Mudstone and siltstone.............................…………………………..………...................................................1.5 m
19. Intercalation of mudstone, siltstone and calcareous siltstone………………….....................…………………11 m
Ammonoids - Hollandites? sp.
18. Intercalation of mudstone, siltstone and sandy siltstone (with signs of underwater
slump)……………………………………………………………………………………………......................…0.5 m
Ammonoids – Hollandites? sp. (at 0.5 m below the base of the porphyrite dyke).
17. Striped, fine grained sandstone…………………………………………......................………………..……0.35 m
16. Striped sandy siltstone with lenses (2-3 cm) of light-grey arkose sandstone ………..…......................…..….1.2 m

Upper Olenekian (Zhitkov Suite)
Subcolumbites multiformis (?) Zone

15. Thin intercalation (5-20 cm) of sandy siltstone and fine grained sandstone………......................……………12 m

Neocolumbites insignis Zone

14. Sandy siltstone with thin (5-10 cm) interbeds of fine grained sandstone and rare calcareous-marly nodules
…………………………………………………………………………….…………...………......................…....60 m
Ammonoids - Olenekoceras? sp., Khvalinites unicus (Kipar.), Hellenites sp.
13. Mudstone and siltstone with numerous calcareous-marly nodules and interbeds (2-10 cm) of fine grained
sandstone…………………………………………………………………………….......................………..………8 m
Rhynchonellid brachiopods, small bivalve shells, cephalopods – Phaedrysmocheilus russkiensis (Zakh.), Columbites
ussuriensis Burij et Zharn., Neocolumbites sp., Columbites sp., conodonts – Neospathodus triangularis (Bender)
(Buryi, 1979), fish remains.
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Conclusions
South Primorye area seems to be one of most perspective
Far East regions for detailed investigation of the
Olenekian-Anisian boundary, taking account the good
exposition of its Lower and Middle Triassic sediments
characterized by abundant fossils.
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Chaohu is a mid-sized city in the central part of the Anhui
Province, southeastern China. It was on a deep part of
carbonate ramp in the Lower Yangtze Block, which was
situated in the low-latitude East Tethyan archipelago (Yin
et al., 1999). The best-studied Lower Triassic sections
are outcropped in the northwestern suburb within five
kilometers from the center of the downtown. The Lower
Triassic has been extensively studied in the area. A com-
plete Lower Triassic sequence is integrated by three ex-
posed sections, among which the North and West
Pingdingshan sections cover the strata from the Upper
Permian to the middle Olenekian while the South
Majiashan Section consists of the rocks from the lower
Olenekian to lower Anisian. The West Pingdingshan Sec-
tion has been proposed as a candidate GSSP of the Induan-
Olenekian boundary (Tong et al., 2003).

Ammonoid fossils are rich throughout the Lower Trias-
sic in Chaohu though they are commonly preserved as
mould fossils in the modrocks so that a definite identifi-
cation is usually difficult at a specific level. But most
Lower Triassic ammonoids are fortunately valuable in
stratigraphy at a generic level. Gu and Xu (1980) first
reported some Lower Triassic ammonoid fossils from the
South Majiashan Section in Chaohu. Then Gu (1982a, b)

and Wang and Guo (1982) described the rich collections
from the Lower Triassic at the same section and estab-
lished many new species, especially from the upper part
of the Lower Triassic, where the fossils are preserved
better. In the recent studies we also collected many am-
monoid specimens in the area, especially from the strata
around the Induan-Olenekian boundary at the
Pingdingshan sections. The collection was made as well
from the middle part of the Lower Triassic (upper Yinkeng
Formation and Helongshan Formation) at the Majiashan
sections. These fossils are mostly from mudrocks and the
preservation is usually poor. Some ammonoids are de-
scribed in a paper which has been in publication (Tong et
al., 1994). Based on the collection from the South
Majiashan Section, Guo and Xu (1980) proposed a Lower
Triassic ammonoid zonation in ascending order:
Lytophiceras-Ophiceras Zone, Prionolobus Zone,
Flemingites Zone, Anasibirites Zone, Tirolites-Columbites
Zone and Subcolumbites Zone. Late studies in the adja-
cent areas had basically confirmed this zonation except
for only few revisions, e.g. the Prionolobus Zone was
expanded as Gyronites-Prionolobus Zone (Gu, 1982b; Xu,
1987; Tong et al., 2003, 2004) and the Flemingites Zone

Lower Triassic Ammonoid Zonation in Chaohu, Anhui
Province, China

Tong Jinnan1 and Yuri D. Zakharov2

1China University of Geosciences, Wuhan 430074, China
2Far Eastern Geological Institute, Russian Academy of Sciences, Vladivostok 690022, Russia

Abstract - The ammonoid fossils are rich throughout the Lower Triassic of Chaohu, Anhui Province, Southeast
China. Six Lower Triassic ammonoid zones have been well recognized and described here in ascending order:
Ophiceras-Lytophiceras Zone, Gyronites-Prionolobus Zone, Flemingites-Euflemingites Zone, Anasibirites Zone,
Tirolites-Columbites Zone and Subcolumbites Zone.

Figure 1 Some ammonoids from the Ophiceras–Lytophiceras Zone of Chaohu
1. Ophiceras demissum (Oppel), 2. O. sp., 3. O. cf. compressum Spath, 4. Lytophiceras sakuntala (Diener), 5. L. sp.,
6. L. cf. chamunda (Diener); 1, 3, 4, 6 copied from Wang and Guo (1982), 2, 5 copied from Tong et al. (2004).



66

Albertiana 31
as Flemingites-Euflemingites Zone (Tong et al., 2003). It
can be seen that the ammonoid zonation covers the whole
Lower Triassic sequence, indicating the completeness of
the Lower Triassic in the area. The biostratigraphic se-
quence is also confirmed by the conodont sequence co-
existing with the ammonoid zonal fossils (Tong et al.,
1993).

1. Ophiceras–Lytophiceras Zone (Fig. 1)

This zone is characteristic of genera Ophiceras and
Lytophiceras. Most specimens are preserved as mould
fossils and hardly identified at a specific level but only
few species, e.g. Ophiceras demissum (Oppel) (Wang and
Guo, 1982; Tong et al., 2004), O. cf. compressus Spath
(Wang and Guo, 1982), Lytophiceras sakutala Diener
(Wang and Guo, 1982), L. commune Spath (Guo, 1982b)
and L. cf. chamunda (Diener) (Wang and Guo, 1982), are
recognized. This zone is situated in the lower part of the
Yinkeng Formation in Chaohu and the first appearance
of the index fossils of this zone is in Bed 11, 1.8 m above
the Permian-Triassic boundary, at the North Pingdingshan
Section. This zone contains conodonts Neogondolella
carinata, N. planata, N. krystyni, N. orchardi and
Hindeodus typicalis. Its age is the Early Induan.

2. Gyronites–Prionolobus Zone (Fig. 2)

The very common ammonoids in this zone are genus
Prionolobus. Most specimens are moulds and only few
of them can be recognized as species, e.g. Prionolobus
hsuyuchiei Chao (Tong et al., 2004), P. impressus
(Waagen) (Wang and Guo, 1982). No definite Gyronites
is found in Chaohu yet except for some questioned forms
(Tong et al., 2004) though it is common in the adjacent
areas (Guo, 1982). Koninckites is also a common form in
this zone of Chaohu. Other ammonoid genera occurring
in the zone include Ambites , ?Kymatites and

?Metophiceras (Tong et al., 2004). This zone is located
in the middle part of the Yinkeng Formation in Chaohu.
It covers the conodont zones from the top part of the
Neogondolella krystyni Zone to the lowermost of the
Neospathodus waageni Zone (Tong et al., 2003; Zhao et
al., 2003). The coexisting conodonts include
Neospathodus kummeli, N. dieneri, N. n. sp. C, N. n. sp.
D, N. waageni n. subsp. A and others. Its age is the Late
Induan, probably overlapping slightly the base of the
Olenekian.

3. Flemingites–Euflemingites Zone (Fig. 3)

This zone is defined by the appearance of Flemingites
and/or Euflemingites. Flemingites is the age-distinct form
of this zone. But the Flemingites with traverse ribs is some-
time hardly identified in mould specimens, whereas the
Euflemingites with distinctive spiral ridges is quite rec-
ognizable though it may not be so common as Flemingites
at some sections and occasionally extend into the base of
the overlying Anasibirites Zone. The coexisting genera
include Owenites, Pseudoceltites, Preflorianites,
Arctoceras and Koninckites, Dieneroceras, Clypeoceras.
The common species are Flemingites ellipticus Chao,
Flemingites kaoyunlingensis Chao, Euflemingites cf.
tsotengensis Chao, Koninckites lolowensis Chao,
Owenites pakungensis Chao, Dieneroceras dieneri (Hyatt
et Smith), etc. This zone correlates with the upper part of
the Yinkeng Formation and the lower part of the
Helongshan Formation in Chaohu, and with the lower part
of conodont Neospathodus waageni Zone (Tong et al.,
2003; Zhao et al., 2003), containing rich Neospathodus
cristagalli, N. waageni n. subsp. A, N. waageni n. subsp.
B., N. waageni waageni, Platyvillosus costatus, and some
N. dieneri, N. discretus, N. peculiaris, N. alberti, N.
spitiensis, N. novaehollandiae, N. conservatives,
Platyvillosus hamadai. This age is the early Olenekian. It

Figure 2 Some ammonoids from the Gyronites–Prionolobus Zone of Chaohu
1. Prionolobus impressus (Waagen) copied from Wang and Guo (1982), 2. P. hsuyuchieni Chao copied from Tong et
al. (2004)
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base is 26 cm above the proposed Induan-Olenekian
boundary defined by the FAD of conodont Neospathodus
waageni at the West Pingdingshan Section (Tong et al.,
2003).

4. Anasibirites Zone (Fig. 4)

This zone is rich in genus Anasibirites and the very com-
mon species is Anasibirites kingianus (Waagen). The com-
mon coexisting genera include Dieneroceras, Koninckites
and Juvenites. This zone also yields Arctoceras,
Prosphingitoides, Aspenites, Preflorianites,
Xenodiscoides, Clypeoceras, Eophyllites, Hemiprionites,
Isculitoides, and occasionally questioned Euflemingites.
This zone corresponds with the upper part of conodont

Neospathodus waageni Zone, occurring the upper part of
the Helongshan Formation in Chaohu. The conodonts
recorded in this zone of Chaohu are not so common as in
the underlying and overlying zones and most of them are
ramiform elements and Neospathodus spp., which might
include some new species, except for some Neospathodus
waageni, Aduncodina unicosta and Cornudina
breviramulis. The age of this zone is the middle Olenekian
(late Smithian).

5. Columbites–Tirolites Zone (Fig. 5)

This zone is characterized by the existence of Tirolites
and Columbites and the ammonoid fossils from the car-
bonate rocks are preserved relatively better. The common

Figure 3 Some ammonoids from the Flemingites–Euflemingites Zone of Chaohu
1-2. Flemingites kaoyunlingensis Chao copied from Wang and Guo (1982), 3-5. Euflemingites cf. tsotengensis Chao
copied from Tong et al. (2004)

Figure 4 Some ammonoids from the Anasibirites Zone of Chaohu
1-3. Anasibirites kingianus (Waagen), 4. A. cf. nevolini Burij and Zharnikova, 5. A. onoi (Yehara), 6-7. Dieneroceras cf.
ovale Chao, 8. D. cf. tientungense Chao, 9. Meekoceras pulchriforme Chao, 10-11. Owenites pakungensis Chao, 12.
Juvenites orientalis Chao; 1, 2, 6, 7, 10-12 copied from Tong et al. (2004), 3-5 copied from Guo (1982a), 8, 9 copied
from Wang and Guo (1982).
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species are Columbites parisianus Hyatt and Smith, C.
contractus Guo, Tirolites latiumbilicatus Guo, T.
jiangsuensis Guo, Columbites(?) discoides Guo, and
Hellenites compressus Guo. Other species include
Beneckeia majiashanensis Guo, Pseudosageceras
multilobatum Noetling, Sibirites eichwaldi (Keyserling),
Nordophiceras sp., Eophyllites sp., Tirolites aff. cassianus
(Questedt), etc. This zone is located mostly in the Lower
Member of the Nanlinghu Formation at the Chaohu sec-
tions. It correlates with the conodont Neospathodus n.
sp. M Zone, N. eotriangularis Zone and N. homeri-N.
abruptus Zone in Chaohu (Tong et al., 2003; Zhao et al.,
2003), containing conodont Neospathodus n. sp. M, N.
eotriangularis, N. triangularis, N. abruptus, N. homeri,
N. brevissimus, N. spathi, Icrispathodus collinsoni, and
Aduncodina unicosta. The age of this zone is the middle
Olenekian (early Spathian).

6. Subcolumbites Zone (Fig. 6)

The fossils of this zone are yielded in the Middle and
Upper Members of the Nanlinghu Formation in Chaohu
and the characteristic forms are the species of
Subcolumbites, e.g. S. perrinismithi (Arthober), S. cf.

perrinismithi (Arthober), S. chaoxianensis Guo, S.
chaohuensis Guo. This zone also yields Pseudoceltites
evolutus Guo, Arnautoceltites subglobosus Guo,
Hellenites cf. praematurus (Arthober), Proptychitoides
sp., etc. This zone corresponds with the conodont
Neospathodus anhuinensis Zone, containing conodont
Neospathodus anhuinensis, N. homeri, N. abruptus, N.
brevissimus, N. spathi, Aduncodina unicosta, Cornudina
breviramulis. The age of the zone is the late Olenekian
(late Spathian).
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Figure 5 Some ammonoids from the Columbites–Tirolites Zone of Chaohu
1-2. Columbites contractus Guo, 3. Tirolites latiunbilicatus Guo, 4-5. T. jiangsuensis Guo, 6. Xenoceltites praematurus
Guo, 7. X. opimus Guo, 8. Proflorianite ellipticus Guo, 9. Columbites(?) discoides Guo, 10. Sibirites eichwaldi (Keys),
11. Arnautoceltites subglobosus Guo, 12. Eophyllites sp.; 1, 9 copied from Guo and Xu (1980), 2-4, 10, 11 copied from
Guo (1980a), 5-8 copied from Wang and Guo (1982), 12 copied from Tong et al. (2004). The short lines in the figure
are all 1 cm long.
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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 contributions electroni-
cally, preferably by email or on 3½ inch MS-DOS for-
matted floppy discs together with a printed hard copy.
You may also use the Utrecht Albertiana FTP server (ftp:/
/131.211.28.153) to upload larger files that cannot be sent
as email attachments. The user name is “alb”, even so the
password is “palaeo”. Please DO NOT use BinHex-en-
coded files (MacIntosh) as these cannot be read! Those
who are unable to submit a manuscript in electronic for-
mat 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 graphics (e.g:
*.ai, *.cdr) that can be directly imported into Adobe
PageMaker. Please provide good, clean, flat, printed cop-
ies (NOT xerox copies) of any illustrations, which MUST
be designed to fit on an A4 page (centered, 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 Tri-
assic 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 Inter-
national Code of Zoological Nomenclature and in the In-
ternational Code of Botanical Nomenclature. The initial
letter of generic names should be capitalized; the initial
letter of the specific epithets should be in lowercase; taxo-
nomic names of genera and species should be in italics.
The initial letter of the unit-term (Biozone, Zone, Assem-
blage Zone) should be capitalized; for example, Exus
albus Assemblage Zone.”

The name of the fossil or fossils chosen to designate a
biozone should include the genus name plus the specific
epithet and also the subspecies name, if there is one. Thus
Exus albus Assemblage Zone is correct. After the first

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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