S~ off-print

Waagen'’s (1895) lithographic plate of the Ceratite limestone from Khoora section, Salt Range

THE GLOBAL MARINE PERMIAN-TRIASSIC BOUNDARY: OVER A
CENTURY OF ADVENTURES AND CONTROVERSIES (1880-2001)

by Aymon Baud

4 2 DECEMBER 2014
ISSN 0619-4324


aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine
Waagen’s (1895) lithographic plate of the Ceratite limestone from Khoora section, Salt Range

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine
THE GLOBAL MARINE PERMIAN-TRIASSIC BOUNDARY: OVER A CENTURY OF    ADVENTURES AND CONTROVERSIES (1880–2001)

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine
by Aymon Baud

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine
off-print

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine


Albertiana 42

Feature Historical Review

THE GLOBAL MARINE PERMIAN-TRIASSIC BOUNDARY: OVER A
CENTURY OF ADVENTURES AND CONTROVERSIES (1880-2001)

Aymon Baud

BGC, Parc de la Rouvraie 28, CH-1018 Lausanne, Switzerland. Email: aymon. baud@unil.ch

FOREWORD

Different views have been recounted on the Permian-Triassic
boundary story. Here are considered only some aspects of a
long story and for a more full account, especially of the early
development of the Permian-Triassic boundary, I refer to some
parts the Tozer’s (1984) book. As researcher in IGCP projects
from 1974, vice-chairman, chairman and past-chairman of the
Subcommission on Triassic Stratigraphy (1984-2000), I provide
here an insider point of view.

INTRODUCTION
FROM GRIESBACH TO DIENER: THE
DISCOVERY OF THE OTOCERAS AMMONOID
IN THE HIMALAYA

Carl Ludloph Griesbach

The story starts in 1880, when Carl Ludloph Griesbach (Fig.
1) was publishing a note on the Paleontology of the Lower Triassic
of the Himalaya: during his Survey of the Central Himalaya, he
discovered the Oroceras ammonoid (Fig. 1) and he was the first
who understood the importance of this fossil to mark the base of
the Triassic Series and the Permian-Triassic boundary. His Central
Himalaya’s studies were published in 1891.

Figure 1 — Carl Ludloph Griesbach with its Otoceras original plate (Griesbach, 1880).
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Edmond von Mojsisovics, Wilhelm Waagen
and Carl Diener

Shortly after Griesbach’s publication came out the Mojsisovics,
Waagen and Diener 1895 paper with the Lower Triassic
subdivision proposal made by Waagen and Diener (Fig. 2) in
which they strongly advised the use of the Otoceras Beds described
in the Central Himalaya to define the base of the Triassic.
In the same year, Wilhelm Waagen published an impressive
paleontological work on the Salt Range fossils (Fig. 3). This was
soon followed by the contributions of Carl Diener who explored

the Central Himalaya and published his survey in 1895 (Fig. 4).
Like Waagen before him, Diener visited the Salt Range, then the
Permian-Triassic sections in Kashmir. He discovers also Otoceras
specimens in Spiti Valley sections and made correlations with the
Shalshal Cliff section in the Central Himalaya (Diener, 1912).
All these extensive paleontological collections have been carefully
stored at the Geological Survey of India in Calcutta.

The first controversy starts with von Krafft (1901), Frech
(1902) and Noetling (1905) who assumed the Permian age of
Otoceras with references to the Transcaucasia sections.

Figure 2 — The Lower Triassic scale according to Waagen and Diener in Mojsisovics et al. (1895).

Figure 3 — Left, cover of the Salt Range fossils by Waagen (1895); right: plate XL of Waagen (1895) showing a
limestone slab of the Lower Ceratite limestone, Khoora section.
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Figure 4 — The cover of the Central Himalaya paper of C. Diener (1895).

THE ARCTIC ADVENTURES, AMMONOIDS
AND MIXED FAUNA

The Permian-Triassic succession and boundary of three main
areas of the Western Arctic have been intensely studied (Fig. 5,
left): Jameson Land on East Greenland with the expeditions of

Lauge Koch in the 1930’s (Fig. 5, right), of R. Triimpy in the
1950’s, and of C. Teichert and B. Kummel at the end of the
1960’s; Axel Heiberg and Ellesmere Islands surveyed by E.T.
Tozer; and Spitsbergen (Svalbard) Islands studied during three
expedition of a Japanese team leaded by Nakamura (1984) and
by K. Nakazawa in 1986.

Figure 5 — Left, Western Arctic map: 1— Jameson Land, 2- Axel Heiberg and Ellesmere Islands, 3- Spitsbergen (Svalbard)
Islands; right: the “Gustave Holmes” boat of the Lauge Koch Expedition close to Jameson Land (photo from Augusto Gansser,

a young geologist of the expedition).



4

Albertiana 42

Lauge Koch collections and Leonard Frank Spath

Between 1930 and 1950, large Cephalopod collections from
Eastern Greenland made by Lauge Koch (1931) were carefully
studied by Leonard Frank Spath (Fig. 6), allowing him to publish
a new and very fine subdivision of the Lower Triassic from the
Arctic region. Working on ammonoid biochrones, his basal

Triassic was called Otoceratan (Spath, 1934, Spath etal., 1951).

Rudolf Triimpy

At the end of the 1950s, Rudolf Triimpy, Professor in
Lausanne and Ziirich, Switzerland went to East Greenland
(Jameson Land, Kap Stosch), studied the late Permian to basal
Triassic macrofossils and, in 1960, he wrote an interesting study
about the problematic of the mixed fauna at the Permian-Triassic
transition. Later, in 1969, Triimpy published his work on the
Lower Triassic Ammonites from Jameson Land (Fig. 7) with
refined subdivisions of the local basal Triassic.

Figure 6 — Left, cover of the Spath’s catalogue; right, his Otoceras description (Spath, 1934).

Figure 7 — Cover of the 1969 Jameson Land Triassic paper with the Triimpy’s ammonites study.
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Edward Timothy Tozer

In the sixties, a Canadian paleontologist ammonoid specialist,
Edward Timothy Tozer (Fig. 8, left), started his famous Triassic
studies in the High Arctic, for the Geological Survey of Canada
(Fig. 8, right). As only geographic names are allowed for stage
name, Tozer gave the name of the pioneers of the Triassic studies
to small gullies or creeks, both on Axel Heiberg and on Ellesmere
Island (Fig. 9). That is why, in 1965, he took the opportunity to

subdivide the Lower Triassic Series in four stages, named from
these creeks: Griesbachian, Dienerian, Smithian and Spathian.

With Norman Silberling, the ammonoid specialist from
Denver (USA), Tozer extended the Arctic lower Triassic
subdivisions to the whole of North America and published (Tozer
and Silberling, 1968), as point of reference, the biochronological
scale and the subdivisions of the Western North America Triassic
(Fig. 10).

Figure 8 — Left, Tim Tozer surprised at the PTB in Nammal Gorge (Salt Range, Pakistan, December

1987); right, cover of the Tozer’s (1967) Triassic book.

Figure 9 — The four remote gullies (Creeks) used by E.T. Tozer as lower Triassic stages stratotypes.
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Figure 10 — Left, cover of the Silberling and Tozer (1968) basic Triassic paper; right, Tozer’s (1965, table 2) Lower Triassic
comparative classification with: 1 = Silberling and Tozer (1968), 2= Kiparisova & Popov (1956, 1961), 3 = Kiparisova &

Popov (1964), 4 = Spath (1934), 5 = Kummel (1957).

Curt Teichert and Bernhard Kummel

During the 1967 Summer, Curt Teichert specialist of Permian
Cephalopods and Bernhard Kummel specialist of Triassic
ammonoids get the opportunity to go and work on the Permian
Triassic transition in the famous Kap Stosch area. They finally
went to the conclusion that the Permian fossils with brachiopods

and bryozoans are reworked within the basal Triassic Ophiceras
beds (so called mixed fauna). The first paper was published in
1972 (Fig. 11), and the detailed description of the sections appear
in their 1976 paper with the conodont description in an appendix
written by Walter C. Sweet.

Figure 11 — Letft, first page of the Teicher and Kummel’s (1973) Kap Stosch paper; right, their plate with Ophiceratids accumulation.
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Koji Nakamura, Keiji Nakazawa and the Japanese
Group

As reported by Nakamura et al. (1987), a cooperative
study between Norsk Polarinstitutt and Hokkaido University,
Japan was undertaken during the year 1984 in West Central
Spitsbergen. The main objective of which was to obtain detailed

stratigraphical and palacontological informations on the Permian
and the Permian-Triassic boundary (Fig. 12). During the Summer
1986, Keiji Nakazawa leaded a Japanese geological expedition to
Svalbard with a report of Oroceras boreale finding in 1987. Further
studies were made in 1990, and the final Report published
by Tatsumi (ed.) in 1990 with the Nakamura et al. paper on
Permian-Triassic boundary.

Figure 12 — Left, Introduction of the PTB paper of Nakazawa (1992); right, a Permian-Triassic transition section in Spitsbergen

THE CENTRAL TETHYS

Research on Permian-Triassic transition along the central
Tethys margins concerned Transcaucasia (Armenia and
Azerbaidjan), Iran, Pakistan, Northern India and Tibet.

In the Salt Range, they started again in the 1950s, with
Schindewolf short survey published in 1954 and were followed
in the sixties by Curt Teichert, Bernhard Kummel and Walter
Sweet, and later by Keij Nakazawa and his Japanese team.

Transcaucasia; from Hermann Abich (1878) to Tim

Tozer (1969)

Due to the highly fossiliferous late Paleozoic, the Transcaucasia
attracted paleontologists as Abich (1878) and Mojsisovics (1879).
For Frech and Arthaber (1900) the Himalayan Oroceras were
Permian in age as the Armenian one’s. Bonnet (1919, Fig.13)
found large similarities between the Oroceras joulfense Abich and
the Himalayan Otoceras woodwardi, and fighting against Diener,
he strongly claimed a same Eo-Triassic age of the Armenian red
“Otoceras” beds. Due to the abundance of Xenodiscidae and
early Otoceratidae, the area became source of biochronological
problems and misplaced correlation. The story continued and
later Ruzhentsev and Sarycheva (1965), Russian paleontologists
incorrectly determined a basal Triassic Tompophiceras zone
below the Dzhulfites and Paratirolites beds. Influenced by this,

D.L. Stepanov, E Golshani and J. Stoklin (1969) published, on
the Iranian Julfa sections, a wrong correlation with a Permian-
Triassic boundary in the middle of the red ammonoid limestone
with Productus. Fortunately, after carefully studying Armenian
specimens, Tozer, the same year (1969), reinterpreted the data and
went to the right conclusion that the Permian-Triassic boundary
is to be placed above the red ammonoid limestone, at the top of
the Paratirolites beds. A long controversy was resolved.

Curt Teichert and Bernhard Kummel in association

with Walter C. Sweet

In the 1960s, Curt Teichert specialist of Permian Cephalopods,
Bernhard Kummel specialist of Triassic ammonoids and Walter C.
Sweet conodont specialist started to work together on Permian-
Triassic boundary sections of the Tethys: first in the Salt-Range,
then in Kashmir and finally in the Julfa section of NW Iran.
Both, separately or together, published very detailed reports on
examined sections and their macrofossil contents.

Curt Teichert and Bernhard Kummel undertook field work
in the Salt Range sections, Pakistan, in 1961 up t01964, and
Kummel published a first report in 1966, followed by an edited
book (Teichert and Kummel, 1970) that contains the description
of 12 main sections with the Permian-Triassic transition (Fig.
14). Walter C. Sweet (1970) wrote a section on the lower Triassic
conodont succession.
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Figure 13 — Cover of the book on the story of the Pierre Bonnet geological explorations in Transcaucasia, from 1909 to 1914.

Figure 14 — Left, C. Teichert photo and B. Kummel portrait; middle, cover of the Kummel and Teichert book (1970) on the Salt Ranges;
right: slide of the Central part of the Salt Range with, in the foreground, the Lower Triassic strata worked by Teichert and Kummel.
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Figure 15 — Left, view on the Guryul Ravine section; right: the Guryul Ravine section drawn by Teichert & Kummel (1970).

In 1968, Curt Teichert and Bernhard Kummel spend 2 days
at the Guryul Ravine section, Kashmir, India (Fig. 15), collected
samples and wrote a paper (Teichert & Kummel, 1970). The same
year, Sweet gave an account on the conodont zonation from late
Permian to early Triassic at Guryul Ravine (Sweet, 1970).

After short reconnaissance on Iranian side of the Transcaucasia
in 1966, Teichert went back with Bernhard Kummel in Julfa area
in 1968 and studied four sections along the slope. The Teichert et
al. paper was printed in 1973 (Fig. 16, left) and took account of

the Tozer’s views for interpreting the PTB position. The “upper
Julfa beds” was sampled in their locality 4 (Fig. 16, right), packed,
sent and stored at the Museum of Comparative Zoology, but
probably wrongly labeled with the name of the overlying unit
“Ali Bashi Formation”. This mistake has been the starting point
of controversies on the late Permian conodont succession and
determination, explained by Henderson et al., 2008 (this story
is related by Baud, 2008 and recently by Ghaderi et al., 2013).

Figure 16 — Left, cover of the Kummel and Teichert (1973) booklet on Julfa sections; right, view on the locality 4 of Kummel and

Teichert.
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Keiji Nakazawa and the Japanese Group

In 1969 and during the seventies, a Japanese Group leaded
by Keiji Nakazawa, in cooperation with local Survey, started
extensive studies of three main Permian—Triassic marine and
fossiliferous area of the central Tethys and published bed by bed
description and fossil contents.

In1972, detailed paleontological and sedimentological studies
have been carried out in Abadeh, Central Iran (Fig. 17, right) and
in Elburz Mountain by geologists of the Geological and Mineral
Survey of Iran and by a research staffs of Japanese universities
leaded by Keiji Nakazawa. Supplementary fieldwork was done
in 1975 and the extensive results (Fig. 17, left) were published
in the Kyoto University Memoirs (Iranian-Japanese Research
Group, IJRG, 1981)

With Hari Mohan Kapoor from Indian Survey, the Japanese

Group leaded by Keiji Nakazawa studied the Guryul Ravine
section, (Fig. 18, right) and surrounding sections of the Indian
Kashmir, during 1971 and 1972. The extensive results were
published in the Kyoto University Memoirs (Nakazawa et al.,
1975), the fauna in Nakazawa and Kapoor, 1981 (Fig. 18, left),
with the ammonoids systematic description by Bando, and
during the 80’, Tetsuo Matsuda (1981, 1982, 1983 and 1984)
wrote detailed conodont papers on the Kashmir Permian-Triassic
succession.

With colleagues from the Pakistani Geological Survey, the
Japanese Group leaded by Keiji Nakazawa studied in 1975, 1976
and 1979 the Nammal Gorge and seven surrounding sections in
the Salt and the Surghar Ranges, Pakistan (Fig. 19, right). The
first results were published by Pakistanese-Japanese Research
Group (PJRG), firstin 1981 (Fig. 19, left) and later in a 90 pages
detailed report (PJRG, 1985).

Figure 17 — Left, cover of the Kyoto University Memoirs on Abadeh (IJRG, 1981); right: view of the Abadeh section.
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Figure 18 — Left, Cover of the Kashmir book (1981); right: slide of the Guryul Ravine Permian-Triassic section with the Nakazawa

beds numbering and PTB (red line).

Figure 19 — Left, cover of the first Salt Range paper (PJRG, 1981); right: view on the Surgar Range with upper Permian and

lower Triassic in the ground.

THE INTERNATIONAL GEOLOGICAL
CORRELATION PROGRAM (IGCP),
CONFERENCES AND FIELD WORKSHOPS
(1974-2001)

Three years prior to the beginning of the International
Geological Correlation Program, a turning point event
in the Permian-Triassic boundary studies was the first
International Permian-Triassic Conference held August 23-
26, 1971 in Calgary (Canada) with over fifty contributions
on the paleontology, stratigraphy, sedimentology, radiometric
chronology, paleoclimatology and paleomagnetism of this time
interval and of the boundary. A. Logan and L. V. Hills edited

the Proceeding entitled “The Permian and Triassic Systems and
their Mutual Boundary” in 1972.

For nearly a century, the research of this boundary mainly
dealt with macrofossils and associated biochronology as tool for
correlation. Microfossils as conodont systematic and geochemical
analyses were only at the opening as magnetostratigraphy.

Heller at al. (1988) gave a first study on marine PTB magnetic
time scale on Shangsi section (Sichuan, China), a candidate for
the Permian-Triassic boundary section. Later on, Ogg and Steiner
(1991) published their data on the Lower Triassic stratotype of
Ellesmere and Axel Heiberg Islands, showing a normal polarity
within the Otoceras zones.



12

Albertiana 42

IGCP Projects 4 and 106 (1974-1984), Figs. 20 and
21 left.

Sponsored by UNESCO, in 1974 started the International
Geological Correlation Program with the Project 4 on “Triassic
of the Tethys Realm”, leaded by Prof. H. Zapfe from Vienna
University and Austrian Academy. The Project 106 “Permo-
Triassic stage of geological evolution” followed it up to 1984,

leaded by a Russian team with Dr. A.N. Oleynikov.

Two successful fieldtrips on Permian-Triassic boundary of
new areas, the Setorym Creek in Verkoyansk mountains (East
Siberia) and the Vedi and Sovetachen sections in Transcaucasia
(Armenia) were organized during the 1984 IGC in Moscow. It
was a unique opportunity for participants to collect samples of
these remote sections (Fig. 20).

Figure 20 — Left, E.T. Tozer between Y. Arkhipov and A. Dagis, field trip leaders, at the lower Otoceras beds, Setorym
Creek (E Siberia); right: Field trip participants in front of the snowy Ararat summit (Armenia), Zun-Yi Yang is on the right

and G. Kotlyar in the middle.

Figure 21 — left, IGC Project. 4. 106 and 203 short description; right: Zun-Yi Yang and Norman Newell at the PT boundary,

Shangsi section, March 1984.
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IGCP Project 203: “Permo-Triassic events in the
Eastern Tethys”, 1984-1989

In 1984 began the first Chinese IGCP project 203 (Fig. 21,
left) proposed and leaded by Prof. Zun-Yi Yang from Beijing
Graduate School, on “Permo-Triassic events in the Eastern
Tethys”.

With this project, the large opening of China to Western
scientists became operative and a successful conference took
place in Beijing, March 1984, followed by the fieldtrip to Shangsi
section in northern Sichuan province (Fig. 21, right). This is the
start of an active collaboration on Permian-Triassic boundary
studies with Chinese colleagues.

In July 1986 at Brescia (northern Italy), our Italian colleagues
organized a field conference on Permian and Permian-Triassic
boundary of Western Tethys sponsored by the IGCP Project 203.
The Proceedings of the Field Conference were published at the
“Memorie della Societa Geologica Italiana” (Cassinis, ed., 1988,
Fig. 22, left) with new views and aspects on the Permian-Triassic
boundary. An invitation was addressed to the members of the
International Sub-commission on Triassic stratigraphy (SST)
and to the members of the Permian-Triassic Boundary working
group to participate to a post conference field trip (Fig. 22, right)
on Permian and Triassic of Western and Southwestern Turkey
(Visscher, 1986) with the Kemer Gorge and the Curuk Dagh PTB
sections and a guidebook was published (Marcoux, ed., 1986).

IGCP Project 199: “Rare events in Geology”, 1984

The IGCP project 199 on “Rare events in Geology” started
in 1984 under the leadership of Prof. Ken Hsu (ETH Zurich,
Switzerland).

Among “Rare events”, the Permian-Triassic largest extinction
was the subject of a Conference in Beijing in 1987, followed by
a visit to the Nanjing Geological Institute (Fig. 23) and by an
international field workshop to the Meishan section, with the first
opportunity to sample the PT Boundary in the Meishan quarries.

Boosted during the 1980 by the IGCP Project 199, Bill
Holser (Fig 24), from Oregon University in Eugene (USA),

directed geochemical studies towards Permian and Triassic

successions. With him and Mordekai Magaritz from Rehovot
University (Israel), we started in 1985, the first database on stable
carbon isotopes of more than twenty Permian-Triassic boundary
sites from Southern Alps to South China, from studied sample
collections stored in Lausanne Geological Museum. We published
(Baud etal., 1989) twelve well dated sections with C isotope curve
from bulk rock marine carbonate samples showing, for the first
time, the global shift (Fig. 24 right) at the boundary: a new tool
for marine Permian-Triassic boundary correlation was open and
two main PTB candidate sections, Meishan and Shangsi were
concerned and illustrated.

With Viorel Atudorei and Halil Sharp (Lausanne University),
we provided a detailed C isotope data on a third PTB candidate,
the Guryul Ravine section, Indian Kashmir (Baud et al., 1996).
Some years later in Lausanne, Viorel Atudorei was the first to
publish a complete C isotope curve of the marine lower Triassic,
showing large positive anomalies within the well dated marine
succession of the Spiti Valley (Atudorei, 1999) and, Sylvain
Richoz (2004) first reported very detailed C isotope curves from
PTB sections in Turkey, Iran and Oman.

IGCP Project 272: Late Paleozoic and Early Mesozoic
Circum-Pacific Bio-Geological Events, 1988-1992

Succeeding to the IGCP Project 203, the Project 272: Late
Paleozoic and Early Mesozoic Circum-Pacific Bio-Geological
Events was leaded by J.M. Dickins from Australian Geological
Survey.

Just after the Kyoto IGC (end of August 1992), Profs. Yuri
Zakharov and Galina Kotlyar organized with my help the first
Permian-Triassic conference (Fig. 25, right) and field workshop in
Vladivostok (Russia). It was sponsored by the IGCP Project 272
and supported by the STS. The participants get the opportunity
to visit four main Permian-Triassic sections of this Far-East
Russian area, just open to foreigners scientists. A first report
was published by Dickins (1993). The proceedings of the field
workshop went out in Lausanne (Baud et al., ed., 1997, Fig. 25,
left) and the main Project 272 results were published by Dickins
et al. (1997).

Figure 22 — Left, cover of the Brescia Conference Proceedings; right: report on the PT West Turkey field workshop, 1986.
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Figure 23 — Left, IGC Project 199 Beijing meeting report; right: the participants of the “rare events” meeting on the steps of the Nanjing Geological
Institute, March 1987; in black and in middle front, Ken Hs, leader of IGC Project 199.Institute, March 1987.

Figure 24 — Left, W.T. Holser photo; middle: cover of the 1989 Baud, Holser and Magaritz Carbon isotope studies paper; right: the Carbon isotope
global shift as shown in the last figure.


aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine

aymonbaud
Texte tapé à la machine


Albertiana 42 15

Figure 25 — Left, cover of the Vladivostok Permian-Triassic conference Proceedings; right: round table on IGCP Project 272 during the Vladivostok
Permian-Triassic conference with Y. Zakharov, G. Kotlyar, J. M. Dickins, chairman, and the author.

IGCP project 359: Correlation of Tethyan, Circum- opportunity to participate to specific international meetings
Pacific and marginal Gondwanan Permo-Triassic with group discussion on the PTB and to visit Permian-Triassic
(1993-1998) sections in South China, in North Vietnam and in North

Caucasus. For the PTB, one of the major achievements was the

Led by Prof. Hongfu Yin (Fig. 26), this project, starting in publication of the Yin’s edited book (1996) on the four PTB
1993 and continued through 1997, gave to the participants the  .1ndidares (Fig. 26, right).

Figure 26 — Cover of Yin’s edited book on the four PTB candidates (1985)
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THE INTERNATIONAL SUBCOMMISSION ON
TRIASSIC STRATIGRAPHY (SST) AND THE
PERMIAN-TRIASSIC BOUNDARY WORKING
GROUP (PTBWG)

The history of the Subcommission on Triassic stratigraphy up
to 1984 has been well described by Tozer (1985). Albertiana, the
STS newsletter and platform of discussion publishing preliminary
notes, played a very important role in promoting agreement
among scientists about criteria fixing the Permian-Triassic
boundary, as did Permophiles, the Subcommission on Permian
Stratigraphy newsletter (Fig. 27).

Divergent opinions to define the boundary:
ammonoid versus conodonte

During the 1980’s two main camps rose out, the ammonoid
workers with Tim Tozer and the new conodont worker group
supported by Prof. H. Yin, former student of Prof. Z.-Y. Yang.

In 1984, Tim Tozer asked the PTBWG members about how
to define the base of the Triassic. The great majority answered
the Oroceras beds. But Normam Newell expressed his choice with
the base of the Dienerian as published in his 1988 paper. Galina

Kotlyar (1990) was in favor of the Ophiceras zone and correlative
Lsarcica conodont zone as Walter Sweet (1988, 1992). The Tozer’s
proposal was supported by the papers of A. Dagis (1988) and of
Nakazawa (1992, 1993).

The conodont specialists get their defender with the H. Yin
proposals (Yin, 1988): the first occurrence of the Hineodus
parvus conodont to define the base of the Triassic, -and the top
of boundary clay of Chinese sections as boundary stratotype.

The Lausanne Conference (1991)

Elected STS Chairman during the Washington ICS in
1989, 1 prepared with my colleagues Jean Guex (Lausanne),
Maurizio Gaetani (Milano), Jean Marcoux (Paris) and Hans
Rieber (Zurich) a Triassic Conference in Lausanne, Switzerland,
for October 1991 with the participation of most of the
Subcommission voting members. This conference was followed
by a one day fieldtrip in the Triassic succession of the nearby
Prealps (Fig. 28, right). The Triassic Conference proceedings
were published 3 years later (Guex and Baud, eds., 1994, Fig.
28 left). Urged by the International Commission on Stratigraphy
(ICS) we had, during this conference, to decide how to subdivide
the Early Triassic period among four proposals (subdivision in
1, 2, 3 or 4 stages). After a long discussion, the majority of the

Figure 27 — Left, cover of Albertiana 17 with Ophiceras tibeticum,; left: cover of Permophiles 31 with PTB view in Meishan quarry (up and right).
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Figure 28 — Left, cover of the 1991 Triassic conference Proceedings (Guex and Baud, Eds., 1994); right: the Triassic ammonite specialists W.
Weitschat, A. Dagis, H. Rieber and Y. Zakharov in the Saint-Triphon quarry (post-Triassic conference fieldtrip in Western Switzerland).

voting members proposed the two stage subdivision, named
Induan and Olenckian. A detailed report was made by Gaetani
(1992). I forwarded the choice to the International Commission
on Stratigraphy (ICS) and the new stage names were officially
adopted in 1992 during the International Geological Congress
(IGC) in Kyoto.

The Permian-Triassic Boundary Working Group
(PTBWG) reactivated

The next step of the STS was the setting up of stage boundary
working groups on Global Stratigraphic Section and Point
(GSSP). As the discussion at the PTBWG was, from 1984,
deadlocked, I proposed to H. Yin to reactivate it. Early in 1993,
a majority of the voting members elected Yin Hongfu as new
chairman. Efficiently, he submitted four GSSP candidates for
the boundary: the Meishan section (South China), the Shangsi
section (West China), the Selong section (South Tibet) and the
Guryul Ravine section (Kashmir, Northern India).

Very active, with the support of the Chinese geological
community, he answered point by point to the 1988 Tozer’s views,
showing the main difficulties when using the ammonoid Oroceras
to fix the boundary, and the great advantage to move to conodont
study for the correlations (Yin, 1994). This was debated during
the 1994 PTBWG meeting in Calgary. Yin Hongfu received
also a strong support in a 30 pages paper leaded by H. Kozur,
with A. Ramovs, C.Y. Wang and Y. Zakharov, to use Hindeodus
parvus (Kozur & Pjatakova, 1976) for the PTB definition and to
set up the Meishan quarry for the stratotype (Kozur et al., 1994).

In 1995, a majority of the working group approved the
Meishan section proposal for Permian-Triassic GSSP. This was

forwarded to the STS members with the new Yin’s edited book
(Fig. 26) on the four candidates (1996).

Return to High Arctic lower Triassic stratotype

Invited by Benoit Beauchamp I started collaborative work
on the Permian-Triassic transition on Ellesmere Island during
the summer 1992. Two years later, with Charles Henderson, we
sampled High Arctic localities with Oroceras for conodont studies,
to solve the controversy about the lower Ofoceas zone correlation.
The results were published in the Proceedings of the Beijing IGC
1996 (Henderson and Baud, 1997, Fig. 29, left) showing for the
first time that overlying Changxingian conodonts, the Hindeodus
parvus species appears in the middle of the upper Otoceras zone
(Otoceras boreale).

ACHIEVEMENTS:
THE NEW GSSP IN THE MEISHAN QUARRY

At the International Geological Congress (IGC) in Beijing
(1996), Yin Hingfu proposed the base of bed 27C at Meishan
section D with the first occurrence of the conodont Hindeodus
parvus for the base of the Triassic GSSP (Yin et al., 1996). But
I made the following warning of the very condensed succession
of the Permian-Triassic transition at the Meishan locality
with a frequent facies changes just below the boundary (not
recommended for a stratotype, Baud, 1996)). And the long
range, with numerous morphotypes of the selected H. parvus
conodont genus erected by Heinz Kozur on the finding of
Pjatakova in Transcaucasia (Kozur and Pjatakova, 1976) can
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Figure 29 — Left, first page of Henderson and Baud (1997); right: the Permian-Triassic team with the author between Charles Henderson (left)

and Benoit Beauchamp at Otto fiord, Ellesmere Island, 1994.

likely brought problems in the determination and consequently
in the correlation. Also a detailed discussion on the diachronic
H. parvus conodont first occurrence was published in Orchard
and Krystyn (1998).

Following a positive vote in 1999 by the STS voting members
on the Meishan GSSP, the proposal was sent by Maurizio Gaetani,
new STS Chairman to the ICS and ratified by the ICS general
Assembly, during the Rio de Janeiro IGC in 2000. And the new
GSSP final report appears in Episode (Yin et al, 2001). Officially,
the Meishan section became the new Erathem boundary with
the base of the Triassic Period fixed in the Meishan quarry (Fig.

30, left) .

This was unveiled in this quarry by an opening Ceremony of
the GSSP Monument, August 11, 2001 (Fig. 30, right), during
the International Symposium on “The Global Stratotype of the
Permian-Triassic Boundary and the Paleozoic- Mesozoic Events”
held in Changsing City and leaded by H. Yin.

Thus, after a long time, a successful achievement were done
and now the Meishan quarry houses a huge Geopark including
an Earth History Museum with giant sculptures and educational
exhibitions.

Figure 30 — Left, cover Albertiana 26; right the red ribbon cut ceremony of the Erathem boundary monument, in the Meishan quarry, August 11,

2001 with Charles Henderson (left) and the author.
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SOME CONCLUSIONS

During more than a Century were a rash of stage names for
the underlying late Permian as Saxonian, Araxian, Chhidruan,
Amarassian, Tatarian, Djoulfian / Dorashamian, Changhsingian.
Same of plenty stage names happen to the following lower
Triassic with successively Buntsandstein, Scythian, Brahamian,
Gangetian, Werfenian, Induan or Griesbachian. Finally, the ICS
adopted the Changhsingian for the latest Permian stage and the
Induan for the Earliest Triassic stage.

With the adoption of the Permian-Triassic GSSP in the
Meishan quarry by the ICS and the IUGS, started a boom
in Permian-Triassic transition studies, special volumes and
publications. Large opening of South China to foreign scientists,
new IGCP projects on extinction and recovery were encouraging
teams of young researchers in paleontology, biostratigraphy,
magnetostratigraphy, geochemistry and absolute dating, with the
coming out of hundreds of new papers each year.

But now, with the discover of extended latest Permian sections
in South China and extended earliest Triassic sections in Artic
areas, the actual Meishan highly condensed GSSP section shows
his borderline. As an extremely short duration of the Induan have
been established recently (see Burgess et al., 2014, Ovtcharova
et al., 2007), sure a new subdivision of the lower Triassic will
be proposed and a new locality for the GSSP will come in the
next future.
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