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Born in Rome, Scipione Breislak (1750-1826) may be considered one of the most distinguished Italian
Vulcanists and then Plutonists between the Eighteenth and early Nineteenth century. In the 1790s, he was
professor of Physics at the Military Academy of Nunziatella in Naples, where he also devoted most of his
time studying Vesuvius and the Phlegracan Fields, and so becoming acquainted with volcanic phenomena.
Breislak’s first works on the volcanic areas of Campania revealed how Bergman’s theories and Lavoisier’s
chemistry had affected his belief in the idea that volcanic eruptions were triggered by ignitions of petroleum
deposits. After a voluntary exile in Paris, due to the downfall of the Roman Republic, Breislak moved to
Milan (1802), where he was appointed Inspector of Gunpowders, and so having the opportunity to keep on
studying mineralogy and geology, with a specific attention to Lombardy and to the Alps. During the “Milanese
period”, he published, in two volumes, the Introduzione alla geologia (1811), which may be regarded as the
first Italian handbook about the recent science of Geology. In this work, he drew on Huttonian ideas to describe
the lithostratigraphical features of crystalline rocks. Without neglecting Breislak’s vulcanological hypotheses,
the paper aims at analyzing the influence of the Nineteenth-century Plutonist (Huttonian) stratigraphy on the
history of the Earth (Geohistory) he depicted in the Introduzione alla geologia. The influence of Plutonism — a
word which Richard Kirwan (1733-1812) expressly introduced to define James Hutton’s geological system
(Kirwan, 1810, p. 403), may be also recognized in Breislak’s rejection of transition rocks. Indeed, according to
him: «nature does not make passages of transitions, and each of its product has a specific and particular way to
existy» (Breislak, 1811, pp. 308-309; Vaccari, 1999, p. 34).

Breislak S. (1811) - Introduzione alla geologia. Volume 1: Stamperia Reale, Milano.

Kirwan R. (1810) - Elements of Mineralogy. Volume 1: Mackinlay, London.

Vaccari E. (1999) - Wernerian Geognosy and Italian Vulcanists. In: Albrecht, H. & Ladwig, R., Abraham Gottlob Werner
and the Foundation of the Geological Sciences, 26-35, Bergakademie Freiberg.
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The De Filippi expedition was a geographic, geological and overall scientific mission carried out in the
years 1913-1914 through the Himalayan Range from Kashmir to Baltistan and Xinjiang (then part of the
British Empire and China, today belonging to China, Pakistan and India), part of the expedition crossed the
remote region of the Aksai Chin with high mountains and highlands more than 5000 meters. Members of the
mission were, along with the leader Filippo de Filippi, the geologist Giotto Dainelli and the geographer Olinto
Marinelli, who surveyed the topography of the area and collected a large amount of rocks and Paleozoic,
Mesozoic and Eocene fossils, now stored at the Natural History Museum of Florence. The fossils were studied
by prominent Italian paleontologists such as Gortani, Merla, Parona and Fossa Mancini. A synthesis of the
knowledge about the geology and stratigraphy of the area was then published by Dainelli in 1937, and still
today represents the first and the only paper about the geology of Aksai Chin. While the western and the
southern areas surveyed by the expedition were subsequently traveled and studied by other scientific missions,
regarding the Aksai Chin the paleontological collections of the De Filippi expedition, consisting of tens of
well-preserved fossils, still nowadays represent the only tool to reconstruct a tentative stratigraphy of the
area, as our late Prof. Gaetani pointed out to us. The topographic survey of such uninhabited region was
detailed enough, and it has been possible to reconstruct both the route and the sampling localities with good
approximation. Some of the toponyms reported on official maps are in fact those (in Italian) assigned to the
topographic features during the expedition, such as “Monte della Piega” and “Valle Ignota” (“Fold Mountain”
and “Unknown Valley”). Dainelli states in his trip report that fossil localities were abundant, and that based
on his preliminary descriptions future geoscientists should easily find fossiliferous localities to investigate
the regional stratigraphy, not aware that he would be the only geologist to explore the area for at least more
than a century.Besides Paleozoic, Triassic and Jurassic faunas, which were already known in the region, the
Cretaceous fossils remarkably represent the first report for that Period in the Trans-Himalayan Range, including
bivalves, gastropods, ammonites, brachiopods and echinoderms. Following the descriptions of Parona and
Dainelli, the stratigraphy is marked by a >1km-thick succession of Cenomanian to Senonian (sic) limestones
and subordinated marls. The stratigraphic attribution was only based on macrofossils, and a revision of the
collection has never been undertaken. A re-evaluation of the fauna, also accompanied by thin section analysis
carried on small fragments of the samples, will provide new and more accurate data to constrain the Cretaceous
stratigraphy of the Aksai Chin and good correlation with other Tethyan palaeobioprovince.
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The quarries of the Verona district, active since ancient times, have been intensely exploited until the 19*
century. The excavated materials were used both in civil and religious architecture. The peculiarity that links
the Veronese marbles to some aspects of proto-lithostratigraphy, is that each “corso” (a rocky layer of the
Scaglia Rossa Veneta, a limestone also known locally with the name of lastame) was used for a specific scope
and was named after its main features related to the workability or to the aesthetic quality of the particular
lithotypes. Consequently each layer had a different explanatory name: “corso mato” (mad layer), “corso
machiato” (stained layer) and so on. On the other hand, the name of a geological formation could have been
derived from the name that the quarrymen historically attributed to the layers of the locally excavated stone.
In fact, for example the modern term Scaglia comes from the old verb “scagliare” (cut in layers), normally
used in some extractive sites, as also documented by some 18" century archive papers. This paper intends to
summarize and compare various lithostratigrapic columns that have been produced in the mountain area of
the Veronese quarries. One of the first lithostratigraphic sequence related to these territories - considered one
of the first representation of this kind in the world (Vaccari & Curi 2003) - was published by Gregorio Piccoli
in 1739: and many others were elaborated over the years (eg by De Zanche, Gonzato and others), within an
area widely studied from the geological and paleontological point of view during the 19" and 20" centuries.
The main layers from the Veronese quarries, their properties and the related building and ornamental uses will
be then analyzed from a lithographic point of view. Moreover, through a photographic apparatus, practical
cases of use of the local stones will be also shown. Finally, a brief reference to the 18th and 19th century
quarrying methods will be provided, as well as a table found at the Venice State Archive (Deputati alle Miniere
Collection), which lists the owners of the stone quarries, the location of the sites, the quality of the “marble”
and other important pieces of information about taxes and economic management.

Vaccari E. & Curi E. (2003) - Quarrying and geology in early 18" century Italy: the lithological column of Gregorio Piccoli
(1739) - in Geological Resources and History Proceedings of INHIGEO Meeting — Portugal, 417-429, Universidade
de Aveiro.
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Most geological handbooks associate the birth of stratigraphy to the figure of William Smith in the 18"
century, after a brief mention to the pioneer contribution of Nicolas Steno that almost a century before, in his
Dissertationis prodromus of 1669, had introduced the principles of geometric relationships between strata. On
the contrary, Leonardo da Vinci is often related, with other scientists, to the intuition that fossils are remains
of living organisms. Da Vinci was indeed much more than that. His excellence in Art has obscured many
achievements that Leonardo got in other fields. This is not surprisingly as the same instruction he had, as
usual at that time, was an integration of disciplines that now, in modern terms, we call Math, Art, Music,
Engineering and Natural Sciences. With this premise, it is somehow limiting to hypothesize that he could
have had just “glimpses” of more general concepts. His writings, often hard to decipher for the use both of
the Italian language and the application of a specular calligraphy, and his paintings, reveal that all concepts
commonly associated to stratigraphy (fossils as age-diagnostic tools, geometric properties and position of strata,
stratigraphic correlations, etc.) are deeply-rooted in Leonardo and fully integrated in mature observations of the
landscape. Leonardo’s contribution as a precursor of modern geology had been already acknowledged by De
Lorenzo (1920), who had underlined how Da Vinci, by the use of his sole mind, was able to anticipate global
concepts by three centuries. By the analysis of the drawings included in the Codex I and by the accompanying
notes, Baucon (2010) recognized evidences of bioerosion and bioturbation structures, among which the first
ichnological illustration of Paleodictyon. The celebration of the five-hundredth anniversary of Leonardo’s death
give us the best opportunity just in Milan, where he spent a large part of his life, and just at the International
Congress on Stratigraphy, to recognize Leonardo da Vinci as the true founder of modern stratigraphy.

Baucon A. (2010) - Leonardo da Vinci, The Founding Father of Ichnology, Palaios, 25, 361-367.
De Lorenzo G. (1920) - Leonardo da Vinci e la geologia. 204 pp. Nicola Zanichelli Editore, Bologna.
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On the 17" May, 1914, Arturo Issel presented a paper at a meeting in Rome of the members of the Reale
Accademia dei Lincei, class of natural, physical and mathematical sciences, on his observations and remarks
regarding a collection of Quaternary and recent fossils from SW Sardegna. He had received this collection
from his good friend and colleague Domenico Lovisato, a tireless explorer of the island. This paper was
published in the Atti of the Reale Accademia dei Lincei for 1914 where he outlined his reasons for introducing
anew regional denomination for a complex of strata that he referred to as the Tyrrhenian. The latter still stands
within modern stratigraphic classification as an Italian Marine Stage for the Mediterranean Sea marking the
base of the Late Pleistocene. The scientific importance of Issel’s observations, research and interpretations
within the geological sciences both nationally and internationally is underlined by the fact that he was a
member of 37 national and foreign scientific academies and societies. His malacological studies of the Red
Sea and two volume memoirs on the geology and prehistory of Liguria are still considered as major reference
works. He also introduced the term of bradyseism regarding slow uplift and subsidence in volcanic areas in an
extensive study published in 1883.

But apart from his geological contributions what do we know of the man himself?

He was professor of Geology at the University of Genoa for more than forty years and was renowned for
his extensive fieldwork in Liguria that apart from the geology encompassed varied aspects of the territory.
He travelled extensively for naturalistic exploration on various voyages to East Africa, the Red Sea and the
Mediterranean and was an active member of the Italian Geographical Society. He worked together with Giacomo
Doria the founder of the Natural History Museum of Genoa. He was an esteemed figure in Genovese society
and while a member of the city council where his judgement was both respected and valued, he was a constant
promoter of the sciences in general and established many popular scientific societies. This presentation will
provide a short biography of the career, scientific achievements and the wide-ranging interests of this Italian
geologist, mineralogist, palacontologist, geographer, speleologist, paleethnologist and naturalistic traveller.

Issel A. (1914) - Lembi fossiliferi quaternari e recenti nella Sardegna meridionale dal prof. D. Lovisato: Rendiconti
Accademia Nazionale dei Lincei, s. 5, v. 23, 759-770.
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Giuliano Ruggieri, one of the most important Italian paleontologists and stratigraphers of the 20th century,
contributed decisively in defining the chronostratigraphy now officially adopted for the marine Pleistocene. In
particular, his name is linked to the proposal of the Emilian and Santernian subplanes in the lower Pleistocene:
the latter was reported by Ruggieri in the Santerno valley north of Imola, in the Po Valley side of the Northern
Apennines. Ruggieri’s interest in the stratigraphy of the Santerno valley dates to the time of his thesis at the
University of Bologna, carried out under the direction of Michele Gortani (1883-1966), whose preliminary
results were published in 1939 when Ruggieri was still a student. Later, during his long academic career
in Sicily (1956-1988) which allowed him to work on the stratigraphy of the Plio-Quaternary deposits of
southern Italy, Ruggieri continued for almost sixty years, in several publications, to review and integrate his
paleontological and stratigraphic observations in the Santerno valley. In particular, in one of his last works
about the summit sandy deposits of the Pleistocene succession of Santerno - the so-called ‘Sabbie Gialle’
(yellow sands) of Imola - he proposed in 1993, with his typical polemical attitude, to partially recover and
reexamine the fossiliferous outcrops that he had studied during his early career and that in the last decades
had been obliterated for the construction of the Imola autodrome. The scientific value of Ruggieri’s work has
been recognized on the occasion of the centenary of his birth, when a geognostic survey was planned by the
Scarabelli Museum of Natural History in Imola to precisely locate and resample the outcrop of the ‘Sabbie
Gialle’ studied by Ruggieri in 1939.

Ruggieri G. (1939) - Il Calabriano nell’Appennino romagnolo, Rendiconti Reale Accademia d’Italia serie VII, vol.,
fasc.1-5, 60-62.

Ruggieri G. (1944) - 11 Calabriano e il Siciliano nella Valle del Santerno. Giornale di Geologia, serie 3°, volume XVII,
95-118.

Ruggieri G. (1952) - La limite entre Pliocene et Quaternaire dans la serie Plio-Pleistocene du Santerno. Congres
Geologique International, Alger, XV, 235-240.

Ruggieri G. (1975) - Sull’ordine di comparsa degli “ospiti nordici” nella sezione pleistocenica del Santerno. Boll. Soc.
Paleont. It., 94, 1603-1611.

Ruggieri G. (1993) - La malacofauna marina delle “sabbie di Imola”. Quaderni Studi Naturalistici Romagna, 2, 35-41.

Ruggieri G. & Selli R. (1948) - 11 Pliocene ed il Postpliocene dell’Emilia. Giornale di Geologia, serie 3°, volume XX,
1-14.

Ruggieri G. & Sprovieri R. (1983) - Recenti progressi nella stratigrafia del Pleistocene inferiore. Boll. Soc. Paleont. It.,
22(3), 315-321.
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Matera, in the UNESCO List since the 1993, as well as other villages such as Gravina, Ginosa and Massafra,
is located along the western flank of the Apulia Foreland (Southern Italy) and developed on spectacular river
valleys slopes (locally “gravine”), cut in Plio-Pleistocene carbonate rocks. Due to their exceptional exposure
these rocks have been intensively exploited and used as building and ornamental stones. These outcrop localities
were the subject of several researches aimed at the definition of their lithological and stratigraphical features.
The first scientist who described the lithological characters of these carbonates was Ferrante Imperato, that in
his Natural History (1599) introduced the term Piefra Leccese to indicate the Cenozoic “soft” carbonate rocks
cropping out in Apulo-Bradanic area. Almost two centuries later, Alberto Fortis visited Matera and described
for the first time the outcropping soft rock and its numerous fossils giving it the name of “tufo duro”. Giuseppe
Giovene and Michele Milano made a first attempt to establish the stratigraphic position of this lithological unit,
and, interestingly, following the plutonist theory then in vogue, defined it as rocks of volcanic origin (note that
the term “tufo”, introduced for these rocks by Fortis, is normally attributed to volcanoclastic rocks). In 1820,
Giovanni Battista Brocchi produced more detailed chronostratigraphic studies, broadly contemporary with the
first cartographic representation made by Rodolfo Amando Philippi. The tufo attracts the attention of Arcangelo
Scacchi, a local scholar who would have later found international fame as mineralogist, and the Russian
naturalist Pyotr Alexandrovich Chikhachyov. The interest in this lithostratigraphic unit increased worldwide
thanks to the work of the stratigraphist Karl Mayer-Eymar, who defined the sub-stage Materino just “from the
city of the Basilicata Region where its marine facies, [...], occurs under the lower Astian blue marls”. This
attribution opened a wide scientific discussion in which were involved Giovanni Capellini, Cosimo De Giorgi,
Giovanni Di Stefano, Carlo Maria Viola and that came up for discussion in Bologna at the 2™ International
Geological Congress. After further studies, conducted in the 19" and 20" centuries by Giuseppe De Lorenzo,
Francesco Virgilio and Maurice Gignoux (1913), the Materino sub-stage was officially abandoned (Cantelli,
1960; Azzaroli & Cita, 1967). Starting from the geological survey made in the ‘60s to produce the Geological
Map of Italy at 1:100.000 scale in the area of Matera and Gravina, the carbonate Plio-Pleistocene unit cropping
out in Matera was officially named “Formazione della Calcarenite di Gravina” (Azzaroli, 1968). This work
traces the evolution of geological and stratigraphic knowledge and the evolution of scientific thought that turn
around this important location of the Italian stratigraphy.

Azzaroli A. (1968) - Studi illustrativi della Carta Geologica d’Italia - Formazioni Geologiche. Servizio Geologico d’Italia,
I, 183-185.

Azzaroli A. & Cita B.M. (1967) - Geologia stratigrafica. La goliardica, Milano.

Gignoux M. (1913) - Les formations marines pliocénes et quaternaires de I’Italie du Sud et de la Sicile. A. Rey, Lyon.
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Henry James Johnston-Lavis (1856-1914) was one of the key characters of the Vesuvian volcanology of
the late nineteenth century. This English doctor arrived in the Neapolitan area in 1880 and devoted himself to
the study of Somma-Vesuvius “in the space time of his profession”, as he said. The results of over 30 years of
geological observations were some 30 scientific papers, some of which are still benchmarks in the knowledge
of Vesuvius. His description of the 1906 eruption, the geological synthesis of Mount Somma published in the
Quarterly Journal of the Geological Society of London in 1884, and the geological map at the scale 1:10,000
of the volcano printed in only 250 numbered copies by himselfin 1891, remain unsurpassable. He left also two
vulcanological bibliographies, each comprising over 300 pages and thousands of titles, which were compiled
together with his wife Antonia, a beautiful Neapolitan noblewoman. The second of these bibliographies was
edited after his death, in 1918. As Johnston-Lavis states in the introduction of The geology of Mount Somma and
Vesuvius: “The general form and outline of Monte Somma, the relation of the cone of Vesuvius piled around the
recent eruptive axis, to that of the prehistoric one, have so often alluded to by various authors, that the subject
might appear exhausted” (Johnston-Lavis, 1884). Such an observation continues to be valid nowadays for
Mount Somma. No papers on Vesuvius seams can start without a brief than generic evolutive history of Mount
Somma. In spite to this fact no exhaustive data set are present into the modern literature to describe the geology
and chronology of Mount Somma. The best geological description of Somma is still that of Johnston-Lavis,
that for the first time describes the presence of the huge breccia associated to the nowadays so called Pomici
di Base eruption on the north slope of Somma. Johnston-Lavis also deduces from the limited distribution of
such a breccia that the crater generated from that eruption cannot correspond to the present Somma caldera,
but have to be considerably smaller. At the same time, he assumes that a geometrical migration of the following
eruptive centers progressively originated that morphological depression. This vision of the Somma growth and
its Vesuvius lavas cartography is still valid because of the fact that, it is based on a great number of field data
and direct geological observations.

Johnston-Lavis H.J. (1884) - The geology of Monte Somma and Vesuvius, being a Study in Volcanology. Quart Journ
Geol Soc London, XL, 35-119.
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The nobleman Achille De Zigno (1813-1892) was an Italian geologist and naturalist who, during the 19"
century, extensively studied the geology and paleontology of the Veneto Region and Tirol. His notes in diaries
and field notebook were accompanied with a great number of extremely detailed drawings. His eight field
notebooks were written between 1841 and 1890, starting when he was 28 until almost his death in 1892. He
painted mountains sections and maps, geological outcrops and fossils ink drawings, together with archeological
and landscape views, but one of the most impressive feature in the De Zigno’s notebooks is the illustrations
of a great number of “strati”. This testifies for his great effort in understanding the age and stratigraphic order
of the main geological successions displayed in the visited mountains. In particular, in the spring of 1846 De
Zigno crossed the Dolomites and in a thirty-nine pages of one of its notebook described in detail the geology
of the area, giving us the unique possibility to understand the state-of-the-art of the Dolomites geology during
the middle of the 19" century. Using the geological map of the famous Prussian geologist von Buch, De Zigno
travelled from Auer (Ora) to Botzen (Bolzano), walking through all the western Dolomites, including Predazzo
village. This former locality, firstly described by Marzari-Pencati in the 1819, is famous for its rock layers
relationships not in harmony with the current stratigraphic theory, i.e. the Neptunism. Achille De Zigno’s
sketch of the Primitive granite rocks above the Stratified rocks, and thus not placed at the basement of all the
other rocks, gave a significant contribution to the history of Geology of the Dolomite of that time.
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Between 1667 and 1669, after several explorations and much research on the landforms and rock structures
of Tuscany and other parts of northern Italy, the danish anatomist Niels Steensen (Steno), had emphasized
the importance of an accurate interpretation of rock strata in the field for the reconstruction of the history of
the Earth. In his book De solido intra solidum naturaliter contento Dissertationis prodromus (Forerunner to
a Dissertation on a solid naturally enclosed within a solid, 1669), Steno outlined (and illustrated in a famous
plate) the historical sequence of geological events that occurred in the Tuscan territory after the Creation. This
chronological sequence, divided into six stages, may also be considered as his model for the general history of
the Earth’s surface. This ‘revolutionary’ approach, also known as ‘Stenonian heritage’, had a certain influence
on the early 18th century studies on the Earth’s strata in Italy. In fact, during the early 18th century, the trend
of observing the structure of the mountains contributed in focusing many studies on the morphological and
lithological differentiation of the strata according to their different forms and rock content. In this context,
the debate on the origin of springs was very significant also in Italy for the detailed study of the rock strata
in the field. Around the middle of the 18th century, the complexity of the geological characteristics displayed
by the numerous regional studies introduced a new problem. The structure of the Earth’s surface could no
longer be explained only with the statement that the Earth’s crust was formed of a regular sequence of strata
of sedimentary origin -that is, deposited within seawater. Several different processes seemed to have deposited
and later modified the rock strata, and also formed the massive rocks that composed the terrestrial reliefs. The
great variety of these rocks and their different shapes and positions also begged the question of their age within
the history of the Earth. Consequently, investigations of the composition and formation of mountains and their
rock strata expanded rapidly. The first classifications or sub-divisions of mountains, which also included the
classification of their different rock types, supported the idea of the relative chronology of the sequence of the
studied strata: that is, the most recent or the most ancient formation could be deduced not only from its position
within the sequence, but also from its rock type (especially when the order of the strata was confused). In short,
the aim was to provide a chronological scheme for the successive formation of different types of rocks that
formed different kinds of mountains. The most significant classification of mountains and rock units was that
published by Giovanni Arduino (1714-95) in his Due Lettere sopra varie osservazioni naturali (Two Letters
on various natural observations, 1760), later revised and enlarged in 1774. The classification of mountains can
be considered a central topic in the history of 18th century geology because it gradually introduced the idea
of geological time connected to a complex history of the Earth - a history made up of a series of important
successive changes in the Earth’s surface that could be observed in its most prominent geomorphological
features: the mountains. The different kinds of rocks, the strata or massive formations that form hills and
mountains, therefore became the indispensable keys for recognizing the path of such a long history. This
happened well before the systematic use of fossils as chronological indicators, which was an early 19th century
achievement and led to what is known today as historical geology or stratigraphy.
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High-resolution calcareous nannofossil biostratigraphy for the Lower Cretaceous
(Berriasian - Aptian) of the Lower Saxony Basin
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Lower Cretaceous sediments forming the basinal facies of the Lower Saxony Basin in Northern Germany
consist predominantly of monotonous clays and clayey marls. These fine-grained sediments usually provide a
moderately to well preserved calcareous nannofloras. Here we studied uppermost Berriasian to lower Aptian
sediments comprising the following key events: (a) the Valanginian “Weissert Event”, (b) the early Barremian
“Hauptblétterton” and (c) the early Aptian “Fischschiefer” (FOAE 1a).

Five drill cores have been investigated over the last years (Frielingen 9, Zuckerfabrik 2, Scharrel 10,
Scharnhorst 3) or are currently studied (Wiedensahl 2) with respect to calcareous nannofossils in order to
establish a detailed biostratigraphic scheme for northern Germany based on previous works by Bown et al.
(1998) and Mutterlose (1991). In total more than 400 samples are being qualitatively studied for calcareous
nannofossils allowing to evaluate the applicability of these existing zonation schemes at a high-resolution.
Further, high-resolution chemostratigraphy based on XRF core scanning of the drill cores Frielingen 9, Scharrel
10 and Zuckerfabrik 9 allows for testing the synchronicity of appearances or disappearances of marker species
on a regional scale.

Bown P.R., Rutledge D.C., Crux J.A. & Gallagher L.T. (1998) - Lower Cretaceous. In Bown P.R. (ed.), Calcareous
Nannofossil Biostratigraphy. Kluver Academic Publishers, Dordrecht, Boston, London, 86-131.

Mutterlose J. (1991) - Das Verteilungs- und Migrationsmuster des kalkigen Nannoplanktons in der Unterkreide
(Valangin-Apt) NW-Deutschlands. Palacontographica Abteilung, 221, 27 - 152.
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The Aptian GSSP candidate at Gorgo a Cerbara (Central Italy): an alternative interpretation
of the bio-, litho- and chemostratigraphic markers
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During the Second International Symposium on Cretaceous Stage Boundaries held in Brussels in 1995,
the Aptian Working Group (ISCS) claimed that no biostratigraphic markers (ammonites, calcareous
nannofossils or planktonic foraminiferas) could stand as a proper datum for the definition of the base of the
Aptian Stage (Erba 1996). The majority of the Working Group members recommended to use the base of the
reverse magnetochron CMOr as the primary marker for the base of the Aptian, and they selected the
Maiolica-type Gorgo a Cerbara section (Umbria—Marche Basin, Central Italy) as a possible GSSP. Based on
chemostratigraphic correlations between Italy and southeast France, Gradstein et al. (2012) and Ogg et al.
(2016) assumed that the base of magnetochron CMOr coincides with the base of the Deshayesites
oglanlensis Zone that is taken to mark the base of the Aptian in the Mediterranean Tethys by means of
ammonites. This statement is based on a short note in the annual report of the Subcommission on Cretaceous
Stratigraphy and was never sustained by a proper discussion (Frau et al., 2018). For the time being, no
Tethyan section has yielded an accurate calibration to the magnetic zonation with respect to the FO of
Deshayesites oglanlensis. Moreover, our recent investigation showed that the bio-, litho- and
chemostratigraphic events recorded at Gorgo a Cerbara, below, at, and above the magnetochron CMOr fall
within the latest Barremian Martelites sarasini ammonite zone (Frau et al., 2018). Even if there is no formal
historical priority in stratigraphy, to include the Martelites sarasini Zone in the Aptian Stage would
considerably alter the concept of the Barremian under current use.

Erba E. (1996) - The Aptian stage. In: Rawson, P.F., (ed.), Proceedings of the 2nd International Symposium on Cretaceous
Stage Boundaries. Bulletin de I’Institut Royal des Sciences Naturelles de Belgique 66, 31-43.

Frau C., BulotL.G., Delanoy G., Moreno-Bedmar J.A., Masse J.P., Tendil A.J.B. & Lanteaume C. (2018) - The Aptian GSSP
candidate at Gorgo a Cerbara (Central Italy): an alternative interpretation of the bio-, litho- and chemostratigraphic

markers. Newsletters on Stratigraphy, 51(3), 311-326.

Gradstein F.M., Ogg J.G., Schmitz M.D., Ogg G.M., (coordinators) (2012) - The Geologic Time Scale 2012. Elsevier,
1174 p. (2-volume book).

Ogg J.G., Ogg G.M. & Gradstein F.M. (2016) - A Concise GeologicTime Scale 2016. Elsevier, 234 pp.
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The boundary between the Santonian and Campanian Stages has been problematic for stratigraphers to
define, largely because of the regional and facies restrictions of faunas and floras at this time in the Cretaceous.
The markers discussed at the 1984 Copenhagen symposium included:

— Appearance of the ammonite genus Submortoniceras (regionally restricted).

— The Scaphites hippocrepis lineage — specifically Scaphites leei 111 (WI Basin and Gulf Coast).

— The FO of the belemnite Gonioteuthis granulataquadrata (only northwest Europe)

— The extinction of the crinoid Marsupites (global, but only in chalk facies)

— FO of the nannofossil Broinsonia parca

— FO of the benthonic foraminifer Bolivinoides strigillatus (diachronous, northwest Europe only)

— The 34-33r magnetic reversal.

— The extinction of the planktonic foraminifer Dicarinella asymmetrica (deep marine Tethyan restriction).

In practice, workers in various faunal realms and diverse facies have used regional criteria to define the
boundary. Thus; in deep water Tethyan settings, the extinction of D. asymmetrica, known to coincide with the
magnetic reversal 33r is used; the coincidence of the FO of Scaphites leei 111 with the extinction of Marsupites
provides a valuable correlation tool between the Western Interior Basin and northern Europe; the discovery
of Marsupites in the Pacific Realm (British Columbia) allows correlation of the endemic ammonite and
inoceramid faunas. The problem has become the correlation between the ammonite: Marsupites boundary
usage, and the deep Tethyan definition of extinction of D. asymmetrica plus the magnetic reversal chron 33r.
This can now be resolved using carbon isotope stratigraphy, because a distinctive positive, double excursion,
called the Santonian-Campanian Boundary Event, can be identified widely in Tethys, northwest European
Boreal chalks and is also found in the Western Interior Basin, and Japan. This event permits the correlation of
regional biostratigraphies to a global standard. Use of the well-studied Gubbio Bottacione section for a GSSP,
with the primary marker of the 33r magnetic reversal, is a possibility.
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Two Upper-Paleozoic key sections Upper Paleozoic sections in Uugorsky Peninsula and Polar Urals were
the main purpose of the first done study with usage of a wide spectrum of geochemical methods. Testing
was goaled to verification of stratigraphic boundaries unlike previous researchers, who mainly studied the
biostratigraphy in detail. For the first time various geochemical criteria such as f6"°C_ , Sr/Ba, absolute age of
detrital zircons of sandstone, etc. were used for facies interpretation, determination of stratigraphic boundaries
and testing the abiotic signals at the selected boundaries. In the Pay-Khoi section, the determination of St/
Ba together with lithological data allowed the identification of depositional environment of four formations
- deep-water Khabarovsk Fm. (O,), coastal-marine Pyrkov Fm. (D,fr), shallow-water Bolvansky Fm., (C,v,
—C,b), and Chaiyka reef (C,m-C k). The Ba/Ga ratio confirmed the coastal-marine genesis of the siliciclastic
rocks of the Pyrkov Fm. interpreted as a bar complex with possible periodical influx of freshwater. In the
Kozhim section, the specimens were divided into two groups based on the values of B and the B/Ga ratios.

The Devonian and Silurian sediments were accumulated in a shallow water basin with normal salinity.
Coal-bearing samples of the Inta and Kozhimrudnik fms. (P k) showed low concentrations of B. Facies are
corresponded to desalinate coastal conditions or peat marches located along the coasts. Drastic change of
6‘3Ccarb was found at the S/D, D/C, and Mississippian/Pennsylvanian boundaries. The anomalies were used to
clarify the stratigraphic position of boundaries and comparison with global " . curve. The C,boundary was
specified in the monotonous carbonate deposits of the Bolvanskyi Fm. in the Pay-Khoi section. There 6"°C_
gradually decreased from 2,5 %o to 1, 5% and later increased up to 3%o. The boundary is confirmed by new
biostratigraphic data as well. The first results of the U-Pb dating of zircons were obtained from the sections
studied (Isotopic Centre of VSEGEI, SHRIMP II). The maximal number of zircons shown Visean - Lower
Bashkirian age: 316-351 + 3 Ma (18 grains). In the Polar Urals the Upper Devonian-Lower Carboniferous
volcanoclastic deposits are known in Voikar paleo-arc. In addition, the western Magnitogorsk volcanic Arc
stretched out to 70 N.L. (Puchkov, 2018). The zircon provenance seems to be the acid intrusions formed at the
final stage of the collisional volcanic activity via the subduction of Uralian Ocean. According the U-Pb dating
of zircons extracted from sandstone of the Gusinaya Fm. (P a) its age is 252.4-289.6 = 1.2 Ma (8 grains).
Permian zircons were also selected from sandstones of the Kozhimrudnik and Inta fms., which accumulated in
the Pre-Uralian foredeep. The provenance area was probably in the north of the Urals-Siberian Large Igneous
Province (Puchkov, 2018).

Puchkov V.N. (2018) - The Plumes — a new word in Geology of the Urals. Lithosphere, 18(4), 483-499.
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Calcareous nannofossils and stable isotopes have been investigated from a Cretaceous (late Barremian
- early Aptian) pelagic section in southwestern Iran (Zagros Basin). The studied sediments mainly consist
of marls, marly shales and radiolarian black shales. Based on calcareous nannofossil findings, the studied
interval is spanning nannofossil zones NC5C to NC7B following the scheme of Roth (1978). The most
important bio-events observed are the first occurrences (FO) of Rucinolithus irregularis and Eprolithus floralis
which subdivide the studied interval into biozones NC5, NC6 and NC7. Our 613CCarb record and calcareous
nannofossil biostratigraphy corresponds to stratigraphic schemes of other parts of the Tethys Realm, though
certain differences have been observed. Based on our data, the FO of Rucinolithus irregularis is the most
reliable event for defining the Barremian - Aptian boundary. Near this bioevent a positive and a subsequent
negative excursion has been recorded. A slight negative excursion near the Barremian - Aptian boundary,
which has been reported from other parts of the world, is here interpreted to reflect an oceanic anomaly, the
Taxy Episode. The causes of this anomaly are seen in increased submarine volcanic activity of the Ontong Java
in the Pacific. During the humid Taxy Episode, anaerobic conditions developed in the Tethys (F6llmi, 2012),
which are recorded by black to dark gray marly shales. In the Kabir-Kuh section, studied here, dark shales
go along with an increase in the number of temperate and eutrophic nannofossil taxa. Eutrophication resulted
from the humid climate and gave way to anaerobic conditions. A decline of nannoconids occurring during this
interval are supporting our interpretations. The Taxy Episode is followed by the early Aptian OAE 1a, which
is marked by the onset of a negative 6"°C_ , excursion. The C3 to C7 segments of the OAE la have been
identified. Following the nannoconid crisis, the relative abundance of narrow canal nannoconids never exceed
1%, but the number of wide canal forms shows an increasing trend.

Follmi K. (2012) - Early Cretaceous life, climate and anoxia. Cretaceous Research, 35, 230-257.

Roth P.H. (1978) - Cretaceous nannoplankton biostratigraphy and oceanography of the northwestern Atlantic Ocean.
Initial Reports of the Deep Sea Drilling Project, 44, 731-759.
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The Illinois Basin was a major Paleozoic depocenter in the Midcontinent region of the USA that
recorded a thick succession of Silurian strata. However, poor surface exposures of the units limited litho-
and chronostratigraphic studies and confounded correlation. We initially approached the study by collecting
samples for carbon isotopes and conodont (graptolites where present) biostratigraphy under the idea that
modern high-resolution methods would allow synthesis of the new data into a regionally useful framework.
However, the number of accessible outcrops has dwindled since the last major studies in the 1970s, and carbon
isotope curves from our sampled outcrops were initially inconclusive. The Illinois State Geological Survey
agreed to support this project and drill a core through the Silurian interval. Intensive bio-chemostratigraphic
work on the Schlamer #1 Core establishes an integrated, high-resolution framework that places the Illinois
Basin Silurian units in global chronostratigraphic context. The succession spans the Aeronian—Pridoli and
records the Ireviken, Mulde, and Lau positive carbon isotope excursions (the first published record in a single
section from North America). The total available biostratigraphic, chemostratigraphic, and lithostratigraphic
data complement each other and enable correlation into the global Silurian framework. Furthermore, regional
correlation among outcrops in Illinois and Missouri is now possible, even for outcrops with limited data or
previously inconclusive data. This work has also enabled establishment of a well-defined and usefully subdivided
nomenclature for the units. The most notable change is a reassignment of the ‘Bainbridge Formation’ to the
Bainbridge Group, composed of the Seventy-Six, St. Clair, and Moccasin Springs formations. Future work
remains to determine if the St. Clair of the Illinois Basin is correlative with that of the type area in Arkansas,
although preliminary results suggest that it may be distinct. The oldest Silurian unit in the Illinois Basin, the
Sexton Creek Formation, also remains enigmatic.
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Chronostratigraphy of continental carbonates is a problematic issue since these deposits commonly lack
biostratigraphic markers, and the presence of datable layers (i.e. volcanic ash layers) inter-fingered within the
sedimentary sequences is uncommon. Moreover, the site-specific geochemistry of continental fluids hinders
the use of proxies (8'°0, 6"°C, ¥’Sr/*Sr) conventionally applied to marine carbonates to perform correlations
between time-equivalent lateral facies. Recent advances in laser ablation (LA-ICP-MS) carbonate U-Pb
geochronology have opened up the possibility to date a range of previously undateable geological materials.
Consequently, absolute U-Pb geochronology of continental carbonates from pedogenic, palustrine, lacustrine
and fluvial environments, is becoming a present day challenge in carbonate geochemistry research. Here we
present an application of this new method to the Nordlinger Ries Crater basin (Langhian-Serravallian, middle
Miocene, south Germany) and to the Yacoraite Fm. (Maastrichtian-Danian, late Cretaceous-early Paleocene,
north-west Argentina). This study aims at evaluating the U-Pb geochronology potential and accuracy on
lacustrine carbonates. The two case studies were chosen because they include carbonate deposits with a
well-constrained chronostratigraphy. The Ries Crater and Yacoraite Fm. carbonates were deposited in a time
window of ca. 2 and 4 Ma, respectively. An accurate petrographic analysis allowed selecting micrites, microbial
carbonates, early lacustrine and meteoric cements not affected by later diagenesis. The geochronology dataset
so far achieved is in agreement with the sedimentation timing known from literature (Marquillas et al., 2011;
Rohais et al., 2014; Schmieder et al., 2018), though ages uncertainties are variable. Micrite and microbial
carbonates produced the most accurate and precise ages, with uncertainties (26) down to 1% (14.46+0.16Ma
and 65.7+0.8Ma for the Ries Crater and Yacoraite Fm., respectively), whereas most ages obtained from
other carbonate types (lacustrine cements and ooids) are associated with uncertainties of 3-10%. The age
precision obtained in this study from lacustrine carbonates suggests the possible use of U-Pb geochronology as
a chronostratigraphic tool within the time resolution of the third order sequences. This method may therefore
result particularly useful in continental settings where high resolution chronostratigraphic data are mostly
lacking. In these settings, specific attention should be given to micrites and microbial carbonates, which seem
to provide the most precise and accurate ages.

Marquillas R.A., Salfity J.A., Matthews S.J., Matteini M., Dantas E. (2011) - U-Pb zircon age of the Yacoraite Formation
and its significance to the Cretaceous-Tertiary boundary in the Salta Basin, Argentina. Cenozoic Geology of the
Central Andes of Argentina, 227-246.

Rohais, S., Hamon, Y., Deschamps, R., Gasparrini, M., Beaumont, V., Kohler, E., Barbier, M., Doligez, B. (2014) - Final
report: Phases III — Cretaceous Outcrop analog from Argentina for Microbial Pre-salt Atlantic Series: JIP COMPAS —
YEAR 3. IFPEN Report 65622.

Schmieder M., Kennedy T., Jourdan F., Buchner E., Reimold W. U. (2018) - A high-precision “°Ar/*’Ar age for the
Nordlinger Ries impact crater, Germany, and implications for the accurate dating of terrestrial impact events.
Geochimica et Cosmochimica Acta, 220, 146-157.
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Pelagic brown clay is one of the major sediment types covering a large portion of seafloor in the Pacific
Ocean (Dutkiewicz et al., 2015). The pelagic brown clay is a mixture of slowly accumulating materials such as
eolian, hydrogenetic, and authigenic components. Thus, it can be a favorable recorder of long-term geochemical
cycles through the Ocean. However, it has been difficult to determine depositional ages of pelagic brown clays
due to poor preservations of calcareous and siliceous microfossils, and magnetic reversals. Another approach
to determine the depositional ages is the marine osmium (Os) isotope stratigraphy (Peucker-Ehrenbrink &
Ravizza, 2012). '80s/'*8Os ratio in seawater has fluctuated reflecting a balance between Os fluxes from riverine,
hydrothermal, and extraterrestrial sources (Peucker-Ehrenbrink & Ravizza, 2000). Reconstructed seawater
1870s/'80s curve through the Cenozoic era shows several positive and negative shifts, some of which have been
attributed to contemporaneous geological events (Burton, 2006; Peucker-Ehrenbrink & Ravizza, 2012). These
features of the seawater '¥’0s/!¥0s curve can be stratigraphic markers which help developing chronology of
the marine deposit whose ages are difficult to be determined by paleontological or paleomagnetic methods.
In this study, we measured seawater '#7Os/!%0s ratios recorded in a pelagic brown clay core, KR13-02 PC04,
collected from the western North Pacific Ocean. The seawater '8’0s/!#8Os ratio at the core top showed a value
near the present seawater value of ~1 (Sharma et al., 1997), and it gradually decreased towards the bottom with
some negative excursions. Then, it showed the minimum value at ~8 meters below seafloor. These features
corresponded to those of the seawater '®’Os/'®Os curve from the latest Eocene to present (Burton, 2006;
Peucker-Ehrenbrink & Ravizza, 2012). Thus, this core could continuously record the depositional history from
the latest Eocene to present. The depositional age of this core can be determined by fitting the '¥’Os/!380s data
to the seawater curve with helps of lithostratigraphy and biostratigraphy by ichthyolith, an age-diagnostic
fossil remains preserved in pelagic brown clay.

Burton K. W. (2006) - Global weathering variations inferred from marine radiogenic isotope records. J. Geochem. Exp.,
88, 262-265.

Dutkiewicz A., Miiller R. D., O’Callaghan S. & Jonasson H. (2015) - Census of seafloor sediments in the world’s ocean.
Geology, 43, 795-798.

Peucker-Ehrenbrink B. & Ravizza G. (2000) - The marine osmium isotope record. Terra Nova 12, 205-219.

Peucker-Ehrenbrink B. & Ravizza G. (2012) - Osmium isotope stratigraphy. In: Gradstein F. M., Ogg J. G., Schmitz M.
D. & Ogg G. M. (eds.), The Geologic Time Scale 2012, 145-166. Elsevier.

Sharma M., Papanastassiou D.A. & Wasserburg G.J. (1997) - The concentration and isotopic composition of osmium in
the oceans. Geochim. Cosmochim. Acta, 61, 3287-3299.

41


mailto:junichiro.ota@p.chibakoudai.jp

© Societa Geologica Italiana, Roma 2019 STRATI 2019

Linking Coniacian inoceramid diversification with paleoenvironmental instability
Todes J.'* & Walaszczyk I.!

University of Warsaw, Poland.

Corresponding author email: j.todes@student.uw.edu.pl

Keywords: Inoceramid, Cretaceous, Coniacian, carbon isotopes, bioevents.

A series of well defined, apparently rapid evolutionary and migratory events recognized within the
Inoceramidae characterize the Coniacian Stage. These events provide a basis for the definition of the stage,
substage boundaries, and further zonal subdivision, yielding a high-resolution framework resolved to within
tens of thousands of years (10-100 kyr). The dynamic turnover and rapid diversification of inoceramids in
the Coniacian often coincide with intervals of carbon cycle instability. At first appearance, three events in
particular stand out: (1.) The rapid taxonomic turnover from the late Turonian Mytiloides-dominated fauna
to the latest Turonian-early Coniacian Cremnoceramus-dominated fauna occurs penecontemporaneous with
the Navigation Event, a globally recognized ca. -1%o 6°C_, excursion. It is of particular interest that the
peak Navigation negative excursion coincides with the Didymotis 11 Biovent, which promptly follows the
first appearance of the genus Cremnoceramus. (2.) The demise of Cremnoceramus, the emergence of the
Inoceramus gibbous fauna, and the delayed diversification of the genera Platyceramus and Volveceramus
occurs during the early-middle Coniacian transition, coeval with the prolonged onset of Ocean Anoxic Event
3 (OAE3, ca. 2%o). In the Western Interior, trace metal and phosphorus geochemistry suggest the middle/
late Coniacian was broadly characterized by intermittent euxinia and elevated nutrient availability. (3.) The
appearance of the Magadiceramus (lower latitudes) and Sphenoeramus (higher latitudes) fauna occurs in
close correlation with the Kingsdown Event. There seems to exist a broad correspondence between genus-
level inoceramid turnover and paleoenvironmental instability during the Coniacian. However, the further
development of geochemical/paleontological datasets would be beneficial for further hypothesis testing. First,
there is a need for further joint inoceramid-4"*C records: while such sections from northern Europe and North
America are reasonably available, those from the Tethyan realm and the southern hemisphere are severely
underrepresented. Second, high-resolution geochemical records would help to unravel the dynamic setting in
which these massive transitions occurred: in particular, Fe speciation, trace metal, and 6**S records would be
quite useful. Third, a better understanding of inoceramid paleobiogeography and paleoecology would help to
ascertain the influence of environmental perturbations upon this clade. Overall, this work underscores the need
for the integrated analysis of biological, geochemical, and geologic features to unravel the nature of unique
paleoecological shifts.
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The upper Staffelegg Formation and the overlying Opalinus Clay were deposited in a shallow epicontinental
shelf sea during the Late Toarcian to Aalenian time. The sedimentary succession can be investigated today in
outcrops and drill cores from northern Switzerland. The Liassic sediments of the Rietheim Member (Staffelegg
Fm.) consist of dark black bituminous to silty marls deposited during the Toarcian Oceanic Anoxic Event
(T-OAE) which is overlain by dark grey to black calcareous and silty claystone belonging to the Opalinus Clay.
The 80 to 120 m thick succession of the Opalinus Clay (decompacted 180-270 m) was deposited during a short
time interval with a high sedimentation rate of 0.4 to 0.7 m/ka (Wetzel & Allia, 2003). Based on mineralogy
and grain-size, the Opalinus Clay can be further divided into sub-units. The extent of these decametre scale
sub-units can be investigated by comparing the records of different outcrops and drill cores. To predict potential
lateral facies changes within the Opalinus Clay, the depositional environment must be investigated applying a
compositional but also a chronological differentiation.

Biostratigraphy based on ammonites and palynomorphs is a frequently applied method to establish a
chronology in these clay rich Jurassic sediments. Previous studies indicate that the top of the Staffelegg Fm. and
thus the onset of the Opalinus Clay is diachronous (e.g. Feist-Burkhardt & Pross, 2010; Hostettler et al., 2017).
However, the resolution of these biostratigraphic tools is mostly not high enough to differentiate the sub-units
of different drill cores within the Opalinus Clay. Therefore, in this study the potential of high-resolution carbon
isotope chemostratigraphy measured on carbonates and on organic matter will be presented. The established
C-isotope measurements from the different drill cores document the prominent T-OAE negative excursion,
which can be followed throughout the drill cores from Lausen, Riniken, Weiach to Benken over about 70
km. In the hanging Opalinus Clay an additional negative excursion is present in the C-isotope measured from
the bulk (carbonates) as well as from the organic matter. The stepwise negative shifts can also be correlated
throughout the investigated drill cores. The interval covering the upper negative excursion can be dated by
palynomorphes and ammonites as early Opalinum Subzone of the Opalinum Zone. This earliest Aalenian
excursion documented in the lowermost part of the Opalinus Clay may therefore reflect an additional global
variation in the C-isotope record.

Feist-Burkhardt S. & Pross J. (2010) - Dinoflagellate cyst biostratigraphy of the Opalinuston Formation (Middle Jurassic)
in the Aalenian type area in southwest Germany and north Switzerland. Lethaia, 43, 10-31.

Hostettler B., Reisdorf A.G., Jaeggi D., Deplazes G., Blési H., Morard A., Feist-Burkhardt S., Waltschew A., Dietze, V. &
Menkveld-Gfeller U. (2017) - Litho- and biostratigraphy of the Opalinus Clay and bounding formations in the Mont
Terri rock laboratory (Switzerland). Swiss Journal of Geosciences, 110, 23-37.

Wetzel A. & Allia V. (2003) - Der Opalinuston in der Nordschweiz: Lithologie und Ablagerungsgeschichte. Eclogae
Geologicae Helvetiae, 96(3), 451-469.
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A possible reference section for the Santonian/Campanian boundary in the northwestern Tethys, the Postalm
section (Northern Calcarous Alps, Austria) was investigated for palacomagnetic and stable isotope data, plank-
tonic foraminifera and calcareous nannoplankton biostratigraphy, and strontium isotope stratigraphy, together
with published correlated ammonite, crinoid and inoceramid data. The Postalm section shows a deepening
trend from upper Santonian conglomerates and grey shelf marls to pelagic bathyal red marly limestones of
mainly Campanian age. The end of the Long Cretaceous Normal Polarity Chron (the palacomagnetic reversal
from Chron 34n to C33r) is considered a primary marker for the Santonian/Campanian transition and marks
the base of the Campanian at the Postalm section. Bioevents suggested to pinpoint the Santonian/Campanian
transition include the last occurrence (LO) of the planktonic foraminifera Dicarinella asymetrica and the first
occurrence (FO) of the nannofossil marker Broinsonia parca parca. Both events are documented in close
proximity to the magnetic reversal; B. parca parca appears 1.66m and D. asymetrica shows its LO 1.24m
above the magnetic reversal. At the Postalm section, the 813C signature shows a distinct positive excursion
shortly after the palacomagnetic reversal (with a peak at ~1.5m). This event is interpreted as representing the
Santonian/Campanian Boundary Event (SCBE). Upon comparing the position of bioevents, the position of the
SCBE and end of the Long Cretaceous Normal Polarity Chron at Postalm to other sections, differences in the
succession of events around the Santonian/Campanian boundary are evident. Other reference sections show
the SCBE right below the palacomagnetic reversal (e.g., Bottaccione, Lagerdorf). Also the micro-/nannofossil
record shows some diachroneity: In contrast to its LO at the Postalm section, the Bottaccione record shows
the LO of D. asymetrica still within Chron C34n implying diachroneity of the bioevent. The position of the
FO of B. parca parca is either recoreded within the SCBE (Léagerdorf) or above the positive 613C excursion
(Bottaccione, Bocieniec and Postalm). These slightly different levels of the SCBE and the different first and
last occurrences of micro — and nannofossil markers point out the importance of high-resolution palacomag
sampling around critical reversals to provide stable and synchronous chronostratigraphic markers and section
points for golden spikes.
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Three small-scale extinctions occurred in the Early Triassic with one of them recognized close to the
Smithian-Spathian boundary. In the last two decades, the end-Permian mass extinction as well as the subsequent
recovery have been intensively studied throughout the Tethys region, but correlations within the Early Triassic
are difficult due to conodonts endemism. Here we use paleontological and geochemical methods to document
a high-resolution biostratigraphy of the Smithian-Spathian boundary interval from two sections of Oman. In
combination with previously published data from both South-Central Europe and South China, a quantitative
stratigraphic correlation has been achieved with 7 conodont UA Zones recognized using the unitary association
method. Based on conodonts and carbonate carbon isotope data, the Smithian-Spathian boundary is identified
in the interval from UAZ4 to UAZS5 close to the last occurrence of Nv. pingdingshanensis in Oman and South
China, and within the range of P. inclinata, Ns. planus, Pl. regularis, and Pl. corniger in South-Central Europe.
UAZ7 fauna displays a clear diachronism as it starts from South China, arrives a bit later in Oman and even
later in western Tethys. Foliella gardenae and Icriospathodus zaksi are reported from Oman for the first time
and thus expand the geographical distribution of these rarely reported species.
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The early Telychian (Silurian) conodont Astropentagnathus has been reported from Austria, UK, US, Canada,
Australia, Greenland, Estonia, and Latvia (see Chen et al., 2017 for overview). Two species, A. araneum and
A. irregularis were included in this genus, and one species, 4.7 retroramus, was tentatively assigned to this
genus (see Chen et al., 2017 for overview). The genus was widely distributed and has been reported from many
palaeoplates, but not from China so far. However, recently the genus was discovered in the Baiaiya Formation at
the Tianbacun section of Langao, Shaanxi, China. The area is located in the Qinling orogenic belt which formed
the margin of the South China block in the Silurian (Meng et al., 2005). Conodont genera occurring together
with Astropentagnathus include Aulacognathus, Distomodus, Oulodus, Ozarkodina, Pseudolonchodina, and
Pterospathodus. Almost all elements of Astropentagnathus in our collection are twisted, probably caused by
tectonics (by clockwise rotation of the South China block in the Mesozoic; Meng et al., 2005). Occurrence of
Atropentagnathus suggests the Pterospathodus eopennatus ssp. n. 1 Biozone for the strata. This agrees with
the results of previous investigations in the region reporting Telychian—early Sheinwoodian faunas from the
Wuxiahe Formation (Tang et al., 2015) overlying the interval in the present research.

Chen Z.Y., Ménnik P. & Fan J.X. (2017) - Llandovery (Silurian) conodont provincialism: An update based on quantitative
analysis. Palacogeogr. Palaeoclimatol. Palacoecol., 485, 661-672.

Meng Q.R., Wang E. & Hu J.M. (2005) - Mesozoic sedimentary evolution of the northwest Sichuan basin: Implication for
continued clockwise rotation of the South China block. Geol. Soc. Am. Bull., 117, 396-410.

Tang P., Wang J., Wang C.Y., Wu R.C,, Yan K., Liang Y. & Wang X. (2015) - Microfossils across the Llandovery—Wenlock
boundary in Ziyang—Langao region, Shaanxi, NW China. Palacoworld, 24, 221-230.
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Conodont plays an important role in biostratigraphic study in the Upper Triassic during the last few decades,
mostly as a biostratigraphic tool for dating and global correlations. Conodont Mockina bidentata has been
regarded as the ancestor of genus Parvigondolella in many previous works (e.g. Kozur & Mostler, 1971)
but the evolutionary process from Mockina bidentata to Parvigondolella andrusovi needs to be illustrated
in detail. Two transitional forms, the one with only one denticle on the anterior margin and the other one
with no denticle and characterized by a platform reduced in bulge shape, were recognized in the samples
from Pizzo Mondello Section. Furthermore, genus Parvigondolella was regarded as morphological variants
or ecostratigraphic morphotypes of Mockina bidentata (Krystyn et al., 2007; Palfy et al., 2007). We thus
investigated the oxygen composition of biogenic apatite (conodonts) during the phylogenic transition between
genera Mockina and Parvingondolla, excluding that this evolution process could be related to temperature
variation. Genus Parvigondolella should be thus accepted as an independent genus due to its morphologic
differences comparing with Mockina bidentata, since it is characterized by the completely absence of the
platform and ornamentation. Moreover, the genus Parvigondolella has a relatively worldwide distribution,
which has been reported occurring in Italy, Austria, Hungary, Slovenia, Canada, America, Mexico, Russia,
Japan and China (Kozur & Mostler, 1971; Mazza & Martinez-Pérez, 2015; Rigo et al., 2005, 2018).

Kozur H. & Mostler H. (1971) - Probleme der Conodontenforschung in der Trias. Geol. Palaont. Mitt. Ibk., 1(4),1-19.

Krystyn L., Bouquerel H., Kuerschner W. & Gallet S.R. (2007) - Proposal for a candidate GSSP for the base of the
Rhaetian stage. In: Lucas S.G., Spielman J.A. (eds.), The global Triassic. New Mexico Museum of Natural History
and Science Bulletin, 41,189-199.

Mazza M. & Martinez-Pérez C. (2015) - Unravelling conodont (Conodonta) ontogenetic processes in the Late Triassic
through growth series reconstructions and X-ray microtomography. Bollettino della Societa Paleontologica Italiana,
54(3), 161-186.

Palfy J., Demény A., Haas J. Carter E.S., Gorog A., Halasz D., Oravecz-Scheffer A., Hetényi M., Marton E., Orchard M.J.,
Ozsvart P., Véto 1. & Zajzon N. (2007). Tria Triassic—Jurassic boundary events inferred from integrated stratigraphy of
the Csovar section, Hungary. Palaeogeogr., Palaeoclimatol., Palacoecol., 244, 11-33.

Rigo M., De Zanche V., Gianolla P. Mietto P., Preto N. & Roghi G. (2005) - Correlation of Upper Triassic sections
throughout the Lagonegro Basin. Boll. Soc. Geol. It., 124, 293-300.

Rigo M., Mazza M., Karadi V. & Nicora A. (2018) - New Upper Triassic conodont biozonation of the Tethyan realm. In:
Lawrence H. Tanner (eds.), The late Triassic world. Springer, 189-235.
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The End-Triassic Extinction event (ETE) has been recognized in numerous sections worldwide and it is
usually marked by three carbon isotope excursions, named precursor, initial and main negative excursions.
These three carbon isotope excursions are significant characteristics of this time interval, and they are thought
to be related to the emplacement of the Central Atlantic Magmatic Province (CAMP) that is considered the
main trigger of the ETE (Marzoli et al., 2004). Stable carbon isotope perturbations, commonly related to biotic
turnovers and extinctions, play an important role in stratigraphic correlations, particularly around the Triassic/
Jurassic boundary (TJB). This interval is marked by the disappearance of conodonts, elements of a feeding
apparatus belonging to marine organisms that populated the Paleozoic-early Mesozoic seas and which became
extinct across the TJB. At present, there are no unambiguous clues about the extinction of conodonts, including
their Highest Occurrence (HO), which can help to understand the main cause(s) that could have led to their
disappearance. Comparison of integrated data of six TJB sections from different areas (NW Tethys vs Japan)
and different depositional environments (shallow water vs deep water) (Palfy et al., 2001; Hesselbo et al.,
2002; Zaffani et al., 2018) seem to testify that conodonts tried first to take refuge from shallow water to open
marine environments before becoming extinct.

Hesselbo S.P., Robinson S.A., Surlyk F., Piasecki S. (2002) - Terrestrial and marine extinction at the Triassic-Jurassic
boundary synchronized with major carbon-cycle perturbation: a link to initiation of massive volcanism?. Geology,
30, 251-254.

Marzoli A., Bertrand H., Knight B.K., Cirilli S., Buratti N., Vérati C., Nomade S., Renne P.R., Youbi N., Martini R.,
Allenbach K., Neuwerth R., Rapaille C., Zaninetti L. & Bellieni G. (2004) - Synchrony of the Central Atlantic
magmatic province and the Triassic-Jurassic boundary climatic and biotic crisis. Geology, 32, 973-976.

Palfy J., Demény A., Haas J., Hetényi M., Orchard M. J. & Veto 1. (2001) - Carbon isotope anomaly and other geochemical
changes at the Triassic-Jurassic boundary from a marine section in Hungary. Geology, 29, 1047-1050.

Zaffani M., Jadoul F. & Rigo M. (2018) - A new Rhaetian ES”CUrg record: Carbon cycle disturbances, volcanism, End-
Triassic mass Extinction (ETE). Earth-Sci. Rev., 178, 92-104.
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The base of the Anisian stage (early Middle Triassic) is currently undefined. There are two potential
GSSP sections at Guandao, Guizhou Province, South China (Orchard et al., 2007b), and at Desli Caira, North
Dobrogea, Romania (Gradinaru et al., 2007). At both sections, the conodont Chiosella timorensis has been
proposed as a possible index for recognition of the base of the Anisian (Orchard et al., 2007a, b). Subsequently,
this conodont has been discovered with ammonoids of Spathian age in Nevada (Goudemand et al., 2012),
and the suitability of this species as an indicator of the Anisian has been cast into doubt. In spite of continued
studies of the geochronology and stratigraphy of the section at Guandao (e.g. Lehrmann et al., 2015; Li et al.,
2018), there has been little new work on the Olenekian and Anisian conodont faunas at either section since
the study of Goudemand et al. (2012). New species of conodont belonging to the genus Neogondolella were
recently described from the Anisian of British Columbia, Canada (Golding and Orchard, 2016). Some of these
species have subsequently been recognized more widely in western Canada (Henderson et al., 2018). In light
of the updated taxonomy of Anisian Neogondolella, collections from the Olenekian-Anisian boundary sections
at both Guandao and Degli Caira have been re-examined to assess the range of diversity of Neogondolella
in the samples, previously described as Neogondolella spp. (Orchard et al., 2007a, b). This re-appraisal has
led to the recognition of several species of Neogondolella present in British Columbia, as well as two new
species that allow correlation between the two sections. This is the first record of these species outside of North
America. In Guandao, the early Anisian N. cf. dilacerata is recognized in sample OU-9, where it occurs with
specimens of Chiosella timorensis, Cratognathodus sp. A and sp. B, Triassospathodus ex gr. homeri, and the
first specimens of Gladigondolella tethydis. Above this level, N. curva occurs in sample OU-11 and OU-21,
as well as in sample 204/5 in Desli Caira. In both sections, N. curva occurs with C. timorensis and G. tethydis,
and allows correlation of the two sections. N. n. sp. B is recognised in sample OU-21 at Guandao, whereas
N. n. sp. A occurs in both sections, in samples OU-29 and OU-30 at Guandao, as well as samples 9043 and
612 at Desli Caira. Near the top of both sections, the late early Anisian to late Anisian conodont N. hastata
occurs, in sample OU-30 at Guandao, and samples 612, 9048, and 615B at Desli Caira. In both sections, N.
hastata occurs with C. timorensis and G. tethydis. All of the species of Neogondolella described above are
early Anisian in age, and allow a more refined division of this time period. They also allow greater precision
in the correlation of the Tethyan sections with those in North America and higher latitudes, where typical
early Anisian species such as Chiosella timorensis and Gladigondolella tethydis are rare or absent. The oldest
species of Neogondolella recognized in the Guandao and Degsli Caira sections occur above the first appearance
of C. timorensis. If this species is considered to be unsuitable as an index for the base of the Anisian due its
co-occurrence with Spathian ammonoids, then one of the Neogondolella species may be a suitable alternative.
Regardless of whether or not a Neogondolella species is chosen as the index for the boundary, it is hoped that
the recognition of these species and the improvement in early Anisian correlation demonstrates the benefit
of further work on the conodont faunas of the GSSP candidate sections. Additional work on other sections
where the late Olenekian or early Anisian is preserved, and on conodont species outside of those traditionally
assumed to be indicative of the boundary, will be necessary to ensure the selection of a natural GSSP for the
base of the Anisian in the future.

Golding M.L. & Orchard M.J. (2016) New species of the conodont Neogondolella from the Anisian (Middle Triassic)
of northeastern British Columbia, Canada, and their importance for regional correlation. Journal of Paleontology, 90,
1197-1211.

Goudemand N., Orchard M.J., Bucher H. & Jenks J. (2012) - The elusive origin of Chiosella timorensis (Conodont
Triassic). Geobios, 45, 199-207.
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Nine conodont clusters are collected from the Early Triassic conodont Novispathodus pingdingshanensis
Zone at the Zuodeng Section of Tiandong County, Guangxi, South China. These clusters were analysed using
micro-computed tomography (micro-CT) facilities. Cluster 1 and cluster 2 both consist paired segminate P,
elements of Novispathodus pingdingshanensis. Cluster 3 consists 7 elements, including 1 alate S element,
2 digyrate S, element, 3 digyrate S, element, and 1 broken S, ? element. Cluster 4 consists 1 segminate P,
element of Novispathodus pingdingshanensis and 1 bipennate S,, element. Cluster 5 consists 7 elements,
including 1 digyrate S element, 2 digyrate S, element, 1 bipennate S, element, 1 broken bipennate S, element
and two broken pieces cannot be identified. Cluster 6 consists 1 segminate P, element of Novispathodus
pingdingshanensis and 1 digyrate S| element. Cluster 7 consists 8 elements, including 1 alate S| element and 1
bipennate S, element, paired digyrate S, element, S, element and segminate P, element. Cluster 8 also consists
8 elements, including paired segminate P, element and P, element and 1 bipennate S, element, 1 bipennate
S, element, 1 markellate M element and 1 broken process of M ? element. Cluster 9 consists 1 markellate M
clement and 1 digyrate S, element. These new materials, combined with the previous reconstruction of Triassic
conodont apparatus (Orchard, 2005; Goudemand et al., 2012), suggest genus Novispathodus has a composition
of 15 elements: a rostral array of 9 S and 2 M elements, two pairs of P elements located caudally. Besides the
P, position is a pair of segminate elements, our evidence show that the P, position is occupied also by a pair of
segminate elements, but not angulate elements as suggested before (Orchard, 2005; Goudemand et al., 2012).
However, comparing the steady rostral array of 9S and 2M elements, our materials show the variation of P, and
P, elements in the genus Novispathodus.

Goudemand N., Orchard M.J., Tafforeau P., Urdy S., Bruehwiler T., Brayard A., Galfetti T. & Bucher H. (2012) - Early
Triassic conodont clusters from South China: revision of the architecture of the 15 element apparatuses of the
superfamily Gondolelloidea. Palacontology, 55, 1021-1034.

Orchard M.J. (2005) - Multielement conodont apparatuses of Triassic Gondolelloidea. Spec. Pap. Palaeontol., 73, 73—101.
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Conodonts of the Middle Norian (Alaunian) substage are very poorly known, especially from the Tethyan
Realm. The reason is complex: 1) the Alaunian parts of many successions show tectonic or sedimentary
disturbance; 2) Alaunian conodont faunas indicate a high rate of juvenile mortality; 3) Tethyan conodont
literature is, in most cases, characterized by an over-simplified taxonomy and inadequate illustration of the
conodont elements. Consequently, the Alaunian conodont biostratigraphy in the Tethyan Realm is strongly
hampered by these biases. Recent studies, both from the Tethys and from western North America, presented
rich and well-preserved conodont faunas and revealed the main characteristics of the Lower/Middle Norian
faunal turnover. A similar conodont fauna, representing the Lower/Middle Norian transition, was recently
recovered from E Slovenia near the village Dovsko. The succession, exposed by a road cut and the adjacent
creek, is ca. 65 m long and is composed of grey, cherty limestone. The section is situated in the Transitional area
between the External and Internal Dinarides, and was located at the eastern part of the Slovenian Basin during
the Late Triassic. The lower 28 m of the succession is Lower Norian (Lacian) in age based on the presence of
Epigondolella quadrata, E. rigoi, E. uniformis, E. triangularis and Metapolygnathus mazzai. The uppermost
sample of this interval contained E. aff. spatulata, previously reported from the uppermost Lacian of the
Canadian Cordillera. The next 31 m above this level is still dominated by the Lacian-type epigondolellids, in
some samples also by Norigondolella hallstattensis. However, conodont specimens characterized by a forward-
shifted pit in front of the platform mid-length, a posteriorly prolonged keel and a prolonged posterior carina
behind the cusp first appear in this part of the succession. These conodonts are assigned partly to Mockina ex gr.
matthewi and partly to Mockina spp. and represent the evolutionary transition towards Alaunian species. The
dominance of N. steinbergensis and the morphologically diverse species of genus Mockina indicate Alaunian
age for the upper 6 m of the section. The conodont species E. triangularis and E. rigoi are still present in this
interval, which clearly proves that characteristic species of the Lacian range up to the Alaunian in the Tethyan
Realm, contrary to western North America. The conodonts recovered from the Dovsko succession are of great
importance for the understanding of the Lower/Middle Norian transition. However, further research on other
abundant assemblages is necessary in order to refine the Alaunian conodont biozonation of the Tethyan Realm,
and to enable an accurate regional and, perhaps, global correlation.
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For the Upper Triassic, conodonts are one of the primary tools utilized in biostratigraphic investigations. For a
more effective biostratigraphic zonation, the species should be constrained by clear phylogenetic relationships,
in which the stratigraphic ranges and taxonomy are reliable. Unfortunately, a phylogenetic framework for the
Upper Triassic pectiniform conodonts is partially missing, except for particular intervals, such as the Carnian/
Norian boundary. The purpose of this study was to examine the uppermost Norian and Rhaetian pectiniform
conodonts in detail in an attempt to determine their phylogenetic relationships, by applying novel phylogenetic
methodologies that incorporate both morphological and stratigraphic data. This work was based on the
conodont assemblages from the Upper Triassic strata of the Lagonegro Basin (southern Apennines, southern
Italy) and the Csdvar area (north-central Hungary), complemented with considerable data from the literature.
Only figured specimens with exact positions on stratigraphic logs were utilized from previous studies (Karadi
et al., 2019). The calibrated phylogenetic analysis of the uppermost Norian and Rhaetian conodonts supports
a two-step evolutionary history. The first radiation includes the development of the Parvigondolella species
and Misikella hernsteini, the first representative of the genus Misikella, in the Late Norian (~211-210 Ma). The
second radiation phase took place in the Norian-Rhaetian boundary interval (~206.5-205 Ma) and led to the
f inal radiation of the Misikella species. The refinement of their phylogenetic relationships and stratigraphic
ranges allowed the subdivision of the upper Sevatian hernsteini Zone to two subzones (Rigo et al., 2018; Karadi
et al., 2019). The lower boundary of Subzone 2 is marked by the first appearance datum (FAD) of Misikella
koessenensis and Misikella kolarae. Even if rare in the latest Sevatian, the appearance of these species just
before the FAD of Misikella posthernsteiniis a good proxy for the Norian-Rhaetian boundary interval. The
morphocline between Misikella hernsteini and Misikella posthernsteiniin this interval was observed also in the
successions of the Csdvar area. This makes the FAD of Misikella posthernsteini easy to recognize and enables
precise global correlation. This datum is therefore strongly supported to be the most suitable for defining the
base of the Rhaetian Stage.

Karadi V., Cau A., Mazza M. & Rigo M. (2019) - The last phase of conodont evolution during the Late Triassic: integrating
biostratigraphic and phylogenetic approaches. Palaegeography, Palacoclimatology, Palacoecology. (accepted).

Rigo M., Mazza M., Karadi V. & Nicora A. (2018) - New Upper Triassic Conodont Biozonation of the Tethyan Realm. In:
Tanner L.H. Ed., The Late Triassic World: Earth in a Time of Transition. Topics in Geobiology, 46, 189-235.
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Triassic conodont faunal assemblages define provinces that witness the plate amalgamation of the present
Turkish landmass and beyond. During the last twenty years, samples were collected from Triassic outcrops in
the Kocaeli Peninsula, the Karaburun Peninsula, the Central Pontides and the Taurus Belt in Turkey belonging
to different tectonic units. A comparison of the conodont fauna of these four realms points to the following
statements up; The conodont Pseudofurnishius murcianus characterizes the Sephardic faunal Province (Hirsch,
1972), the northern border of which was first found in the Pisidian Triassic, sweeping Lake Beysehir. Lately
it can be traced southwards as far as Northern Cyprus and westwards till Fethiye, where its presence in the
Lycian Nappes gives a new meaning to the faunal province in the Taurides (Kilic et al., 2017). This suggests
that the entire Menderes-Taurus Block was a part of the sephardic facies realm, as the Lycian nappes stem
from the western part of this block. Contrary to earlier views, west of Lake Beysehir a continuation of the
Tethyan Biofacies does not penetrate within the Sephardic Biofacies. In the Karaburun Peninsula, which is
part of the Bornova Flysch, a part of the Neo-Tethyan northern sutures, the red pelagic limestone Lalekdy
Formation is characterized by Late Anisian conodonts that represent the complete multiclement apparatus
of Gladigondolella tethydis, thus of Tethyan affinity. In Cesme (Izmir), the conodont Kamuellerella occurs.
New data from the Anisian - Carnian pelagic Kayabasi Limestone (Hallstatt facies of the Kiire Complex),
Central Pontide Supercomplex (CPS), put in evidence Gladigondolella tethydis. Never a conodont was given
a better name, as this taxon typifies the low latitude pelagic Tethys environment. G. okayi, provides the CPS
a local touch within the Hallstatt Kayabasi that is so far unique in the Tethys. This locality was a part of the
Palaeo -Tethyan oceanic realm. The Kocaeli Triassic of the Istanbul Zone is a part of the North Tethyan Intra -
Pontide Ocean. Here, the type locality of the Bithynian substage (Lower Anisian) yields a conodont fauna that
is similar to the Golobardo fauna in Bulgaria, in which the group of Paragondolella bulgarica is dominant.
The unprecedented Bithynian- Early Pelsonian appearance of Kamuellerella — Ketinella — Gedikella (KKG),
unexplained without paleoclimatic data, suggests a Middle Triassic (Bithynian) Propontis Faunal Sub-province
as a part of the Northern Neo-Tethyan Intra—Pontide Ocean. Next to Nicoraella kockeli, both Paragondolella
and Gladigondolellid apparatus elements are present. The latter suggest a pelagic environment, whereas the
small size of most of the fauna and a high rate of endemic taxa may be the result of exceptionally warm
conditions.

This study was supported by Tubitak Grant 116Y374.

Hirsch F. (1972) - Middle Triassic conodonts from Israel, southern France and Spain. Mitteilungen der Gesellschaft der
Geologie- und Bergbaustudenten, Innsbruck, 21, 811-828.

KilicA.M., Cam G. & Senturk S. (2017) - Distribution of acuminate Gondolellidae (Conodonta) in the para-autochthonous
Triassic of Southern Turkey. 18th Paleontology-Stratigraphy Workshop, September 28-30 2017, Abstracts Book,
Chamber of Geological Engineers of Turkey 2017, 75-76.
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Conodont studies in Slovenia included extensive sampling of the Triassic marine carbonate rocks of the
Southern and Eastern Alps, External Dinarides and the transitional area between the External and Internal
Dinarides. A total of 34 Triassic conodont zones and two subzones have been distinguished. The Permian-
Triassic boundary (PTB) interval strata are characterized by the genera Hindeodus and Isarcicella, and very
rare presence of gondolellids. The Luka section represents a key section to define the PTB strata in Slovenia,
as well as in the wider Dinarides area. Dienerian and Smithian strata are marked by the genera: Eurygnathodus,
Foliella, Hadrodontina, Pachycladina and Platyvillosus, whereas in the Spathian Triassospathodus prevails.
Following Lower Triassic zones can be recognized: parvus, lobata, isarcica-staeschei, postparvus, aequabilis,
anceps, costatus, obliqua, gardenae, corniger, regularis, hungaricus, symmetricus, homeri-robustispinus in
triangularis Zones. The Middle and Upper Triassic zones are largely comparable to conodont zones elsewhere
in the world. Middle Triassic faunas are indicated by the presence of Budurovignathus, Neogondolella and
Paragondolella, which enable the recognition of the following zones: bulgarica, bifurcata, constricta,
trammeri, hungaricus and mungoensis Zones. In the Longobardian strata of central Slovenia Pseudofurnishius
murcianus occurs, which designates the zone with the same name. This species is a typical element of the
Sephardic province characterized by partly endemic faunas of the western Tethys and its marginal seas. P.
murcianus is therefore an important paleobiogeographic marker. The distingushed Carnian zones are based on
Carnepigondolella, Paragondolella and Quadralella, in a succession follow: polygnathiformis, praelindae,
tuvalica-carpathica and the pseudodiebeli-zoae Zones, which are comparable to the zones of the standard
conodont zonation. The only difference is the Julian-?early Tuvalian zone, with monofauna of Nicoraella?
budaensis which designates the budaensis Zone and indicates the stressful conditions of the Carnian Pluvial
Event; the species is an important regional marker. From the lower Norian until the end-Triassic, a noticeable
decline in conodonts is demonstrated in the cycle Epigondolella, Mockina, Parvigondolella and Misikella. The
following succession of the zones was identified: rigoi-quadrata, triangularis, postera, bidentata, andrusovi-
hernsteini, posthernsteini (divided into the hernsteini-posthernsteini and koessenensis Subzones) Zones and
one Unnamed Zone. The latter corresponds to the ultima Zone, which to date has been documented in the
eastern part of the Dinarides area.

Kolar-Jurkovsek T. & Jurkovsek B. (2019) - Konodonti Slovenije / Conodonts of Slovenia. Geoloski zavod Slovenije,
Ljubljana, 260 pp.
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We report a recovery of an abundant monospecific conodont association with Pseudofurnishius murcianus
from the strata at Prikrnica in the central Slovenia that have been known to yield conodont clusters (Krivic
& Stojanovic, 1978; Ramovs, 1978; Kolar-Jurkovsek et al., 2018). Triassic limestones with Pseudofurnishius
were deposited at the southern edge of the Slovenian Basin. The Prikrnica section is situated in the transitional
region between the External and Internal Dinarides. More than 3500 conodont elements, including over 300
clusters, provide evidences of exceptional preservation due to sudden burial by gravity flow redeposition
processes. The environment conditions, together with the high sedimentation rates, and probably the presence
of microbial mats at the sea floor, identified in several parts of the section, could have favored low decay rates,
increasing the chances of the clusters preservation. The strata were deposited in a relatively deep, pelagic
environment of the Slovenian Basin located in the western part of the Tethys. The age of the strata with
clusters is within the stratigraphic range of the species P. murcianus, the marker of the late Ladinian-earliest
Carnian murcianus Zone (Kolar-Jurkovsek & Jurkovsek, 2019). Triassic strata of central Slovenia show a great
potential for the finding of new complete clusters that are very rare from the Triassic record of the world and
are an important source of information for apparatus reconstruction. Together with the application of novel
tomographic techniques finding of complete clusters would allow reconstruction of the P. murcianus apparatus
in the future.

Kolar-Jurkovsek T., Martinez-Pérez C., Jurkovsek B. & Aljinovi¢ D. (2018) - New conodont clusters of Pseudofurnishius
murcianus from the Middle Triassic of Slovenia (Dinarides). In: Over D.J. & Henderson C.M. Eds., Conodont Studies
Dedicated to the Careers and Contributions of Anita Harris, Glen Merrill, Carl Rexroad, Walter Sweet, and Bruce
Wardlaw. Bulletins of American Paleontology, 395-396, 149-163.

Kolar-Jurkovsek T. & Jurkovsek B. (2019) - Konodonti Slovenije /Conodonts of Slovenia. Geoloski zavod Slovenije,
Ljubljana, 260pp.

Krivic K. & Stojanovi¢ B. (1978) - Konodonti v triadnem apnencu pri Prikrnici/Conodonts from the Triassic limestone at
Prikrnica. Geologija, 21, 41-46.

Ramovs A. (1978) - Mittleltriassische Conodonten-clusters in Slowenien, NW Jugoslawien. Paldontologische Zeitschrift,
52, 129-137.
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The period from end Permian to early Triassic was a special time marked by a series of biotic crisis and
environmental changes. The ~252-Ma end-Permian mass extinction, which was the most severe one
in the geological history, removed the majority of marine organisms and led to the collapse of Paleozoic
ecosystem. Afterwards, a delayed and sluggish ecosystem recovery of early Triassic ecosystem was
hindered by the repeated biotic crises, especially around the Smithian-Spathian transition, ~1.5 million
years later. During this period, the Qinling area was a major seaway between the South China and Northern
China blocks. The studied Yiwagou Section was located in a shallow-water, carbonate platform on the
southern ridge of the Qinling area and also at the northern margin of South China Block. 160 conodont
samples and 298 carbon isotopic samples were collected from the upper Changhsing Formation (P, ,), the
Zhalishan Formation (T, ), and the lower Maresongduo Formation (T, ) at Yiwagou, which enables us to
establish a conodont biostratigraphic framework with six zones, they are in ascending order, Hindeodus
parvus Zone, Eurygnathodus costatus Zone, Novispathodus waageni-Scythogondolella mosheri Assemblage
Zone, Pachycladina-Parachirognathus Assemblage Zone, Triassospathodus triangularis-Triassospathodus
hungaris Assemblage Zone and Neospathodus robustispinus Zone. There is a blank interval about 190
meters where no conodont samples were collected between Hindeodus parvus Zone and Eurygnathodus
costatus Zone. According to obtained conodonts and carbon isotopic excursions, the Permian/Triassic
boundary should be located at the base of Hindeodus parvus Zone, the Dienerian/Smithian boundary could
be approximately put in Eurygnathodus costatus Zone or lower, and the Smithian/Spathian boundary is in
the upper part of Pachycladina-Parachirognathus Assemblage Zone. Unexpectedly, some Hindeodus
postparvus survived into Dienerian or even early Smithian, probably due to the special environments at
Yiwagou.

The peak warmth and anoxia in early Triassic are considered to coincide with the middle/late Smithian
boundary where, however, is represented by oxic Marine Red Beds (MRBs) at Yiwagou. A small number of
MRBs first appear within the lower Zhalishan Formation in Induan. Then in Smithian, the MRBs roughly
increase upwards, and almost occupy the whole middle/late Smithian horizon, along with a negative excursion
in 8"°C with values from +7.29%o to -1.31%o, and MRBs gradually interrupt around the Smithian/Spathian
boundary when the 3!°C begin to shift positively. The 6*C values increased to the maximum of +6.48%o in
early Spathian, and MRBs emerge again at large scale in Maresongduo Formation later in Spathian. These
phenomena likely record fluctuating water depth and well ventilated seawater in the southern Qinling Basin.
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The Late Eifelian Geoevent is marked by some physical and biotic changes in the marine realm. The most
recognized globally are the Kacak Event (House, 1985) and the Ofomari Event (Walliser, 1985). Walliser
& Bultynck (2011) proved that the Kacak Episode (KE) recorded in south-eastern Morocco contains two
different levels: Late Eifelian Event 1 and 2 (LEE 1, LEE 2). The thickness of this interval varies from 0.5 to
2.5 meters. A Middle Devonian conodont database from three selected areas in the Iberian Peninsula, allows
the recognition of similar lithologic and associated biotic changes, which is the characteristic expression of
the KE. The analysis of each event is based on the extinction, surviving and innovation of conodont species.
The precise biostratigraphical age control in each section allows the description of the faunal content from the
uppermost Eifelian (kockelianus-ensensis zone) to the base of the Givetian (hemiansatus zone) interval. Six
successions from the Central Pyrenees (Renanué, Re and La Guardia d’Ares, LGA), the Palentine Domain
(Las Verdes, LV, El Calero, C-CAL and Monderrio, MR) and the Iberian Range (Camino de Molino, CMOL)
have been studied. 63 conodont samples yielded 26 taxa grouped into five genera. In the Central Pyrenees,
only the Re section shows lithological changes; there, the upper event level, LEE2 is identified, meanwhile in
the LGA section, both event levels are recognized. In the Palentine Domain, the three sections show the most
significant lithologic and biotic changes within the Man Mb. The fossil record suggests that LEE 1 is identified
in two sections, MR and LV. LEE 2 is identified only in MR section. In the Iberian Range, the CMOL section
exhibits the lithological change and shows a slightly evidence of part of LEE 2 at the lower part of the outcrop.
The Polygnathus angusticostatus group becomes extinct earlier in the Palentian and Iberian Range sections
(LEE 1) than in the Pyrenean ones (LEE 2). Icriodus regularicrescens disappears earlier in MR (LEE 1) than
in Re (LEE 2). . struvei and I. amabilis are survival species and cross LEE 1, or reach slightly above LEE
2, in the three areas. The Po. pseudofoliatus group becomes extinct in LEE 2 or higher in the three areas. Po.
hemiansatus and I. obliquimarginatus are innovative species with first occurrences in LEE 2 or above and this
innovation pattern is similar in the three areas.

House M.R. (1985) - Correlation of mid-Palaeozoic ammonoid evolutionary events with global sedimentary pertubations.
Nature, 313, 17-22.

Walliser O.H. (1985) - Natural boundaries and Commission boundaries in the Devonian. Courier Forschungsinstitut
Senckenberg, 75, 401-408.

Walliser O.T. & Bultynck P. (2011) - Extinctions, survival and innovations of conodonts species during the Kacak
Episode (Eifelian-Givetian) in south-eastern Morocco. Bulletin de I’Institut Royal des Sciences Naturelles de
Belgique, Sciences de la Terre, 81, 5-25.
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Although the first appearance of Idiognathodus simulator has been selected to mark the base of the Gzhelian
Stage (Heckel et al., 2007), a GSSP has yet to be selected. One hindrance to the selection of a GSSP has been
the lack of stratigraphic sections in which the lineage leading to /. simulator can be demonstrated. The type
material of the species 1. simulator is from the Heebner Shale in the North America Midcontinent region, and
the species of the /. simulator group from the Heebner have been well studied (Barrick et al., 2008; Hogancamp
et al., 2016), and the species concepts better defined. However, no potential ancestral forms to /. simulator
occur in the immediately underlying units (Barrick et al., 2013; Hogancamp & Barrick, 2018). Conodont
faunas across the Upper Pennsylvanian Kasimovian-Gzhelian boundary interval in Guizhou Province, South
China, comprise a mixture of the endemic and cosmopolitan species. The Naqing and Narao sections preserve
continuously deposited successions of deep water, slope to basinal carbonates. A newly recognized group
of endemic late Kasmiovian to early Gzhelian species of Idiognathodus, with new species I. luosuensis, 1.
naraoensis, I. fengtingensis, I. luodianensis, and 1. nagingensis, display increasing asymmetry in P, element
pairs across the K-G boundary. Platform landmark analysis demonstrates that the South China species differ in
morphological features from co-occurring cosmopolitan species of the /. simulator group, which also possess
asymmetrical P, element pairs. Just below the level where the index for the base of the Gzhelian, 1. simulator,
appears, 6'°C falls 2%o. Just above the §"*C excursion, many Kasimovian species disappear and several species
first appear with /. simulator, including two new endemic species of Streptognathodus, S. nemyrovskae and S.
zhihaoi, and three of the endemic Idiognathodus species, 1. fengtingensis, 1. luodianensis, and 1. nagingensis
The association of the negative 6'°C excursion with the abrupt faunal turnover in the South China sections
suggest that an oceanic event may occur at the K-G boundary. This boundary event may be an example of a
widespread and correlatable “natural boundary” (Walliser, 1985; Lucas, 2018) that could be used to best define
the base of the Gzhelian. This boundary level could be correlated from the South China sections using either
biostratigraphy or chemostratigraphy, and one of the South China sections would be an appropriate location
for the GSSP.

Barrick J.E., Heckel P.H. & Boardman D.R. (2008) - Revision of the conodont Idiognathodus simulator (Ellison, 1941),
the marker species for the base of the Late Pennsylvanian global Gzhelian Stage. Micropaleontology, 54, 125-137.

Barrick J.E., Lambert L.L., Heckel P.H., Rosscoe S.J. & Boardman D.R. (2013b) - Midcontinent Pennsylvanian conodont
zonation. Stratigraphy, 10, 1-18.

Heckel P.H., Alekseev A.S., Barrick J.E., Boardman D.R., Goreva N.V., Nemyrovska T.I., Ueno K., Villa E. & Work D.M.
(2007) - Cyclothem (“digital”) correlation and biostratigraphy across the global Moscovian—Kasimovian—Gzhelian
Stage boundary interval (Middle-Upper Pennsylvanian) in North America and Eastern Europe. Geology, 35, 607-610.

Hogancamp N.J. & Barrick J.E. (2018) - Morphometric analysis and taxonomic revision of North American species of the
Idiognathodus eudoraensis Barrick, Heckel & Boardman, 2008 group (Missourian, Upper Pennsylvanian conodonts).
Bulletins of American Paleontology, 395/396, 35-69.
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Gzhelian (Late Pennsylvanian) conodont Idiognathodus simulator from North America. Acta Paleontologica Polonica,
61,477-502.
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Pridoli, the final epoch of Silurian period, was a transformational time where significant changes in
conodont and gnathostome vertebrate communities occurred. The conodont record is punctuated at least by
two events: Klev at the beginning, and Klonk near the end of the time interval. The §'*C excursion is associated
with the latter biotic turnover, which indicates grand changes in biogeochemistry and climate. In the late L.
Jeppsson‘s works it is suggested that there are possibly two more putative conodont biotic events: in the
early Pridoli and in the middle of the epoch. In order to test the presence, and the effects of known and
hypothesized events, we gathered massive stratigraphic time series of 400 conodont collections (samples) from
Milaiciai-103 core which span the whole Pridoli and continue in to Ludlow. Conodonts were studied from the
standpoint of taxonomic and total abundance changes. The presented conodont material is accompanied by
the gamma ray log, total organic carbon (TOC) estimates and other physical/chemical environmental proxies.
The numerical analyses revealed the complex hierarchies of cycles in both environmental variables (e.g. TOC)
and also in total conodont abundances. Nevertheless, even though cyclic patterns of change could be observed
in conodonts and environmental proxies, the dominant component differs. Changes in conodont abundance
are strongly modulated by long term periodicities (> 1 Ma). In addition our data support the occurrence of
hypothesized Jeppsson’s event in the middle and especially in the early part of the Pridoli. There is almost
complete absence of conodonts in a prolonged (many hundreds of Ka) interval despite very insignificant
changes in facies at the middle part of the early Pridoli.

This study was supported by the grant from Lithuanian Science Foudation 09.3.3-LMT-K-712-02-0036.
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The Lilang Super Group in the Spiti area, Indian Himalaya documented a continuous sedimentation from
the earliest Triassic to the Late Triassic, offering a unique window for Triassic research at the East Gondwana
margin. This study focuses on the Mikin and Kaga formations at Muth and Guling of the Pin Valley. The
studied strata represent a condensed, mixed carbonate and siliciclastic basinal setting and range from the
Griesbachian to the Longobardian (Late Ladinian). Shales are the main type of siliciclastic rock and developed
mainly in the Dienerian, Smithian and Aegean. Carbon isotope ratio of carbonate (613Ccarb) of the studied
interval shows an increase from -2.6 to 0 %o from the Griesbachian to the Dienerian-Smithian transition. This
is followed by a negative excursion to -3 %o in the Smithian and a large positive excursion from -3.0 to 3.5 %o
across the Smithian-Spathian (S-S) boundary. A short negative shift to -1 %o is registered in the early Spathian
and followed by a secular positive trend from ~-1 to 1 %o in the middle Triassic, with several minor excursions
occurring in the Aegean. Carbon isotope ratio of total organic carbon (613Corg) co-varies with d13Ccarb,
suggesting both likely represent the original isotopic signatures. The Mo/Al ratio, a proxy for redox variations,
decreases from ~0.92 to ~0.12 from the Griesbachian to the Dienerian and remains at low values <0.1 up-
section, indicating a dysoxic to possibly fully oxygenated environment from the late Dienerian onward. Ti/
Ca ratio, a proxy for continental input, increases in the later Dienerian and the S-S transition, coinciding with
the development of two shaly intervals. The Anisian of Spiti saw occurrences of phosphate nodules—a feature
which is absent globally in the Early Triassic but also seen in the Anisian of Spitsbergen and Canadian Arctic.
The reoccurrence of phosphate nodules in the Middle Triassic likely suggests a global decrease of anoxic
water, in which phosphorus is often released and recycled from sediments. Compared to coeval sections at
equatorial latitudes, the Muth and Guling successions contain much more diverse ammonoid and conodont
faunas. This may attribute to the more southern positioned setting of the region and oxygenated water provided
a more favourable habitat for groups with higher mobility to escape the harsh environments at the equatorial
low latitudes.
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Co-occurring at the boundary of the Cambrian and Ordovician, the conodont genus Cordylodus and the
grasping spines of chaetognaths of the genus Phakelodus were investigated using an electron (CAMECA
SX100) and an ion microprobe (SHRIMP Ile/MC) at the Micro-area Analysis Laboratory of the Polish
Geological Institute - National Research Institute. The studies have revealed that the Phakelodus spines are
built of a thin (up to ca. 10 um), outer layer which consists of densely arranged pure fluorapatite crystals and
a much thicker middle layer (perhaps with traces of the inner layer) comprising a loosely bound, clouded
structure whose composition is similar to that of diagenetic apatite infillings occurring in some parts of the
open, internal voids of the spines. It is worth noting that a dense outer layer, corresponding to the cuticle of
modern forms, which might have been precipitated during the growth of the animal, seems not to be present
in all samples. The ion microprobe analyses of 5 Phakelodus samples have shown low and variable 6180
values, which range from 7.4 to 13.5%0 VSMOW. They are much lower than those of co-occurring conodonts
of the Cordylodus genus (14.5 to 16.0%0 VSMOW). These studies confirm a separate systematic affiliation of
the grasping spines of Phakelodus and conodonts, which was postulated earlier by Szaniawski (1982, 2002).

This study has been supported by the Polish National Science Center, grant No. 2016/21/B/S10/02334.
Szaniawski H. (1982) - Chaetognath grasping spines recognised among Cambrian protoconodots. Journal of Paleontology,
56, 806-810.

Szaniawski H. (2002) - New evidence for the protoconodont origin of chaetognaths. Acta Palacontologica Polonica, 47,
405-419.
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Conodonts have been proven to be excellent tools for applied Geology (bio and chronostratigraphy, thermal
maturity, global correlations, palacoenviromental interpretations,...) This report shows one further application
for testing and controlling Regional Geology interpretations. Structural geologists working in the Pyrenean
Palaeozoic considered for a long time that the development of black facies, composed mainly of black shales
with subordinate black limestone, were restricted to the Silurian, and consequently, the Devonian started with
the overlain clear colour, well bedded limestone. Moreover, they considered this black facies as a Silurian
detachment level upon which they based they reconstructions on the Pyrenean basin. Detailed conodont studies
across this facies shift have proven it to be diachronic and always happening in the upper part of the lower
Lochkovian or the lower part of the middle Lochkovian (Lower Devonian). Consequently, these conodont
data force Structural Geologists to change their interpretations. A second case is more locally identified and
we are only aware of it in the Segre thrust sheet of the Compte Subfacies. The Middle and Upper Devonian
of this subfacies is characterised by a continuous sequence of nodular condensed limestone with variegated
colours being grey and red dominant. The marked grey to red change coincides with the base of La Mena
Formation, developed in the typical “griotte facies” and, although diachronic as conodonts demonstrate, is
always placed in the Lower Famennian. A detailed conodont study in one quarry demonstrates the presence of
a paraconformity between the underlain Comabella Fm. and the succeeding La Mena Fm. Conodonts prove
that the highest stratigraphic level of the Comabella Fm. is Givetian in age (rhenanus/varcus Zone), while
the immediately higher level of the La Mena Fm. rendered Famennian conodonts (between the upper crepida
and lower rhomboidea Zones). This information demonstrates the presence of a large gap in time, which is
not evident by the apparent continuity of strata, comprising the Middle and Upper Givetian, all Frasnian and
part of the Lower Famennian and, therefore, urges the revision of former interpretation considering an overall
continuos sedimentation for Middle and Upper Devonian strata in the Pyrenean basin.
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Conodont taxa that are applied for biostratigraphic subdivision of the Lower Norian in the Tethyan Realm
are relatively long-ranged and morphologically variable species. The most critical is the case of Epigondolella
rigoi, which is basically a wastebasket taxon for those specimens that have a triangular, posteriorly unornamented
platform. Landmark analysis, rarely applied on Triassic conodonts, is a promising method that might help
revealing intraspecific variability and significant shape differences in such issues. Since the shape of the
conodont elements varies greatly (e.g. number of denticles, presence or absence of the anterior trough margin,
shape of the keel termination), a sufficient number of traditional anatomical landmarks is hard to find. Instead,
we focused mainly on type Il (geometrically defined points) and type III (points registered equidistantly on
the outline) landmarks. These were digitized automatically using a program developed for this purpose in a
software environment called R (v. 3.5.2). Points were registered on scanning electron micrographs of lateral
and lower views of 38 conodont specimens. To understand if and how the method is able to separate taxa,
first we compared E. quadrata with Metapolygnathus mazzai, which differ on a generic level. In the second
phase, other representatives of genus Epigondolella were added, E. rigoi, E. triangularis and E. uniformis,
respectively. To eliminate unnecessary variation in position of the points, as well as in size, and orientation of
the specimens, the raw landmark configurations were superimposed on each other using the centroid as a fixed
reference point. The centred configurations were then rescaled to the same size and rotated until the minimum
sum of squared distances between the landmarks and their corresponding sample average position is reached.
The resulting coordinates are the Procrustes shape coordinates, on which a principal component analysis (PCA)
was performed. The method was able to clearly separate M. mazzai from E. quadrata based on the number of
denticles in the posterior carina behind the cusp, and the position of the pit and the cusp relative to the centre
of the platform. When combining the data of all five taxa, the most important factors of the separation are the
width of the posterior platform relative to the anterior part, and the overall width of the entire platform. The
shape of the posterolateral corners (from rectangular to rounded) also plays an important role. Combining the
data obtained from both the lateral and lower views reduces the overlaps between the morphospaces that each
species occupies separately. Presumably, by improving the data acquisition method and by raising the sample
numbers, a more accurate separation can be achieved. This might help solving some taxonomic issues that
hamper the development of the Norian conodont biostratigraphy.

This study was funded by the NKFIH FK 128741 project.
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The Rhaetian stage was characterized by intense biological, climatic, and environmental changes, ending
with the break-up of the supercontinent Pangaea and the end-Triassic mass extinction (ETE), one of the five
Phanerozoic mass extinctions. Notably, the ETE appears to be associated with significant 613C perturbations,
commonly linked to the CAMP (Central Atlantic Magmatic Province) eruptive phases. The stratigraphic record
of these environmental changes has been documented in Upper Triassic bedded chert successions in Japan,
deposited within a Paleo-Pacific (Panthalassa) deep basin. The chronology of the Rhaetian pelagic sediments in
the Panthalassic Ocean is based on radiolarian zones, which are well established in the Upper Triassic bedded
chert successions in the Mino Belt, central Japan. Although accurate calibration of the chronostratigraphic stages
and substages is based mainly on ammonites and conodonts, most of the Japanese radiolarian zones have been
calibrated through correlation with zonal schemes established in other regions, lacking a direct calibration with
conodont biostratigraphy. Here we present the Upper Norian to Rhaetian conodont biostratigraphy of an Upper
Triassic bedded chert succession from the Mino belt, central Japan, where the radiolarian biostratigraphy
has been investigated. Based on the stratigraphic distributions of marker species, four conodont zones are
defined: the Mockina bidentata, Misikella hernsteini, M. posthernsteini, and M. ultima zones (in stratigraphic
order). These conodont zones are comparable to the standard Upper Norian and Rhaetian conodont zones of
the western Tethys. The Norian/Rhaetian boundary in the study section is tentatively placed between the last
occurrence of a Norian radiolarian species (Betraccium deweveri) and first occurrences of Rhaetian conodont
species (M. posthernsteini). The conodont-radiolarian biostratigraphy from this section accurately calibrates
the radiolarian zones in Japan with standard chronostratigraphic stages and substages.
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Conodont clusters are known to provide the direct evidence for component, orientation and arrangement
of conodont apparatus and thus play a significant role in reconstructing multielement taxonomy and skeletal
architecture. In recent years, there have been increased reports of conodont clusters and natural assemblages
in the Early and Middle Triassic, which are rather rare in the Late Triassic. Here, for the first time, nineteen
fused conodont clusters were collected from upper Norian limestone beds of the Nanshuba Formation in
Baoshao, Yunnan province, southwestern China. Based on well-preserved conodont clusters and associated
discrete element collections, the composition and architecture of Mockina apparatus have been reconstructed.
Mockina apparatus consists of seven distinct types of elements: a single alate (hibbardelliform) S element,
paired breviform digyrate (grodelliform) S, and (enantiognathiform) S, elements, paired bipennate
(hindeodelliform) S, and S, elements, paired breviform di gyrate (cypridodellifrom) M elements, paired
angulate (cratognathodontiform) P, elements and segminiplanate (mockiniform) P, elements. The orientation,
position and arrangement of the S-M series in Mockina apparatus are well reconstructed from the in-situ
preservation of Cluster L. The reconstructed 15-element skeletal structure of Mockina apparatus is similar
as the ozarkodinid-style architecture and is in accord with that of some other conodont apparatuses in the
superfamily Gondolelloidea, confirming the positional homology of grodelliform S, and enantiognathiform S,
elements as well as demonstrating more details in the respect of relative position of elements.
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Through a section crossing the Devonian—Carboniferous (D-C) boundary, a radiolarian Holoeciscus 3
assemblage Zone and three interval zones including Archocyrtium protowangi, Ar. wangi, and Albaillella
paradoxa zones were identified from the bedded cherts at Bancheng of Qinzhou City, southeastern Guangxi,
South China. Seven associated conodont levels were recognized from the same section, which mark at least four
conodont standard zones comprising Lower-middle paesulcata, Upper paesulcata, sulcata, and duplicata
zones. The D-C boundary might be temporarily determined at the base of sulcata Zone. Since the sulcata
and duplicata zones overlap the Ar. protowangi Zone and Ar. wangi Zone in principle, a radiolarian boundary
would be identified at the base of Bed 125-5 by the first appearance of Ar. protowangi, which is the only 20 cm
below of the conodont G-L boundary. Both boundaries are closely spaced and overlie a biotic barren horizon
of reddish shale. This barren horizon is suggested to be equivalent to the Hangenberg event horizon.
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of Carnian in southwestern China

Zhang Z.T.", Sun Y.D.*? & Lai X.L.!

! China University of Geosciences (Wuhan), China. ? Universitét Erlangen-Niirnberg, Germany

Corresponding author email: yadong.sun@fau.de

Keywords: Conodont, carbonate carbon isotope, chronology, Carnina, South China.

Chronostratigraphic subdivisions of Late Triassic in South China were difficult to establish due to a lack of
detailed studies in biostratigraphy, chemostratigraphy and radiometric chronology. We carried out conodont
biostratigraphy, carbonate carbon isotope (8"°C_ ) chemostratigraphy and zircon U-Pb chronology studies in the
Changdi and Caizitang sections at eastern Yunnan Province of South China. The sections consist of Zhuganpo
and part of lower Wayao formations. The age of lower part of Zhuganpo Formation remains an open question
because of the paucity of age-diagnostic conodont. The upper part of Zhuganpo Formation from both sections
yield abundant and diversified conodonts, which dominated by the genera of Pargondolella, Quadralella and
Gladigondolella, indicating an early Carnian age. Zircons from a volcanic ash bed in the upper Zhuganpo
Formation of Changdi section were dated to 233.442.7 Ma. 6"°C_, from Changdi are characterized by two
minor negative fluctuations and a large negative perturbation, with 8°C_ , values range from -5.2%o to 3.6%o.
The two minor negative perturbations of ~1-1.5%o were registered in the lower part of Zhuganpo Formation,
with °C_  values fluctuate between 0.2%o and 2.7%o. The large negative excursion of ~7%o is registered in
the middle part of the Zhuganpo Formation, with "°C_  values decrease from ~2%o to -5.2%.. This is followed
by a steady increase in 6°C_, from ~1.5%o to ~2.8%o until the uppermost of the Changdi section. 6"°C_
from Caizitang section are characterized by two negative perturbations, with 8"°C_  values range from -0.4%o
to 3.2%o. The first $°C_ negative excursion of ~3%o was recognized in the middle Zhuganpo Formation
at Caizitang section. And the age of the first 3°C_  perturbation should not younger than early Carnian,
constrained by the early Carnian conodont fauna in the overlying strata. The second 6°C_, negative shift
of ~2.4 %o coincided with the transition from the nodular limestone of the Zhuganpo Formation to the black
shale of the Wayao Formation at Caizitang, with 6"°C_, decrease from 2%o to —0.4%o. These marked the
Carnian Humid Episode in the region. Our radiometric dating age of 233.4+2.7 Ma can provide additional age
constraints for Carnian and roughly limits the lower age of Carnian Humid Episode in southwestern China.
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Geological sediment archives document a rich periodic series of astronomically driven climate, but record
also abrupt, severe climatic changes called events, the multi-Myr boundary conditions of which have generally
been ascribed to acyclic processes from Earth’s interior dynamics. These events have rarely been considered
together within extended time series for potential correlation with long-term (multi-million year, Myr) cycling.
Here I show a coupling between events and multi-Myr cycles in a temperature and ice-volume climatic proxy
of the geological past 115Myr. I use Cenozoic through middle Cretaceous climatic variations, as recorded
in benthic foraminifera 8180, to highlight prominent ~9 and ~36 Myr cyclicities. These cyclicities were
previously attributed either to astronomical or tectonic variations. In particular, I point out that most of the
well-known events during the past 115 Myr geological interval occur during extremes in the ~9 and ~36 Myr
cycling. One exception is the early Cenozoic hyperthermal events including the salient Paleocene-Eocene
Thermal Maximum (~56 Ma), which do not match extremes in long-period cyclicities, but to inflection point
of these cycles. Specific focus on climatic events, as inferred from 6180 proxy, suggest that some “events”,
marked by gradual trends within the ~9 and ~36 Myr cycle extremes, would principally be paced by long-term
cycling, while “events”, recorded as abrupt 6180 changes nearby cycle extremes, would be rather induced
by acyclic processes. The connection between cyclic and acyclic processes, as triggers or feedbacks, is very
likely. Such link between cycling and events in Earth’s past climate provides insight into celestial dynamics
governing perturbations in Earth’s surface systems, but also the potential connection between external and
Earth’s interior processes (Boulila, 2019).

Boulila B. (2019) - Coupling between Grand cycles and Events in Earth’s climate during the past 115 million years.
Scientific Reports, 9(1), 327. https://doi.org/10.1038/s41598-018-36509-7.
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Rhythmic patterns in bedded pelagic sediments are often used for the temporal calibration of Cenozoic
and Mesozoic stratigraphic intervals. However, only in few cases the lateral persistence and reproducibility of
patterns has been tested at a bed scale. Here we report an unusual example from the Middle Triassic basinal
Buchenstein Formation in the Southern Alps. The 30-70 m thick pelagic portion of this formation comprises
fairly regularly bedded siliceous nodular limestones representing a time interval > 3 Ma (Storck et al., 2019).
Distinct decimetric bedding potentially records periods of precession (Wotzlaw et al., 2018). Numerous sections
hosting these decimetric beds as well as subsets of thinner strata can be traced over more than 150 kilometres
and are scattered across irregularly shaped branches of variably but up to 900 m deep basins separated by
high-relief carbonate platforms. Correlation of sections is further controlled by distributions of pelagic fossils,
volcanic ash layers and magnetic reversals. Thickness of correlated sections varies by up to a factor of 2.5
while the proportions of stratigraphic intervals remain surprisingly stable. This variation seemingly depends
on the distance of the basin positions relative to coeval carbonate platforms while individual beds and patterns
persist almost to the toes of the slopes of the high relief features.

Except for the volumetrically subordinate remains of organisms including shells of macrofossils and
remnants of foraminifera, the origin of the micritic carbonate remains as yet unknown. The systematic variations
in thickness of individual layers (Maurer & Schlager, 2003) and entire stratigraphic intervals point to the
carbonate platforms as an important source for exported muds. However, the volumes of platform derived
carbonate redistributed in the coeval Buchenstein basins must have been small. A portion of this material could
have been removed by currents but no sinks for such carbonate are evident. The identification of identical
bedding patterns in different basin portions independent of the volume of accumulating material, suggests that
local factors had little effect on the organization of strata. If time-periodic changes of climate and/or sea-level
were indeed governing parameters these patterns may precisely calibrate the timing of these fluctuations.

Maurer F. & Schlager W. (2003) - Lateral variations in sediment composition and bedding in Middle Triassic interplatform
basins (Buchenstein Formation, Southern Alps, Italy). Sedimentology 50, 1-22.

Storck J.C., Brack P., Wotzlaw J.W. & Ulmer P. (2019) - Timing and evolution of Middle Triassic magmatism in the
Southern Alps (northern Italy). J. Geol. Soc. London, 176(2), 253-268.

Wotzlaw J.F., Brack P. & Storck J.C. (2018) - High-resolution stratigraphy and zircon U-Pb geochronology of the
Middle Triassic Buchenstein Formation (Dolomites, northern Italy): precession-forcing of hemipelagic carbonate
sedimentation and calibration of the Anisian—Ladinian boundary interval. J. Geol. Soc. London, 175(1), 71-85.
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Astronomical insolation forcing plays an important role in pacing Earth’s climate (history) including
(paleo)climate dynamics; its imprint can be seen in various geoarchives. The effects of insolation often show
up in geological records through the expression of typical rhythmic patterns. While especially the 405 kyr
component is stable through Earth history, the precession- and obliquity periods are expected to have been
shorter further back in time. This is due to the conservation of momentum of the Earth-Moon system and
the moon’s increasing distance from Earth. Recently a new model was developed to extract the frequency
of precession and obliquity, and also the underlying precession constant p, with their respective uncertainty
from datasets, more specifically from their periodograms. Here we test this new model through its application
to a remarkable dataset from the Devonian in New York State (U.S.A.). This record is spectacular because
it shows very nice groups of 6-7 cycles (interpreted as precession) bundled into larger cycles (interpreted as
short eccentricity). Magnetic susceptibility was measured at high resolution along this record. It allows to
compare the results from spectral analysis to outcrop bundling results. This lends more confidence into the
interpretation of the periodograms. The periodograms are subsequently processed through the model to extract
the frequencies of precession and obliquity, as well as the precession constant. These results will be compared
with other Devonian records.
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The middle Eocene portrays the beginning of the transition from the warm, high-diversity greenhouse of
the early Eocene to the icehouse conditions of the early Oligocene and had been orbitally tuned from deep-
sea sequences in the Atlantic Ocean (ODP Sites 1260, 1263, and Hole 702B), closing a gap in the Paleogene
astronomical time scale (Westerhold & Rohl, 2013; Westerhold et al., 2015). Equatorial ODP Site 1260
constitutes the only oceanic record where paleoceanographic variability in the precession band is recorded.
However, a recent study of drift sediments from the North Atlantic Newfoundland Ridge (IODP Sites U1408
and U1410, Boulila et al., 2018) that has identified a putative obliquity amplitude modulation cycle of ~173
ky duration, has challenged chron durations for the Eocene targeted interval (C18n.1n to C21n, ~38-48 Ma)
entailing reassessment of the astronomical tuning of the previously studied Atlantic records. In particular, chron
C19 duration, which is relevant for the Lutetian/Bartonian transition chronostratigraphy, has been increased
by ~680 ky following the Newfoundland study. Here, we present a high-resolution magnetostratigraphy and
cyclostratigraphy from a new Scaglia Variegata section near Gubbio spanning the upper part of C20n up
to C18n.1n that is resolved at precession level. The analysis of the cyclic stacking pattern allows tuning to
astronomical solutions and correlation to the Atlantic deep-sea records in line with the outcome from a section
in Cantabria (Dinarés-Turell et al., 2018). The new data from Gubbio elucidates the middle Eocene chron C19
duration and orbital tuning conundrum evidencing the flawed and untenable outcome from the Newfoundland
cores. Calcareous nannofossil biostratigraphy based on 60 samples, as part of an ongoing integrated stratigraphy,
has been established rendering the new unveiled Umbrian section as a firm prospective candidate to host the
Bartonian base GSSP.

Contribution to project CGL2015-65404-R (MINECO/FEDER, EU).
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It is suggested that Ordovician sea-level changes are of eustatic nature and could be traced all over the
world. Comparative analysis of the Ordovician succession of the Siberian and North American platforms
demonstrates a striking similarity in the long-term lithological changes and sea-level curve interpretation
(Dronov, 2013; Dronov, 2017). On the other hand, sea level curves for the Ordovician of the Gondwanan
platforms (North Africa, Yangtze platform, South America, Avalonia) seem to share different. As for the
Baltica, there are two different sea-level models for this palacocontinent. One demonstrates close similarity
to the North American model while the other seems to fit better to the platforms rifted from the Gondwana
palacocontinent (Munnecke et al., 2010). This contradiction reflects opposite opinions in the interpretation of
limestone units within the deep-water setting of the Ordovician basin of Baltoscandia (Dronov, 2017). If one
interpret invasion of carbonate facies into the black shale realm as “highstand shedding” (Schlager, 2007),
Baltica also follow the Gondwanan sea-level patterns. As a result instead of one global sea-level curve for the
Ordovician (Haq & Shutter, 2008) it would be probably more correct to suggest two semi-global curves for
two big tectonic regions one of which includes Siberian and North American platforms and the other combine
Baltica and Gondwanan platforms.

DronovA.(2013)-Late Ordovician cooling event: Evidence from the Siberian Craton. Palacogeography, Palaecoclimatology,
Palaeoecology, 389, 87-95.

Dronov A.V. (2017) - Ordovician Sequence Stratigraphy of the Siberian and Russian Platforms. In: Montenari M. Ed.
Advances in Sequence Stratigraphy. Special Issue. Stratigraphy & Timescale. Volume 2, 187-241.Elsevier.

Haq B.U. & Schutter S.R. (2008) - A Chronology of Paleozoic Sea-Level Changes. Science, 322, 64-68.

Munnecke A., Calner M., Harper D.A.T. & Servais T. (2010) - Ordovician and Silurian sea-water chemistry, sea-level, and
climate: A synopsis. Palaecogeography, Palaeoclimatology, Palacoecology, 296, 289-413.

Schlager W. (2007) - Carbonate sedimentology and sequence stratigraphy. In: Crossey, L.J. Ed. Concepts in Sedimentology
and Paleontology N. 8, SEPM.
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The Late Triassic to Early Jurassic Newark rift basin located in the tropical Pangea show a unique example
that lake levels were strongly paced by earth’s obits (Olsen et al., 1996). Mainly base on these recovered lake
levels, a Geological Orrery used to map chaos in the solar system was successfully built (Olsen et al., 2019).
However, Newark data can only decipher the frequencies of precession of perihelion. To truly understand the
chaotic dynamical behavior of the solar system, a contemporaneous high-latitude geological archive recording
obliquity pacing of climate is urgently needed. The Junggar Basin, NW China has become a continental basin
since the Late Paleozoic and was located at around 60°~70°N during Late Triassic to Early Jurassic. Thousands
of meters thick continuous Late Triassic to Early Jurassic shallow lacustrine deposits are well exposed along
the southern margin of the Junggar Basin, providing an excellent opportunity to investigate the effects of
earth’s orbits on high-latitude continent. A scale of lake depth, based largely on grain size, color, sedimentary
structures and fossil types termed the depth rank index, was built in the Lower Jurassic Sangonghe Formation in
the southern Junggar Basin. Multitaper method (MTM) power spectra of the depth rank index show thickness
periods of 200-70 m, 54-28 m, 14-10 m, 5-2.5 m and 2.5-1.5 m, within which the most strong periodic signal
is between 54 m and 28 m. Based on the sedimentary rates of Lower Jurassic along the southern Junggar
Basin, the 54-28 m cycles were probably caused by the 405-ky eccentricity cycle related to the gravitational
interaction of Jupiter and Venus (g,-g, cycle). The 405-ky tuned depth rank index express clear Earth’s orbital
parameters of ~1.2-Ma obliquity modulator, 405-ky long eccentricity, ~109-ky short eccentricity, and ~40-ky
obliquity. Moreover, the peak of the filtered ~1.2-Ma obliquity modulator is consistent with fluvial channel
sandstone, while the trough is consistent with lacustrine fine-grained deposits. We interpret that the bigger Earth
obliquity resulted in growing summer and associated timing and magnitude of precipitation and evaporation,
favoring developing of big lakes, and vice versa. However, the latest Triassic to earliest Jurassic in the southern
Junggar Basin show ~819-ky obliquity modulator (Sha et al., 2015), which is different with the ~1.2-Ma in the
Sangonghe Formation, probably indicating chaos behavior.

Olsen P. & Kent D.V. (1996) - Milankovitch climate forcing in the tropics of Pangaea during the Late Triassic. Palacogeogr.,
Palaeoclimatol., Palacoecol., 122, 1-26.

Olsen P, Laskar J., Kent D.V., Kinney S.T., Reynolds D.J., Sha J., Whiteside J.H. (2019) - Mapping solar system chaos
with the geological orrery. PNAS, in press.

Sha J., Olsen P, Pan Y., Xu D., Wang Y., Zhang X., Yao X., & Vajda V. (2015) - Triassic-Jurassic climate in continental
high-latitude Asia was dominated by obliquity-paced variations (Junggar Basin, Urumgqi, China). PNAS, 112, 3624-
3629.
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Shallow water carbonate successions are sensitive archives of past environmental conditions, and a great deal
of previous work has focused on the utility of such successions as recorders of astronomical climate forcing. In
particular, exposure-bound metre-scale cycles are a common phenomenon, and astronomically forced changes
in sea level (Milankovitch cycles) may have been a primary driver of these cycles. Nevertheless, this view is
contested, and carbonates are in any case poor recorders of both the amplitude and frequency of sea level changes
(e.g. Eberli, 2013). A mechanistically simple and stochastic model of carbonate accumulation can be used to
illustrate how metre-scale cycles can form under purely random sea level variations. In this model, deposition
is controlled primarily by emergence or submergence of a platform, which is itself controlled by stochastic
(random walk) changes in sea level. The cycles produced by this model are exposure-bound sequences similar
to those observed in real strata. They also have mean recurrence times close to known Milankovitch periods,
despite the absence of any astronomical control on their formation. Metre-scale cycles effectively self-generate
as an emergent product of the interplay between sea level change and accumulation, and this occurs regardless
of either the amplitude of sea level change or the rates of subsidence or accumulation. Metre-scale cycles
(~0.5-3 m thickness) are generated even when subsidence and accumulation rates are allowed to vary by an
order of magnitude. Under conditions of very high subsidence and accumulation rates, the metre-scale cycles
generated by the model have sub-Milankovitch durations (i.e. <3 k.y.). This finding may help shed light on the
origin of similarly short-duration metre-scale cycles from the Middle Triassic Latemar platform of Northern
Italy. Sensitivity tests of the model show that shallow water carbonates may be sensitive to weak astronomical
forcing of sea level. Notably, strong statistical evidence for astronomical cycles in modelled successions can be
preserved even if astronomical forcing contributes <1% of sea level variance. Nevertheless, deposition close to
sea level in all the simulations ensures that the probability of a complete succession being preserved (i.e. with
every astronomical cycle recorded) is very low. This has implications for the use of shallow water carbonates
for constructing astronomical timescales. Taken together, shallow water carbonates may be sensitive, but also
ambiguous and unreliable, recorders of astronomical forcing.

Eberli G.P. (2013) - The uncertainties involved in extracting amplitude and frequency of orbitally driven sea-level
fluctuations from shallow water carbonate cycles. Sedimentology, 60, 64-84.
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Large-scale deposition of banded iron formations (BIFs) between 2.8 and 1.9 billion years ago has been
explained in terms of various processes, primarily hydrothermal plume activity, continental growth and the
dynamic rise of oxygen in the ocean and atmosphere. By contrast, not much attention has been paid so far to
climatic variability and its role in the formation of BIFs. Yet, Milankovitch forcing linked to Earth’s orbital
and inclination parameters and the resultant climate oscillations on the 10* — 10° year scale must have been
operative at that time and may explain rhythmic layering that has previously been observed in BIFs. However,
this hypothesis has never been tested, partly as a consequence of the large uncertainties in BIF depositional
rates. For this reason, we carried out an integrated stratigraphic study of Paleoproterozoic BIF in the Kuruman
Formation of the Griqualand West Basin in South Africa, combining cyclostratigraphic analysis with high-
precision TIMS U-Pb zircon dating of several ash intervals interbedded in the BIF. In the field, a distinct
hierarchical cycle pattern could be identified in the weathering profile of the Kuruman Fm, which could be
traced over a distance of 250 km and explained by the superposition of two cycles. Combined with the results
of time series analysis, the period ratio of these two cycles can be explained in two possible ways, namely
by the combination of short (~100-kyr) and long (405-kyr) eccentricity, and of long and very long (2.4-Myr)
eccentricity with the period of the last cycle being shortened by the chaotic behavior of the Solar System. The
much improved U/Pb ages in terms of accuracy and precision show that the latter interpretation is preferred.
Next steps in the search for Milankovitch cycles in the BIF will focus on the Dales Gorge Mb assumed to
be the temporal equivalent of the Kuruman in Australia, the unnoticed expression of short eccentricity and
precession, and the nature of the astronomical-induced climate oscillations.
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Marl-limestone alternations are spectacular witnesses of the insolation cycles linked to the changes in
the Earth’s orbital parameters. These alternations are often grouped into bundles of 5 or 20 alternations,
respectively linked to the 100-kyr and the 405-kyr eccentricity. In spectra of sedimentary and palacoclimatic
series, the eccentricity cycles show high variances, while in the insolation series, their variance is carried by the
amplitude of the precession cycles. I analyse here results from the Subbetic Domain (Spain), Gerecse Mounts
(Hungary) and the Vocontian Basin (France), three Tethyan basins recording hemipelagic marl-limestone
alternations during the Early Cretaceous to understand the reason why the long cycles are directly preserved
with high amplitudes in the sedimentary record. In these three basins, higher sedimentation rates are observed
in marls, suggesting that detrital supply control the sedimentation rate at time scales of 405 kyr and 2.4 myr. In
the Subbetic Domain, proxies related to the detrital supply only show higher power in the 405-kyr cycle, while
proxies including the carbonate production show an attenuation of this cycle. In the Gerecse Mounts, the 405-
kyr cycle dominate the spectra of the magnetic susceptibility and the spectral gamma-ray, while the 613Cbulk
shows higher power in the 100-kyr band. In the Vocontian Basin, humid peaks occur every 2.4 myr and are
associated to much more clayey sedimentation. Proxies linked to detrital supply thus tend to record longer
Milankovitch periods, while proxies related to carbonate production tend to favour the expression of shorter
cycles. Pedogenetic and erosion processes are strongly governed by diffusion processes which tend to disrupt
the amplitude modulation of the precession cycles. This acts as a mechanism of transfer of power from the
precession to the eccentricity cycles. Much pedogenesis under more humid climate have higher diffusion time
favouring the record of the long Milankovitch cycles. Conversely, changes in the type of carbonate producers
may reverse the response of the sedimentary system to the orbital cycles, which tend to suppress the amplitude
of the long Milankovitch cycles. Together with bioturbation, it results in a dominance of the 100-kyr cycle in
more carbonate-dominated marl-limestone alternations.
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The Early Toarcian is marked by one of the largest global climatic and ocean-redox change events of the Mesozoic
Era, termed the Toarcian Oceanic Anoxic Event (T-OAE; ~183 Ma). It is also characterized by major perturbations
in global (bio)geochemical cycles, including the global exogenic carbon cycle. The combined massive release and
sequestration of isotopically light carbon, and relative changes in the intricate balance between the two, resulted
in major positive and negative shifts in organic and inorganic, marine and terrestrial §'°C records. The widespread
development of anoxic—euxinic conditions, combined with global warming, had major repercussions for marine
ecosystem stability, resulting in global marine mass extinction. This major global change event is thought to be
causally linked to the emplacement of the Karoo-Ferrar Large Igneous Province (LIP). Although much research
has focused on the climatic and environmental consequences of carbon release at this time, the duration and rate of
carbon-cycle change, and the temporal and causal link to Karoo-Ferrar LIP volcanism are poorly understood. Here,
we present a high-precision astronomical time-scale for the entire Toarcian Stage in the Mochras Borehole (Wales,
UK). Integrated with bio-, chemo-, and magnetostratigraphy of the same borehole and radio-isotopic constraints, this
allows for important inferences on the temporal link between Karoo-Ferrar LIP volcanism and the Early Toarcian
global change event.

80


mailto:micha.ruhl@tcd.ie

© Societa Geologica Italiana, Roma 2019 STRATI 2019

The Cyclostratigraphy Intercomparison Project (CIP): consistency,
merits and pitfalls of cyclostratigraphy

Sinnesael M.*!, De Vleeschouwer D.2, Zeeden C.3, Claeys P.! & CIP-Participants

! Analytical, Environmental and Geo-Chemistry, Vrije Universiteit Brussel, Belgium. 2 MARUM — Center for
Marine Environmental Sciences, University of Bremen, Germany. * LIAG - Leibniz Institute for Applied Geophysics,
GEOZENTRUM HANNOVER, Germany.

Corresponding author email: matthias.sinnesael@vub.be

Keywords: astronomical climate forcing, cyclostratigraphy, methodology.

Cyclostratigraphy is an important tool for understanding astronomical climate forcing and reading
geological time in sedimentary sequences, provided that an imprint of insolation from Earth’s orbital
eccentricity, obliquity and/or precession is preserved (Milankovitch forcing). Numerous stratigraphic and
paleoclimate studies have applied cyclostratigraphy, but the robustness of the methodology and dependence
on the investigator have not been systematically evaluated. Here, we present an experimental design of three
artificial cases with known input parameters. Each case is designed to address specific challenges that are
relevant to cyclostratigraphy. Case 1 simulates the situation of a scientist onboard a research vessel: for his/
her analysis, nothing more than a drill-core photograph and the approximate position of a stage boundary is
available. Case 2 is a proxy record with clear nonlinear cyclical patterns, which interpretation is complicated
by the presence of a stratigraphic gap. Case 3 represents a modeled Late Devonian proxy record, with a low
signal-to-noise ratio and no specific astronomical solution available for this age. Each case was analyzed
by 17 to 20 participants as part of the Cyclostratigraphy Intercomparison Project (CIP). The test group was
heterogeneous in terms of experience and dedicated time and self-reflected on the results during a meeting in
Brussels, Belgium. The analyses demonstrate that not every participant came to the correct solution. However,
the median solution of all submitted analyses accurately approached the correct solution in all three cases and
some participants obtained the exact correct answers. This experiment demonstrates that cyclostratigraphy
is a powerful tool for deciphering time in sedimentary successions, and importantly, it is a trainable skill.
Systematically better performances were obtained for cases that were closer in type and stratigraphic age to
the experience of individual participants. Finally, we emphasize the importance of an integrated stratigraphic
approach and provide a set of guidelines on what good practices in cyclostratigraphy should include. With
the CIP, we cannot provide a quantitative measure of reliability and uncertainty of cyclostratigraphy. Instead,
our case studies provide valuable insight in current common practices in cyclostratigraphy, their merits and
pitfalls. Therewith, CIP is a starting point for further discussions on how to move this maturing field forward.
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StratigrapheR is an open-source integrated stratigraphy package. It is available in the free software
environment R (https://CRAN.R-project.org/package=StratigrapheR) and is designed to manage the large
amount of data needed to perform cyclostratigraphy. As this discipline can be carried out by visual analysis on
lithological observations and by time-series analyses, StratigrapheR endeavours to link the two by allowing
the semi-automated generation of lithologs, the processing of stratigraphical information, and the visualisation
of any plot along the lithologs in the R environment. The basic graphical principle behind StratigrapheR is
the incremental addition of elements to a drawing: a plot is opened, and graphical elements are successively
added. This allows compartmentalisation of the drawing process, as well as the superposition of different
plots for comparison. For instance a litholog of a single section can be written as a single function including
all the drawing sub-functions, and be integrated in a larger plot, for instance to be correlated to other sections
or to show proxy data. The StratigrapheR package is designed for efficient work, and minimum coding, while
still allowing versatility. The lithological information of beds (upper and lower boundary, hardness, lithology,
etc.) is converted into polygons. All polygons are drawn together using a single function, and each polygon
can have its personalised symbology allowing to distinguish lithologies. A similar workflow can be used for
plotting proxies while distinguishing each sample by their lithology. Vector graphics can be imported as SVG
files, and precisely drawn with the lithologs to serve as symbols or complex elements. Every type of symbol
is plotted by calling one single function which repeats the drawing for each occurrence of the represented
feature. This illustrates that the amount of work invested to make lithologs using StratigrapheR is related to
their complexity rather than their length: a long but monotonous litholog (e.g. of marl-limestone alternations)
only takes a few lines of code to generate. The StratigrapheR package also allows basic visualisation and
processing of oriented data used for magnetostratigraphy: efficient functions are provided for stereographic
projections, Zijderveld plots, conversion between data conventions and reorientation (sample correction,
bedding correction, rotation). It also provides a set of functions to deal with selected stratigraphic intervals
(for instance in the [0,1[ form): they allow simplification, merging, inversion and visualisation of intervals, as
well as identifying the samples included in the given intervals, and characterising the relation of the intervals
with each other (overlap, neighbouring, etc.). StratigrapheR includes PDF and SVG generation of plots, of any
dimension. The generated PDF can even store multiple plots in a single file (each plot on a different page) to
document data processing comprehensively.
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Cyclostratigraphy is an integral part of many scientific studies on the age and duration of outcrop-
and core material from sedimentary geoarchives. Yet, borehole data are not systematically assessed using
cyclostratigraphic methods. This has various reasons, including (a) a specific resolution and commonly
no possibility to increase data resolution after logging, (b) logging proxy data cannot be connected to the
sedimentary environment as easily as core investigations, (c) commonly cyclostratigraphic studies focus
on one lithostratigraphical unit, but borehole logs may comprise several (d) some data generated from core
material (e.g. stable isotope ratios) cannot be acquired in boreholes directly. Also some complex settings allow
for different cyclostratigraphic interpretations. To obtain a reliable understanding of (long) borehole logging
datasets, and data from complex settings, a good understanding of the potential and specifics of relevant
(time/depth) evolutive methods in cyclostratigraphy are an essential prerequisite. Therefore, we test a suite
of evolutive cyclostratigraphic methods using several artificial datasets consisting of modelled Milankovic
signals and noise. The principles of spectral moments, or other types of signal characterizations, can be used
for initial assessment of signal properties over the entire record, and sometimes allow interpretations regarding
sedimentation rate or changes in the climate system. Wavelet analysis and evolutive harmonic analysis (EHA)
represent windowed approaches of assessing cyclicity, where wavelet analysis and evolutionary spectral
analysis can also assess amplitude variations. Evolutive average spectral misfit (¢ASM) and evolutionary
correlation coefficient analysis (eCOCO) assess the similarity of power spectra (eCOCO) and significant
cyclic variations (ASM) in geological datasets against Milankovic targets, being conceptionally similar but
technically different. The TimeOpt method investigates precession- and eccentricity amplitude modulations
and aims at finding a best fit through assessing various sedimentation rates. Aim of our work is the comparison
of different evolutive cyclostratigraphic methods for an understanding of which methods perform good under
specific conditions. Once artificial datasets are discussed, we apply these methods to rather well understood
real data. A discussion of the possible issues and potential of especially uncommon methods gives insight in
further potential of cyclostratigraphy.
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Aghdarband in NE Iran is an important key-area, well known for the thick Triassic sedimentary succession
deposited in a back-arc setting along the southern margin of Laurasia. One important unit of this succession
is the Nazar-Kardeh Formation, a mixed calcareous and sandy unit, rich in ammonoids, that was deposited
in basinal conditions. Few ammonoids from the Nazar-Kardeh Formation where collected in the 1970s by
A. Ruttner (Ruttner, 1991) and studied by Krystyn & Tatzreiter (1991). This first collection was not done
with a bed-by-bed approach, but the authors could distinguish two faunas, assigned to the Nicomedites
osmani and the Aghdarbandites ismidicus zones of the Bithynian substage of the Anisian. The area was
visited several times by us (Zanchi et al., 2016; Balini et al., 2019) and the field works included the bed-by-
bed sampling of several fossiliferous localities of the Nazar-Kardeh Formation. Four stratigraphic sections
have been sampled in the tectonic units 1, 2 and 3, and a total 645 ammonoids have been collected. The
most complete and fossiliferous sections are Agh25 in tectonic unit 1 and Agh37 in tectonic unit 3. The first
section provides the best record of the Nicomedites osmani zone, while section Agh 37 is the only one where
both the bithynian zones are documented. Fourteen genera have been identified: Norites, Acrcochordiceras,
Ismidites, Nicomedites, Aghdarbandites, Kocaelia, Pseudohollandites, Japonites, Gymnites, Costigymnites,
Leiophillites, Monophyllites, Phyllocladiscites and two new genera. A total number of 25 species (8 new)
have been recognized. Nicomedites and Aghdarbandites, the most common genera of the N. osmani and A.
ismidicus zones, respectively, show a much wider diversity than reported in literature. The correlations with
the most important bithynian sections of Gebze (Turkey), Nakhlak (Central Iran) and Spiti (Tethys Himalaya,
India) are discussed.

Balini M., Nicora A., Zanchetta S., Zanchi A., Marchesi R., Vuolo 1., Hosseiniyoon M., Norouzi M. & Soleimani S.
(2019) - Olenekian to Early Ladinian stratigraphy of the western part of the Aghdarband window (Kopeh-Dag, NE
Iran). Riv. It. Palacontol. Strat., 125, 283-315.

Krystyn L. & Tatzreiter F. (1991) - Middle Triassic ammonoids from Aghdarband (NE-Iran) and their Palacobiogeographical
significance. In: Ruttner A.W. (ed.), The Triassic of Aghdarband (AgDarband), NE-Iran and its pre-Triassic frame.
Abh. Geol. Bund., 38, 139-163.

Ruttner A.W. (1991) - Geology of the Aghdarband Area (Kopet Dag, NE-Iran). In: Ruttner A.W. (ed.), The Triassic of
Aghdarband (AqDarband), NE-Iran and its pre-Triassic frame. Abh. Geol. Bund., 38, 7-79.

Zanchi A., Zanchetta S., Balini M. & Ghassemi M.R. (2016) - Oblique convergence during the Cimmerian collision:
evidence from the Triassic Aghdarband Basin, NE Iran. Gondwana Res., 38, 149-170.
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The research history of Devonian ammonoid zonations goes back for more than hundred years. Especially
in the Upper Devonian, zones with a duration of only a few hundred thousand years have been established
and correlated internationally. However, based on the studies of ontogenetic morphometry and intraspecific
variability, it became evident in recent years that many ammonoid faunas of separate regions contain similar and
related, but different taxa. This requires a new look at the principles of zonation systems and their correlation.

In general, regional Devonian ammonoid successions are distinctive and not simply duplicated in separate
basins, each with individual facies developments and palacoecological conditions. Despite their open shelf,
pelagic lifestyle, ammonoids were highly facies-sensitive although the type of environmental control on
population differences is mostly unknown. The following zonal types are recognized:

— Phylozones, defined by evolutionary change within a non-endemic, branching lineage (e.g. middle Frasnian
Beloceratidae).

— Endemozones, defined by the FADs of endemic taxa (e.g. regionally different Frasnian Virginoceratidae or
Famennian Prolobitidae).

— Migrozones, defined by FADs related to the sudden immigration of a lineage with a longer evolutionary
history elsewhere (e.g. Triainoceratidae in Europe-North Africa-North America).

— Cryptozones, defined by FADs of taxa with cryptogenic ancestry (e.g. Frasnian Devonopronoritidae in the
Altai Mts. and Iran).

— Ecozones (s.str. or acme zones), defined by sudden blooms of specific taxa, for example in event beds (e.g:
“Archoceras” in Upper Kellwasser Beds).

— Desaster zones, defined by sudden LADs in the course of significant extinction events (e.g. Postclymenia
evoluta Zone after the Hangenberg Extinction).

— LAD zones, defined by individual LADs (e.g. upper Anarcestes Zone in the upper Emsian).

Internationally, the best correlation is achieved using genozones, which are characterized by the FAD of an
index genus (or closely related genus group), but with different oldest species in different regions. This implies
a mixture of phylogeny and migration. Global events led to global disaster zones (e.g. Frasnian-Famennian
boundary extinction) and, sometimes, also to pantropical ecozones. Further detailed studies are required to
document global phylozones based on speciation within pantropical genepools. Examples are the supposed
congruent evolutionary changes in the far apart Upper Devonian of North America, North Africa, Germany,
and NW-Australia (e.g. Frasnian Prochorites, Famennian sporadoceratids).

The analysis of regional/global zonal schemes holds important clues to understand the interaction of
evolution and regional/global environmental change.
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With this contribution we show the preliminary results of the ammonoid and Daonella zonation of the
Besano Formation (Anisian/Ladinian boundary) at Sasso Caldo (SC) quarry section on the Italian side of Monte
San Giorgio (NW Lombardy). The Besano Fm is the most fossiliferous unit of the Middle Triassic succession
of the Monte San Giorgio site (UNESCO WHL), which de facto has provided one of the best preserved
record of marine life in the Triassic period. During the excavations led by the Natural History Museum of
Milan (MSNM) at SC (from 1985 to 2003, directed by G. Teruzzi) almost 2000 specimens, including plant
remains, vertebrates and invertebrates, have been collected. This contribution is part of a PhD project held at
the Earth Sciences Department “A. Desio” of the “Universita degli Studi di Milano”, in cooperation with the
MSNM. The project aims to the (1) publication of a biostratigraphic log, and (2) study of the vertebrate fauna
recovered at SC, with particular focus on the holotype of Besanosaurus leptorhynchus. The collection stored
at the MSNM includes 60 specimens of Daonella and more than 200 ammonoids. These specimens, whose
stratigraphic importance have been proved in the past years (i.e. Rieber, 1969, 1973), have never been studied
since now. During the excavation, the sedimentary succession was divided into several “strata”. Usually each
stratum includes a couplet of layers, typically a (lower) dolomitic and an (upper) bituminous layer. The “strata”
have been numbered in increasing order from top to bottom. Relatively good specimens range from stratum
88 to stratum 50. The genus Repossia ranges from st. 82 to st. 80; Stoppaniceras is present from st. 80 to st.
73, but also a single specimen of S. variabilis has been found at st. 88; Nevadites ranges from st. 71 to st. 57;
Serpianites ranges from st. 67 to 62, but S. airaghii is completely lacking. About the bivalve Daonella, D.
vaceki is present in strata 83 and 82; D. airaghii occurs in st. 80; D. pseudomoussoni ranges from st. 80 to st.
76; D. fascicostata ranges from st. 75 to st. 66; D. luganensis occurs in st. 66. All of these taxa document the
N. secedensis zone from st. 88 to st. 47. Thanks to this zonation, a precise bed-by-bed correlation of the SC
section to Middle GBZ exposed at Mirigioli (Punkt 902) is proposed. Eventually we point out that, whereas
the ranges of the Daonella species match perfectly with the already published Swiss material, the ranges of
ammonoids genera seem to be wider than previously thought.

Rieber H. (1969) - Daonellen aus der Grenzbitumenzone der mittleren Trias des Monte San Giorgio (Kt. Tessi, Switzerland).
Eclogae Geol. Helv., 62, 657-683.

Rieber H. (1973) - Die Triasfauna der Tessiner Kalkalpen. Cephalopoden aus der Grenzbitumenzone (Mittlere Trias) des
Monte San Giorgio (Kt. Tessin, Switzerland). Schweiz. Palaeontol. Abh., 93, 1-96.
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The Red rock region, the type locality of the Minette Ironstone formation, has been a very important mining
centre in the southern Luxembourg, close to the French border. Thanks to the presence of iron minerals and
elements in several oolithic beds, in fact, the Minette-type rocks have been quarried over the years to produce
this important metal for the iron and steel industries. The entire formation has been studied by geologists and
mining engineers and both underground and opencast mines operated everywhere in the area. As a side-effect
of the iron mining, important paleontological associations of ammonites, belemnites and other invertebrates
have been found during the last one and a half centuries. In the literature, several authors studied the fossils
emerged from this area (e.g. Branco, 1879; Benecke, 1905; Maubeuge, 1947) and several new species have
been identified on material originating from the Minette. Fossils have been originated from very condensed
and relatively thin levels. Nevertheless, the material is well preserved and it is possible to perfectly study
the European biostratigraphic sub-division of those beds, especially concerning the upper Toarcian Aalenis
Zone and upper Aalenian Murchisonae Zone. Most of the palaecontological collection of fossils from Red
Rock region is currently stored at the Natural History Museum of Luxembourg, thus becoming a regional
and international reference collection for the span of time between lower and middle Jurassic. Although all
the mines are now abandoned and partially protected as national nature reserves, it is still possible to study
the stratigraphic sequence at several places. The Minette appears very important not only from an industrial,
geological, stratigraphical and palacontological point of view, but it also represents a fundamental (strategic)
place to study the interaction between the human and industrial history on the one hand, and the local geology,
natural resources and landscapes on the other one. This is a noteworthy point for the realization of a UNESCO
biosphere reserve (Man and biosphere program), which aims at protecting and valorising the entire area,
including its geological heritage.

Branco W. (1879) - Der Untere Dogger deutsch-lothringens. Abh. Z. Geol., I1.

Benecke E.W. (1905) - Die Versteinerungen der Eisenerzformation Deutsch-Lothringens und Luxemburgs. Ver. Geol.
Land.,1-598. Strassburg.

Maubeuge P.L. (1947) - Sur quelques ammonites de 1’’Aalénien Ferrugineux” du Luxembourg et sur 1’échelle
stratigraphique de la formation ferrifére franco-belgo-luxemburgeoise. Inst. Grand Ducal de Luxembourg, Section
Sci. natur., XVII, 73-87, 2 pl. Luxembourg.
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Biostratigraphy is the science which subdivides rocks by their paleontological content. Its fundamental
unit is the biozone, which is characterized by the stratigraphic distribution of a marker. Biozones are bounded
by bioevents and they are separable in sub-biozones. A biostratigraphic survey is characterized by several
phases: sampling fossils layers by layers, study and classify them at specific level, recognize markers and
bioevents, establish biozones, edit the local biostratigraphic scale and correlate it with Standard ones. This is
a very complex work that needs a specialist to be realized. The result of a biostratigraphic study is a sequence
of biozones which gives a relative age to the studied rocks. When the bioevent is dated in absolute way, the
biozone corresponds to chronozone (Salvador, 1994). Starting from the biostratigraphic survey, the specialist
proposes a possible evolution: the method of biochrones. It starts by the concept of chrone with some little
differences. The so-called biochrone is established on couples of well-defined bioevents, identifying one or
more biozones. A co-evoluted and well-identified paleontological association is required for each biochrone.
The association is studied at genus level choosing the genera with very clear and univocal taxonomical features.
This paper aims at testing the biochrones’ method on Toarcian stage given its biostratigraphic importance. The
ammonites are chosen as reference fossils. After a classic biostratigraphic study with all connected phases and
the identification of appropriate bioevents, four biochrones have been recognized. They cover the entire age.
The first biochrone is instituted on the Tenuicostatum and Serpentinus biozones, the second on the Bifrons
zone, the third on the Variabilis, Thouarsense and Dispansum zones, the fourth on the Pseudoradiosa and
Aalensis Zones. With these new units, the number of choosen taxa decreases and the studied features permit an
easier approach, making the method easy to accessible also to not specialists. Using biochrones, the correlation
between coeval but different geological sequences does not loose definition, but it relied on less complicated
methods, adding value to the entire science of datation with fossils.

Salvador A. (1994) - International Stratigraphic Guide. A guide to stratigraphic classification, terminology, and procedure,
The International Union of Geochrological Sciences and the Geological Society of America (eds.), 214 pp.
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The Early Jurassic rifting phase is an event widely described all across the Western Tethyan region. In the
Longobucco Basin (northeastern Calabria, Sila Greca), such tectonic phase controlled the sedimentation of a
thick succession, unconformably resting on an Hercynian metamorphic and igneous basement. The Longobucco
Basin stratigraphy documents the rapid subsidence of a continental margin which evolved from an alluvial
plain characterized by fluvial red beds (Rhaetian/Hettangian boundary) to a shallow marine shelf with hybrid
carbonates, to a deep sea basin characterized by siliciclastic and hybrid turbidites (Pliensbachian/Toarcian),
and finally to a pure pelagic basin (Middle Jurassic onward). Paroxysmal tectonics, also marked by huge
megaclastic deposits, first occurred at the Sinemurian/Pliensbachian boundary, producing intrabasinal highs
and steep basin margins. Footwall blocks made of exhumed portions of Hercynian basement were ephemerally
colonized by shallow water limestones with an abundant siliciclastic content. These carbonate bodies drowned
diachronically around the Pliensbachian/Toarcian boundary as a consequence of a second main tectonic phase.

Pliensbachian and Lower Toarcian ammonite assemblages have been found at different stratigraphic levels
and in different positions of the investigated basin. Ammonite biostratigraphy allowed to reconstruct the
evolution of a such underinvestigated area. In particular it has been possible to constrain the following main
tectono/sedimentary events:

— age of the megaclastic deposits associated with the first tectonic pulse (Lower Pliensbachian — base of the
Ibex Zone)

— age of a condensed guide level in the basinal deposits, marking a regional highstand phase (Upper
Pliensbachian — Lavinianum Zone)

— age of drowning of the carbonate bodies (where reliable biostratigraphic markers are scarce) (Late
Pliensbachian/Middle Toarcian — Emaciatum Zone/Bifrons Zone)

— age of the second tectonic phase (Late Pliensbachian/Middle Toarcian — Top Algovianum Zone/Bifrons
Zone)

The studied ammonite assemblages also provide interesting palacobiogeographic information, being
composed of taxa showing either a European or a Mediterranean affinity; this fact point out the existence
of a faunal mixing in the Pliensbachian, which is considered a stage characterized by marked provincialism
between Mediterranean and European ammonite faunas.

90


mailto:giulia.innamorati@uniroma1.it

© Societa Geologica Italiana, Roma 2019 STRATI 2019

The Unitary Associations method in ammonoid biostratigraphy
Jattiot R.*!', Bucher H.? & Brayard A.'

! Biogéosciences, UMR 6282, CNRS, Université Bourgogne Franche-Comté, France. * Paldontologisches Institut,
Universitit Ziirich, Switzerland.

Corresponding author email: romain.jattiot@u-bourgogne.fr

Keywords: ammonoids, quantitative biochronology, Early Triassic, Cretaceous.

Owing to their abundance, high evolutionary rates and widespread geographical distribution, ammonoids
represent major biostratigraphical fossils. In biostratigraphical works, ammonoid zones are usually defined as
interval zones, which correspond to continuous zones generally bounded by the first occurrence (FO) and/or
last occurrence (LO) of an index species. However, the local range of any particular ammonoid by itself is not
necessarily informative and accurate in time, since the fossil record is incomplete, discontinuous and reflects
ecological partitioning. Furthermore, the main disadvantage of interval zones is the time lag that can exist
between the true evolutionary origination of a species (i.e., its First Appearance Datum) and its local FO, which
also depends on local ecological conditions, sampling effort and selective preservation. Thus, the use of interval
zones often leads to diachronous correlations and biostratigraphical contradictions. Differing from interval
zones, the Unitary Associations method (Guex, 1991) is based on discrete, discontinuous zones defined by the
occurrence of characteristic species or of characteristic pairs of species. Thus, this method is much more robust
for detecting and solving biostratigraphical contradictions in a given dataset, and it also provides a laterally
constant sequence of zones without any crossings, whatever their resolution. We will show some examples
where this method has already been proved to be very efficient in providing robust quantitative ammonoid
biostratigraphical schemes in the Triassic and in the Cretaceous. Additionally, we will present a project whose
prime objective is to reassess uppermost Albian biostratigraphy by means of the Unitary Associations method.
Utilizing for the first time this method in the debate over the highly controversial Vraconnian stage, this project
is expected to yield unprecedented results towards disentangling this biostratigraphical conundrum. We also
aim to subsequently decipher couplings between major palacoecological and environmental changes observed
during this time interval.

Guex J. (1991) - Biochronological Correlations. Springer.
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The number of Jurassic ammonoid localities known from western North America is far less than those
in Europe and their fauna remains less studied. However, analysis of faunal assemblages may add crucial
information to our understanding of the tectonically complex orogen of the North American Cordillera. The
new locality presented here contributes to our knowledge of the Early Jurassic Eastern Pacific ammonoid
faunas and their paleobiogeographic distribution. Biostratigraphic assignments help to test the applicability of
a regional standard zonation (Taylor et al., 2001). The new data may also be used to constrain reconstructions
of paleogeography and tectonic history.

The study area is located within the Basin and Range Province, where Cenozoic extension created pull-
apart basins and horst-and-graben structures. The Death Valley National Park, near the border of California and
Nevada, features bedrocks ranging in age from the Neoproterozoic to present. The new locality at Butte Valley
exposes the Mesozoic formation of the same name, first described by Johnson (1957). The age of the formation
was thought to be Triassic, on the basis of a few poorly preserved ammonoids. However, here we present newly
obtained fossil collections of Jurassic age from the topmost part of the formation.

In 2018, 190 specimens were collected at a locality informally referred to as “Ammoniteville”. Most
specimens are flattened internal and external molds. Although species-level identification is hampered by the
poor state of preservation, ammonite biostratigraphy allows assignment of the studied section to the early-
middle Hettangian. The lower part falls into the Polymorphum Zone, whereas the upper part represents the
Coronoides Zone of the North American regional zonation. The genera present in the collection are best
compared with those from the Gabbs Valley area in Nevada (Guex, 1995) and Haida Gwaii (Queen Charlotte
Islands) in British Columbia (Longridge et al., 2008). At each of the three areas cosmopolitan genera (e.g.
Kammerkarites and Franziceras) dominate the assemblages, supplemented by few other East Pacific taxa
(e.g. Eolytoceras). The revised Early Jurassic, rather than Early Triassic age of the uppermost Butte Valley
Formation requires reconsideration of some depositional, paleogeographic and tectonic models of the Mojave
Desert region.

Guex J. (1995) - Ammonites hettangiennes de la Gabbs Valley Range (Nevada, USA). Mém. Géol. (Lausanne), 27, 1-131.

Johnson B.K. (1957) - Geology of a part of the Manly Peak quadrangle, southern Panamint Range, California. Univ. Calif.
Publ. Geol. Sci., 30, 353-423.

Longridge L.M., Palfy J., Smith P.L. & Tipper H.W. (2008) - Middle and late Hettangian (Early Jurassic) ammonites from
the Queen Charlotte Islands, British Columbia, Canada. Rev. Paléobiol., 27, 191-248.

Taylor D., Guex J. & Rakus M. (2001) - Hettangian and Sinemurian ammonoid zonation for the western Cordillera of
North America. Bull. Géol. Lausanne, 350, 381-421.
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New Lower Carnian ammonoid faunas from China Mountain (Tobin Range, Nevada) are described. The
area was investigated in the early 1970s as part of the PhD work of K.M. Nichols (1972). Nichols collected
ammonoids from two sites (localities #1251 and #1311, Nichols, 1972), but did not report bed-by-bed collection
data. These collections are presently stored at the USGS Core Research Center (Lakewood, CO), but they
have not been described. Nichols & Silberling, 1977, referred to the locality and assigned the ammonoid
faunas to the Desatoyense Zone. The authors visited the area in October 2018 and noted the location of the
fossiliferous interval in the uppermost part of the Smelser Pass Member of the Augusta Mountain Formation,
a few meters below the erosional base of the Cane Spring Formation. Two new fossiliferous sites were located
and sampled bed-by-bed from exposed beds, and float specimens were collected from the two sites, taking
careful note of their stratigraphic position. Stratigraphic sections were measured and a total of 758 specimens
were collected from these two new localities. An attempt was made to find locality #1251 (Nichols, 1972),
but was unsuccessful due to the lack of precise locality information. Ammonoids by far make up the majority
(+95%) of the specimens, with the remaining 5% consisting of bivalves and brachiopods. The ammonoid
faunas are dominated by Daxatina belonging to at least two new species that are not present in South Canyon
(type locality of the no-longer valid Desatoyense Zone). These new species have a simple ceratitic suture line
and are morphologically similar to the Daxatina that occur in the middle-upper sedimentary succession of
South Canyon. The upper part of the fossiliferous interval is characterized by the appearence of Perrinoceras,
and the occurrence of very rare specimens of Silenticeras cf. schencki, Clionitites cf. reesidei and ? Trachyceras
also suggests correlation with sections D2, E and the lower part of section F of South Canyon.

Nichols K.M. & Silberling N.J. (1977) - Stratigraphy and Depositional History of the Star Peak Group (Triassic),
Northwestern Nevada. Geol. Soc. Am. Spec. Pap., 178, 1-73.

Nichols K.M. (1972) - Triassic depositional history of China Mountain and vicinity, north-central Nevada. [Ph.D dissert.]
Stanford Calif., Stanford Univ., 142pp.
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Science advances and with it the storage of large amounts of data. The need to use this data efficiently,
quickly and safely is possible thanks to the Big data analytics that allows us storage and relationship data in
order to obtain new knowledge. Here we present a new database (BEyOND) that provides a wide variety of
organized and standardised paleoproxies relative to the last 20.000 years of Mediterranean Sea history and that
we plan for the future to make it available to all researchers, with open access, in order to extract and, more
importantly, to add data (extending to other intervals of time) in a way that favours the exchange of knowledge.
Our presentation focus on the way we built the database, focusing on a specific interval of time corresponding
to the deposition of the most recent sapropel (S1) and the possibilities offered by it. BEyOND contains
139 sediment cores data (97 cores in the Mediterranean sea) from 82 scientific papers and a total of 1.750
proxies that have been categorised in: geochemistry, isotopes, pollen, sediment grain size, coccolithophore,
dinoflagellate and foraminifera. Our work highlights the development of a new method to correlate the data
also in case of missing precise age control for each core. Our database highlights the potential of using data
analytics to extract hidden patterns and new knowledge also in various fields of the marine geology.
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Stratigraphic frameworks, developed using a range of stratigraphic data types, can be used to integrate a
range of geological data sets, including paleontological, sedimentological, physical properties, composition etc.
For research related to deciphering the stratigraphic record to understand the evolution of the Earth System, it
is routine to develop integrated datasets specific to a time slab of interest, and focused on the stratigraphic data
that is directly pertinent to the research topic being addressed. National geological surveys use stratigraphy to
address a range of issues, from the increasing use of the subsurface for resource abstraction (water, energy),
storage of waste (CO,, radioactive) and energy, and infrastructure development (e.g., below cities). These
varied use cases, and longer-term perspectives, require national geological surveys to take a different approach
to dealing with stratigraphic data, compared to more academic research endeavors, and a more open approach
compared to industry. In this presentation we outline ongoing efforts at the British Geological Survey to better
develop the systems, skills and expertise to deploy and apply stratigraphic information within the applied
geosciences realm. This focus builds upon >150 years of systematic stratigraphic data collection, decades of
regional synthesis (UK sector and internationally) and involvement in national and international data driven
initiatives, and is driven by the varied use cases outlined above. The long-term nature of data in geological
surveys poses a range of challenges, related to managing and linking legacy data, capturing and linking new
data, and making these data readily discoverable and accessible to users, and the deployment of stratigraphic
information to help facilitate progress in key geoscience challenge areas. We will outline a range of ongoing
activities, include the development of tools for intelligent data discovery, linked data efforts, and international
partnerships related to the deployement of BGS burgeoning data into systems, and driving their development
and inter-connections, and discuss future areas for application.
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In the late Jurassic and Cretaceous the shallow and warm water seas were marked, among other benthic
marine organisms, by rudist bivalves, a peculiar group of fossils that originate in the late Jurassic and became
exinct at the end of the Cretaceous. Rudist occurrences reported in three publicly available databases (Paleotax,
PaleobioDB and Paleo-reefs) have been integrated with the most recent information in literature, critically
examined and improved with original notes, allowing to check their distribution in carbonate successions
since the origin of these bivalves in the Oxfordian (late Jurassic) up to their first main extinction event in the
early Aptian (early Cretaceous) corresponding to the OAEla (Selli level). Such data were used to evaluate
the control exerted by geodynamic factors, such as the opening of new gateways that modified the oceanic
circulation patterns, on the diffusion and evolutionary history of these benthic bivalves. The extraction and
validation of data sourced from different databases was a massive work, that confirms how web databases are
useful, even if data need a large amount of work by researchers to be used for scientific purposes. Moreover,
databases need continuous updating which is only possible with a great effort of researchers and technicians.
Paleotax for example is updated to the year 2000, while PaleobioDB and Paleo-Reefs have largely incomplete
collections of papers and occurrences regarding rudist bivalves. One of the byproducts of our work was, thus,
the production of a new database (Oxfordian-early Aptian Rudist DB, OXeAP_RDB), freely available on
request at www.stratageoresearch.com. The DB was created in .xIs format and is structured to easily find the
palaeontological information necessary for any stratigraphical and geological application. OXeAP RDB is
updated to January 2019, is critically revised and is easy to be accessed, but unfortunately it doesn’t provide
a webgis application for the location of entries on a map. The next step will be the production of a Database
including all the rudist occurrences from the Oxfordian to the Maastrichtian, though the data that needs to be
checked are by far more numerous and massive.

http://www.paleotax.de/rudists/intro.htm

https://paleobiodb.org
https://paleo-reefs.pal.uni-erlangen.de/reefs/searchreef public.php
http://www.stratageoresearch.com
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The Deep-time Digital Earth (DDE), the IUGS recognized Big Science Program, was formally launched
on February 26, 2019 by 13 international organizations and national geological surveys such as International
Commission on Stratigraphy (ICS), International Association on Sedimentologists (IAS), and British
Geological Survey. The Deep-Time Digital Earth is an international consortium aiming to develop a platform
of connected geoscience informatics efforts with FAIR data (Findable, Accessible, Interoperable, and Re-
usable) with adequate quality control linking various Earth’s spheres in geological history (Wang et al., 2019).
The DDE is a 4D system, including one dimension of geological time and three dimensions of paleo-location.
It provides the possibility of linking those multi-source heterogeneous data of existing geological databases
through the 4D concept. DDE Stratigraphy, aiming on the time dimension for the DDE system, is the platform
for the sharing of stratigraphic data and tools. Many existing stratigraphic databases, such as Geobiodiversity
Database (http://www.geobiodiversity.com/Main.aspx; Fan et al., 2013) and Macrostrat (https://macrostrat.
org/; Peters, 2005) can be linked to each other through the DDE Stratigraphy platform. Those tools, such as TS
Creator for stratigraphic visualization, SinoCor and CONOP for quantitative stratigraphy, Geological Virtual
World for virtual reality (VR) can be freely accessed by any users through the online system or even apps in
the mobile phone.

Fan J.X., Chen Q., Hou X.D., Miller A.I., Melchin M.J., Shen S.Z., Wu S.Y., Goldman D., Mitchell C.E., Yang Q., Zhang
Y.D., Zhan R.B., Wang J., Leng Q., Zhang H. & Zhang L.N. (2013) - Geobiodiversity Database: a comprehensive
section-based integration of stratigraphic and paleontological data. Newsletters on Stratigraphy, 46(2), 111-136.

Peters S.E. (2005) - Geologic constraints on the macroevolutionary history of marine animals. Proceedings of the National
Academy of Sciences U.S.A., 102, 12326-12331.

Wang C.S., Shen S.Z., Zhou C.H., Hou Z.Q., Cheng Q.M., Oberhansli R. & Stephenson M., (2019) - Preface: Decodification
of Earth evolution in Deep-time. Acta Geologica Sinica (English Edition), 93(S3), 1-2.
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Department of stratigraphy and paleontology VSEGEI (Russian Geological Research Institute) runs an
information system “Electronic stratigraphy dictionary of Russian Phanerozoic” (IS). The first version of IS
was released under Data base management system (DBMS) Paradox 9.0 (Oshurkova et al., 2002). Actual
version is working under DBMS Oracle 11g. It has two interfaces: web-interface for internet users (http:/
stratdic.vsegei.ru/) and internal application for IS editor. To enter information into the data bank (DB), a
unified form has been developed containing a complete set of features for diagnosing a stratigraphic unit
(Straton). Reference books and dictionaries were created to provide the necessary clarity and completeness
of descriptions. Each description contains the following details: name of Straton with etymology of name and
author, rank and links. The data on the stratotype of the Straton (with geographical coordinates) are given; the
lithological and paleontological characteristics of the Straton are also available. Stratigraphic position of Straton
includes system, epoch, stage and biostratygraphical zonation as well as reginal units and members, relations
with underlying and overlapping deposits, geographical expansion (with geological map binding, where this
Straton is being used). Isotopic, paleogeomagnetic and paleoclimatic data are notified also for Stratons where
it is available. Graphical data shown as columns are used as Straton description. Straton’s description in the
rank of horizon lists the local stratigraphic units (series, suites and strata) that it includes. Straton’s description
in the rank of series lists combine retinue suites and thickness. DB allows to search by name of Straton, or
its geographical, stratigraphic position. To start using IS it is enough to enter in system through “Reports”
form and receive a Word-document with full description of Straton. IS is updated and actualized permanently.
Two-side linked dynamical interaction with “Legend of serial State Geological Maps of Russian Federation”
provides the access to full scope of information. Two key parameters are used for linking: name of Straton and
it’s stratigraphical position (in GTS — geological time scale). In the database becomes available information
about belonging of the Straton to a specific legend and taxon of structural-formation zoning. DB is intended for
operative support by paleontological and stratigraphical information during mapping and geological research
works.

Oshurkova M.V., Avdontsev S.N. & Zbukova D.V. (2002) - Information System “Electronic Stratigraphic Dictionary of
the Phanerozoic of Russia” // Reg. geol. and metallogeny, 16, 61-68.
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The deep-sea sedimentary record is the primary source of materials for paleoceanography and marine
micropaleontology. Early studies of Quaternary-Recent sediments, e.g. CLIMAP used piston cores and
broad geographic syntheses of single time interval data. Pre-Quaternary paleoceanographic studies mostly
use sediments recovered by the deep-sea drilling projects (DSDP, ODP, IODP), and have mostly focussed
on multiple proxy data time-series from a few sections, with new proxies and increasing time resolution as
primary research directions. Many scientific questions in paleobiology and earth system science however
benefit from, or require, a global perspective, with integration of data from many sections in different oceans
and environments. This in turn requires a global chronostratigraphic framework, applied to each section,
and access to both the individual section chronostratigraphy and section-linked data for studies. The drilling
programs do not provide this, instead capturing and archiving primary metadata and raw (unstandardized)
individual study report data files, indexed to depth-in-section via their own and allied databases, e.g. the Pangea
earth sciences archive system. The Neptune database was begun at the ETH in Ziirich in the early 1990s to
provide a global deep sea age-modeled section framework linked to marine microfossil occurrence data, for
taxonomic and paleobiologic studies. The initial implementation was in a pre-sql, offline rdbms supported by
offline apps in True Basic. The database migrated to modern sql and the web via the Chronos project (USA)
in the early 2000s and was re-incarnated as NSB in the 2010s at its current home at the MfN in Berlin. Along
the way the data content expanded by >300% to current values of nearly 800K occurrence records for 9K
taxa names from >300 globally distributed age-modeled drill sites. The large majority of the data is from the
Cenozoic, but some Cretaceous data is held as well. NSB re-wrote the complex, multiple computer-language
heritage stack to a more maintainable (by undertrained, over-committed regular scientists) implementation
in Python and SQL. A major extension of NSB added chronostratigraphic data: events in individual sections
(28K records), and their reference calibrations in deep sea sections (2.7K records), plus age scales. Neptune
and NSB have primarily been used for paleobiologic and evolutionary studies, but paleoceanographic use
of the chronostratigraphic content has increased rapidly in the last few years. This is probably due to more
visibility via a recently created data link to the popular micropaleontology taxonomy website Mikrotax. More
deep-sea data, land section data, older geologic time intervals, stronger links to allied databases and archives
(GBDB, Pangea, DDE), integration online of currently offline tools (e.g. ADP, used to generate age models
for sections), and more analytic tools, including Al are all possible directions for future NSB development.
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Under the circumstance of big data, a composite standard sequence (CSS) containing all geological events
in an appropriate order will become a more necessity among researchers, especially new joiners, to understand
the geological history. This sequence could be constructed through various quantitative stratigraphic techniques
such as graphic correlation (Shaw, 1964) and constrained optimization (CONOP, Sadler & Cooper, 2003),
and need to be recognized by the wide geological school, firstly of all, paleontologists. Biostratigraphy,
based on The Principle of Faunal Succession, plays a key role for constructing CSS and in return the CSS
need to be tested by the common fossil occurrence sequence. However, there is a long existed argue among
paleontologists that when fossil data from amounts of sections are compiled the inconsistency on taxonomy
would become the primary bias. Geobiodiversity database (GBDB, Fan et al., 2013) made significant effort to
avoid this issue, such as setting the taxonomy opinion function for taxonomists to provide professional critics,
and inviting taxonomists to examine the data before Paleozoic CSS of South China was constructed. With the
paleontological data increase under the international science project of Deep-time Digital Earth, fossil data
from all over the world will accumulate and it’s impossible to rely on any single taxonomist or even a group to
do the taxonomy examination. Image analysis technique will provide a solution and here I apply it to fusulinid
foraminifera thin section images as a pilot analysis. Thin section images include all details for fusulinid
taxonomists to commonly assign the taxa. The analysis consists of 119 images belonging to six genera. All
images are standardized with regard to size, gray scale, shade and orientation. Linear multivariate analyses,
i.e. principal component analysis and canonical variant analysis, are employed to distinguish the images and
the result exhibits high consistency with the author’s identification. The procedure displays the power of image
analysis, and with nonlinear analysis and artificial intelligence technique involved in the future, taxonomy
examination assisted by image analysis will be quick and accurate for CSS construction.

Fan J.X., Chen Q., Hou X.D., Miller A.L., Melchin M.J., Shen S.Z., Wu S.Y., Goldman D., Mitchell C. E. & Yang Q.
(2013) - Geobiodiversity Database: a comprehensive section-based integration of stratigraphic and paleontological
data. News. Stratigr., 46(2), 111-136.

Sadler P. M. & Cooper R.A. (2003) - Best-fit intervals and consensus sequences. In: P. J. Harries ed., High-resolution
approaches to Stratigraphic paleontology, 49-94. Kluwer Acadeic Publishers, Dordrecht, Boston, Paris.

Shaw A. B. (1964) - Time in stratigraphy. McGraw-Hill, New York.

101


mailto:ykshi@nju.edu.cn

© Societa Geologica Italiana, Roma 2019 STRATI 2019

Assisted Biostratigraphic Interpretation:
an Example of Machine Learning in Petroleum Geoscience

Simmons M.D.!, Adeyemi O.!, Bidgood M.D.2, Maksymiw P.!, Osterloff P.3, Possee D.*, Routledge C.’,
Saunders B.!, Prince 1.> & van Buchem F.S.P.*!

! Halliburton. 2 GSS (Geoscience) Ltd. * Shell. * University of Southampton. * University College London.

Corresponding author email: thevanbuchems@hotmail.com

Keywords: Biostratigraphy, assissted machine learning, petroleum geoscience.

The application of data science and machine learning are transforming petroleum geoscience workflows.
Routine yet time-consuming and important tasks can be made more efficient by the application of machine
learning-based assisted interpretation, freeing the geoscientist to perform tasks with greater value. Accuracy,
reproducibility, and understanding of uncertainty are also improved and greater insight can be gained.
Biostratigraphic data is common in the industry but requires deep specialist knowledge and significant time
to interpret, hence it can be underutilized. However, the form of the data makes it suitable for the application
of machine learning techniques. The applications of machine learning on biostratigraphic data from a set of
typical industry wells were tested to facilitate the interpretation of biozone/age and paleoenvironment. The
data was from three wells from anonymous West African locations. Two wells form training data, with a third
well the target for machine learning based interpretation. Numerous samples had been analysed from each well
and rich and diverse assemblages of foraminifera and calcareous nannofossils were present over an interval
that ranged in age from Cretaceous to Neogene incorporating 60 biozones. In total, the three wells contained
768 species within 710 samples. However, to capture a full range of possible bioevents, the industry wells
were supplemented with data from published sources [e.g., International Ocean Drilling Programme (IODP)
reports on 16 wells with relevant stratigraphy] to form a more comprehensive training dataset. The data was
provided without interpretation, thus an initial task was to carry out a human interpretation of biozone/age
and palaeoenvironment. This then provided the context to develop the training dataset and a target to measure
the success of the machine learning technique against. To facilitate both human and machine learning based
interpretation, it was found useful to identify and eliminate spurious data, for example, that resulting from
reworking or caving. Such data was identified by reference to species dictionaries that identify the broad
stratigraphic range of species and through statistical screening. Application of Random Forest and Naive
Bayesian algorithms achieved results comparable to standard human interpretation, and pre-processing of the
data proved beneficial. Important to the success of the project was the close working relationship between data
scientists and subject matter experts to capture the nuances of biostratigraphic data and its interpretation. The
work forms a case study for application to other geoscience data types.

102


mailto:thevanbuchems@hotmail.com

© Societa Geologica Italiana, Roma 2019 STRATI 2019

The Uses and Benefits of Big Data for Geological Surveys
Stephenson M.H.*

British Geological Survey

Corresponding author email: mhste(@bgs.ac.uk

Keywords: Long tail’ data, geological survey, International Union of Geological Sciences.

‘Long tail’ data is the difficult-to-get-at data that sits in libraries, institutes and on the computers of individual
scientists. Informatics specialists like to contrast it with the smaller number of large, more accessible data sets.
The name ‘long tail’ derives from graphs drawn of the size of data sets against their number: there are relatively
few large datasets and a lot of smaller ones. Geological science has more long tail data than sciences like
physics or meteorology, probably because historically it has been less associated with big science infrastructure
and sensors. Much of this ‘long tail’ data resides in geological surveys — institutes created by nations to survey
and ‘inventorise’ geological resources. For many large and long-established geological surveys, improving
the discoverability and ease of compilation (interoperability) of ‘long tail’ geoscience data involves making
historical paper data available to cyberspace. A unique collaboration between the British Geological Survey
(BGS) and computer scientists of the GeoBiodiversity Database (GBDB) is opening up some of this data. The
BGS has an abundance of biostratigraphical data collected over almost two centuries associated with about 3
million fossils and thousands of localities and stratigraphic sections, to exacting and consistent standards. The
data has great potential for science, but much of it is contained within paper documents or simple document
scans and so is inaccessible to big data tools. It needs lifting from the page and into cyberspace. The BGS
began working recently with GBDB (the official database of the International Commission on Stratigraphy
(ICS)) which is almost unique in being the only large database to hold sequences of fossils tied to sections,
rather than just spot collections. Another aspect of ‘long tail’ geoscience data in geological surveys is well-
organized data in digital ‘islands’. These need to be brought together between and within institutions, made
interoperable, and georeferenced both in a palacogeographical and modern geographical sense. The Deep-time
Digital Earth (DDE), the first ‘Recognised Big Science Program’ of the International Union of Geological
Sciences (IUGS) aims to link digital ‘islands’. Through DDE, data will be made available in easily used ‘hubs’
providing insights into the distribution and value of earth resources and materials, as well as earth hazards.
Data brought together in new ways may provide novel glimpses into the Earth’s geological past and its future.
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Micropalaeontology is a data-rich branch of the earth sciences. Individual samples can contain thousands
of specimens and it is quite normal for micropalacontologists to identify, collect, image or measure tens
or even hundreds of thousands of specimens during the course of a research project. However, these data
are relatively difficult to systematise and data mining techniques have been relatively poorly used, at least
outside the industrial biostratigraphy sector. Probably the most useful exception to this is provided by the
data from deep sea drilling, where enormous numbers of samples have been studied under a relatively uniform
framework through more than 50 years of research. The prime compilation of these data is provided by
the Neptune database, which now includes ca 800,000 species occurrence records and this has been
extensively used for palacobiodiversity studies. More recently in the context of the Mikrotax project we
have been developing the potential of the Neptune database as a source of relatively objective, quantitative,
data on the stratigraphic and biogeographic occurrence of individual species of planktonic microfossils. We
have found that the occurrence-frequency of individual species (i.e. the proportion of samples they are
recorded in from a given time interval) provides a useful proxy for species abundance change, and so can be
used to investigate changing distribution patterns through space and time significantly better than using
simple presence-absence data. Further by summing the occurrence-frequencies of individual species we
can obtain the observed-diversity of higher taxa (i.e. the average number of species observed in a sample of
a given age). This observed-diversity is arguably more useful than total recorded diversity, and has the
advantage of being much less susceptible to skewing from rare species and taxonomic splitting. Plotting
data from the Neptune database is now a core part of the Mikrotax system, complementing the other data
on microfossil taxonomy, morphology and biostratigraphy. The system currently provides definitive data
for two major groups - calcareous nannofossils (Nannotax website) and planktonic foraminifera
(pforams@mikrotax website), with extension to other groups (e.g. radiolaria and acritarchs) in
progress. The Neptune occurrence data are presented as plots of occurrence-frequency through time for
individual species, with additional tools available to plot occurrence-frequency data on palacogeographic
maps, on a time-latitude grid, and on custom plots comparing different taxa. These tools are invaluable for
Mikrotax-users seeking reference information on individual taxa. It has also, however, proven significant that
they provide tools to visualise the raw data of the Neptune database. By doing so they expose problems with
the database which are otherwise easily overlooked, and so allow us to improve it. This has led to us
significantly revising the age models for numerous sites and to revising synonymy interpretations. Following
this we are better able to understand the strengths and weaknesses of the Neptune data compilation and use it
as a basis for planning larger scale data integration within micropalaeontology.
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The original decision to utilize the boundary-statotype concept for chronostratigraphic divisions of Earth
history in the form of Global Boundary Stratotype Sections and Points (GSSPs) was not without controversy.
The advantages of the boundary-stratotytpe concept with regards to gaps and overlaps when compared to the
unit-stratotype concept notwithstanding, there has remained a persistent disquiet among stratigraphers with the
practicality and function of the GSSPs as chosen and utilized in the past four decades. Today, a growing chorus
of discussion has begun regarding the demise of the GSSP. I would like to posit that the difficulties with the
practical function of many, if not most, of the GSSPs currently designated are not the fault of the GSSP as a
concept, but rather the decisions that were made by the subcommissions in selecting the GSSP positions in the
first place. The typical over-reliance on single-taxon biozone biostratigraphy and the a priori assumption that
the first appearance of an index species in a lineage zone will ‘approach synchronicity’ is at the core of many
current GSSP issues. The solution to this problem is not to overthrow the concept of the GSSP, but rather, to
better constrain our objectives to include events in Earth history, not solely the positions identifiable by a single
clade of biostratigraphers.
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Fifty-two years since the International Commission on Stratigraphy was established, ICS has approved
and the IUGS has ratified 71 of the 102 GSSPs that define boundaries of a single, hierarchal set of global
stages, series, systems, and erathems for the Phanerozoic Eonthem. During these 52 years, methods of
stratigraphic correlation improved considerably, and knowledge of stratigraphic successions worldwide
expanded greatly. Although the basic concept of the Global Stratotype Section and Point is known throughout
the stratigraphic community, it often is misrepresented, and critics of the GSSP process chose to ignore it
successes. Ager’s (1981) pronouncement that it does not matter where the golden spike is hammered in so long
as it is done and that we can then move on to the much more difficult task of correlation is most unfortunate. Too
many GSSPs, such as those defining most of the stages and series of the Silurian, were placed without concern
for correlation. They proved to be seriously deficient and now must be replaced. Correlation must precede
definition; in fact, demonstrated widespread, reliable correlation is the primary requirement for ensuring a
successful GSSP decision. Determination of a single marker that defines the GSSP and possibly secondary
markers is well known. But these markers cannot be taken as infallible. In fact, the marker(s) only has value in
terms of its position relative to all other stratigraphic signals within an extended boundary interval. Correlation
is not a process of simple discovery of the marker in other sections; it always is an interpretive process that
evaluates the position of the primary and secondary markers with regard to all other stratigraphic signals in
an extended stratigraphic interval in both the stratotype section and the section correlated to it. It has been
argued that, because a GSSP defines a point in time, two successive GSSPs define an interval of time that
is a geochronologic unit and that the strata deposited during that time interval comprise a corresponding
chronostratigraphic unit. It has even been argued that for this reason chronostratigraphic units are redundant
and unnecessary. However, this argument ignores the fact that two GSSPs can be known to be successive only
by means of an already established, extensive chronostratigraphic framework.

Ager D.V. (1981) - The Nature of the Stratigraphical Record, 2nd Ed. MacMillan. Hong Kong.
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The perceptive work of 18th and 19th century geologists developed the concept of geological time and
the stratigraphic column. But, as greater precision was required to correlate events and strata globally, it
was clear that many of the original boundaries of the geological systems were separated from each other by
unconformities. Many, however, are only regional breaks in Europe, not elsewhere, providing a poor basis
for global correlation. Nevertheless, the column provided the basis for Darwin’s studies (published in 1859)
on evolution in deep time and Phillips’s pioneering diversity curves for life in the Phanerozoic (published in
1860). A new approach was required, inspired by the International Commission on Stratigraphy (ICS). All
the system boundaries have been reinvestigated by working groups of the ICS (all but one is in place), as
have many of the series and stage divisions (Cohen et al., 2013). The base of a chronostratigraphic interval is
defined in a unique stratotype section, in a type area using the concept of a “golden spike” (Hedberg, 1976).
All the usual criteria for a workable stratotype section must be satisfied (Cowie et al., 1986). The golden spike,
which represents a point in the rock section and an instant in geological time, is then driven into the section,
at least in theory (Holland, 1986); this is a fact. In reality, the spike is usually adjusted to coincide with the
first appearance (FAD) of a distinctive, recognizable fossil within a well-documented lineage, though non-
biological markers are ever increasingly important. This horizon will then be the Global Stratotype Section
and Point (GSSP) and reported on the regularly-updated ICS timescale chart (Cohen et al., 2018, www.
stratigraphy.org) now in many different languages. The ranges of all fossils occurring across the boundary,
together with geochemical and other proxies, are documented as aids to correlation; correlation, however, is
a hypothesis. Improved calibration and correlation of strata with biological data are commonly matched by
chemostratigraphy, cyclostratigraphy and magnetostratigraphy together with high precision absolute dates,
sometimes with an accuracy of 10 kyr. Successions can be orbitally-tuned using Milankovitch cycles based on
eccentricity, obliquity and precession. These data, biological and non-biological, are integrated in the definition
and description of chronostratigraphic units. The establishment of the GSSP for the Chattian Stage (Paleogene
System) is an elegant exemplar (Coccioni et al., 2018). Shen and Rong (2019) have integrated all available
stratigraphic (time-series) data from China, compiled from the Ediacaran to Quaternary.

Cohen K.M., Finney S.C., Gibbard P.L. & Fan J.-X. (2013) - The ICS 823 International Chronostratigraphic chart.
Episodes, 36, 199 - 204.

Cohen K.M., Finney S.C., Gibbard P.L. & Fan J.-X. (2013) - The ICS 823 International Chronostratigraphic chart.
Episodes, 36, 199 - 204.

Cowie J.W., Ziegler W., Boucot A.J., Bassett M.G. & Reman, J. (1986) - Guidelines and Statutes of the International
Commission on Stratigraphy (ICS). Courier Forschungsinstitut Senckenberg , 83, 1-14.

Coccioni R., Montanari A., Bice D., Brinkhuis H., Deino A., Frontalini F., Lirer F., Maiorano P., Monechi S., Pross J.,
Rochette P., Sagnotti L., Sideri M., Sprovieri M., Tateo F., Touchard Y., Van Siameys S. & Williams G. (2018) - The
global stratotype section and point (GSSP) for the base of the Chattian Stage (Paleogene System, Oligocene Series)
at Monte Cagnero, Italy. Episodes.

Holland C.H. (1986) - Does the golden spike still glitter?. Journal of the Geological Society, 143(1), 3-21.

Shen S. & Rong J. (Eds.) (2019) - Integrative stratigraphy and timescale of China. Science China: Earth Sciences 62,
1-348.
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Subdivision of the Holocene Series/Epoch into the Greenlandian, Northgrippian and Meghalayan Stages/
Ages has recently been ratified based on stable isotope records from ice-core and speleothem archives (Walker
et al., 2018, 2019). The base of the most recent chronostratigraphic unit, corresponding to the Northgrippian-
Meghalayan boundary, coincides with the ‘4.2 ka event’ recognised as a drought anomaly in many low-latitude
sites. The Global Stratotype Section and Point (GSSP) for the boundary, the oxygen isotope record from the
Mawmluh Cave speleothem (India), demonstrates this event with markedly weakened Asian summer monsoon.
Here we contribute to the assessments of the geological time scale and the global characteristics of this event
by detailing an isotopic excursion in tree-ring carbon isotopes from high-latitude/subarctic Europe. The §"*C
chronology (Helama et al., 2018) demonstrates extremely overcast (wet) conditions, especially between 2190
and 2100 BCE, with anomalous conditions sustaining until 1990 BCE. In addition to demonstrating its exact
dating and duration, the §"°C data also illustrate the two-stage nature of the event and highlight the greater
magnitude of the earlier stage. Considering the need to focus on climate records based on well-dated chronologies
when defining new climatic events, the isotope record from Finnish Lapland is an ideal time marker as it is
reliably converted to calendric timeline using the established tree-ring cross-dating methods (e.g. Speer, 2010).
Moreover, the reconstruction of cloud cover variability based on the tree-ring §*C demonstrates the value of
this isotope chronology to trace the past climatic events present in the recent geological record. Previously,
tree-ring records have not served as GSSPs to subdivide formally the geological past. Traditionally most GSSPs
utilise lithified and exposed rock outcrops; however, the GSSPs defining the lower boundary and subdivision
of the Holocene Series/Epoch are now based on ice-core and speleothem isotope records. Interestingly, there
have been suggestions of potential GSSP for the as-yet-undefined Anthropocene particularly in tree-ring. More
generally, our results exemplify the potential of tree-ring archives to provide ideal time-stratigraphic marker
horizons in terms of event stratigraphy.

Helama S., Arppe L., Timonen M., Mielikdinen K., & Oinonen M. (2018) - A 7.5 ka chronology of stable carbon isotopes
from tree rings with implications for their use in palaeo-cloud reconstruction. Global Planet. Change, 170, 20-33.

Speer J.H. (2010) - Fundamentals of Tree-Ring Research. The University of Arizona Press, Tucson.

Walker M., Gibbard P., Head M. J., Berkelhammer M., Bjorck S., Cheng H., Cwynar L.C., Fisher D., Gkinis V., Long
A., Lowe J., Newnham R., Rasmussen S.0. & Weiss H. (2019). Formal division of the Holocene Series/Epoch: a
summary. J. Geol. Soc. India, 93, 135-141.
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The Global Stratotype Section and Point (GSSP) approach to define stage boundaries leaves the unit or
body of the stage undefined. At the same time, former arguments against unit-stratotypes have been invalidated
for the Cenozoic through the revolutionary advance in integrated high-resolution stratigraphy and astronomical
dating. Combined, these provide unprecedented age control and ensure continuity of sedimentary successions,
opening up the possibility to introduce unit-stratotypes for global stages. Last year, we proposed such unit-
stratotypes with the entire stage to be formally defined in an astronomically age calibrated deep-marine
succession, preferably but not necessarily containing the GSSP. Furthermore, cycles used for the tuning and to
build our standard Geological Time Scale could be formally defined as chronozones. In this way, the standard
Geological Time Scale and Global Chronostratigraphic Scale would be brought in line with the progress in
integrated high-resolution stratigraphy and astronomical dating. The proposal involved separate voting on
the formal definition of unit-stratotypes and astrochonozones, as the definition of unit-stratotypes does not
necessarily depend on the formalization of astrochonozones. The proposal was submitted to the International
Subcomission on Stratigraphic Classification (ISSC) for voting after several rounds of internal discussion
with ISSC members. The final revised proposal was sent to ISSC voting members on February 23 last year
with the deadline one month later. The outcome of the voting was circulated to ISSC members on April 30
and later to ICS. The proposal on the unit stratotype was declined by ISSC as the needed super majority of
60% of the votes was not reached (57.14%), while the formal definition of astrochronozones was accepted
with a majority vote of 64.29%. Looking at the outcome of the vote, we could have continued with a separate
proposal on the astrochronozone part for voting in Internation Commission on Stratigraphy (ICS). However,
the astrochronozone is intimately linked to the unit-stratotype concept and an exclusive vote on it would be less
relevant as a consequence. Note that this would not have been the case if the results of the ISSC vote would
have been opposite, as the formalization of unit-stratotypes implies a much more fundamental change in global
chronostratigraphic procedures and thinking than that of astrochronozones. Moreover, the most important
astrochronozones associated with the stable 405-kyr eccentricity cycle will anyway be numbered from the
Recent back in time, although in an informal rather than a formal way. As a moratorium of 10 years does
not apply, we aim to resubmit the proposal after Strati2019 and the publication of GTS2020, as these events
are anticipated to underline the critical importance of astronomical calibration of continuous deep marine
successions not only for building our time scale but also for understanding Earth history.
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The La Charce section (Drome Department, southeastern France) is suggested for the Global Boundary
Stratotype Section and Point (GSSP) of the Hauterivian stage. The thick section is well exposed and
characterised by continuous sedimendation, without facies changes; the calcareous-marl alternation is
favourable for long range correlations; macrofossils (mainly ammonoids) and microfossils (mainly
nannofloras) are abundant and well preserved; magnetostratigraphy (weak signal), chemostratigraphy,
sequence stratigraphy and gamma ray spectrometry records have been compiled; there is already a permanent
protection of the site as it belongs to an Espace Naturel Sensible (ENS) of the Dréme Department; a reception
area has been developed allowing a free and permanent access of the site. The base of the Hauterivian should
be defined by the first occurrence (FO) of the ammonite genus Acanthodiscus which marks the base of the
A. radiatus ammonite Zone. According to this proposal, the FO of the ammonite species 4. rebouli in bed
number 189 marks the base of the stage. At La Charce, the nannofossil event that best approximates the
Valanginian/Hauterivian boundary is the last occurrence of Eiffellithus windii (bed number 213). Several
other ammonite and calcareous nannofossil events are of inter-regional correlation value and provide
valuable secondary markers:

— Bed 217 FO of Diloma galiciense (calcareous nannofossil)

— Bed 214 FO of Saynella mucronata (ammonite)

— Bed 213 LO of Eiffelithus windii (calcareous nannofossil)

— LO of Tribrachiatus sp. (calcareous nannofossil)

— Bed 197 FO of Leopoldia leopoldina (ammonite)

— Bed 194 FO of Spitidiscus (gr. lorioli-meneghinii) (ammonite)
— Bed 193 FO of Breistrofferella castellanensis (ammonite)

— Bed 190 FO of Breistrofferella varapensis (ammonite)

— FO of Staurolithites mitcheneri (calcareous nannofossil)

— Bed 189 FO of Acanthodiscus rebouli (ammonite) [base of Hauterivian]
— Bed 189 FO of Teschenites flucticulus (ammonite)

— FO of Teschenites pachydicranus (ammonite)

— Bed 186 LO of Teschenites callidiscus (ammonite)

The top of Chron M10Nn.3n coincides with the base of the Hauterivian and may serve as an interregional
correlation event. Carbon isotopes from carbonate bulk rock samples show a plateau of around 1.3%o across
the boundary. The main geochemical breaks occur at the base and top of a marly interval (beds 197-203) which
lies about 8 m above the boundary.
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The Anthropocene is now under investigation of the Anthropocene Working Group (AWG) of the Quaternary
Subcommission. Whereas the AWG indicates that the Anthropocene is stratigraphically real, and formalization
at epoch rank is recommended (Zalasiewicz et al., 2017), other publications disregard any potential for a
formally defined chronostratigraphic unit of the Geological Timescale (GTS) for various reasons, including
the shortness of its duration or a better attribution to other disciplines like history or politics. In defining
an Anthropocene as a chronostratigraphic unit, the AWG is committed to chronostratigraphy and various
suggestions for starting points have been published so far. However, no GSSP section was defined yet, and the
golden spike primary marker remains undefined, but many suggestions prefer artificial bomb nuclides from
1950 to 1965 (Zalasiewicz et al., 2017).

We notice several interesting points regarding stratigraphy:

(1) The second Copernican revolution brought a new view of the Earth as a single complex system, revolving
Earth Sciences into Earth System Sciences, but also reversing the natural sciences progression into a revived
anthropocentric view of the world with humans as a prominent natural force.

(2) Uniformitarianism, a first principle of geology, no longer holds true for Anthropocene strata, where
we find artificial materials, minerals and chemical compounds never before existing on Earth and geological
processes modified by humans, from planetary material fluxes, induced earthquakes to least nuclear fission.

(3) The current method of GSSP chronostratigraphy was perfectly suitable for diffuse and hard to date deep-
time boundaries, but becomes more and more questioned by the development of precise and exact numerical
dating methods in geochronology and astrochronology. This dilemma is especially exemplified by current
stratigraphy effort applied on the Anthropocene aiming for a chronostratigraphic boundary and thus GSSP
golden spike point which might be defined in a time frame covered by the unifying and precise time scale
of the historical calendar, so historical and geological time scales would meet. This time scale allows for the
precision down to splits of seconds and results in the golden spike (or pin) being inaccurate and artificial. A
reiteration of the GTS from top (youngest)-down may be the future way. The challenges faced in defining the
stratigraphy of the Anthropocene may provide the opportunity for the discussion to change chronostratigraphy
into a numerical stratigraphy.

Zalasiewicz J., Waters C.N., Summerhayes C.P., Wolfe A.P., Barnosky A.D., Cearreta A. Crutzen P., Erle E., Fairchild L.J.,
Galuszka A., Haft P., Hajdas 1., Head M.j. Ivar do Sul J.A., Jeandel C., Leinfelder R., McNeil J.R., Neal C., Odada
E., Oreskes N., Steffen W., Syvitski J., Vidas D., Wagreicj M. & Williams M. (2017) - The Working Group on the
Anthropocene: Summary of evidence and interim recommendations. Anthropocene, 19, 55-60.

Zalasiewicz J., Waters C.N., Williams, M. & Summerhayes, C.P. Eds. 2019. The Anthropocene as a Geological Time Unit.
A Guide to the Scientific Evidence and Current Debate. Cambridge University Press, Cambridge.
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Nannofossils are calcareous rests produced by phytoplanktonic algae that in the modern ocean are mostly
ascribed to Haptophyta. When they were first be observed in the nineteen century their biological nature was
not immediately clear and even when it became obvious, for decades they have been considered a scientific
curiosity more that an effective and powerful stratigraphic tool. The collection of an immense dataset from the
most important geological archive, the sediments, have allowed scientists to understand that this group has a
unique and widespread distribution in space and time. This fundamental step was made possible thanks to two
main reasons: the first one is the enormous dataset made available by the ocean drilling projects, the second
is the development of micropaleontology in relation to Oil companies. In the seventies it became evident that
calcareous nannofossils are essential to biostratigraphy, in other words to assign relative ages to bioevents and
produce biostratigraphic schemes for both the Mesozoic and Cenozoic. This represented a revolution in the
utilization of this group that has rapidly became one of the most important marine stratigraphic tools. In this
view the recent publication of two biozonations, one for the Paleogene and one for the Neogene/Quaternary, if
on one hand it surely represents an implementation of the classic Cenozoic biozonations, on the other hand it is
the first attempt to apply a quantitative approach to this discipline. Once the spacing and ranking of calcareous
nannofossil biohorizons are defined the further step is to relate this relative dating to absolute dating and this has
been obtained using magnetostratigraphy and/or cyclostratigraphy. The exceptional bonus of biochronology is
in fact that you can use the age estimation calculated for biohorizons to frame sedimentary successions in time
when absolute dating tools are not available. In the last decades much has been done, but a lot more still needs
to be done because we now want to integrate all the information possibly gathered from different disciplines
with the higher possible resolution. Moreover, micropaleontologists have to fully understand the incredible
role they can play in the refinement and implementation of these chronologic frameworks but for doing that
they have to make an effort in trying to standardize their methodologies and, even more importantly, move
from a descriptive-naturalist approach, where the figure of micropaleontologist is a mere data collector, to a
modern interdisciplinary approach, where they are able to provide their fundamental contribution on an equal
footing with other Earth scientists.
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A transect across the North Atlantic Ocean, from ocean drilling Sites 926, 628, 563, U1406, 647, and
918, was analyzed quantitatively to determine the paleolatitudinal distribution of calcareous nannofossils
in the Late Oligocene and the effects of that distribution on biostratigraphic resolution. A biochronological
analysis utilized Unitary Associations (UA) and divided the assemblage into 6 UAs, correlating with current
biostratigraphic schemes. UA 3 and UA 4, defined by the base of Sphenolithus calyculus, was not consistently
used in existing biostratigraphy, and offers an additional bioevent for the Upper Oligocene. The absence of UA
5 at Hole 926B reveals a disconformity that was not identified previously. Modern zonation schemes cannot
be accurately applied to the North Atlantic Ocean north of 53° latitude. The best biostratigraphic resolution is
restricted to the upper mid-latitudes, Sites 628, 563, and U1406, or from 27-40°. Detrended Correspondence
Analysis (DCA), a Temperature index (TI), and the Shannon Diversity Index (H), were used to examine the
paleoenvironmental gradients which exerted primary and secondary control over the distribution of species.
The temperature index correlates to DCA 1, suggesting that thermal controls were the primary factor in the
distribution of nannofossils in the North Atlantic during the Late Oligocene. Shannon Diversity and the percent
abundance of the taxon Reticulofenestra minuta correlates significantly to DCA 2, suggesting that surface
water mass fertility was the secondary controlling factor.

115


mailto:wclark38@gmail.com

© Societa Geologica Italiana, Roma 2019 STRATI 2019

Magnetostratigraphic framework for IODP Expedition 371
(Tasman Frontier Subduction Initiation and Paleogene Climate)

Dallanave E.*!, Chang L.2, Sutherland R.3, Dickens G.R.%, Blum P.> & Exp. 371 Scientists

! University of Bremen, Germany. 2 Peking University, China. * Victoria University of Wellington, New Zealand.
* Rice University, USA. ° International Ocean Discovery Program, USA.

Corresponding author email: edoardo@uni-bremen.de

Keywords: 10DP Exp. 371, Zealandia, magnetostratigraphy, Paleogene, Tonga-Kermadec.

International Ocean Discovery Program (IODP) Expedition 371 (27 July — 26 September 2017) was
designed to understand the Tonga-Kermadec subduction initiation (southwest Pacific) through recovery
of Paleogene sedimentary records, and also to constrain the regional oceanography and climate evolution
since the Paleogene. During the Expedition were drilled 2506 m of sediment and volcanic rock at six sites
(U1506-U1511) located in the northern Zealandia and Tasman Sea area east of Australia. Sediments drilled
at Sites U1506 to U1510 consist of nannofossil and foraminiferal ooze or chalk that contained volcanic or
volcaniclastic intervals with variable clay content. Paleocene and Cretaceous sections range from more clay
rich to predominantly claystone. At Site U1511 a series of abyssal clay and diatomite was recovered, with only
minor amounts of carbonate. The ages of strata at the base of each site is middle Eocene to Late Cretaceous.
To integrate paleomagnetic results from shipboard archive halves and discrete specimens measurements, we
collected a total of ~400 standard 8 cm? oriented cube specimens from Hole U1507B, U1508C, U1509A, and
U1511B. After measuring the anisotropy of magnetic susceptibility (AMS), which gives indication about the
sediment fabric and possible presence of drilling-induced deformation, specimens were stepwise demagnetized
using both alternate field and thermal demagnetization, and the natural remanent magnetization was measured
after each demagnetization step with a 2G Enterprises Cryogenic magnetometer. On-shore base analyses
sensibly improve the quality of the magnetostratigraphic dataset, and the examined Holes altogether span
from magnetic polarity Chron C5En to C24n, from about 18 Ma to 55 Ma. In the international time scale this
corresponds to the Burdigalian—Ypresian (early Miocene to early Eocene), for a total of ~37 Myr of southwest
Pacific geological history calibrated with the Geomagnetic Polarity Time Scale. This age-model provides a
robust chronological framework for understanding the evolution of the Tonga-Kermadec subduction zone
during the Cenozoic and the possible implications on the global climate variations.
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Mesozoic radiolarian biochronologic scales have been developed since the 1970s and most reached their
present day status in the 1990s. The average degree of temporal resolution corresponds to substage level and
is sufficient to provide a meaningful framework for general geological studies. A great majority of zonal
schemes were elaborated in low-latitude sections but are applicable in mid to high latitudes as well because
an adequate number of species occur worldwide. Oceanic material recovered by DSDP in the 1970’s was
crucial in constructing the first radiolarian schemes for the Cretaceous and, in a later stage, ODP samples
contributed substantially to the improvement of Middle to Upper Jurassic zonations also. Mesozoic radiolarian
biochronology remains, however, primarily based on land sections. We recently presented a short historical
review and a synthesis of currently used zonations developed in North America, Europe and Asia (Gorican
et al., 2018). As proven over the years of their application, reliable radiolarian subdivisions are those based
on the assemblage concept. The biochronologically significant assemblages are defined either empirically or
quantitatively by using the Unitary Association Method. The more species are included, the easier it is to correlate
an assemblage over large geographic distances even with less than optimal preservation. Interval zones defined
exclusively with FADs and LADs of marker taxa are not appropriate for the radiolarian stratigraphic record,
which is highly incomplete due to facies restrictions and the variable degree of preservation. The ubiquitous
presence of many radiolarian taxa allows for a relatively clear inter-regional correlation of assemblages. The
existing zonations further confirm that the region where these zonations were established does not limit the
geographic area of their applicability. It is thus reasonable to try to assemble the existing zonations, to select and
revise the zones with the widest geographic traceability and to construct a composite Mesozoic zonation that
would provide a single reference standard for radiolarian dating on a global scale. We are currently preparing
such a compiled zonation complemented with newly available age constraints (e.g. stable isotope data) that
will consolidate the correlation of radiolarian zones to chronostratigraphic units. This zonation could be an
important contribution to a new edition of the Geologic Time Scale considering that radiolarians are the main
and often the only fossil group providing age data in deep-marine siliceous deposits. The standard radiolarian
zonation for the Mesozoic will be completed in near future and first presented at the 16™ InterRad Meeting in
September 2020 in Ljubljana, Slovenia.

Gori¢an S., O’Dogherty L., Baumgartner P.O., Carter E.S. & Matsuoka A. (2018) - Mesozoic radiolarian biochronology
— current status and future directions. Revue de micropaléontologie, 61, 165-189.
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The utility of planktonic foraminifera in biostratigraphy was first fully recognised within the Caribbean
region during the middle of the 20th century. The area was responsible for the first major biozonations for the
microfossil group and remained critical for the subsequent development of the low latitude biostratigraphic
schemes. Here we present a historical review of the Oligo-Miocene component of these biostratigraphic
schemes from the initial zonation proposed by Cushman & Stainforth (1945) with the work of Hans Bolli
and Walter Blow being particularly highlighted due to their heavy influence on the current and established
biostratigraphic zonation. These Caribbean-centric schemes typically relied on outcrop samples, providing a
relative sense of geological time. With the initiation of ocean research drilling, more complete oceanic sections
were recovered and became critical in biostratigraphic zonations. The calibration of these zonations with other
stratigraphic frameworks (e.g. magneto- and cyclostratigraphy) allowed for the establishment of numerically
aged bioevents. The bioevents applied in the Caribbean zonations are correlated to the modern-day low latitude
biogeochronology of Wade et al. (2011) with our synthesis highlighting that a number of bioevents (e.g. Top
Paragloborotalia kugleri and Top Catapsydrax dissimilis) have been applied consistently since the recognition
of their biostratigraphic value. This in turn allows us to determine which bioevents are the most and least
recognisable (e.g. based on how frequently the bioevents have been applied). The range charts from a number
of important Caribbean focused studies have been reassessed to determine whether there was potential to
apply a given bioevent, and whether the original author merely did not recognise the biostratigraphic utility
of the species or favoured another bioevent. In considering this historical review, a number of amendments
to Wade et al. (2011) have been suggested, including the reintroduction of Base Fohsella lobata and Base
Globigerinatella insueta as primary bioevents due to their historical importance in biostratigraphic correlation.
In addition, the Miocene to recent datums from Wade et al. (2011) have been recalibrated following more
recent updates to the magnetochronology. The overall effect on the planktonic foraminifera biogeochronology
is minor, however this becomes the suggested biostratigraphic framework for the low latitudes.

Cushman J.A. & Stainforth R.M. (1945) - The foraminifera of the Cipero marl formation of Trinidad, British West Indies,
Cushman Laboratory for Foraminiferal Research Special Publication, 14, 1-75.

Wade B.S., Pearson P.N., Berggren W.A. & Pilike H. (2011) - Review and revision of Cenozoic tropical planktonic
foraminiferal biostratigraphy and calibration to the geomagnetic polarity and astronomical time scale. Earth-Science
Reviews, 104, 111-142.
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New datation of Neogene series of the Guercif basin (Morocco):
a combination between biochronological and magnetostratigraphical data
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The Guercif basin is the eastern continuation of the Neogene foredeep of the Moroccan Rif Mountains, from
which it has been separated by the late Neogene uplift of the Middle Atlas Mountains. Four stratigraphic sections
have been analyzed on which 136 samples have been taken for the magnetostratigraphy study. The magnetic
characteristics of these rocks show that the magnetization usually results from the presence of magnetite,
titano-magnetite, goethite and hematite. The results demonstrate the presence of a single reverse polarity in the
case of the Khendek El Ouaich section correlated with chron C3Br.2r (~ 7.3 - 7.5 Ma). Magnetostratigraphic
investigations in Safsafate section in the Messinian deposits show that it could be correlated with chrons
C3Br.1n - C3Ar (~ 6.7 - 7.3 Ma). The Ain Guettara and Oued Lahmar sections show a succession of at least
seven polarities that are correlated with chrons C3n.4n- C3n.2n (~ 4.5 - 6.0 Ma). These results along with new
biostratigraphic studies based on rodent faunas and volcanism permit to establish the age of tectonic activity
and deposition.
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Ultra-high resolution paleomagnetic and '"Be evidence for complex transitional field
behaviour during the Upper Olduvai geomagnetic polarity reversal
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We have obtained two nearby ultra-high-resolution, continuously sampled, records of the Upper Olduvai
polarity transition from eastern Taiwan. The transition is recorded over the thickest sedimentary interval ever
documented for a geomagnetic reversal (~16 m). The paleomagnetic record is carried by detrital magnetite and
is not complicated by late diagenetic growth of greigite, which compromised previous attempts to obtain high-
resolution sedimentary polarity transition records from Taiwan. The two transitional records can be correlated
serially with each other, which lends confidence in the reliability of paleomagnetic recording. In contrast
to most published sedimentary polarity transition records, our record resolves stop-and-go features so that
they appear as gradual field changes. This demonstrates the exceptional resolution required to fully observe
transitional field behaviour. The field underwent a rapid major shift near the beginning of the transition after
collapsing to weak intensities, as is evident in both normalized remanence and '°Be records, followed by several
large and well-resolved directional swings with virtual geomagnetic poles (VGPs) lingering along “preferred”
bands, notably in North America and the North Atlantic at the beginning and the South Atlantic at the end of
the transition, respectively. However, the main transition then swings through the Pacific, with a minor VGP
cluster south of Hawaii, followed by a cluster near New Zealand. Compilation of existing Upper Olduvai
transition records indicates that field behaviour was different from that during the better studied Matuyama-
Brunhes transition. This could support inferences from numerical geodynamo simulations that each reversal
has a unique character, although the number of paleomagnetically well studied transitions remains small and
the resolution of most records is not high. Despite the complex nature of the Upper Olduvai transition, VGP
clustering in specific locations provides ongoing evidence for the influence of lateral lower mantle temperature
variations on the reversing geodynamo.
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An extended record of paleomagnetic direction and paleointensity across the Matuyama-
Brunhes reversal from the Chiba composite section, central Japan
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We report a high-resolution paleomagnetic direction and relative paleointensity records from a continuous
marine succession, consisting of 80 meters in thickness, exposed on the Chiba composite section of the Kokumoto
Formation, Kazusa Group, Japan (Kazaoka et al., 2015; Suganuma et al., 2018). The Chiba composite section
is a candidate for the Lower-Middle Pleistocene boundary GSSP. Our records, consisting of a new record
(this study) and data from the previous study (Okada et al., 2017), provide detailed behaviors of the virtual
geomagnetic poles (VGPs) and relative paleointensity changes during and after the Matuyama-Brunhes (M-
B) polarity transition. The resultant relative paleointensity and VGP records show a significant paleointensity
minimum near the M-B boundary, which is accompanied by an apparent “polarity switch” like a change in
terms of the paleomagnetic direction. The relative paleointensity record exhibits a consistent variation with a
parallel 10Be derived intensity proxy suggesting that our paleomagnetic data are highly plausible as a proxy
for the geomagnetic field intensity. The results indicate that the field intensity seems to keep at a low level
for ca. 10 thousand years associated with an unstable normal polarity, and then the field intensity recovers
up. Our paleomagnetic data represent one of the most detailed records on this geomagnetic field reversal
so far obtained from marine sediments and will, therefore, be vital for understanding the dynamics of the
geomagnetic dynamo and for calibrating the geological time scale.

Kazaoka O., Suganuma Y., Okada M., Kameo K., Head M.J., Yoshida T., Kameyama S., Nirei H., Aida N. & Kumai H.
(2015) - Stratigraphy of the Kazusa Group, Boso Peninsula: An expanded and highly-resolved marine sedimentary
record from the Lower and Middle Pleistocene of central Japan. Quat. Int., 383, 116-135.

Okada M., Suganuma Y., Haneda Y. & Kazaoka O. (2017) - Paleomagnetic direction and paleointensity variations during
the Matuyama-Brunhes polarity transition from a marine succession in the Chiba composite section of the Boso
Peninsula, central Japan. Earth, Planets and Space, 69, 45. https://doi.org/10.1186/s40623-017-0627-1.

Suganuma Y., Haneda Y., Kameo K., Kubota Y., Hayashi H., Itaki T., Okuda M., Head M.J., Sugaya M., Nakazato H.,
Igarashi A., Shikoku K., Hongo M., Watanabe M., Satoguchi Y., Takeshita Y., Nishida N., [zumi, K., Kawamura K.,
Kawamata M., Okuno J., Yoshida T., Ogitsu I., Yabusaki H. & Okada M. (2018) - Paleoclimatic and paleoceanographic
records of Marine Isotope Stage 19 at the Chiba composite section, central Japan: A reference for the Early-Middle
Pleistocene boundary. Quat. Sci. Rev., 191, 406—430.
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Multi - proxy global views on geomagnetic field variations over the past 100 ka
Panovska S.*! & Korte M.!

GFZ German Research Centre for Geosciences, Potsdam, Germany.

Corresponding author email: sanja.panovska@gfz-potsdam.de

Keywords: paleomagnetism, geomagnetic field, excursions, cosmogenic isotopes, global models.

The geomagnetic core field varies on time scales from months, years, centuries, to millennia. These
variations can be conveniently studied using empirical spherical harmonic global models of Earth’s magnetic
field. One characteristic of the long-term variations are geomagnetic excursions - events when field directions
deviate strongly from an axial-dipole dominated field, associated with globally low field intensities. Recent
empirical modeling progress on long timescales gives us global insight into the field variations over the past
100 ka and the Laschamp excursion, the best globally documented event that happened 41 ka ago. However,
the models are limited by data distribution and uncertainties of the paleomagnetic sediment and volcanic data.
Since the production rate of cosmogenic isotopes, such as '°Be, depends on the geomagnetic field, these records
can also serve as proxies and complement the paleomagnetic data in better understanding the long-term field
variations. First efforts are made in including a global compilation of '°Be records in building a model over the
past 100 ka. The Laschamp excursion is the most prominent feature in the past 100 ka, recorded globally in
the paleomagnetic records, and represented in the '’Be records with the highest peak in production rates. We
discuss paleosecular variation, dipole moment and field morphology over the past 100 ka, the potential of the
presently available compilation of cosmogenic isotopes records to improve global geomagnetic field models
and the use of geomagnetic excursions as stratigraphic markers for correlation purposes.
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Cosmogenic '"Be records: a tool to control accuracy of paleomagnetic records during
geomagnetic reversals and excursions
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Geomagnetic field strength variations during reversals and excursions provide key information on
geodynamo regimes and robust stratigraphic markers (see references). However, paleomagnetic records
obtained from sediments and lava sequences are biased by uncertainties hampering accurate reconstructions.
In order to test and improve the reliability, resolution and precision of paleomagnetic records during rapid
field variations, reconstructions of the cosmogenic nuclide beryllium-10 (°Be) atmospheric production rate,
inversely proportional to the geomagnetic dipole moment value, have been obtained on several sedimentary
sequences. The results obtained on the same samples from both methods are compared to extract accurate
features (amplitudes, duration, rates) and discuss field dynamics during reversals and excursions. These
features show that most available paleomagnetic records of reversal do not integrate the full field behavior
which is problematic to reconstruct their precise dynamics and understand underlying physical processes.
However, it does not hamper stratigraphic correlations among most geologic records, especially when using
dipolar intensity proxy as global marker.

Simon Q., Thouveny N., Bourlés D.L., Valet J.-P., Bassinot F., Ménabréaz L., Guillou V., Choy S. & Beaufort L.
(2016a) - Authigenic ''Be/ °Be ratio signatures of the cosmogenic nuclide production linked to geomagnetic
dipole moment variation since the Brunhes/Matuyama boundary. J. Geophys. Res., 121, 7716-7741. https://doi.
org/10.1002/2016JB013335

Simon Q., Bourlés D.L., Bassinot F., Nomade S., Marino M., Ciaranfi N., Girone A., Maiorano P., Thouveny N., Choy
S., Dewilde F., Scao V., Isguder G. & Blamart D. (2017) - Authigenic '°Be/’Be ratio signature of the Matuyama—
Brunhes boundary in the Montalbano Jonico marine succession. Earth Planet. Sci. Lett., 460, 255-267. https://doi.
0rg/10.1016/j.epsl.2016.11.052

Simon Q., Bourlés D. L., Thouveny N., Horng C.-S., Valet J.-P., Bassinot F. & Choy S. (2018a) - Cosmogenic signature
of geomagnetic reversals and excursions from the Réunion event to the Matuyama—Brunhes transition (0.7-2.14 Ma
interval). Earth Planet. Sci. Lett., 482, 510-524. https://doi.org/10.1016/j.epsl.2017.11.021

Simon Q., Thouveny N., Bourlés D. L., Bassinot F., Savranskaia T. & Valet J.-P. (2018b) - Increased production of
cosmogenic '°Be recorded in oceanic sediment sequences: Information on the age, duration, and amplitude of the
geomagnetic dipole moment minimum over the Matuyama—Brunhes transition. Earth Planet. Sci. Lett., 489, 191-202.
https://doi.org/10.1016/j.epsl.2018.02.036
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New Relative Paleointensity Record of the geomagnetic field
for the Holocene from the Central Adriatic Sea
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A marine sequence from Central Adriatic Sea (Meson-Adriatic Depression) was analyzed by means of
paleomagnetic/rock magnetic analysis then integrated with micropaleontological data (planktonic foraminifera)
and AMS'"C measurements. The core chronology of the late 3000 years was mostly based on the correlation
of paleomagnetic inclinations with those of the UK master curve and supported by radiometric data. The
chronology of the lower portion of the core was based on the occurrence of the sapropel S1 (clearly indicated
by the concentration magnetic parameters) and of the planktonic foraminifera Globorotalia inflata. Magnetic
parameters vary within the range that fulfill the criteria for a relative geomagnetic paleointensity (RPI)
study. RPI record was obtained by normalizing the intensity of natural remanent magnetization (NRM, )
by anhysteretic remanent magnetization (ARM, ). The last 7000 years of the record is in good agreement
with (a) the paleointensity record reconstructed by the geomagnetic global model CALS10k.1b (Korte et
al., 2011), (b) with the regional models for Europe SCHA.DIF.3k (Pavon-Carrasco et al., 2009) and SCHA.
DIF.8K (Pavon-Carrasco et al., 2010). In addition, our record agrees with relative paleointensities from MAD
in central Adriatic Sea (new record computed using data from Vigliotti et al., 2008) and Augusta Bay in Sicily
(Sagnotti et al., 2011).

Korte M., Constable C., Donadini F. & Holme R. (2011) - Reconstructing the Holocene Geomagnetic Field. Earth Planet.
Sci. Lett., 312, 497-505.

Pavon-Carrasco F.J., Osete M.L., Torta J.M. & Gaya-Piqué L.R. (2009) - A regional archeomagnetic model for Europe
for the last 3000 years, SCHA.DIF.3K: applications to archeomagnetic dating. Geochem. Geophys. Geosyst., 10,
(Q03013).

Pavon-Carrasco F.J., Osete M.L. & Torta J.M. (2010) - Regional modeling of the geomagnetic field in Europe from 6000
to 1000 B.C.. Geochem. Geophys. Geosyst., 11, Q11008.

Sagnotti L., Smedile A., De Martini P.M., Pantosti D., Speranza F., Winkler A., Del Carlo P., Bellucci L.G. & Gasperini
L. (2011) - A continuous palaeosecular variation record of the last four millennia from the Augusta Bay (Sicily, Italy).
Geophys. J. Int., 184, 191-202.

Vigliotti L., Verosub K.L., Cattaneo A., Trincardi F., Asioli A. & Piva A. (2008) - Palacomagnetic and rock magnetic
analysis of Holocene deposits from the Adriatic Sea: detecting and dating short-term fluctuations in sediment supply.
The Holocene, 18(1), 141-152.
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Ediacaran microbial bioherms capping methane seep networks in the
Marinoan cap carbonate of the Kaarta Mountains, Mali
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In the Kaarta Mountains of Mali, the triad (glaciogenic diamictite-cap carbonate-silexite) that marks the
Cryogenian-Ediacaran transition shows sharp modifications in facies in short distances (< 10 km). The cap
carbonate of the Koniakari Group is representative of quiescent-dominated conditions, locally interrupted
by decametre-scale disrupted substrates. The latter are characterized by the onset of fissure and fracture
networks, occluded with tabular-and rosette-shaped barite cements and sealed by stromatolitic buildups with
barite interlaminae. Detailed petrographic and geochemical analyses reveal barite-rich/free couplets of the
stromatolitic patches display 5"°C values ranging from —43.2%o to —4.8%0 PDB, indicative of a combination of
microbial mediation, probably as alternations of methane and photosyntetizer carbon sources. The microbially
induced oxidation of methane and input of Ba-rich fluids was coupled to reduction of sulfate derived from
seawater. The St/S isotope ratio and barite shape and size point to diagenetic barite crystals occluding the
fissure network and precipitated as stromatolitic intergrowths in the overlying buildups. Although present-
day “chemoherms” commonly occur in deep substrates, under anoxic bottom waters, the cap carbonate of the
Kaarta Mountains is representative of shallow waters under normal (oxygenated) conditions.

127


mailto:jj.alvaro@csic.es

© Societa Geologica Italiana, Roma 2019 STRATI 2019

Cambrian-style biomineralizing animal fossils in the terminal Ediacaran stage
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The origin and radiation of biomineralizing metazoans is an important evolutionary innovation that had
a significant geobiological impact. The earliest known skeletal metazoans are from the terminal Ediacaran
Period (~550-539 Ma), represented by a few genera of weakly biomineralized tubular and goblet-shaped
fossils. In contrast, shelly fossils in the early Cambrian Period (~539—520 Ma) are much more diverse and
abundant. Traditionally, skeletal fossils in the terminal Ediacaran and early Cambrian are regarded as two
distinct assemblages, with little overlap in stratigraphic distribution and taxonomic composition, implying
a possible extinction event at the Ediacaran—Cambrian boundary (ECB) followed by a subsequent radiation
event (Darroch et al., 2018; Zhuravlev and Wood, 2018). Recently, it has been shown that some Ediacaran
skeletal taxa may have extended into the early Cambrian (Han et al., 2017; Yang et al., 2016; Zhu et al.,
2017), indicating evolutionary continuity between these two assemblages. This evolutionary continuity also
implies that lineages of Cambrian-style biomineralizing animals may extend below the ECB, a stratigraphic
pattern that has long been suspected on the basis of Siberian data (Rogov et al., 2015; Zhu et al., 2017)
but has not been confirmed elsewhere. In this study, we test this prediction using biostratigraphic data from
the terminal Ediacaran Beiwan Member of the Dengying Formation in southern Shaanxi Province of South
China (Cai et al., 2019). Our data show that the Beiwan assemblage consists of diverse skeletal fossils
dominated by terminal Ediacaran taxa such as Cloudina and Sinotubulites, but also contains rare elements that
morphologically resemble early Cambrian shelly fossils, particularly Anabarites trisulcatus. The new fossils
increase the diversity of skeletal animals in the terminal Ediacaran stage. They also suggest that, although
a macroevolutionary turnover occurred at the ECB, a small number of skeletal animal lineages did cross
this boundary. The recognition of such evolutionary dynamics opens new avenues to characterize survival/
extinction selectivity and to assess the roles of environmental changes or ecological interactions as triggers for
the evolutionary turnover at the ECB.

Cai Y., Xiao S., Li G. & Hua H. (2019) - Diverse biomineralizing animals in the terminal Ediacaran Period herald the
Cambrian explosion. Geology, 47(4), 380-384.

Darroch S.A., Smith E.F. Laflamme M. & Erwin D.H. (2018) - Ediacaran extinction and Cambrian explosion. Trends Ecol
Evol,, 33, 653 — 663.

Han J., Cai Y., Schiffbauer J.D., Hua H., Wang X., Yang X., Uesugi K., Komiya T. & Sun, J. (2017) - A Cloudina-like
fossil with evidence of asexual reproduction from the lowest Cambrian, South China. Geol. Mag., 154(6), 1294-1305.

Rogov VI, Karlova G.A., Marusin V.V,, Kochnev B.B., Nagovitsin K.E. & Grazhdankin D.V. (2015) - Duration of the
first biozone in the Siberian hypostratotype of the Vendian. Rus. Geol. Geophys., 56(4), 573-583.

Yang B., Steiner M., Zhu M., Li G., Liu J. & Liu P. (2016) - Transitional Ediacaran—Cambrian small skeletal fossil
assemblages from South China and Kazakhstan: implications for chronostratigraphy and metazoan evo Zhu M.,
Zhuravlev A.Y., Wood R.A., Zhao F. & Sukhov S.S. (2017). A deep root for the Cambrian explosion: Implications of
new bio-and chemostratigraphy from the Siberian Platform. Geology, 45(5), 459-462.lution. Precambrian Res., 285,
202-215.

Zhuravlev A.Y. & Wood R.A. (2018) — The two phases of the Cambrian explosion. Sci. Rep., 8, 16656.
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Gaojiashan section, South China has been regarded as a candidate for the Terminal Ediacaran Stage
GSSP. Located 4400 km to the north, a section at the northwestern slope of the Olenek Uplift, arctic Siberia
allows a critical evaluation of some of the criteria suggested for definition of the Terminal Ediacaran Stage.
The Olenek section is represented by the Khorbusuonka Group comprising the Maastakh, Khatyspyt and
Turkut formations. A U-Pb zircon date of 543.9 + 0.24 Ma for tuff breccia constrains the age of the Turkut
Formation (Bowring et al., 1993). The Khatyspyt Formation is exceptionally fossiliferous and contains calcite-
cemented macrofossils, carbonaceous compression macrofossils, and meniscate trace fossils Nenoxites. If the
Nenoxites ichnofabric from the Mohyliv Formation in Ukraine and the putative body fossil Shaanxilithes
ningqiangensis from the Dengying Formation in South China refer to approximately the same structure, then
the first appearance datum of this fossil could be as old as 556 Ma (Soldatenko et al., 2019). Internal moulds of
tubular skeletal fossils Cambrotubulus decurvatus occur throughout the Turkut Formation. Our observations
suggest that the fossil Cambrotubulus could be an internal mould of a central cavity of the tubular fossil
Cloudina. The dominance of well-preserved carbonates in the Khorbusuonka Group opens up a possibility of
global correlations via chemostratigraphy. 3"°C_ values in the Khorbusuonka Group reflect variations seen
elsewhere, featuring (in ascending order) a strong 8"C_  positive shift to values near 6%o in the Maastakh
and lower Khatyspyt formations, an intermediate interval of relatively little isotopic change with a monotonic
decrease in 8°C_, from 2% to near 0%o throughout most of the Khatyspyt and lower Turkut formations, and a
negative excursion to ca. —4%o in the upper Turkut Formation. The positive excursion of 3"°C_ , values in the
Khatyspyt Formation is thought to be coeval with a similar magnitude excursion in the Gaojiashan Member
of the Dengying Formation; however, strontium isotope (*’Sr/*Sr) ratio in the Maastakh and Khatyspyt
formations is consistently ca. 0.7080, a value not seen anywhere in the terminal Ediacaran. Extensive marine
anoxic events during the terminal Ediacaran period potentially can be used in stratigraphic correlation and both
the Dengying and Khatyspyt formations provide a record of such events; however, their synchroneity has yet
to be established by independent means of correlation.

Russian Science Foundation Grant 17-17-01241.

Bowring S.A., Grotzinger J.P., Isachsen C.E., Knoll A.H., Pelechaty S.M. & Kolosov P. (1993) - Calibrating rates of Early
Cambrian evolution. Science, 261, 1293-98

Soldatenko Y., El Albani A., Ruzina M., Fontaine C., Nesterovsky V., Paquette J.-L., Meunier A. & Ovtcharova M. (2019)
- Precise U-Pb age constrains on the Ediacaran biota in Podolia, East European Platform, Ukraine. Sci. Rep-UK, 9,
1675.
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A proposed global boundary stratotype section and point (GSSP) for the base of the terminal
stage of Ediacaran System in the southern Shaanxi, China
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The Global boundary Stratotype Section and Point(GSSP) for the base of the Gaojiashania Stage
(stage 6 and the latest stage of Ediacaran System)(Zhou et al.,2019) is defined at the base of a intraclastic
limestones layer 36.6m above the base of the Gaojiashan Member, Dengying Formation in the Gaojiashan-
Niuluokeng section, about 4 km South of Hujiaba, in Ning Qiang County, southern Shaanxi, China. The
GSSP is exposed in a road cut at a position of 32°57” 24.1”N and E:106°27° 48.9” E. The GSSP level contains
the lowest occurrence of the cosmopolitan tubular skeleton fossil Cloudina, other important markers near
the base of the stage include the appearance of highly bioturbation, a significant positive carbonate carbon
isotope excursion (up to +6%o) followed by a stable plateau of values around 2—-3%o(Hua et al.,2007) and an
increase in the abundance and 34S composition of pyrite(Cui et al.,2016). The Dengying Formation in the
southern Shaanxi region are sandwiched between the Ediacaran Doushantuo Formation (ca. 635-551 Ma)
and the early Cambrian Kuanchuanpu Formation and is subdivided into three intervals, including the Algal
Dolomite, Gaojiashan, and Beiwan members, which are generally correlated with Hamajing, Shibantan, and
Baimatuo members, respectively, in the Yangtze Gorges area. The Gaojiashan Member is characterized by
the abundant occurrence of tubular metazoans and trace fossils, which are subdivided into three biozones:
Shaanxilithes biozone, Conotubus-Gaojiashania-Protolagena biozone, and Sinotubulites-Cloudina biozone
(Hua et al., 2001, 2007). There are three candidates for the lower boundary of Gaojiashania Stage in the
section. One is the first appearance level of Shaanxilithes ninggiangensis, which lies at about 12.6m above
the base of the Gaojiashan Member. S. ninggiangensis has also been reported from upper Ediacaran strata in
in the basal Jiucheng Member of the Dengying Formation in eastern Yunnan Province (Zhang et al., 2015)
in the Zhengmuguan Formation in Helanshan area of Ningxia and Zhoujieshan Formation at Dachaidan in
Qinghai Province (Shen et al., 2007; Zhang et al., 2015), as well as in northwestern India (Tarhan et al., 2014),
in southeastern Siberia (Zhuravlev et al., 2009; Wood et al., 2017), and probably also in southern Namibia
(Darroch et al., 2016). The second is the first appearance level of tubular fossil Conotubus hemiannulatus,
12.8m above the Shaanxilithes ninggiangensis biozone. The organic tubes of Conotubus has been interpreted
as the precursor of the biomineralized Cloudina tubes (Hua et al., 2007). Beyond South China, possible
Conotubus fossils have also been reported from the Esmeralda Member of the Deep Spring Formation in
Nevada (Smith et al., 2016), although the taxonomic identification needs to be verified through a systematic
investigation. The third, is FAD of the tubular fossil Cloudina, about 9.1m above the first Conotubus layer.
Given its worldwide distribution and unparalleled significance in biological innovation, the first appearance
of Cloudina has the greatest potential to become the stratigraphic marker for defining a terminal Ediacaran
stage, and can be correlated with precision to all paleocontinents. The section fulfills all the requirements for
a GSSP, and the horizon can be constrained not only by the primary stratigraphic marker (Cloudina) but also
with secondary biostratigraphic, chemostratigraphic correlation tools.
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The Shuram Excursion — the profound negative carbon cycle anomaly preserved in a wide range of middle
Ediacaran carbonate facies on multiple continents — stands out as a candidate geochemical marker for the base of
the Terminal Ediacaran Stage. First recognized in strata from Oman and South Australia, this deep stratigraphic
divide was soon discovered in Ediacaran successions worldwide. With nadir ! 3C values dramatically lower
than mantle inputs, its primary nature has long been questioned. Hence, the origin of the Shuram Excursion —
with its presumed relationship to glaciation, the rise of oxygen, and the origin of animals — remains one of the
great outstanding problems of Ediacaran Earth history. Controversies surrounding the Shuram event, which
is coincident with the global increase in seawater alkalinity, include whether it (1) represents a disturbance of
the oceanic carbon reservoir due to oxidation of organic matter, (2) reflects conditions conducive to authigenic
carbonate precipitation, or (3) results from meteoric or burial diagenesis. While petrographic and isotopic
evidence support an authigenic origin for Shuram carbonate nodules in South China and Namibia, the globally-
distributed event was most-likely a primary oceanographic phenomenon related to the progressive ventilation
of anoxic seawater. The sudden increase in '*C-depleted alkalinity is argued as a direct result of the delivery
of nutrients and sulfate during intense weathering of uplifted terrains. These continental fluxes would have
stimulated anaerobic microbial sulfate reduction and water column production of carbonate with strongly
negative 1!'3C compositions. Progressive ocean oxygenation is supported by time-series U and Mo isotope
measurements of Shuram equivalent carbonates worldwide. Evidence for intense weathering of the continents
and the buildup of oceanic sulfate is provided by time-series analyses of strontium (indicating a significant
increase in the delivery of radiogenic ¥’Sr to the oceans) and sulfur isotope abundances during the unprecedented
carbon cycle perturbation. Indeed, given the remarkable coupling of carbon, sulfur, strontium, and uranium
isotope change during the event, either the Shuram Excursion represents a global diagenetic conspiracy, or it
is an indicator of worldwide environmental change. By the end of the biogeochemical event shallow ocean
water would have been oxygenated enough to stimulate the evolution and diversification of the Ediacara biota.
These organisms, including Cloudina — the oldest known animal with a phosphatic carbonate shell — and many
elements of the soft-bodied Nama Assemblage first appear near the end of the Shuram Excursion in southern
Namibia. The remarkable juxtaposition of biogeochemical and evolutionary events supports the view that the
Shuram Excursion was a global environmental phenomenon, and furthermore, provides coupled geochemical
and fossil markers for the base of the Terminal Ediacaran Stage worldwide.

131


mailto:kaufman@umd.edu

© Societa Geologica Italiana, Roma 2019 STRATI 2019

Revisiting the stratigraphic correlation potential of the Ediacaran skeletal organism
Palaeopascichnus linearis

Kolesnikov A.*!-2

! Trofimuk Institute of Petroleum Geology and Geophysics of Siberian Branch Russian Academy of Sciences, Russia.
2 Geological Institute, Russian Academy of Sciences, Russia.

Corresponding author email: anton.kolesnikov@icloud.com

Keywords: Ediacaran, Palaeopascichnus.

Within the span of a little over forty years, palacopascichnids represented an enigmatic group of macroscopic
fossils, which were widespread in Ediacaran sequences and also characterised by substantial differences in
preservation leading to no consistent diagnosis for these fossils. Initially, the palacopascichnid fossils were
interpreted as either an ancient trace fossil of detritus feeders. Later, other scholars suggested alternative
interpretation for palacopascichnids is that they were coprolites, algal remains, body fossils of unknown affinity
or xenophyophore-like benthic protozoan organisms. A recent study of the new species Palaeopascichnus
linearis from the Ediacaran Khatyspyt Formation of the North East Siberia as well as a re-examination of
other ones, specifically the Southeast White Sea, Central and South Urals revealed compelling evidence of the
agglutinated nature of these fossils. As aresult, it has been considered that the species Palaeopascichnus linearis
to be one of the oldest known macro organisms with an agglutinated skeleton; its presence puts emphasis on this
organism in terms of biostratigraphy and paves the way for the reexamination of other palaeopascichnid-like
fossils, which are important for the stratigraphic correlation potential of Ediacaran sequences. It is probably
the only Ediacaran taxon whose stratigraphic range spans almost the entire system. The oldest representative
of this species is found in the Lantian Formation in South China in the strata that are referred to as the second
Ediacaran Stage. The uppermost occurrence of this taxon has been documented in the Asha Group of South
Urals and correlated with the terminal Ediacaran Stage. If so, Palacopascichnus linearis can be regarded
as the first recognised Ediacaran index-species. It also contributes significantly in improved understanding
of the evolution and survival of the Ediacaran biota in the aftermath of the Kotlinian Crisis. In light of the
possible dynamic nature of Ediacaran ocean redox conditions, and by analogy with the Ediacaran fossil taxon
Aspidella it is suggested that palacopascichnida represents an opportunistic organism that could quickly take
advantage of favourable oxic conditions resulting in the occurrence of remarkably dense populations. These
fossils are globally distributed and can be numerically abundant. At the present time, the fossils occur across
the entire East European Platform (Finnmark, south-eastern slope of the Baltic Shield, Southeast White Sea
area, Moscow and Mezen basins, Central and South Urals, Podolia), as well as in South China, Avalonia
(Newfoundland, Wales), Australia (Adelaide Rift Complex), and Siberia (Olenek Uplift, Uchur-Maya Region).
Thus, the revisiting the stratigraphic correlation potential of the oldest macroscopic skeletal organism has a
short term outlook.

This research was funded by RFBR [grant No. 19-05-00828] and RSF [grant No. 17-17-01241].

132


mailto:anton.kolesnikov@icloud.com

© Societa Geologica Italiana, Roma 2019 STRATI 2019

The diversity of the Gaojiashan Biota of the latest Ediacaran
Min X.* & Hua H.

State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University.

Corresponding author email: 360446872(wqgg.com

Keywords: Gaojiashan biota, terminal Ediacaran, calcareous algae, acritarchs.

In recent years, with the deeper research, the diversity of the Gaojiashan biota has been enhanced. More
and more various morphologically diverse fossils are recovered. To a great extent, they prove the evolutionary
connection during this period. Gaojiashan biota is well-known by the Ediacaran fossil Cloudina and tubular
fossil Sinotubulithes, Conotubus, Shaanxilithes, as well as Protolagena. Three other important types can be
recognized. One is Doushantuo-Pertatataka acritarchs including three genera which were thought extinct
before. One is calcified cyanobacteria containing five genera that occur in the Early Cambrian and later. One is
possible protozoa. These groups extremely not only enrich the biologically diversity of Gaojiashan biota, but
also provide new paleontological data on the Ediacaran-Cambrian transition. The discovery as well makes this
period much more significant to research the evolution of metazoan.
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The Ediacaran Period was ratified in 2004 and formal discussions towards its subdivision began in 2014. The
Terminal Ediacaran Stage Working Group (TES-WG) is mandated to define a GSSP and name for the youngest
stage of the Ediacaran Period, immediately below the base of the Cambrian. Ediacaran Subcommission meetings
and field excursions in China, South Africa and Namibia, South Australia, Newfoundland, Oman, Nevada, and
upcoming meetings in Spain and Brazil provide an overview of key TES sections and stratigraphic indicators
worldwide. A summary paper in Episodes (Xiao et al., 2016) described the background to Ediacaran subdivision
and progress to date. A ballot of Voting Members in July 2018 showed strong support for establishing a GSSP
that is marine, fossiliferous, as continuous as possible, suitable for C- and Sr-isotope chemostratigraphy, and
< ca. 550 Ma in age. The TES marks the first appearance of shells of biomineralizing animals in Earth history,
and Voting Members overwhelmingly regarded the appearance of Ediacaran shelly fossils as the principal
criterion for definition and recognition of a TES. Calcareous Ediacaran shells occur abundantly in TES strata
worldwide, and typical taxa include Cloudina, Sinotubulites, and Namacalathus; there is some stratigraphic
overlap between terminal Ediacaran and Cambrian taxa. Tubular or ribbon-shaped organic compressions such
as Shaanxilithes, Corumbella, Conotubus, Wutubus, and Sekwitubulus also first appear in abundance in this
interval and were regarded by Voting Members as a potential second-order criterion for recognizing the TES,
but systematic re-evaluation of these taxa is necessary to provide a sound taxonomic framework for their use in
biostratigraphy. In contrast with the diverse Ediacaran taxa of the earlier Avalon and White Sea assemblages,
the TES contains a depauperate, Nama assemblage of Ediacara-type fossils with only two genera of Ediacara-
type impressions (Ernietta and Swartpuntia) that originated during the TES, and terminal Ediacaran strata are
typified by low diversity acritarch assemblages consisting mostly of smooth leiospheres. Globally, Ediacaran
shelly fossils and ribbon/tubular organic impressions commonly appear immediately above a major negative
carbon anomaly, variably termed the Shuram, Wonoka, or EN3 excursion, that has been dated as older than
550-551 Ma on two continents. Combination of a major biological change immediately following a strong
chemostratigraphic signal could be useful in defining the base of the Terminal Ediacaran Stage, but further
work on the cause, timing, complexity, and correlation of the Shuram is needed before it can be used with
confidence as a global stratigraphic marker.

Xiao S., Narbonne G.M., Zhou C., Laflamme M., Grazhdankin D.V., Moczydtowska-Vidal M. & Cui H. (2016) - Toward
an Ediacaran time scale: problems, protocols, and prospects. Episodes, 39, 540-555.
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Silicified glendonite has been reported from Ediacaran inner-shelf deposits of the lower Doushantuo
Formation (in association with a positive carbon isotope excursion known as EP1) at a single stratigraphic
section in the Zhangcunping area of South China (Wang et al., 2017). Glendonites are pseudomorphs of
syndepositional or early authigenic ikaites (CaCO,-6H,0) that form at near-freezing temperatures. Thus,
the presence of glendonite in the lower Doushantuo Formation implies a period of cool climate somewhere
between ~609 Ma and ~551 Ma based on currently available age constraints. This interpretation predicts a
wider geographic distribution of Ediacaran glendonite at consistent stratigraphic horizons in the Doushantuo
Formation of South China. To test this prediction, we conducted a systematic survey of Doushantuo glendonites
in South China and discovered new occurrences of Doushantuo glendonite at Huji (inner-shelf, drill core),
Changyang (intrashelf basin, drill core), and Yangjiaping (shelf margin, outcrop) sections. The new data
demonstrate widespread occurrences of Doushantuo glendonite across the continental shelf of the Yangtze
Block in South China. In contrast to completely silicified glendonite in the Zhangcunping area, glendonites at
the new localities are stellate clusters that are pseudomorphed by calcite spar and sometimes are rimmed with
silica, thus allowing for carbon isotope analysis. Calcispar in the glendonites is characterized by negative carbon
isotopic signatures, with 3"°C values as low as—37%o, indicating that diagenetic transformation of precursor
ikaites to glendonites may be related to anaerobic oxidation of organic matter or methane in sediment. In
contrast, carbonate strata that host the glendonites are characterized by positive 5'°C, confirming the consistent
stratigraphic distribution of Doushantuo glendonites in association with EP1. Ongoing work is aimed at
understanding the paleoenvironmental and geochemical controls (particularly redox conditions and porewater
phosphate concentrations) on ikaite and glendonite formation, further constraining the age of the glendonite-
bearing strata, and determining the chronostratigraphic relationship between Doushantuo glendonites and
documented Ediacaran ice ages such as the Gaskiers glaciation. Determining whether a single or multiple
glaciations occurred in the Ediacaran Period and how these glaciations are correlated with carbonate carbon
isotope excursions are critical to the subdivision and correlation of the Ediacaran System.

Wang Z., Wang J., Suess E., Wang G., Chen C. & Xiao S. (2017) - Silicified glendonites in the Ediacaran Doushantuo
Formation (South China) and their potential paleoclimatic implications. Geology, 45(2), 115-118.
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Redox sensitive trace metal concentrations in fine-grained siliciclastic sediments and uranium isotopic
compositions of carbonate rocks both indicate a global expansion of oceanic anoxia in the latest Ediacaran
Period, ca. 551-539 Ma (Sahoo et al., 2016; Evans et al., 2018; Zhang et al., 2018; Wei et al., 2018; Tostevin
et al., 2019). It is estimated that, during this global expansion of oceanic anoxia, over 20% of ocean floor was
covered by anoxic waters (Zhang et al., 2018; Tostevin et al., 2019). This is two orders of magnitude greater
than the ~0.2% of ocean floor under anoxic waters in the modern ocean (Helly et al., 2004). Considering that
anoxic benthic environment largely occurs where the oxygen minimum zone impinges upon continental shelves
(Helly et al., 2004), it is possible that a significant portion of continental shelves was affected by anoxia in the
terminal Ediacaran when the area of anoxic seafloor was two orders of magnitude greater than in the modern
ocean. Thus, it is likely that terminal Ediacaran animals were directly impacted by an expansion of oceanic
anoxia and an increase in redox dynamics. Indeed, integrated geochemical and paleontological data suggest
that the distribution of terminal Ediacaran animals was directly limited by anoxia on continental shelves where
redox conditions were dynamic both spatially and temporally (Wood et al., 2015; Tostevin et al., 2016; Darroch
et al., 2015). Thus, when assessing biostratigraphic markers for the definition and global correlation of the
terminal Ediacaran stage, it is important to consider the possible impact of this global expansion of oceanic
anoxia on the distribution of animal fossils. With few exceptions (Dong et al., 2008; Hawkins et al., 2017;
Carbone et al., 2015), potential index fossils for the definition of the terminal Ediacaran stage (Xiao et al.,
2016) are mostly restricted to shallow-water and locally oxic environments. To achieve a global correlation
of the terminal Ediacaran Stage, it is critical to develop stratigraphic correlation tools to bridge deep- and
shallow-water facies through integrative stratigraphic investigation of shelf-basinal transects in Ediacaran
basins (e.g., in South China and NW Canada).

Sahoo S.K., Planavsky N.J., Jiang G., Kendall B., Owens J.D., Wang X., Shi X., Anbar A.D. & Lyons T.W. (2016) -
Oceanic oxygenation events in the anoxic Ediacaran ocean. Geobiology, 14(5), 457- 468.Evans S.D., Diamond C.W.,
Droser M.L. & Lyons T.W. (2018) - Dynamic oxygen and coupled biological and ecological innovation during the
second wave of the Ediacara Biota. Emerging Topics in Life Sciences, 2, 223-233.

Zhang F., Xiao S., Kendall B., Romaniello S.J., Cui H., Meyer M., Gilleaudeau G.J., Kaufman A.J. & Anbar, A. D. (2018)
- Extensive marine anoxia during the terminal Ediacaran Period. Science advances, 4(6), eaan8983.

Wei G.Y., Planavsky N.J., Tarhan L.G., Chen X., Wei W. Li D. & Ling H.F. (2018) - Marine redox fluctuation as a
potential trigger for the Cambrian explosion. Geology 46, 587-590.

Tostevin R., Clarkson M. O., Gangl S., Shields G. A., Wood R.A., Bowyer F., Penny A.M. & Stirling C.H. (2019) -
Uranium isotope evidence for an expansion of anoxia in terminal Ediacaran oceans. Earth Planet. Sci. Lett., 506,
104-112.

Helly J.J., Levin L.A. (2004) - Global distribution of naturally occurring marinehypoxia on continental marginsDeep Sea
Res. Part I Oceanogr. Res. Pap. 51, 1159-1168.

Wood R.A., Poulton S.W., Prave A.R., Hoffmann K.H., Clarkson M.O., Guilbaud R., Lyne J.W., Tostevin R., Bowyer
F., Penny A.M., Curtis A. & Kasemann S.A. (2015) - Dynamic redox conditions control late Ediacaran metazoan
ecosystems in the Nama Group, Namibia. Precambrian Res., 261, 252-271.

Tostevin R., Wood R.A., Shields G.A., Poulton S.W., Guilbaud R., Bowyer F., Penny A.M., He T., Curtis A., Hoffmann
K.H. & Clarkson M.O. (2016) - Low-oxygen waters limited habitable space for early animals Nat. Comm., 7, 12818.

Darroch S.A.F. Sperling E.A., Boag Thomas H., Racicot R.A., Mason S.J., Morgan A.S., Tweedt S., Myrow P., Johnston
D.T., Erwin D.H. & Laflamme M. (2015) - Biotic replacement and mass extinction ofthe Ediacara biota. Proc. R. Soc.
B (Biol. Sci.) 282, 20151003
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The Ediacaran (635-539 Ma) Period is a critical transitional time interval when the Earth transferred from
a microbial-dominated world to a metazoan world. To decipher how life and environment co-evolved, and
what caused these fundamental changes during this time interval, requires integration of proxy data within
geochronological framework(s). A growing database of radio-isotopic dates are being published from the
Ediacaran strata worldwide and a first order chronology of events is established, however resolved framework(s)
still remains ambiguous and poorly quantified, thus limiting our ability to integrate data from disparate
stratigraphic sections. This is due in part to a lack of radio-isotopic dates for some critical horizons, large
uncertainties of some dates, difficulties in age-model interpolation and stratigraphic correlation, and different
interpretations. Here we assess the variable quality of the existing geochronological database, integrate absolute
dating results with other forms of temporal stratigraphic information, and build the Ediacaran geochronological
framework (especially in South China) using Bayesian models (e.g. Bronk Ramsey, 2008; Haslett & Parnell,
2008). In this way we begin to discuss approaches to quantifying uncertainty across the stratigraphic record.
Such frameworks provides preliminary time scale of the Ediacaran System, with uncertainties and subject
to further changes, and provides a mechanism to test correlation models and integrate data from disparate
stratigraphic sections.

Bronk Ramsey C. (2008) - Deposition models for chronological records. Quaternary Science Reviews, 27, 42—60.

Haslett J. & Parnell A. (2008) - A simple monotone process with application to radiocarbon-dated depth chronologies:
Royal Statistical Society Journal, series C, 57, 399—418.
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The middle Ediacaran Shuram excursion is the most pronounced negative carbon isotopic shift in Earth
history. Potential equivalents of the Shuram excursion have been reported in many places around the world,
indicating that it can be used as a potential chemostratigraphic tool for Ediacaran subdivision and global
correlation. However, the age of the Shuram excursion is not tightly constrained. The ~ 551 Ma age from
South China is sometimes cited as directly dating the end of the Shuram, although it should be considered as
a minimum age constraint. The onset of the Shuram excursion has not been tightly constrained by radiometric
dates either, and estimates range from 580 Ma to 560 Ma. The Shuram excursion generally shows a simple
stratigraphic pattern with a sharp shift to negative §13C values followed by a slow recovery to positive values
(Grotzinger et al., 2011). The upper Doushantuo Formation around the Huangling Anticline, western Hubei
Province, South China, however, gives a more complex picture. Whereas the Shuram excursion is expressed
in the upper Doushantuo Formation as a single §13C negative excursion at some sections in the eastern region
of the Huangling Anticline (for example, EN3 at the Jiulongwan section), other sections in the western region
contain two negative excursions (the lower JNE or the Jiuqunao §13C negative excursion, and the upper
MNE or the Miaohe 813C negative excursion) separated by a moderately positive excursion (the DPE or
the Diaoyapo §13C positive excursion). Detailed stratigraphic correlation of the DPE and MNE around the
Huangling Anticline is still a matter of debate; however, it has been widely accepted that only the JNE is
correlated with EN3 and the Shuram excursion. Strata hosting the JNE are overlain by a black shale (up to 3 m
thick), a dolostone (up to 12 m thick), and the Miaohe Member black shale (up to 23 m thick). The ~551 Ma
age was reported for an ash bed in the uppermost Miaohe Member. Considering the typically slow deposition
rate of black shales, it is possible that both the onset and the end of INE (=EN3 or Shuram) were much earlier
than 551 Ma. This inference is consistent with a recent subsidence model analysis of the Ediacaran Johnnie
Formation, showing that the Shuram excursion occurred 585579 Ma and its termination is coincident with
the ~580 Ma Gaskiers glaciation (Witkosky & Wernicke, 2018). If proved globally synchronous, the Shuram
excursion can be an ideal chemostratigraphic marker to subdivide the Ediacaran System.

Grotzinger J.P., Fike D.A. & Fischer W.W. (2011) - Enigmatic origin of the largest-known carbon isotope excursion in
Earth’s history. Nat. Geosci., 4, 285-292.

Witkosky R. & Wernicke B.P. (2018) - Subsidence history of the Ediacaran Johnnie Formation and related strata of
southwest Laurentia: Implications for the age and duration of the Shuram isotopic excursion and animal evolution.
Geosphere, 14, 2245-2276.
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In the Central Iberian Zone of the Iberian Peninsula, the presence of Terreneuvian phosphorites in the
middle member of the Pusa Formation has been the focus of geostrategic interest since the 1980s to estimate
the economic potential of phosphate ore reservoirs. The main phosphatic interval is confined to northwest-
southeast trending, slope-related palacochannel, about 130 m thick and exposed for about 20 km, known as
the Fontanarejo Bed (Valdelacasa anticline) and with an estimate of ore exploitation close to 5,800,000 tons.
Due to early-diagenetic silicification of these channel infills (Alvaro et al., 2016), acid etching has not yielded
significant microfossils, and only hexactinellids and demosponges embedded in thromboidal mats are known
from thin-section (Reitner et al., 2012). In contrast, lateral equivalent exposures in the Fuentepizarra Formation
ofthe Alcudia anticline have yielded helcionellids, identified as Anabarella plana Vostokova (Gubanov in Vidal
etal., 1999; Gubanov & Peel, 2003). Intensive etching of two Anabarella-bearing phosphoritic interbeds, up to
30 cm thick, has completed this previous discovery with the presence of chancelloriids, halkieriids, orthotecid
hyoliths and some problematic sclerites resembling corumbellid tube fragments. The stratigraphic range of 4.
plana in the Anabar Uplift of the Siberian Platform (Kouchinsky et al., 2017) allows identification of a time
span including the pre-trilobite Purella cristata and Watsonella crosbyi Zones in Siberia.

Alvaro J.J., Shields G.A., Ahlberg P., Jensen S. & Palacios T. (2016) - Ediacaran-Cambrian phosphorites from the western
margins of Gondwana and Baltica. Sedimentology, 63, 350-377.

Gubanov A.P. & Peel J.S. (2003) - The early Cambrian Helcionelloid mollusc Anabarella Vostokova. Palaecontology, 46,
1073 -1087.

Kouchinsky A., Bengtson S., Landing E., Steiner M., Vendrasco M. & Ziegler K. (2017) - Terreneuvian stratigraphy and
faunas from the Anabar Uplift, Siberia. Acta Palacontologica Polonica, 62, 311-440.

Reitner J.R., Luo C. & Duda J.P. (2012) - Early sponge remains from the Neoproterozoic-Cambrian phosphate deposits of
the Fontanarejo area (central Spain). Journal of Guizhou University Natural Sciences, 29, 184-186.

Vidal G., Palacios T., Moczydloska M. & Gubanov A.P. (1999) - Age constraints from small shelly fossils on the early
Cambrian terminal Cadomian Phase in Iberia. GFF, 121, 137-143.
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At the 34th International Geological Congress in Brisbane Australia, the International Commission on
Stratigraphy (ICS) opened the way for formal definition of substages of the International Chronostratigraphic
Chart. It is a way of recognising that we have now obtained high-quality, finely resolved, data through much
of the Neoproterozoic and Phanerozoic, and that it is often possible to correlate strata within stages globally
on the basis of multiple stratigraphic markers. The process for defining substages is the same as for stages.
At present, four Cambrian stages remain undefined by GSSPs. Identification of the best marker horizons for
defining substages depends in part on first reaching consensus about the best choices for stage definition in
each of these four stages. For this reason, multiple options are indicated in some stages. For provisional stages
2, 3 and 4, the best choice for marking a stage boundary may be influenced in part by options available for
substages. We would like to begin discussion on the possibility of subdividing Cambrian stages into formal
substages. As a starting point, we would like to advance the following possibilities. The horizons suggested
for subdivision are tentative, and further work may be needed to restrict or expand the options. If it becomes
desirable to define more than one substage per stage, a numbering system (‘Substage 1°, ‘Substage 2’) can
be used to refer to the provisional substages until a formal name is ratified. The Fortunian Stage may be
subdivided at one or more positions. The options are open, but possibilities for marking a single subdivision
are the FADs of Anabarites trisulcatus and Purella antiqua. Two subdivisions are also a possibility, in which
case possible horizons for subdivision include the FADs of Cambrotubulus decurvatus (lower level), and
Purella antiqua or a similar position such as the FAD of a species of Anabarella or Latouchella (upper level).
Possibilities for marking the bases of provisional Stages 3 and 4, and one or more internal subdivisions of each,
remain open and require additional study. The base of provisional Stage 2 may be placed at the FAD of either
Aldanella attleborensis or Watsonella crosbyi. The levels of A. attleborensis and W. crosbyi are similar. If either
is selected as the marker for the base of Stage 2, the FAD of Lapworthella tortuosa, Lapworthella bella, Skiagia
ornata or Mobergella radiolata might be useful as the base of a substage. Options for marking the base of
provisional Stage 3 include the FADs of Microdictyon effusum, Pelagiella subangulata, Mobergella radiolata
and Profallotaspis jakutensis. Possibilities for subdividing the stage into one or more substages include
Microdictyon effusum, P. subangulata, Repinaella sibirica, Delgadella anabara or a species of Pelagiella. The
FAD of an eodiscid trilobite such as Hebediscus, Calodiscus, Triangulaspis or Serrodiscus, or alternatively the
FAD of an oryctocephalid trilobite such as Oryctocarella duyunensis or Arthricocephalus cheauveaui, is likely
to be selected as the marker for the base of provisional Stage 4. Another possibility, depending on the choice
of marker for the base of Stage 3 and the base of a Stage 3 substage, is P. subangulata. If any of these taxa
are selected to mark the stage base, the FAD of Ovatoryctocara granulata would make a convenient horizon
for the base of a substage. The FAD of Ptychagnostus praecurrens would make a good horizon subdividing
the Wulivan Stage. The FAD of Ptychagnostus punctuosus can be used to subdivide the Drumian Stage. The
FAD of Linguagnostus reconditus can be used to subdivide the Guzhangian Stage. It is uncertain at present
what would best serve as a marker for subdividing the Paibian Stage. One possibility is the first appearance of
the polymerid trilobite Erixanium. The Jiangshanian Stage can be subdivided, perhaps, at the FAD of either
Irvingella major or Eolotagnostus decorus. Finally, Stage 10 is undefined, but its base could be at the FAD
of Lotagnostus americanus or Eoconodontus notchpeakensis. If a stage base coinciding with the FAD of L.
americanus is ratified, the FAD of E. notchpeakensis could be used to subdivide the stage.
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The Ediacaran to Cambrian transition is a critical interval of time during which major evolutionary
changes occurred. Recently, several macroscopic fossils have been recovered from the silty shales of the Early
Cambrian Yanjiahe Formation (Terreneuvian, Fortunian — Stage 2) in the three Gorges area of South China.
These fossils represent an important ecological diversification of macroscopic organisms at the onset of the
Cambrian. Protoconites are a kind of conical carbon compression fossils that could be of cnidarian origin.
Herein, geometric morphometric analyses are applied to crack out specimens of Protoconites to reveal any
cryptic morphological details that have implications for their morphological diversity, ontogenetic process,
and taxonomic identification. These statistical analyses revealed a strong relationship between size and shape,
which indicates that the overall shape of Protoconites was mainly controlled by allometric growth. The smaller
specimens are generally wider at the anterior, and more commonly have straight-sides. Larger individuals tend
to be narrower at the anterior, with bending more common. Our analysis demonstrated that there are always
transitional forms between strongly bended specimens and straight specimens, and no obvious gap between
them, suggesting that all the assemblage likely consists a single species.
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New specimens of the gena Atops and Pseudatops (Family Atopidae) are described in the lower Cambrian
rocks in the north of the province of Huelva (Andalusia, Spain). The studied fossils have been recorded in the
“Alternancia de Cumbres” unit; the assemblage trilobite is composed by Serrodicus, Calodiscus, Triangulaspis,
Hicksia?, Atops and Pseudatops. The presence of Serrodicus permit us to date this assemblage as upper
Marianian (see Linan et al., 2002). Specimens from the genus Afops are assigned to the species A. calanus
Richter & Richter, while the specimens from the genus Pseudatops are described as P. aff. reticulatus (Walcott).
The presence of the genus Pseudatops in the upper Marianian rocks at the SW of the Ossa-Morena Zone allows
the correlation with other palacogeographic regions, being this genus present in Hebediscus attleborensis
Subzone of the Callavia broeggeri Zone, in Eastern Newfoundland (see Fletcher, 2006), in the upper part of
the Antatlasia guttapluviae Zone in Morocco (see Sundberg et al., 2016), and in the Elliptocephala asaphoides
fauna of the Taconic allochthon. In addition, the trilobite assemblage studied herein suggest an age close to the
base of the Cambrian Stage 4 (see Lifian et al., 2006).

Fletcher T.P. (2006) - Bedrock geology of the Cape St. Mary’s Peninsula, southwest Avalon Peninsula, Newfoundland
(includes parts of NTS maps sheets 1M/1, 1N/4, 1L/6 and 1K/13), Newfoundland. Government of Newfoundland and
Labrador, Geological Survey, Department of Natural Resources, Report 06-02, 117 pp.

Liian E., Gozalo R., Palacios T., Gamez Vinaned J.A., Ugidos J.M. & Mayoral E. (2002) - Cambrian. In: In: Gibbons, W.
& Moreno, T. (eds) The Geology of Spain. Geological Society, London, 17-29.

Lifian E., Gamez Vintaned J.A., Gozalo R., Dies M.E. & Mayoral E. (2006) - Events and biostratigraphy in the Lower
Cambrian of Iberia. Zeitschrift der Deutschen Gesellschaft fiir Geowissenschaften, 157, 597-609.

Sundberg F.A., Geyer G., Kruse P.D., McCollum L.B., Pegel T.V., Zylinska A. & Zhuravlev A. (2016) - International
correlation of the Cambrian Series 2-3, Stages 4-5 boundary interval. Australasian Palaecontological Memoirs, 49,
83-124.
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A variety of abundant fossils have been reported from the lower Cambrian Shipai Formation in the Three
Gores areas of Hubei province, South China, but the brachiopod fauna and their systematic diversity are still
far from clear. Herein, we describe 7 genera, 4 species and 4 undetermined species including 4 linguloids
(Palaeobolus liantuoensis; Lingulellotreta malongensis; Eoobolus sp. and botsofrdiid. indet.), two acrotretoids
(Eohadrotreta zhenbaensis; Hadrotreta sp.), two Kutorginates (Kutorgina aff. chengjiangensis, Nisusia sp.).
The brachiopod assemblage from the muddy siltstone and shales of the Shipai Formationis is dominated in
number by acrotretoids. They are mainly yielded from the middle part of this formation (palaeolenus lantenuisi
trilobite zone), and commonly aggregated as high-density concentrations of shell valves on the same bedding
planes. The strata immediately above the acrotretoids horizon contain rich linguloid brachiopods, of which
small individual Eoobolus is particularly common. Its shell length is about 2mm. At the uppermost part of the
Shipai Formation (i.e., Redlichia meitanensis trilobite zone), Kutorgina and Nisusia became the dominated
genera. These brachiopods derive from 7 families, each family is represented by monospecific fossils,
which signify low-diversity but high-disparity. The brachiopod fauna from the Shipai Formation, Yichang
city, Hubei province displays very high similarity with synchronous fauna described from Guanshan biota
(Wulongqing Formation), Yunnan province. The shell concentrations of acrotretids in the middle part of the
Shipai Formation, Three Gorges area is reminiscent of the numerous accumulations of acrotretids in the middle
part of the Wulongging Formation in the Wuding area, Yunnan province. The similar high-density aggregation
of acrotretids shells in the Wulongqging Formation of Wuding area and the Shipai Formation of the three
Gorges area suggests that the two depositional sequences are roughly correlated biostratigraphically. Study of
the brachiopods from the lower Cambrian Shipai Formation not only makes an important contribution to the
diversity of Cambrian brachiopods in south China but also provides biological information on the stratigraphic
correlation of the early Cambrian strata.
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At present, the development of the International Stratigraphic Scale for the upper part of the Cambrian
system has reached significant progress. The names of the Upper Cambrian series (Furongian) and its two stages
(Paibian and Jiangshanan) have been accepted and ratified. However, the problem of tracing the identified levels
of global correlation for practical regional geology and the correlation of Russian supra-regional stratigraphic
units of the Upper Cambrian with the new international levels still remains challenging. The Siberian craton is
the key region for understanding the stratigraphy of the upper part of the Cambrian system in the Asian Russia.
It is supported by folded structures of various genesis (Taimyr, Kharaulakh, Sette-Daban folded systems,
Igar-Norilsk system of edge dislocations, folded structures of De Long islands). The territory of the Siberian
Craton throughout the whole Cambrian period stayed marine basin. Two independent stratigraphic subregional
scales, based on the distribution of trilobites and conodonts were developed to separate the Upper Cambrian
sediments. One of the scales is used for the subdivision and correlation of open marine sediments - the distal
shelf and the slope. The trilobite complexes used to define it have taxa of wide geographic distribution and
are primarily agnostid. To a large extent, these taxa also define the divisions of the new international GSSP-
based scale of the Cambrian system. This subregional scale is used for global correlations. This area of open
sea deepwater sediments includes the sections with one of the most discussed levels of global correlation,
which can serve as the lower boundary of the upper stage of Cambrian — FAD of agnostid species Lotagnostus
americanus. This level is defined in the section of the upper part of the Ogonyor Formation on Khos-Neleger
river of Kharaulakh ridge, in the section of the Dzhunyukan Formation, Dzhunyukan river of Sette-Daban
ridge, and in the Grustninskaja Formation of Trautfetter river on Taimyr peninsula. In all the sections listed
here, the level of the Paibian base (FAD Glyptagnostus reticulatus) is also defined. FAD of [rvingella and
Agnostotes orientalis - the level of the base of the Jiangshanan stage is known only in the section of the
middle part of the Ogonyor Formation on the Khos-Neleger river, as well as in the sediments of the Tchopko
Formation of the Igaro-Norilsk edge dislocations area. The second sub-regional scale is used for the areas of
shallow water, reef and lagoon sediments distribution. Predominantly endemic assemblages of shallow water
polymer trilobites were used to define it. But this scale has also been used in recent years for correlation
purposes while establishing the GSSP of the Upper Cambrian stages. A reliable correlation of different facies
strata in Central Siberia with the trilobite and conodonts assemblages in the youngest part of the Cambrian
section is carried out only for individual levels. This correlation is based on the study of the marginal sections
of the facial subregions, which include individual elements of both the shallow-water and open-sea trilobite
assemblages. The cooccurrence of the elements of different facial trilobite assemblages has been established
only for some levels. For the additional support of biostratigraphic correlation the 3C distribution data obtained
in several sections of Upper Cambrian sediments in the last decade are considered. The use of these abiotic
factors makes the proposed version of the strata correlation significantly more reliable.

Conclusion: Thus, the most likely correlation levels for the different facies deposits of the Upper Cambrian
of Eastern Siberia are the following: 1. The upper part of the Guzhangian, correlating with Chomurdakh
regional stage corresponds to the Nganasanyan, Tavgian and Maduian regional stages; 2. The Paibian stage
and the lower half of the Jiangshanan stage - the Kutugunian regional stage, corresponds to the Ensian and
Yurakian regional stages; 3. The approximate correspondence between the Loparian and the upper part of the
Khos-Neleger regional stages and the level of the lower boundary of the Tremadoc in the lower part of the
Njaian regional stage.
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The Wulivan Stage has been recently ratified by the ISC. Its lower boundary has been placed in
the Oryctocephalus indicus FAD and the upper boundary in the previous level to the Ptychagnostus atavus FAD.
Both species have a wide geographic distribution, but none of them have been recorded in the Mediterranean
region, and we need to stablish a confindent correlation. Herein we revise the trilobites biostratigaphy of the
Leonian to middle Caesaraugustan (Cambrian regional stages for Spain) that comprise the full Wulian age
and the upper part of Cambrian Stage 4 and lower part of Drumian in the Iberian Chains. From a stratigraphic
point of view, the trilobites studied have been recorded in the upper part of Valdemiedes, Mansilla and
lower part of the Murero Fms andhave been identified nine agonostoid species (four genera) and forty-
one polymeroids species (twenty-one genera). It has been subdivided in six zones, biz: Acadoparadoxides
mureroensis, Eccaparadoxides sdzuyi, E. asturianus, Badulesia tenera, B. granieriand Pardailhania hispida
(see Sdzuy et al., 1999, and Gozalo et al., 2008, 2011). Although the species O. indicus has not been found yet
in this region, we can stablish a roughly correlation based on the isotopic signal and the entry of agnostoids in
the Valdemiedes Fm. (see Gozalo et al., 2013), that indicate a maximum floading in the area, similar to what
happens in the interval surrounding the boundary in the stratotype (see Zhao et al., 2016). The base of Wulian
Stage could be correlated with the uppermot part of the 4. mureroensisZone. While the base of Drumian Stage
has been previously correlated with the base of P. hispida Zone or below (Gozalo et al., 2011), the new data of
acritarch in the Cantabrian Mountains indicates the base in an undetermined level in the upper part of B. tenera
(Palacios, 2015).

Gozalo R., Lifian E., Gamez Vintaned J.A., Dies Alvarez M.E., Chirivella Martorell J.B., Zamora S., Esteve J. & Mayoral
E. (2018) - The Cambrian of the Cadenas Ibéricas (NE Spain) and its trilobites. Cuad.Museo Geominero, 9, 137-151.

Gozalo R., Chirivella Martorell J.B., Esteve J., & Lifian E. (2011) - Correlation between the base of Drumian Stage and
the base of middle Caesaraugustan Stage in the Iberian Chains (NE Spain). Bull. Geosci., 86, 545-554.

Gozalo R., Alvarez M.E.D., Vintaned J.A.G., Zhuravlev A.Y., Bauluz B., Subias L., Chirivella Martorell J.B., Mayoral E.,
Gursky H.J., Andrés J.A. & Lifian E. (2013) - Proposal of a reference section and point for the Cambrian Series 2-3
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Digestive system is the place where enargy transfer into animals body. In this study, we focus on the
digestive system of Leanchoilia. Leanchoilia is worldwide distribute in the Cambrian. The gut glands remarkable
differentiate along the AP axis in size of Leanchoilia sp. from the Kaili biota of the Cambrian, Wuliu Stage (508
ma). The X-ray fluorescence (XRF) reveals some elements profile of the digestive system of Leanchoilia sp.
suggest gut traces contain high concentrations of calcium phosphate. The result may suggest the phosphate distribution
flactuation within the Leanchoilia gut at different stages within the edysis process of Leanchoilia.
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The Ediacaran and early Cambrian are critical periods for the evolution of multicellular life. To present
the distribution and enrichment patterns of trace elements in this period, major and trace elements of 2610
samples from 6 sections of Ediacaran and early Cambrian period in Three Gorges section of Hubei Province,
Taoyuan section of Hunan Province, Sanshui section of Guangdong Province, Weng’an section of Guizhou
Province, and Meishucun section of Yunnan Province in the South China and Lujiaping section in South
Qinling Mountain, Shaanxi Province in central China were analyzed. Compared to the upper continental crust,
average selenium (Se) is the most enriched trace elements among 23 analyzed trace elements in the whole
Ediacaran and early Cambrian Formations in those 6 sections in the South China Lujiaping section in South
Qinling Mountain, and then arsenic (As), molybdenum (Mo), and cadmium (Cd) followed. The concentrations
of them vary great. In Three Gorges section, Se from 10> to 30.08 mg/kg, As from 10> to 196.45, Mo
from 0.02 to 288.95, and Cd from 0.02 to 163.05 mg/kg, with average values of 1.34, 1.04, 14.02, and 8.03
mg/kg, and average enrichment factors (EF) of 26.97, 10.66, 9.66, and 5.35, respectively. The distribution
and enrichment patterns of trace elements in another 5 sections in south China exhibit similar variation and
trends through the Ediacaran and early Cambrian Formations as Three Gorges section in Hubei Province.
The Se is the most enriched in Lujiaping Formation black shale of Ediacaran and early Cambrian in south
Qinling Mountain, general varied from 10 to 303 mg/kg with the average values of 23 mg/kg in the beds of
black shale in Lujiaping Formation, and with average values of 5.21 mg/kg whole Lujiaping Formation. The
lowest Se content among 6 sections is in Guangdong Province. The Se and Mo concentration exhibit similar
variation and increasing trends through the Ediacaran and early Cambrian Formations, and As exhibit decline
trends through the strata. The most enriched Se beds (sequence) is the lower part of Yuanshan Formation
(Qiongzhusi) in Yunnan, Niutitang formation in Guizhou, and lower part of upper member Lujiaping Formation
in Shaanxi, which just below the horizon of first trilobite occurs bed, can be compared with to base of Series
2 of Cambrian that Se is about 16 mg/kg (in Guangdong)-303 mg/kg (in Shaanxi), followed by the fourth
Member of Doushantuo Formation (DST-1V) of Ediacaran(20-76 mg/kg), then the lower part of DST-II, 20-
56 mg/kg; the most enriched As bed is the lower part of DST-1I , then DST-IV. Mo exhibit same trends as the
selenium. The result show that a series of strong enriched sequences of Se, Mo, and As during Ediacaran and
early Cambrian sequences in south China are consistent with a series of major biological evolution sequences
in Ediacaran and early Cambrian. Compared with the content and enrichment of Se and other elements of
marine black shale in other geological periods, such as black shale of Datangpo Formation of Cryogenian,
Ordovician—Silurian interval, Devonian- Early Mississippian interval etc., that result show that Se content in
Ediacaran and early Cambrian black shale are general 5-20 times or even more times than above period. At
same time, the enrichment coefficient of Se is the highest among the all BFs in the black shale of Ediacaran
and early Cambrian, but is not the highest in Datangpo and other interval black shales sequences which had
not big biological change. It show that the degree of enrichment of selenium seems to be a sensitive indicator
of the degree of biological change. The higher the content and enrichment of Se, the greater of the biological
change degree. So, that Se, Mo, and As are not a series micronutrient elements that are critical for life in today,
but also plays an important role in the early biological radiation and change. The future two science problems
need to pay more attention: 1) Evolution of selenium, arsenic, and other bological trace elements (BFs) during
geological history, 2) Quantitative relationship between the enrichment level of BFs and biological changes
level- occurrence, development, radiation, extinction.
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The Miaolingian Series was ratified in 2018 as the new formal name for Cambrian series 3 (= ‘Middle’
Cambrian). The GSSP for the conterminous base of the Miaolingian and its lowermost stage, the Wuliuan,
coincides with the FAD of the widely distributed oryctocephalid trilobite Oryctocephalus indicus in the Kaili
Formation at the Wuliu-Zengjiayan section, eastern Guizhou Province, China. However, O. indicus and
associated trilobites have not been recorded from Baltoscandia and hence direct correlation into the Baltic
successions is difficult. In Baltica, acritarchs may be used for identifying the base of the Miaolingian, but
two problems have to be addressed: 1) Does the GSSP level in China correspond to the FAD of the Eliasum—
Cristallinium acritarch assemblage?, and 2) how accurately is the incoming of this assemblage identified in
Baltoscandian successions, where the underlying sandy strata in general are not particularly productive for
acritarchs?

Comparison of acritarch taxa shared between the GSSP section and Baltica indicates that the GSSP level
likely correlates with a level within the Baltoscandian Eliasum—Cristallinium assemblage zone. Nonetheless,
it appears most feasible to consider the base of this zone (i.e. the Kibartian Regional Stage) as the best possible
local approximation for the base of the Miaolingian in Baltoscandia. This level equates the traditional lower
boundary of the ‘Middle’ Cambrian as used in the East Baltic area. In much of Scandinavia, the lower boundary
of the Miaolingian thus defined falls within the Hawke Bay hiatus. Hence, the Miaolingian largely corresponds
to the interval previously assigned to the ‘Middle’ Cambrian in the region, except that the Miaolingian includes
the Agnostus pisiformis Zone, which traditionally has been assigned to the ‘Upper’ Cambrian. In Scandinavia,
the Miaolingian/Furongian boundary is very precisely defined, being marked by the lowest occurrence of the
cosmopolitan agnostoid Glyptagnostus reticulatus and abundant olenid trilobites. In the East Baltic area, the
upper boundary of the Miaolingian coincides with a major unconformity.
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A chronostratigraphic framework based on index acritarchs for the Cambrian
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An extensive record of diagnostic cosmopolitan acritarchs from the volcanosedimentary Vallehondo
and Playon formations of the Cambrian Ossa-Morena Rift allows us to establish a fine acritarch-based
chronostratigraphy, bracketed between the Cambrian Serrodiscus-bearing Series 2 (Stage 4) strata and the
Guzhangian (Miaolingian) Sao aff. hirsuta-bearing beds. Two Cambrian Series 2 acritarch zones (Skiagia
ciliosa and Heliosphaeridium notatum zones) and five Miaolingian (IMC1 to IMCS5 zones; Palacios, 2015)
are recognized. The IMC1 and IMC2 zones are identified in the La Albuera Member (Vallehondo Formation)
rich in felsic volcanic interbeds that have been dated between 512 + 4 and 502 + 2 Ma. (Sanchez-Garcia et
al., 2008). The IMC1 Zone includes the FAD of Comasphaeridium longispilosum, Eliasum llaniscum and
Comasphaeridium silesiensis, diagnostic of the Miaolingian Series and associated with the diagnostic trilobite
Acadoparadoxides cf. mureroensis. The transition to the IMC2 Zone coincides with ignimbrites dated at 504.5
+ 1.3 Ma (Sanchez-Garcia et al., 2008). This zone is approximately equivalent to the Wuliuan Stage. The IMC2
Zone includes the FAD of Comasphaeridium francinae and Cristallinium cambriense; its top is interrupted by
the last volcanic felsic levels that mark the top of Vallehondo Formation dated by us at 500.9 + 0.9 Ma (U-Pb
SHRIMP). This zone corresponds to most of the Drumian Stage. The latter radiometric age provides a more
precise constraint for the end of acid volcanism. The maximum acritarch diversification coincides with the
influence of basic volcanism in the Playon Formation, where three latest Drumian-Guzhangian zones have
been recognized: (i) the IMC3 Zone includes the FAD of Adara alea, Vulcanisphaera cantabrica, Eliasum
asturicum and Eliasum fombellae, whose stratigraphic ranges are limited to this zone; (ii) the IMC4 Zone is
characterized by the FAD of Timofeevia species (such as T. lancarae, T. heteromorpha and T. tchedirtiensis),
and (iii) the IMCS Zone by the appearance of Cristallinium dubium and Symplassosphaeridium cambriensis
(Palacios, 2015). The new data confirm a latest Drumian-Guzhangian age for the basic volcanism in the
Playon Formation. The detailed acritarch-based zonation recognized in Iberia is also valid for the Acado-Baltic
(biogeographic) Province, and reinforces the great value of acritarchs in Miaolingian chronostratigaphy.

Palacios T. (2015) - Acritarch assemblages from the Oville and Barrios Formations, northern Spain: a pilot proposal
of a middle Cambrian (Series 3) acritarch biozonation in northwestern Gondwana. Review of Palacobotany and
Palynology, 219, 71-105.

Sanchez-Garcia T., Quesada C., Bellido F., Dunning G. & Gonzalez de Tanago J. (2008) - Two-step magma flooding of
the upper crust during rifting: the Early Paleozoic of the Ossa-Morena Zone (SW Iberia). Tectonophysics, 461, 72-90.
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The Cambrian rocks in Antarctica are well exposed along the Transantarctic Mountains which run along
the eastern margin of the continent, and ends in the northern Victoria Land (NVL). The Cambrian sedimentary
successions in NVL were formed in association with subduction of the paleo-Pacific plate under the Antarctic
continent, and represented by an accretionary complex of sedimentary rocks in three tectonic terranes: the
Wilson, Bowers and Robertson Bay terranes, from inboard to outboard. The Bowers Supergroup of the Bowers
Terrane is well-known for producing Cambrian trilobites which can be used for biostratigraphic correlation. The
original Cambrian stratigraphy of the Bowers Terrane was established on the basis of the materials collected
during 1974/75 and 1981/82 expeditions by the New Zealand Antarctic Research Programme (NZARP). Among
the fossil-occurring localities of the Bowers Terrane, Edlin Neve and Mariner Glacier represent the northwest
and the southeast end points, and are only about 200 km apart. Nevertheless, the Cambrian stratigraphy of the
Bowers Terrane was interpreted to show a remarkable lateral facies variation. Korea Polar Research Institute
carried out four expedition to the northern Victorian Land from 2012/2013 season to 2015/2016 season, with
setting up field camps at Mariner Glacier and Reilly Ridge. A detailed biostratigraphic researches in the area
has revealed that the thick Spurs Formation at Mariner Glacier is due to stratigraphic repetitions by tectonic
folds, and the Paibian aspect of the Spurs Formation at Reilly Ridge was a result of misidentifications of some
taxa. The unusually thick Molar Formation in the Houliston Glacier which is located in the middle part of the
Bowers Terrane is likely to be due to misinterpretation of the structurally complicated area. The accordingly-
revised Cambrian stratigraphy of the Bowers Terrance shows less lateral facies variation. The remaining issues
of the area include 1) the unreliable age of the Eureka Formation which occurs only at Marine Glacier, and; 2)
the lower boundary of the Spurs Formation at Mariner Glacier which was covered by snow.
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Peary Land of North Greenland is a terrestrial area of the highest latitude in the northern hemisphere, but has
received limited attention due to its extreme remoteness. Nevertheless, this area holds a celebrated Cambrian
fossil locality, Sirius Passet (82° 47.603" N, 42° 13.394' W), which is a Konservat-lagersttite, producing soft-
bodied marine animal fossils of ca. 520 Ma. However, due to the lack of good age-constraining fossil, the
precise age of the Sirius Passet fauna remains still contentious; the sole trilobite species Buenellus higginsi is
an endemic species, and only provides a rough age constrain of correlating to the Nevadella Zone of Laurentia,
which is arelative long-ranging biozone. In2016, 2017, and 2018 seasons, expeditions to Sirius Passet led by the
Korea Polar Research Institute collected about two tons of slabs containing more than 10,000 fossil specimens
from the outcrop and screes of the Buen Formation. The new collections include various metazoans, such
as sponges, euarthropods, stem-group euarthropods, primitive mollusks, annelids, cycloneuralians including
priapulids and loriciferans, gnathiferans, and primitive deuterostomes, which contains not only better-preserved
specimens of the previously documented species, but also many new species. Interestingly, the new materials
hold some new shelly fossils, such as archaeocyathids, possible brachiopods, and mobergellids. Further studies
on the new shelly fossils would provide a better age constraint for the Sirius Passet biota in the future.
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During the last 10-15 years the Cambrian system in the International Chronostratigraphic Chart (ICC)
was slowly filled by the toponymical named stages with ratified GSSP at their lower boundaries. Traditional
middle and upper Cambrian portions were the first to get their stage-units due to the presence in deposits of
many taxa (mostly trilobities) with wide geographic ranges ensuring reliable correlations between various
paleocontinents. The lower Cambrian part of the chart is different. This is the time of initial radiation of most
skeletal groups of Metazoa, with localized diversifications and rather limited spatial distributions of taxa.
Still we do not choose the criteria how to define the globally recognized stages 2, 3, and 4. The situation with
Stage 3 is the most difficult (for recent summary see Zhang et al., 2017). Here we discuss the problem of the
biostratigraphic substantiation of the lower boundaries the Stage 3 of ICC and of the Atdabanian Stage of the
General Stratigraphic Scale (GSS) of Russia. It is believed that the first appearance of trilobites is the main
characteristic of these stage units. However, the difficulties in choice of the correlation level for the lower
boundary of the Stage 3 on the base of trilobites are clearly shown. It is explained by the different taxonomic
composition of the assemblages of the most ancient representatives of this group of arthropods on different
paleocontinents and obvious diachronism of the levels of their first appearance. It is proposed to use the
species Mobergella radiolata Bengtson, 1968 for definition of the lower stage boundary (Rozanov et al., 2011;
Demidenko et al., 2012). The geographical distribution of this SSF species is wider than that of any species
among the ancient trilobites. It was shown that on the territory of the Siberian Platform in the stratotype region
for the Lower Cambrian stages (the interfluve of Lena and Aldan rivers) M. radiolata appears in sections at the
same level as the first Atdabanian archaeocyaths of the Retecoscinus zegebarti Zone do. This allows the use of
M. radiolata as the index species for the lower boundary of the Atdabanian Stage of GSS. Finds of M. radiolata
in other regions of the Siberian platform (west, north and southeast, interior areas of the platform) make
this taxon of microfauna an extremely valuable tool for the Lower Cambrian biostratigraphy, the correlation
potential of which is much higher than that of the locally distributed Early Atdabanian archaeocyathes or
trilobites.

Study is supported by RFBR 19-04-01027.

Demidenko Y.E., Parkhaev P.Y. & Rozanov A.Y. (2012) - Morphological variability and types of preservation of
Mobergella radiolata—a potential index species for the GSSP of Cambrian Stage 3. Journal of Guizhou University, 29,
157-158.

Rozanov A.Y., Parkhaev P.Y., Demidenko Y.E. & Skorlotova N.A. (2011) - Mobergella radiolata—a possible candidate
for defining the base of Cambrian Series 2 and Stage 3. Bulletin of Museum of Northern Arizona, 67, 304-306.
Zhang X.L., Ahlberg P., Babcock L.E., Choi D.K., Geyer G., Gozalo R., Hollingsworth J.S., Li G X., Naimark E.B., Pegel
T., Steiner M., Wotte T., Zhang Z.F. (2017) - Challenges in defining the base of Cambrian Series 2 and Stage 3. Earth

Sci. Rev., 172, 124-139.
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Molluscs assemblages from the middle Early Cambrian of Northern China platform are known since
1980s (Xiao, Zhou, 1984; Zhou, Xiao, 1984; Feng et al., 1994, etc.). Over 30 species (a number of them are
synonyms) were described from the Xinji Fm and its equivalents in Anhui, Henan and Shaanxi provinces of
China. The ongoing studies bring new data on the taxonomic composition, fauna relations and stratigraphic
correlations of these strata (e.g., Li et al., 2014, 2016, 2017, 2018, 2019). During the ICECS-2018 field trip
to Shaanxi we collected rock samples from the lower Xinji Fm at Chaijiawa and Zhoujiaqu sections. The
subsequent treatment of samples revealed the following mollusc assemblage: Bemella communis, Marocella
mira, Pararaconus paradoxus, Anhuiconus microtuberus, Asperconella troyensis, Davidonia rostrata,
Figurina nana, Horsegullia horsegulliensis, Xianfengella yatesi, Anabarella australis, Stenotheca drepanoida,
Watsonella crosbyi, Xinjispira simplex, Pelagiella madianensis, Pojetaia runnegari. Comparison of this
assemblage with that described from the Lower Cambrian of South Australia (Bengtson et al., 1990; Gravestock
et al., 2001) shows almost complete similarity of species composition, though the Australian assemblage is
even more diverse. Since that the Australian formations containing these species (Parara Lst, Mernmerna
Fm, Sellik Hill Fm) and Chinese Xinji Fm are obviously of the same age. In addition to mollusks, various
SSF and Estaingia trilobites from Xinji Fm suggests its correlation with the middle Canglangpuan of South
China and middle Botoman of Siberian platform (Yun et al., 2016). The correlation is also supported by the
presence of numerous Pelagiella madianensis in Xinji Fm, recently reported (Kouchinsky et al., 2015) from the
Botoman (Calodiscus—Erbiella zone) of the East Anabar region as Pelagiella sp. 1, along with Figurina nana,
Pararaconus paradoxus (as Pararaconus sp.), and Pelagiella subangulata (as Pelagiella sp. 2). In Laurentia
(NE Greenland) the following species are reported (Skovsted, 2004) from the Bastion Fm of Middle Dyeran
(Bonnia—Olenellus zone): Davidonia rostrata, Asperconella troyensis, Pojetaia runnegari, Bemella communis
(as Figurina groenlandica), and Anabarella australis. These strata are confidently correlated with the Botoman
stage of the Siberian platform by trilobites (Peng et al., 2012). The find of Watsonella crosbyi in the lower
Xinji Fm is noteworthy. It confirms the significant time range of the species (i.e., Tommotian—-Botoman), and
put doubts on new correlation chart elaborated for the Lower Cambrian of South Australia (Betts et al., 2016,
2018) that significantly increase the age of the formations as compared to commonly accepted correlations.

I am thankful to Prof. Zhang Xingliang and his team for organization of the ICECS-2018 and field trips. Study is supported
by RFBR 19-04-01027.
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The Balang Fauna from Guizhou, China yields fossils represented seven invertebrate phyla. It is preserved
in middle and upper parts of the Cambrian Balang Formation in Guizhou, South China. The Balang Formation
distributes wider in eastern Guizhou and western Hunan, at present, the 9 localities containing the Balang
Fauna have found, of which the very fossiliferous the Lazizhai section of the Balang Formation near Lazhizhai
village, Jianhe County, eastern Guizhou contains best fossils representatives of eight invertebrate phyla,
including sponge and chancelloriids, coelenterates, brachiopods, priapulid worms, hyoliths, arthropods and
stalked echinoderms. In addition, still have alga, and a rich ichnofauna. Especially, arthropod assemblages have
high diversified, including trilobites, trilobitomorphs, large bivalved arthropod, bradoriids, and anomalocarids.
Anomalocarid fossils from the Balang Fauna preserve as frontal appendage and head sclerites. According to
their morphology, the fossils are similar to those frontal appendage and head sclerites of anomalocaridids
from Chengjiang Biota. It is known that Acanthomeridion commonly in the Chengjiang Biota; of which the
important Anomalocaridids includes fossil sclerites both Anomalocaris and Hurdia. Comparison with those
frontal appendage and head sclerites of anomalocaridids from Chengjiang Biota, the frontal appendages from
the Balang Formation are recognized as a part of the frontal appendages of Anomalocaris, and another head
sclerites should be an central elements or dorsal plate and lateral plate of Hurdia. Their exact taxonomy needs
more works. The discovery of arthropod anomalocarids of the Balang Fauna indicates that taxa originally
present in the shallow water platform of Yunnan migrated eastward to the deep-water area of Guizhou in
Cambrian 4 epoch, adapting to a new ecological setting. The new assemblage from the Balang Fuana not only
adds new taxonomic records but also provides some new information regarding anomalocaridid palacoecology,
evolution, and geographic distribution. New finds indicate these swimming animals with dispersal capabilities
similar to modern pelagic organisms, and provide new essential information to a better understanding of the
evolutionary pattern of these taxa in timeline, in terms of geographic distribution. New anomalocaridid taxa
from the Balang Fauna are comparable with that of the equivalent Guanshan Biota. Observations of new taxa
from the Balang Fauna open a new stratigraphic window on their diversity and early evolutionary history.
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A GSSP has been proposed for defining the base of Cambrian Stage 10 (provisional) at the FAD of Lotagnostus
americanus in the Wa’ergang section, northwestern Hunan, South China (Peng et al., 2014, 2018), which exposes
a thick Cambrian-Ordovician succession in slope facies, known as the Huaqiao and overlying Shenjiawan
formations. The proposed stratotype point is 29.65 m above the base of the Shenjiawan Formation. Multiple
stratigraphic markers have been studied in the proposed stratotype section in order to correlate the proposed
GSSP horizon as widely and precisely as possible.

Agnostoid trilobite biostratigraphy. Three agnostoid zones are recognized in a 32-m-thick interval
that includes the proposed GSSP horizon. In ascending order, they are the Eolotagnostus decorus Zone, the
Lotagnostus americanus Zone and the Micragnostus chiushuensis Zone. The base of the L. americanus Zone is
defined by the lowest occurrence of the eponymous species at 29.65 m above the base of Shenjiawan Formation
(or 684.65 m above the base of the Huaqiao Formation); this position is proposed as the base of global Stage 10.
The cosmopolitan L. americanus allows for global correlation, as the species has been recognized from Canada,
the Great Basin of the United States, the UK, Sweden, Argentina, Siberia, Kazakhstan, Tasmania and China
(South, Northwest and East China).

Polymerid trilobite biostratigraphy. Four assemblage zones of polymerid trilobites are recognized in the
Shenjiawan Formation of the Wa’ergang section (Peng, 1984, 1992). The lowermost zone is the Lotagnostus
americanus-Hedinaspis regalis Assemblage-zone. Extensive collecting in the Wa’ergang section shows that H.
regalis and another important polymerid trilobite, Charchaqia norini, make their first appearances nearly at the
FAD of L americanus. These two polymerid species have an intercontinental distribution.

Conodont biostratigraphy. As a result of detailed sampling, four conodont zones are recognized in the
Shenjianwan Formation of the Wa’ergang section (Bagnoli et al., 2017; Dong and Zhang, 2017) with several
species having intercontinental correlation value. C osmopolitan species include Proconodontus tenuiserratus,
P muelleri, P. serratus, and Eoconodontus notchpeakensis. The base of the P. posterocostatus Zone, which
is marked by the lowest occurrence of Dasytodus trasmutatus, nearly coincides with the first appearance of
L. americanus. In the Wa’ergang section, the FAD of the cosmopolitan E. notchpeakensis lies about half way
between the FAD of L. americanus and the base of Ordovician; this horizon may be useful for subdividing Stage
10 into two substages.

Carbon isotope chemostratigraphy. High-resolution 3"C analyses in the Wa’ergang section reveal three
negative excursions (N1, N2, N3) within the Shenjiawan Formation. The N1 and N2 excursions are older than
the HERB/TOCE (N3) excursion, and the N1 excursion begins just above the proposed GSSP horizon (Li et
al., 2017). The N1 excursion represents the first significant carbon isotope excursion event following the SPICE
excursion, and correlates into sections described from Australia, Argentina, and Laurentia.

Sequence stratigraphy. The Shenjianwan Formation, which is predominantly a carbonate unit, essentially
represents a single third-order sequence that embraces 44 meter-scale cycles of the L-M type (Mei et al., in press).
This third-order sequence is the uppermost third-order cycle known in the Cambrian. The third-order sequence
can be subdivided into 2 fourth-order sequences, each of which is further subdivided into 6 fifth-order sequences.
The proposed GSSP horizon lies within the first fifth-order sequence in the lowermost part of the Shenjianwan
Formation. The position can also be identified as about 8 m above the conterminous base of the third-order
sequence, which is also about 8 m above the base of the lowermost fourth-order and fifth-order sequences.
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The combination of the lowermost occurrences of widely distributed agnostoid, polymerid, and conodont
species, the first significant negative carbon isotope excursion event upsection from distinctive SPICE positive
excursion (in the Paibian Stage), and the first fifth-order sequence of the uppermost third-order sequence
known in the Cambrian, allows for confident recognition and correlation of the base of the provisional Stage
10 on a global scale.

Bagnoli G., Peng S., Qi Y. & Wang C. (2017) - Conodonts from the Wa’ergang section, China, a potential GSSP for the
uppermost stage of the Cambrian. Riv. It. Paleontol. Strat., 123(1), 1-10.

Dong X. & Zhang H. (2017) - Middle Cambrian through Ordovician conodonts from Hunan, South China. Jour. Paleont.
Mem., 73, 1-89.

LiD.,Zhang X.,ChenK.,Chen X.,Huang W., PengS., & ShenY. (2017) - High-resolution carbon isotope chemostratigraphic
record from the uppermost Cambrian stage (Stage 10) in South China, implications for defining the base of Stage 10
and palaeo-environmental change. Geol. Mag., 154 (6), 1232-1243.

Mei M., Wang L., Li Y., Peng S., Zhu X., & Zuo J., in press. Studies on cyclostratratigraphy within the framework of
sequence stratigraphy for the Stage 10 of the Cambrian Furongian at the Wa’ergang section, Taoyuan County, Hunan
Province. Jour. Strat., 43.
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China. In: International Conference on Ediacaran and Cambrian Sciences, Joint meeting of ISCS & ISES, Program,
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The Niutitang Formation is a stratigraphical unit situated between the underlying Dengying (or Laobao,
Gezhongwu, or Taozichong) Formation and the overlying Mingxinsi (or Jiumenchong) Formation, and
consisting of black carbargilite, carbonaceous shale, and multi-elemental (e.g., Ni and Mo) ore beds in its
lower part, and black carbonaceous shale intercalated with grey-green silty shale in its upper part, which also
contains the trilobite Tsunyidiscus, the bradoriid Tsunyiella, and abundant sponge fossils. According to the
biostratigraphy, the black silty shale interval below the first appearance of Tsunyidiscus is late Xiaotanian in
age, and can be correlated with the Ni-Mo-rich ore layer in the lower part of the Niutitang Formation of the
Yankong and Songlin sections, with the upper phosphoric concretionary horizon of the Niutitang Formation
in the Duoding section, with the upper part of the Laobao Formation below the lowest stone coal bed with
phosphate nodules of the Niutitang Formation of Majiang and Danzhai (and other localities), and with the
highly carbonaceous shale with phosphate nodules at the base of the Zhalagou Formation in Sandu. The
middle and upper parts of the Niutitang Formation are Chiungchussuan in age. In the transitional slope area
of Guizhou, the thick limestone of the Jiumenchong Formation containing Hubeidiscus and located above the
black shale of the Niutitang Formation, can be correlated with the lower part of the Mingxinsi Formation in the
shallow water area of Guizhou. The ages of these strata range from late Chiungchussuan to early Duyunian.
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Chancelloriids are a group of cosmopolitan Cambrian animals that mainly distributed in 64 distinct localities.
In 54 of them, chancelloriids are preserved as isolated sclerites in skeletal faunas that deposited in carbonate-
dominated rocks. In 9 localities, chancelloriids are important members of the Konservat-Lagerstitten that
characterized by shales and siltstones. Particularly, in the Sekwi Formation of Northwest Territories, Canada,
the partially-preserved chancelloriid scleritomes are preserved on the bedding surfaces of carbonates.
Chancelloria, Archiasterella and Allonnia are the common chancelloriid genera in most continents. However,
other genera are usually restricted in specific regions: Dimidia occurs only in South China, Gondwana and
Laurentia, Eremactis only in East Gondwana and Laurentia, Cambrothyra and Nidelric only in South China.
The distribution of chancelloriids is generally within the tropical and subtropical zones, while a few genera
(Chancelloria and Archiasterella) can survive in the continents with relatively higher latitudes, such as
Baltica, Avalonia and south part of Gondwana. The global chancelloriid biostratigraphy indicates that there
are three phases corresponding to the evolution of this animal group. The first phase (initial phase) is the
early Terreneuvian of Cambrian, when the sclerites of Chancelloria and a few Cambrothyra occurred in
South China, Siberia and Mongolia. The second phase (flourished phase) is from the late Terreneuvian to late
Miaolingian, during which the chancelloriid group is remarkably diversified and their distribution is expanded
to all continents. The third phase (declined phase) is from the late Miaolingian to early Furongian. In this
period, there is only a small number of Chancelloria and Archiasterella yielded in the skeletal assemblages
of South China and Peri-Gondwana. After the Paibian Stage of Furongian, chancelloriids totally went extinct.
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The North-East shore of the El Pintado reservoir in Seville Province, Spain exposes several continuous
sections of dominantly anoxic graptolitic hemipelagites which altogether range from the lower Rhuddanian
to the Lochkovian (Jaeger & Robardet, 1978). A richly graptolitic section through the Aeronian/Telychian
boundary described by Loydell et al. (2015) may be considered as a promising candidate for a new boundary
stratotype for the Telychian Stage. Herein we describe the lower part of the structurally simple El Pintado
section comprising Rhuddanian/Aeronian boundary interval and middle and upper Aeronian strata. A uniform
succession of black shale referred to the cyphus and lower triangulatus graptolite biozones is interrupted by a
prominent disconformity in the middle of the triangulatus Biozone which is overlain by the middle Aeronian
leptotheca Biozone. Lower Aeronian strata, correlatable with the upper triangulatus, pectinatus and simulans
biozones of central Europe (Storch et al., 2018), are missing. The leptotheca Biozone is overlain by the
convolutus, sedgwickii and halli biozones without any evidence of another disruption of sedimentation apart
from a 5 cm thick rusty siltstone in the lower sedgwickii Biozone and the absence of a positive sedgwickii C
isotope excursion. The overall thickness of the Aeronian succession is 7.9 m. More than 100 graptolite species,
including all biozonal index taxa and other stratigraphic marker species, enable high-resolution correlation
with other Aeronian sections in Europe and elsewhere. The isotope record fluctuates little in the Aeronian
part of the section. No significant C _isotope excursions have been recorded even in the sedgwickii Biozone
despite the remarkable decrease in graptolite species richness. The Aeronian succession contributes to a solid
foundation of the ongoing proposal of the El Pintado section as a candidate for the base Telychian GSSP.

Jaeger H. & Robardet M. (1979) - Le Silurien et le Dévonien basal dans le nord de la Province de Séville (Espagne).
Géobios, 12, 684-714.

Loydell D.K., Fryda J. & Gutiérrez-Marco J.C. (2015) - The Aeronian/Telychian (Llandovery, Silurian) boundary with
particular reference to sections around the El Pintado reservoir, Seville Province, Spain. Bull. Geosci., 90, 743—794.

Storch P. Manda S. Tasaryova Z. Fryda J. Chadimova L. & Melchin M.J. (2018) - A proposed new global stratotype for
Aecronian Stage of the Silurian System: Hlasna Tieban section, Czech Republic. Lethaia, 51, 357-388.
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The Timan-northern Ural region represents the north-eastern margin (in modern co-ordinates) of the
European Platform. Mid-Silurian sedimentation took place on an extensive carbonate platform covered by
shallow epicontinental sea. On the carbonate platform margin were developed shallows with reefs restricted
a circulation of water in the shelf. The low-diversity fauna is represented by species typical of shallow-
water with low hydrodynamics. The Wenlock-Ludlow boundary deposits of the region have been studied via
outcrops from the Subpolar Urals, Chernyshev and Chernov swells. The Homerian-Gorstian is represented by
the interval where ostracodes fauna was widespread and distinctly changes in depositional environments are
expressed (Subpolar Urals, 2000). The regressive phase of the end-Homerian is identified by ooid-stromatolite
associations often with ostracodes and siliciclastic material sometimes forming siltstones or sandstones beds.
In the lowermost Gorstian clay limestones include ostracodes, rare brachiopods and tabulate corals. Carbon
isotopic values data derived from brachiopods shown the positive excursion in 1.6%o during the late Homerian
and the negative one in 0.7%o during the early Gorstian (Modzalevskaya & Wenzel, 1999). Carbon isotopic
values data derived from rock samples from the Subpolar Urals and Chernyshev Swell sections shown the
same situation: in the upper Homerian beds the positive excursions are in 1.1-1.8%o or in 1.2-2.0%o and in
the late Homerian beds the negative excursions are in 0.4-0.5%o. The ostracodes data as the most typically
fauna correlating with the graptolite biozones ludensis and nilssoni (Abushik, 2000) available suggest that the
3"*C excursions from this interval are of the same (late Homerian-early Gorstian) age. It should be noted that
during the interval is marked a short-time extinction event. Siliciclastic material transported to basin during
late Homerian relative sea low-stand was promoted to increasing of a microbial activity and disturbing of
benthic ecosystems. The absent of ooid-stromatolite associations at the onset of transgressive event of the early
Gorstian suggests that the factors, such as a water depth and trophic conditions changed for benthic ecosystems
towards better.

Abushik A. (2000) - Silurian-earliest Devonian ostracode biostratigraphy of the Timan-Northern Ural region. Proc. Est.
Acad. Sci. Geol., 42(2), 112-125.

Modzalevskaya T.L. & Wenzel B. (1999) - Biostratigraphy and geochemistry of Upper Silurian brachiopods from the
Timan-Pechora region (Russia). Acta Geol. Pol., 40(2), 145-157.

Subpolar Urals Field Trip Guidebook (2000) - In: Antoshkina A., Malysheva E. & Mannik P. Eds., Suppl. to Spec. Publ.
6 of Ichtyolith Iss. Syktyvkar: Geoprint, 1-119.
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The Silurian Period was one of the most volatile intervals in Earth’s history. The Period was marked by
a series of short-lived climatic events, strong sea level fluctuations, and oceanic turnovers, all of which are
commonly associated with moderate scale extinctions and perturbations of the global carbon cycle. Seven
major positive isotopic carbon excursions are recognized in the Silurian, occurring in association with biotic
turnovers. Historically, most Silurian research has focussed on the large excursions present in the Wenlock,
Ludlow, and Pridoli epochs whereas the smaller Llandovery excursions remain understudied and more poorly
known. The storm-dominated palaeotropical carbonate succession superbly exposed on Anticosti Island in
Eastern Canada represents one of the most complete, thickest, and well-preserved successions in the world of
Upper Ordovician and lower Silurian strata. This study develops a new integrated high resolution litho-, cyclo-,
and chemostratigraphic framework for the upper Hirnantian to lower Telychian succession on Anticosti, by
examining ~450 m of strata from a recent stratigraphic drill core supplemented by an additional ~120 m of
strata from outcrop. Through a lithofacies analysis, four facies assemblages and three time-specific facies were
identified in this succession; all facies are interpreted to have been deposited below fairweather wave base on
a storm dominated carbonate ramp. Temporal facies shifts appear to be controlled by both long-term and short-
term sea level fluctuations and can be organized into three orders of superimposed transgressive-regressive
cycles. Isotopic curves for §'*C and §'%0 were produced by sampling well-preserved bulk micrite at a resolution
of 0.5-1 m per sample; in total 611 samples were taken from outcrop and core. Four distinct positive carbon
isotope excursions are recognized in the succession; the upper Hirnantian (+5%o), Lower Aeronian (+2%o),
Upper Aeronian (+6%o) and Valgu (+3.5%o) excursions. Multi-ordered 8'30 trends are recognized to occur in
association with §'°C trends and likely controlled by glacio-eustatic fluctuations.

Sequential Lower Aeronian, Upper Aeronian, and Valgu positive isotopic carbon excursions have only
been reported in the Wisconsin subsurface and the Moose River Basin in northern Canada. These Llandovery
excursions are now recognized in the more complete and thicker succession of Anticosti Island with higher
peak values; including the highest magnitude ever recorded for the Upper Aeronian excursion. This study
represents a comprehensive high resolution Llandovery stratigraphic framework integrating litho-, cyclo-, and
chemostratigraphic data that provides meaningful insights into the driving forces behind these Silurian positive
8"*C excursions.
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The early Paleozoic Icehouse, which spans the Ordovician-Silurian (O/S) boundary, comprises a series
of climatic shifts and sea level fluctuations driven by the advance and retreat of the Gondwana ice sheets.
The storm-dominated paleotropical carbonate succession superbly exposed on Anticosti Island in Eastern
Canada represents one of the most complete, thickest, and well-preserved successions in the world spanning
the O/S boundary. Recent work on Anticosti has produced a high resolution chemostratigraphic framework
by sampling ~320 m of strata from nearly complete costal outcrops and cliff faces along the west coast of the
island, ~700 m of strata from two recent stratigraphic cores, and ~120 m of strata along cliffs and river banks
in the south-central portion of the island; in total nearly 1500 data points (sampled at a 0.5-1.0m interval) for
8"C and 8'%0 were collected, corresponding to the entire exposed late Katian to mid Telychian succession of
Anticosti Island. Four distinct positive carbon isotope excursions are recognized in the succession; the upper
Hirnantian (+5%o), Lower Aeronian (+2%o), Upper Aeronian (+6%o) and Valgu (+3.5%o) excursions. Each of
these excursions is recorded in at least two different localities on the island, and provide a distinct geochemical
signal useful for local, regional, and global scale correlations with age equivalent strata. Anticosti Island is the
only section in the world known to record sequential Hirnantian, Lower Aeronian, Upper Aeronian, and Valgu
excursions; additionally, with peak values of +6%o, the Anticosti succession records the highest magnitude ever
documented for the Upper Aeronian Excursion. Much like the Quaternary §'*0 marine signal, our §'%0 record
is tightly coupled with multi-order cyclic facies changes. The tight coupling between lithologic and oxygen
isotopic data suggests the Anticosti succession was influenced by glacio-eustatic fluctuations both during and
following the end-Ordovician glacial maximum.Primary isotopic signal preservation is supported by the lack
of significant covariance between §'°C and §'*O, by microfabric preservation of both macro and microfossils in
petrographic, cathodoluminescence, and SEM microscopy, and by little or no diagenetic resetting as suggested
by the trace element geochemistry. Although unusual in deep geological time, this is possible when lithification
occurs shortly after deposition in a closed diagenetic system.
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From late Katian (Late Ordovician) to early Telychian (Llandovery, Silurian), the Wufeng and Lungmachi
black shales (interbedded with a thin bed of limestone in middle Hirnantian, named Kuanyinchiao Bed) were
widely distributed in the Upper Yangtze Platform, South China. The stratigraphic research about these two
formations started from the early 20th century (Lee & Chao, 1924; Sun, 1931; Yin, 1943; Mu, 1945), and with
several decades of efforts, the graptolite biozonation of the black shales has been established and could be
correlated globally (Chen et al., 2000; Fan et al., 2011). The Wufeng Formation includes four biozones, i.e., the
Dicellograptus complanatus, Dicellograptus complexus, and Paraorthograptus pacificus biozones of the upper
Katian Stage, and the Metabolograptus extraordinarius Biozone of the lower Hirnatian Stage. The Lungmachi
Formation includes nine biozones, i.e., the Metabolograptus persculptus Biozone of the upper Hirnantian Stage,
the Akidograptus ascensus, Parakidograptus acuminatus, Cystograptus vesiculosus, Coronograptus cyphus
biozones of the Rhuddanian Stage, the Demirastrites triangulatus, Lituigraptus convolutus, Stimulograptus
sedgwickii biozones of the Aeronian Stage, and the Spirograptus guerichi Biozone of the lower Telychian
Stage. In recent years, significant breakthroughs have been made in the exploration and production of shale gas
from the Wufeng and Lungmachi black shales in South China. In order to investigate the temporal and spatial
distribution models of these two formations, precise biostratigraphic work has been widely applied to many
drilling cores and sections in this area. Meanwhile, some preliminary studies on the organic carbon isotope
stratigraphy, cyclostratigraphy and quantitative stratigraphy have been carried out, in order to construct a high-
resolution stratigraphic scheme for regional correlation. Based on that, the circumjacent distribution pattern of
the black shale in the bordering area of eastern Chongqing, western Hubei and northwestern Hunan (Chen et
al., 2017), and the stage-progressive distribution from the northern Guizhou to the southern Chongqing (Chen
et al., 2018) have been recognized, which are important basis for the future research work, exploration and site
selection of the shale gas.

Chen X., Chen Q., Zhen Y.Y., Wang H.Y., Zhang L.N., Zhang J.P., Wang W.H. & Xiao C.H. (2018) - Circumjacent
distribution pattern of the Lungmachian graptolitic black shale (early Silurian) on the Yichang Uplift and its peripheral
region. Science China Earth Sciences, 61(9), 1195-1203.

Chen X., Fan J.X., Wang W.H., Wang H.Y., Nie H.K., Shi X.W., Wen Z.D., Chen D.Y. & Li W.J. (2017) - Stage-progressive
distribution pattern of the Lungmachi black graptolitic shales from Guizhou to Chongqing, Central China. Science
China Earth Sciences, 60, 1133—1146.

Chen X., Rong J.Y., Mitchell C.E., Happer D.A.T., Fan J.X., Zhan R.B., Zhang Y.D., Li R.Y. & Wang Y. (2000) - Late
Ordovician to earliest Silurian graptolite and brachiopod biozonation from the Yangtze region, South China, with a
global correlation. Geological Magazine, 137, 623—650.

Fan J.X., Melchin M.J, Chen X., Wang Y., Zhang Y.D., Chen Q., Chi Z.L. & Chen F. (2011) - Biostratigraphy and
geography of the Ordovician-Silurian Lungmachi black shales in South China. Science China Earth Sciences, 54,
1854-1863.

Lee J.S. & Chao Y.T. (1924) - Geology of the Gorge District of the Yangtze (from Ichang to Tzekuei) with special
reference to the development of the Gorges. Bulletin of the Geological Society of China, 3, 351-391.

Mu A.T. (1945) -. Graptolite faunas from the Wufeng Shale. Bulletin of the Geological Society of China, 25, 201-209.
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The Carnic Alps are located across the Italian-Austrian border. Here, one of the best exposed and most
complete Palacozoic successions in the world, ranging from the Middle Ordovician to the Upper Permian,
occurs. Even if Silurian outcrops are irregularly distributed in the region, some reference sections for Silurian
global studies (e.g., Cellon, Rauchkofel Boden, Oberbuchach, Graptolithengraben, etc.) are here located. Main
types of exposed rocks include shallow water bioclastic limestones, nautiloid-bearing limestones, limestones
interbedded with shales, and black graptolitic shales and cherts (“lydites”). The overall thickness of Silurian
strata does not exceed 60 m. The Silurian transgression in the region started at the beginning of the Llandovery.
The duration of the gap separating the Ordovician and Silurian successions is highly variable, and embracing
several conodont zones of Llandovery up to early Wenlock age. Depositional features suggest an overall
transgressional regime acting from Llandovery to Ludlow times. Uniform calcareous deposits in the Pridoli
indicate the establishment of a more stable condition in the Carnic region at the end of the Silurian. In terms
of lithostratigraphy, three formations follow each other in the succession in the proximal (calcareous) parts
of the basin: the Kok Fm. (Telychian-lower Ludfordian), the Cardiola Fm. (Ludfordian) and the Alticola Fm.
(upper Ludfordian-lowermost Lochkovian). The last unit corresponds to the former Alticola Limestone and
Megaerella Limestone. All the three units are mainly represented by bioclastic cephalopod-rich limestones,
whose colour turns gradually from dark red and black in the lower Silurian to light grey-ochre in the Pridoli.
Nautiloid cephalopds are very abundant; trilobites, bivalves and conodonts are common; crinoids, gastropods
and rarer ostracods, brachiopods, and chitinozoans are present as well. Starting from the middle of Pridoli,
in the shallower parts of the basin the Seekopf Fm. (Pridoli-Pragian) deposed; it consists of a mostly grayish
lithoclastic limestone with abundant fossil debris. In the deeper part of the basin, the Silurian corresponds to
the up to 80 m thick Bischofalm Fm. It consists of black siliceous shales with interbeds of chert and clayish
alum slate, mainly deposited in an euxinic environment. Graptolites are generally abundant in these rocks.
Alternating black graptolitic shales, marls and limestones of the Nolbling Fm. were deposited in intermediate
conditions between calcareous and shaley facies. Both the Bischofalm Fm. and the Nolbling Fm. range from
the Rhuddanian to the Lochkovian. A precise biostratigraphy of these units has been mainly obtained thanks to
rich conodont and graptolite faunas.
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The early Silurian Ireviken Event is one of the most profound intervals of species turnover during the
Paleozoic that has been identified to date. This event is associated with a prominent carbonate carbon isotope
anomaly, an early Sheinwoodian carbon isotope anomaly that reaches up to 5%o §13C (Cramer et al., 2013).
This perturbation of carbon cycle has been reported from different areas of Baltica, Lauretia, Avalonia and
Perunica, but data on the early Sheinwoodian carbon isotope anomaly from eastern Gondwana is sparse. The
only available measurements are 5 elevated 513Ccarb values reported by Talent et al. (1993) from the Boree
Creek formation, a unit of limestones and volcaniclastic sediments from the middle Paleozoic Waugoola Group,
in the Lachlan Fold Belt of central western New South Wales, Australia. Conodont faunas from the Boree
Creek Formation give insights into extinctions during the event (Molloy & Simpson 2012). Here we report for
the first time a complete and high-resolution record of the early Sheinwoodian carbon isotope anomaly from
Australia and discus the relationship between biogeochemical cycling, extinction, and sedimentology.

Cramer B.D., Brett C.E., Melchin M.J., Ménnik P., Kleffner M.A., McLaughlin PI., Lloydell D.K., Munnecke A., Jeppsson
L., Corradini C., Brunton F.R. & Saltzman M.R. (2011) - Revised correlation of Silurian provincial series of North
America with global and regional chronostratigraphic and 613Ccarb chemostratigraphy. Lethaia, 44, 185-202.

Molloy P. & Simpson A. (2012) - The Ireviken Event in the Boree Creek Formation, New South Wales, Australia. In:
Talent, JA (ed.), Earth and Life, Extinction Intervals and Biogeographic Perturbations through Time. Springer Science
and Media, Dordrecht, 615-630.

Talent J.A., Mawson R., Andrew A.S., Hamilton PJ. & Whitford D.J. (1993) - Middle Palaeozoic extinction events;
faunal and isotopic data. Palacogeography, Palacoclimatology, Palacoecology, 104, 139—152.
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Processes responsible for the formation of global positive carbon isotope excursions (CIE) recorded
in Paleozoic marine carbonates have attracted much controversy and discussion (e.g. Koztowski 2015, Farkas
et al., 2016). One of the largest positive carbonate 5'°C excursions of the entire Phanerozoic (Cramer et
al., 2013), the mid-Ludfordian 5"*C anomaly (MLCIE), is documented globally from late Silurian marine
carbonates, including our study area (Fryda & Manda 2013), the Prague Basin (Czech Republic). To better
constrain the carbon cycle we analyzed carbon isotope variation in high resolution and for the first time
report the identification of a paired carbonate and organic carbon isotope record across the mid-Ludfordian
anomaly. The observed carbonate and organic carbon isotope values closely covary during most of the CIE and
therefore indicate a photosynthetic origin for the organic §'°C excursion. The only exception is a short interval
at the onset of the carbonate CIE, where a distinct decoupling of the both isotope records was observed. This
stratigraphic level coincides with a globally recognized sea-level drop and cooling. The significance of the
observed decoupling of both carbon isotope records for understanding of origin of the MLCIE is discused.

Cramer B.D., Brett C.E., Melchin M.J., Ménnik P., Kleffner M.A., McLaughlin PI., Lloydell D.K., Munnecke A., Jeppsson
L., Corradini C., Brunton F.R. & Saltzman M.R. (2011) - Revised correlation of Silurian provincial series of North
America with global and regional chronostratigraphic and 613Ccarb chemostratigraphy. Lethaia, 44, 185-202.

Farkas J., Fryda J. & Holmden C. (2016) - Calcium isotope constraints on the marine carbon cycle and CaCO3 deposition
during the late Silurian positive 813C excursion. Earth and Planetary Science Letters, 451, 31-40.

Fryda J. & Manda S. (2013) - A long-lasting steady period of isotopically heavy carbon in the late Silurian ocean:
evolution of the 313C record and its significance for an integrated 813C, graptolite and conodont stratigraphy. Bulletin
of Geosciences, 88, 2, 463-482.

Koztowski W. (2015) - Eolian dust influx and massive whitings during the kozlowski/Lau Event: carbonate hypersaturation
as a possible driver of the mid-Ludfordian Carbon Isotope Excursion. Bulletin of Geosciences, 90, 4, 807-840.
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The Ireviken and Mulde Events are two Silurian extinction events and large perturbations in the global
carbon cycle that occur within the Sheinwoodian and Homerian stages, respectively. A variety of hypotheses
have attempted to explain the occurrence of these perturbations and extinctions, some of which include,
glaciation, deglaciation, global oceanic anoxia, and increased weathering of carbonates. At present, there is
still no consensus about the nature of global change during either of these Silurian global biogeochemical
events. One of the most widely used proxies for global temperature is 5'*0, and both events are correlative with
intervals of elevated §'80 values. Therefore, the 580 temperature proxy suggests global cooling is associated
with these two events. For this project, we aimed to explore a widely used paleo-CO,proxy, 5"°C, which is
the difference between §"°C_  and 8‘3C0rg, to determine if the paleo-temperature and paleo-CO proxies were
behaving in a similar manner. Here, we present new extremely high-resolution paired carbonate and organic
carbon isotope data from the recently drilled Altajme Drillcore from the Swedish island of Gotland to generate
the first high-resolution §'*C datasets through the Ireviken and Mulde Events in a single succession. The results
of the 3!3C data are then compared to available 3'*0 data from the literature and an extremely complex picture
of Silurian biogeochemical events is beginning to come into focus.
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The Cellon Section located near the Austrian/Italian border is renowned for the almost continuous fossiliferous
sequence of Paleozoic age (Ordovician - Permian) preserved there and as the stratotype for the Silurian of
the Eastern and Southern Alps is critical for biostratigraphic studies for global correlation (Corradini et al.,
2015). Differing from other areas along the North Gondwana Margin nautiloid faunas are found throughout
the shallower Silurian successions there and not only within the Cephalopod Limestone Biofacies. An ongoing
study at this section includes systematic bed by bed collection for nautiloids within 11 stratigraphic divisions
ranging from the Llandovery to the Pridoli using the established standard Silurian conodont/graptolite/
chitinozoan biozones for constraint. A summary of the various findings is given in Histon (2012). The results
of a newly collected fauna representing the first early Silurian incursion of nautiloid faunas preserved within
the Llandovery sequences at this section are presented in this paper. Correlation at both regional and global
scales using multidisciplinary approaches of the variety of geodynamic events and paleogeographic settings
during the Late Ordovician and early Silurian intervals has become a key goal in Lower Paleozoic research
over the last decade. For example, evidence from Ordovician/Silurian boundary graptolite assemblages
in the Carnic Alps has highlighted affinities with chinese faunas rather than those commonly found along
the North Gondwana sector (Storch & Schénlaub, 2012). Therefore, comparison of the findings from this
detailed study of the Telychian nautiloids at the Cellon Section with Llandovery faunas from the British Isles,
Baltica, Siberia and S.China and in particular from Iran may also have critical relevance within the context
of identification of bioevents and migrational pathways within the Peri-Gonwanide area. Furthermore the
nautiloid dataset representing a pelagic macrofauna may provide an additional biostratigraphical contribution
within multidisplinary investigations towards the deciphering, timing and elaboration of the Lower Paleozoic
geodynamic events in this region (Von Raumer et al., 2013).

Corradin C., Corriga M.G., Ménnik P. & Schonlaub H.P. (2015) - Revised conodont stratigraphy of the Cellon section
(Silurian, Carnic Alps). Lethaia, 48 (1), 56-71.

Histon, K. 2012. The Silurian nautiloid-bearing strata of the Cellon Section (Carnic Alps, Austria): colour variation
related to events. Palaeogeography, Palaecoclimatology, Palacoecology, 367-368, 231-255.

Storch P. & Schénlaub H.P. (2012) - Ordovician-Silurian boundary graptolites of the Southern Alps, Austria. Bulletin of
Geosciences, 87 (3), 755-766.

Von Raumer J., Bussy F., Schaltegger U., Schulz B. & Stampli G.M. (2013) - Pre-Mesozoic Alpine basements—their
place in the European Paleozoic framework. GSA Bulletin, 125, 89-108.
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Recovery of geomagnetic polarity information from early Paleozoic sediment successions has proved to be
challenging because of weak magnetisations and later burial and tectonic related overprints. We provide new
magnetostratigraphic data from the Dapingian through to the earliest Wenlock, covering for the first time, the
late Ordovician and Llandovery. The new Ordovician datasets come from Mdjcza (Poland), Backside Beck and
Cheny Longyville (UK) and cores from the Lublin Basin (Poland) and the Livonian Tongue (Lithuania). The
new Silurian datasets come from Bardo Stawy (Poland) and Backside Beck and Buttington Quarry (UK) and
the cores from Lithuania and Poland. The chronology is provided by existing biostratigraphy, principally based
on chinitozoans and conodonts for the Ordovician and graptolites for the early Silurian. This is supported by
new and existing carbon isotope stratigraphy and lithologic and local magnetic susceptibility correlations in
the Llandovery and late Ordovician. The paleomagnetic signal is carried by both haematite and magnetite, with
haematite dominating in red-coloured mudstones and marls and limestones and magnetite in non-red lithologies.
Reversal tests and fold tests in some sections provide additional validation of the isolation of a primary
palaeomagnetic signal. Palaeomagnetic directions from cores were re-oriented using Kiaman and Brunhes
overprints. Our new data provides the first robust geomagnetic polarity data through the Katian- Hirnantian and
Llandovery. Combining biochronology and magnetostratigraphic datasets with existing magnetostratigraphic
data from Siberian, European and North American sections from the Dapingian, Darriwillian and Sandbian
indicate significant normal polarity magnetozones start near the base of the Darriwillian, well into the top of
what has previously been considered the Moyero reverse superchron (which began in the late Tremadocian).
The Hirnantian-Rhuddanian boundary is very close to the top of a reverse magnetozone which characterises
the mid and late Hirnantian. Our magnetostratigraphic data allows the construction of the first geomagnetic
polarity timescale for the about 10 Ma of the Llandovery, ranging into the earliest Sheinwoodian. Age intervals
which may prove to have a more complex pattern of polarity reversals are around the Katian-Hirnantian
boundary and in the Aeronian, due to the likely insufficient sampling density in these intervals. Reversal
frequencies for the mid and late Ordovician are 1.7 and 1.5 respectively and 3.0 per Ma in the Llandovery.
Within the next decade the Ordovician and Silurian geomagnetic polarity timescale may be as well established
as that in the Mesozoic, aiding high resolution correlation between different environmental systems.

172


mailto:mark.w.hounslow@gmail.com

© Societa Geologica Italiana, Roma 2019 STRATI 2019

The retiolitine Gothograptus (Graptolithina): a significant indicator of the lundgreni
environmental crisis, upper Homerian, Silurian

Koztowska A.*!, Bates D.E.B.2 & Zalasiewicz J.?

! Institute of Paleobiology PAS, Poland. ? Aberystwyth University, UK. * University of Leicester, UK.

Corresponding author email: akd@twarda.pan.pl

Keywords: Silurian, graptolites, retiolitines, Gothograptus, stratigraphic tool.

New Gothograptus species have recently been described from the /undgreni and post-lundgreni biozones
of Baltica (Koztowska et al., 2019). They have become an additional stratigraphic tool as well as indicators
of the environmental changes related to the lundgreni event. Gothograptus belongs to the retiolitids, a
group of graptolites having a complex tubarium with very thin fusellar walls, lists built of bandages, and an
additional outer layer, the ancora sleeve, being an extension of the ancora umbrella growing upwards from
the virgella (Bates et al., 2005). Evolution of the Gothograptus lineage began in the /undgreni Biozone, with
four species, and two in the succeeding parvus/nassa, dubius/nassa and one species in the praedeubeli-deubeli
Biozone (Koztowska et al., 2019). The elongated narrow tubarium of Gothograptus, terminated by a tubular
appendix, was built of strong lists and a dense meshwork of thinner lists. The tubarium was strengthened
by the nema’s connection to the lateral wall (Koztowska-Dawidziuk, 1990). Gothograptus species from the
lundgreni Biozone are very different from the post-lundgreni species. They are short, usually having eight
pairs of thecae, whereas species from the post-lundgreni interval may reach more than 20 thecal pairs. The
thecal orifices are typically hidden by genicular structures. Reticulated genicular structures are common in the
lundgreni Biozone forms. They are developed as reticulated hoods as in G. kozlowskii and well-developed veils
which can also cover the ventral walls in G. obtectus and G. velo (Koztowska-Dawidziuk, 1990; Koztowska
et al., 2019). Only one species of Gothograptus from the lundgreni Biozone, Gothograptus domeyki, has no
genicular structures on most of the thecae. The post-lundgreni species Gothograptus nassa and Gothograptus
diminutus have only genicular nassa type hoods (Koztowska, 2015). The nassa type of hoods were strong and
solid, built not by the reticulum, but by densely packed parallel bandages, additionally covered by different,
pustule-bearing bandages running irregularly across the hoods’ surfaces, this relationship giving insights into
the constructional behavior of the Gothograptus zooids. The hidden orifices may have secured the zooids
against hostile environmental factors (Koztowska et al., 2019). Most of the /undgreni Biozone retiolitids such
as Sokolovograptus, Paraplectograptus or Cometograptus did not have genicular structures and their tubaria
were not massive, usually with no dense reticulum (Lenz & Koztowska-Dawidziuk, 2001). Significantly, only
Gothograptus, with its massive and compact tubarium and possessing covers over the thecal orifices, survived
the /undgreni crisis and in consequence was able to evolve to continue the retiolitid lineage.

Bates D.E.B. Koztowska A. & Lenz A.C. (2005) - Silurian retiolitid graptolites: morphology and evolution. Acta
Palaecontologica Polonica, 50, 705-720.

Koztowska A. (2015) - Evolutionary history of the Gothograptus lineage of the Retiolitidae (Graptolithina). Estonian
Journal of Earth Sciences, 64, 56-61.

Koztowska A., Bates D.E.B., Zalasiewicz J. & Radzevicius S. (2019) - Evolutionary significance of the retiolitine
Gothograptus (Graptolithina) with four new species from the Silurian of the East European Platform (Baltica), Poland
and Lithuania. Zootaxa 4568(3), 435-469. https://doi.org/10.11646/zootaxa.4568.3.2

Koztowska-Dawidziuk A. (1990) - The genus Gothograptus (Graptolithina) from the Wenlock of Poland. Acta
Palaeontologica Polonica, 35, 191-209.

Lenz A.C. & Koztowska-Dawidziuk A. (2001) - Upper Wenlock (Silurian) graptolites of Arctic Canada: pre-extinction,
lundgreni Biozone fauna. Palacontographica Canadiana, 20, 1-61.
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The base of the Wenlock Series is now widely portrayed as being coincident with the base of the Cyrtograptus
murchisoni graptolite Biozone. This is based upon correlation (using chitinozoans) between the highly
unsatisfactory GSSP at Hughley Brook in Shropshire, England and the graptolitc Banwy River section in
Wales. In this presentation a review will be presented of work undertaken on some of the few extant sections
that had been considered likely to expose fossiliferous latest Telychian and earlest Sheinwoodian strata and
an update will be provided on ongoing studies which have the aim of identifying a more suitable, replacement
GSSP for the base of the Wenlock Series. The hope is that this will inform discussions at the ISSS business
meeting.
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The boundary between the Upper Bringewood Formation and the Lower Leintwardine Formation is placed
at the lower of two very thin shale bands within the top of a nodular limestone unit at Sunnyhill Quarry,
Mortimer Forest in the Ludlow area of the Welsh Borderland of the UK. This is the internationally accepted
GSSP for the base of the Ludfordian Stage. The boundary is placed within the top of a nodular limestone
facies that is often termed the Aymestry Limestone and is replaced about 2.5m above the boundary by a more
finely bedded siltstone facies. There is no significant change in the macrofauna across this boundary but the
biostratigraphically significant graptolite Saetograptus leintwardinesis is recorded from the basal part of the
Lower Leintwardine Formation (Cherns, 1988) and the boundary has been interpreted as representing the
local base of the leintwardinensis biozone. §'3C .y, values don’t show a major trend across the boundary but
are slightly higher in the Lower Leintwardine Formation than for the underlying Upper Bringewood
Formation (Cramer in Cherns, 2011). The basal part of the Lower Leintwardine Formation has been
interpreted as a limited transgression across the shelf area (Cherns, 1988). Conodonts have been recovered
from 19 relatively calcareous horizons spanning the uppermost 4.5m of the Bringewood Formation and the
lowermost 3.5m of the Lower Leintwardine Formation at Sunnyhill Quarry. Over 80Kg of dissolved
limestone has yielded about 10,000 conodont elements mainly of the genera Coryssognathus, Kockelella,
Ozarkodina, Panderodus and Wurmiella. Initial studies suggest little change in the conodont fauna across the
base of the Ludfordian Stage but that rare occurrences Kockelella and subspecies of Wurmiella excavata
could offer possibilities for correlation with sections in the Baltic region and beyond. Slight variations in
dominant genera within the conodont fauna potentially mirror lithofacies changes and documented changes
in fish, chitinozoan and acritarch floras and faunas just above the base of the Lower Leintwardine Formation.

Cherns L. (1988) - Faunal and facies dynamics in the Upper Silurian of the Anglo-Welsh basin. Palacontology, 31, 451-
502.

Cherns L. (2011) - The GSSP for the base of the Ludfordian Stage, Sunnyhill Quarry. In: Ray D. C. Ed., Siluria Revisited:
A Field Guide. International Subcommission on Silurian Stratigraphy, Field Meeting 2011, 75-81. International
Subcomission on Silurian Stratigraphy.
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The Wenlock — Ludlow boundary marks the base of nilssoni Biozone and occurs above the second peak
of the upper Homerian positive §"°C excursion. It is clear and well defined, but sometimes doesn’t work on
practice particularly when there is limited graptolite or other biostratigraphic data. Baubliai — 2 well at and
lower than the Wenlock-Ludlow boundary is lacking core material. Therefore integrated approach in which
geophysical logs are tied to the biostratigraphic and §°C_  data is needed. Baubliai — 2 well was drilled in the
West Lithuania in the deep sea clayey facies zone. The well core from the Wenlock (?) — Ludlow interval was
taken from 1556.1 to 1644.7 m depth interval. In it following graptolites assemblages are defined: nilssoni
— tenuis biozones but just Colonograptus gerhardi (Kithne) and Pristiograptus frequens Jaekel are found in
the lower part of investigated interval (1642.6 — 1644.7 m). The first appear of C. gerhardi is in the ludensis
Biozone (uppermost Wenlock) and the last appear in the middle part of nilssoni Bizone (lowermost Ludlow).
P. frequens is long ranging species which appears in the nassa Biozone and probably disappears in the tenuis
Biozone. Therefore, question is where exactly Wenlock — Ludlow boundary in C. gerhardi, P. frequens interval
is? We have used gamma ray log data and statistical cross-recurrence methods for tackling this problem. There
is gamma log minimum peak at the depth 1657.6 m. This minimum excursion of gamma log is known as S4
geophysical horizon or marker level and it marks the An¢ia Member as well the lower boundary of Géluva
Regional Stage of the middle Wenlock in the west Lithuania. For the fine scale correlation Baubliai — 2 well
log was compared with biostratigraphically constrained Viduklé — 61 well and core data from the Homerian.
Cross-recurrence plot synchronization was used for compering gamma logs from both wells. According to the
analysis three intervals can be distinguished. First one revealed in the lower part pre Mulde interval, second
in Mulde or the Géluva Regional Stage and third in the Lower part of Ludlow. According to this pattern, the
interval with C. gerchardi and P. frequens belongs to the uppermost Wenlock.

This study is supported by 09.3.3-LMT-K-712-02-0036.
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The Wenlock Series (Sheinwoodian) of Radnorshire (Powys, Wales) contains a highly localised and
unusual development of algal limestones termed the Dolyhir Limestone, and its lateral equivalent the Nash
Scar Limestone. These straddle the Church Stretton Fault Zone; an active structure between the Welsh Basin
and Midland Platform of England, and deposition is considered to have taken place upon a tectonically active
and uplifted area of the basin margin. Accordingly, their stratigraphic architecture may owe much to syn-
sedimentary tectonism and have little in common with the age equivalent limestones of the passively subsiding
Midland Platform (Woolhope-Buildwas-Barr limestones). This view may be further strengthened by the
presence of an angular discordance between the Nash Scar limestone and the underlying upper Llandovery
sandstones (Folly Sandstone) and the presence of a coral-bearing basal rudite to the Dolyhir Limestone that
infills relief upon a Precambrian basement. In addition, features such as trilobitic-shale bands and scoured
starvation surfaces between the limestones and the overlying shales of the Coalbrookdale Formation further
distinguish the Radnorshire succession. The most comprehensive stratigraphic description of the Dolyhir and
Nash Scar limestones took place 100 years ago (Garwood & Goodyear, 1919) and has formed the basis of most
subsequent accounts. New sedimentology, palacontology (bryozoans, conodonts and trilobites), carbon isotopic
and sequence stratigraphic determinations can now allow comparison of the Dolyhir and Nash Scar limestones
with the successions of the broader Midland Platform, including those of the type Wenlock area. Preliminary
results identify the early Sheinwoodian carbon isotope excursion and confirm an apparent synchronicity
of limestone deposition across the Midland Platform. Furthermore, sequence stratigraphic considerations
indicate that the Dolyhir-Nash Scar limestones are the most proximal part of a more extensive carbonate shelf
linked to the Woolhope Limestone, rather than a local carbonate build-up on a submarine topographic high.
Finally, the abundant trilobite faunas of the shale flooding surfaces both within and immediately above the
Dolyhir Limestone are unique in the British Wenlock, comprising distinctive trilobite associations numerically
dominated by illaenids.

Garwood E.J. & Goodyear E. (1919) - On the geology of the Old Radnor district with special reference to an algal
development in the Woodhope Limestone. Q. J. Geol. Soc. London, 74, 1-30.
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In last decades the progress in stratigraphy of the Palacozoic was enormous due to refined biozonations
integrated with application of various chemostratigraphic and petrophysical methods. The current issue of the
International Chronostratigraphic Chart (stratigraphy.org) shows, however, a prominent blank spot located
in the Silurian System — the Ptidoli Series. The Silurian System consists of four series, three of them further
subdivided into stages. The definition of the Ptidoli Series as the fourth division has been the only major
addition to the Silurian System in over the past 100 years (K{iz et al., 1986). Since then the Ptidoli remains
almost unique in the Phanerozoic (except for incomparably shorter Holocene) as it is the only series recognized
by the IUGS that has not been formally divided into stages. The GSSP for the base of the Piidoli Series has
been defined in the Prague Synform. The duration of the Series is estimated at 3.8 myr, and thus, being only
slightly shorter than the underlying Ludlow (Melchin et al., 2012). As all stratigraphic units of the same rank
and of comparable durations have already been subdivided, there is a persistent international demand to fill
in this gap. Recently, new biostratigraphic and geochemical data have been obtained from several sections of
the stratotype area of the Ptidoli. Detailed evaluation of all data suggests three possibilities for the prospective
two-fold subdivision of the Series based on graptolite and/or conodont biozonations:

1. The base of the bouceki graptolite Biozone as a marker horizon for the base of the future upper stage. This
has been already proposed by KiizZ et al. (1994). Although the base of this graptolite biozone slightly coincides
with the base of the conodont ivochlupaci Biozone, they do not match precisely. The major disadvantage is that
the proportions in the duration of the lower and the upper stage would not have been well balanced.

2. The base of the deforta conodont Biozone, that is widespread and marks approximately the middle part
of the Pfidoli. The drawback is that it does not coincide with any base of graptolite biozone, because there is a
lack of good graptolite biostratigraphic markers above the bouceki Biozone.

3. The base of the klonkensis conodont Biozone, that is close to the base of the perneri graptolite Biozone.
The global distribution and the range of the klonkensis Biozone, however, still has to be tested.

Kfiz J., Jaeger H., Dufka P. & Schonlaub H.P. (1994) - Jarovian Stage and Bitovian Stage — a Proposal for Pridoli Series
Subdivisions (Silurian, Prague Basin, Bohemia). Bibl. Geol. B.-A. 30, 140.

Kftiz J., Jaeger H., Paris F. & Schonlaub H.P. (1986) - Ptidoli — the fourth subdivision of the Silurian. Jb. Geol. Bundesanst.
129, 291-360.

Melchin M.J., Sadler P.M. & Cramer B.D. (2012) - The Silurian period. In: Gradstein F.M., Ogg, J.G., Schmitz M.D. &
Ogg G.M. (eds.), The Geologic Time Scale. Elsevier, Oxford, 525-558.
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Over the last century, debates have intermittently surfaced about deeper versus shallower origins of
widespread black shales, followed by the general acceptance of deep water interpretations. The issue has
arisen again relative to Devonian black shales in New York State (NY; Smith et al., 2019). We recognize
that epicontinental black shales can form in a range of settings from basinal to lagoonal/paludal. However,
diverse lines of evidence from stratigraphy, sedimentology, paleobiology and geochemistry within and outside
of the Appalachian Foreland Basin argues that a very shallow-water (<10 m) origin is difficult to apply to
Devonian black/dark shales of NY, and many analogous deposits. Some key points of concern include: 1)
a complete absence evidence for subaerial exposure (paleokarst, vadose cements) of limestones underlying
black shales, in the classic NY succession; e.g., Devonian Marcellus Sh. over Onondaga Ls. and Geneseo
Sh. over Tully Limestone. 2) Sedimentologic and geochemical data are inconsistent with pervasive whole-
water-column mixing and sediment surface disturbance in shallow settings due to tides, long-fetch waves, and
storms on short time scales, and more pronounced manifestations of Milankovitch band- to 10°year-scale sea
level variations. 3) Middle Devonian black shales in the Appalachian Basin are concentrically bounded by
gradations into gray mudstone and siltstone with gradients of increasingly diverse faunas, indicative of shallow
water settings. If deposited in shallow lagoons, black shales would be geographically localized, laterally shift
to terrestrial litho-and bio-facies and/or have consistently high % of fine terrestrial plant material rather than
observed isolated logs. 4) Organic carbon '°C data suggest increasing terrestrially-derived carbon to the east,
and more marine values to the west. In addition, characteristic organic-walled microfossils in the dark/black
shales indicate deeper water assemblages to the west and shallow-water assemblages to the east (Kelly et al.,
2019). 5) microendolithic borings in some brachiopod shells indicate presence of photosynthetic cyanobacteria
in some black shales. These assemblages are adapted to low light levels and are quite different from known
shallow water assemblages. 6) The presence of isorenierataneconfirms presence of green sulfur bacteria,
obligate anaerobes, requiring at least intermittent development of a chemocline and anoxic conditions. While
possible in shallow stagnant settings, such conditions are difficult to infer for widespread NY Devonian shales.
7) Finally, features of shallow water cratonic basins and intervening arches/domes are an inadequate analog for
the foredeep of an active retro arc foreland basin system. Load-induced subsidence in this setting is orogenic-,
not sediment-driven. Based on these and many additional points, we find a shallow water origin of Devonian
black shales in New York untenable.
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Understanding past climatic changes is essential for interpreting current climatic trends. Past climatic
changes can also be used to build high-resolution time scales through cyclostratigraphy. A better-calibrated
time scale would offer more insight into the mechanisms and causes of major biological evolutionary steps,
adaptive radiations, mass extinctions and recoveries, as well as patterns of climate change occurring throughout
the Paleozoic. Finding good proxies for climatic cycles is essential, but diagenesis can have a strong impact
on most of these proxies. In various cyclostratigraphic studies, the fit of spectral peak ratios with those of
the orbital cycles, is classically used as an argument for a preserved climatic signal. Magnetic Susceptibility
(MS) is often used in sedimentary rocks for correlations, paleo-sea level or paleo-climatic reconstructions
and cyclostratigraphy, based on the link between MS and detrital input which is influenced by sea level and
climate variations. However, the interpretation of MS records in terms of depositional environment can be
less straightforward because MS is a convolved signal potentially mixing the desired climatic information
with undesired contributions representing other geologic phenomena (that may have occurred during or after
deposition). Geochemical proxies can also bring insight into climate and diagenesis. The Pod Barrandovem
section, from the Czech Republic, exposes a complete Pragian and Emsian (Lower Devonian) succession in
hemipelagic sediments. A complete set of high-resolution MS and portable XRF records was generated and
clearcut but different cyclicities are identified through spectral analysis of these records. Here, we will assess
the preservation potential of the different proxy records and thus their quality as climatic proxy. This study
demonstrates the essential need of comparing proxies and of assessing the quality of proxies prior to any
cyclostratigraphic or paleoenvironmental work.
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Although the limestones of the Moravian Karst have been studied for more than 100 years, ostracodes
are rarely described. Known taxa from the Lower Tournaisian of the Lesni lom quarry have been interpreted
as faunas of open marine shelf environments for the lower half of the sequence, and as “basinal Thuringian
paleofacies” for the upper sequence, suggesting a transgressive event during the Lower Tournaisian. However,
a more detailed study has never been published. As the concepts of palacoenvironments of ostracode groups
have changed in some points, we started new studies in 2017. New material from the Lower Tournaisian
calciturbidites from the Lesni lom quarry have been taken. They yielded ostracodes, trilobites, bivalves,
crinoids, holothuroids and ophiuroids, which are well preserved due to silicification, especially in the
limestones of the Siphonodella jii — Siphonodella quadruplicata conodont zones. The limestones of the Lesni
lom quarry are mostly mudstones and wackestones that represent sedimentary background intercalated by
layers of packstones as a result of turbidite events. Some ostracodes such as Rectonaria muelleri, Orthonaria
symmetrica or Triplacera trapezoidalis have been described in former studies, but several others species of
Healdia, Praepilatina or Aparchites seems to be new to the area. Bairdiids are surprisingly rare. So far, no
Famennian samples have been investigated and thus, the transgressive event has not been reproductible yet.

Further research took place in the Kitiny Marble quarry. The material comes from pelagic nodular micritic
limestones of Late Famennian to Early Tournaisian age. The Upper Famennian samples yielded ostracodes
of the genera Orthonaria, Rectonaria, Acratia and Bairdia. The samples from the Lower Tournaisian also
showed the genera Orthonaria, Rectonaria and Acratia but additionally Amphissites, Triplacera, Healdia
and Rectoplacera, whereas surprisingly no Bairdiaceans have been found. In general, these genera belong
to the Thuringian Mega-Assemblage, indicating calm environments. However, only Orthonaria, Rectonaria,
Rectoplacera and Triplacera are restricted to the Thuringian Mega Assemblage whereas Acratia, Bairdia,
Healdia, and Amphissites also have occurrences in Eifelian Assemblages. The presence of bairdiids in the
Upper Famennian indicates open marine environments. Some authors favor also deeper and especially colder
waters for the highly spinose (“palaeopsychrospheric’) ostracodes, but due to the occurrence of both restricted
and not restricted taxa, as well as the absence of deep pelagic faunas we cannot confirm this hypothesis.
Strikingly no characteristic genera of Tournaisian age have been found so far and no distinct change in the
ostracode assemblage between the Famennian and the Tournaisian is recognized.

This work was supported by the Czech Science Foundation (GACR) research project 19-17435S (TK).
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This study presents the first data relating to the distribution of the ostracod faunas in the late Pragian and early
Emsian conodont-bearing strata in the Novaya Zemlya Archipelago and demonstrates their biostratigraphical
value. The examined material comes from the key section of the Pragian-Emsian boundary beds situated in
the Kabany peninsula, northwest of Novaya Zemlya. The section is composed of three lithostratigraphic units:
Val’nev, Sinel’nikov, and Kabany formations. In this section the stratotype of the Sinel’nikov Regional Stage
was established. The base of the Sinel’nikov Regional Stage is considered to coincide with the Pragian/Emsian
Stage boundary in the region (Antsygin et al., 1993). This time interval is poorly represented in fossiliferous
marine facies in Russia. The section studied is characterized by a continuous sequence of marine carbonate
deposits yielded rich faunas of various fossil groups, such as conodonts, brachiopods, dacryoconarids, tabulate
corals, and ostracods. Polygnathids occur in the Val’nev - Kabany fms and are represented by Polygnathus
kitabicus, Po. perbonus, Po. dehiscens late morphotype, Po. inversus, Po. serotinus (Sobolev, 1984). The
ostracod assemblages have relatively high species diversity. In the time interval studied, the ostracod fauna is
dominated by podocopids (e.g., Microcheilinella, Bairdiocypris, Bairdia), often accompanied by platycopids
(e.g., Uchtovia, Cavellina) and rare palacocopins (e.g., Aparchitellina, Pribylites, Clavofabellina). The
associations recovered are indicative of shallow open marine environments. Many of the taxa identified show
a close affinity with ostracod species known from the Urals, Taimyr, and Kotel’ny Island, as well as in the
Salair and Kuznetsk basins (southern West Siberia) (Polenova, 1960, 1974). Co-occurrence of ostracods with
conodonts allows more precise ostracod biostratigraphic correlations.

Polenova E. N. (1960) - Devonian ostracods of the Kuznetsk Basin and the Munusa trough. Trudy Vsesoyuznogo
Neftyanogo Nauchno-issledovatelskogo Geologorazvedochnogo Instituta (VNIGRI), Novaya Seriya, 152, 1-139 (in
Russian).

Polenova E.N. (1974) - Early Devonian ostracods of the arctic regions of the USSR. Nauka, Moscow (in Russian).

Sobolev N.N. (1984) - Conodonts from the Early and Middle Devonian deposits of Novaya Zemlya. In: Bondarev V.I.
Ed., Novaya Zemlya in the early stages of geological development. Collected scientific papers., 58-85. Leningrad. [In
Russian].

Antsygin N.Y., Popov B.A., & Chuvashov B.I. (1993) - Stratigraphic schemes of the Urals (Precambrian, Paleozoic).
Proceedings and resolutions of the Fourth Uralian Interdepartmental Stratigraphic Meeting (Sverdlovsk, 1990).
Ekaterinburg.
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Large-scale magnetic susceptibility (MS) variations in ancient sediments are usually interpreted as related
to sea-level and climate changes affecting the erosional regime and the amount of detrital input. To constrain
such environmental changes during the Late Devonian, we compared MS records in representative sections of
outer shelf carbonates of (1) the Avalonian margin of Laurussia (Sessacker and Beringhauser Tunnel sections,
Rhenish Slate Mountains, Germany) and (2) in Gondwana related terranes (Erfoud section, Tafilalt, Morocco;
Col des Tribes section, Montagne Noire, France; Buschteich section, Thuringia, Germany; Corona Mizziu
section, Sardinia and Pizzul West and Pramosio Bassa sections in the Carnic Alps, Italy). The latest Frasnian
and the entire Famennian were sampled in the Montagne Noire, most of the Famennian was sampled in all
other sections. MS values were obtained by means of a Bartington MS2E-1 High Resolution Surface Sensor. As
a result, MS trends differ significantly between the considered paleogeographic entities. Very low MS values
throughout the record characterize the Avalonian samples. In contrast, these are markedly and congruently
varying on outer shelves of the Gondwanan margin (Montagne Noire, Sardinia and Carnic Alps) where initially
high MS values shift to low ones within the Palmatolepis marginifera marginifera Zone (lower Famennian),
and remain constantly low thereafter. This pattern though attenuated, also occurs both in the Saxo-thuringian
terrane and on the stable cratonic margin of Gondwana where only a moderate increase in MS values preceding
the Palmatolepis marginifera marginifera Zone was observed. These patterns are not consistent with eustatic
trends. Indeed, early through middle Famennian times underwent long-term transgressive conditions with
reduced detrital input which should have favored homogenously low MS values throughout. This is definitely
not the case between Laurussian and Gondwanan margins. Climatic and eustatic trends cannot explain clear-cut
MS decrease and pronounced differences between Gondwanan and Avalonian margins. Possible explanations
of the differences in MS trends between both entities may rely on the paleogeographic context. The observed
difference in behavior of MS values challenge dynamic paleogeographic models and favor the existence of
considerable, remnant oceanic interspace, latitudinally separating the two margins in early Famennian times.
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The type section of the Shishtu Formation (I, II) in Hoz-e-Dorah section, is one of the best section in the
late Paleozoic of Central Iran, Tabas area. The thickness of the section is 362 meters that include 152 meters of
Shishtu I Formation with lithologies dominated by pure limestone, and sandy shaly limestone that is overlain
unconfably by the Shishtu II consisting of limestone and shale. The thickness of Shishtu II is 210 meters. The
base of the section lies within the Shishtu I and the upper part of the section shows an unconformity with
the Sardar Formation. This research yelded 122 Brachiopods that included 34 Species and 25 genera from
the Orders Strophomenida, Orthotetida, Productida, Rhynchonellida, Spiriferinida, Athyridida Spiriferida,
Atripida. The age of Brachiopods is Frasnian to Visean. Five genera are reported for the first time in the Tabas
area. These are Crinisarina, Verkhotomia, Sedenticellula, Latispirifer and Warsawia. The Spinatrypa with
two species indicate an age of middle to late Frasnian age for the Shishtu II Formation. The occurrence of
Warsawia have shown a Middle Visean age at the Shishtu I.
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The biostratigraphic study of two key sections across the Silurian/Devonian boundary in the Prague
Synform provided relatively rich conodont material. The sections (Na Pozarech and Praha-Radotin) represent
different depositional environments above the Silurian/Devonian boundary which is similarly developed in
both sections as the so-called Scyphocrinites horizon — light coarse-grained crinoidal limestones. The
Devonian part of the Na PoZzarech section is developed in light gray, coarse-grained carbonates and the
limestones in the Praha-Radotin section are typically dark gray, micritic with shale intercalcalations. The
contrasting depositional environments in the two localities resulted in expected differences in composition of
conodont faunas. The diversity among the conodonts around the Silurian/Devonian boundary is relatively
high. Most common and are the representatives of the families Icriodontidae and Spathognathodontidae.
Especially, the latter family, which is the most abundant and diverse. In the conodont material, some
spathognathodontids with distinct morphologhical changes in P1 elements have been identified. These
morphotypes are useful for biostratigraphic correlation. A reconstruction of phylogeny of the most
promissing biostratigraphic markers bearing the same distinct morphology in P1 elements (e.g.
Zieglerodina paucidentata, Zieglerodina petrea) will be discussed in the presentation.

This work has been supported by the grant GAUK no. 1698119, by the Czech Science Foundation (GA17-06700S)
and by the Center for Geosphere Dynamics (UNCE/SCI/006).
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The Montagne Noire represents one of the classical regions for the study of Upper Devonian strata in
Europe. At the south-eastern margin of the Massif Central, its sedimentary successions belong to nappes,
which were delivered from the north (Engel et al., 1981). Different non-metamorphic (par)autochthonous units
can be distinguished: Faugeres Nappe, Mont Peyroux Nappe (including the detached Pic de Bissous Block),
and the olistolithic “Cabrieres Klippen” in the east, as well as the Pardailhan and Minervois nappes in the west.
In contrast to the well-studied eastern units, successions of the Minervois Nappe are poorly investigated, so far,
although they offer tremendous research potential.

The section “Ravin de la Fontaine de Santé” crops out approximately 500 m to the north-east of Caunes
Minervois, within a small, episodically water-bearing valley south of the road to the Rocamat marble
quarry. Boyer et al. (1968) first described the succession, Tucker (1974) and Bourrouilh (1981) studied the
sedimentology, Crilat (1983) and Bourrouilh et al. (1998) published sparse conodont data.

Due to the current outcrop conditions, two sections (A, B) have been logged bed by bed and sampled
systematically for conodont stratigraphy, conodont biofacies, and carbonate microfacies. The ca. 15 m thick
Section B, presented herein, contains the griotte (reddish flaserkalk with orange clay), vrai-griotte (red, nodular
limestone) to supra-griotte (reddish to grey flaserkalk) succession. It ranges from the Pa. termini Zone to the
Pa. marginifera utahensis Zone. Based on the carbonate microfacies (mudstone, mud-wackestone, wackestone,
float-rudstone), it was deposited in a hemipelagic outer shelf region below the storm wave base. No specific
facies trend can be recognized. In contrast, the conodont biofacies is very diverse. A refined conodont biofacies
analysis, based on the separation of species groups within genera with potentially different palacoecology, led
to the distinction of 39 conodont biofacies variants/subfacies, which partly reflect the replacements of species
groups by extinctions and evolutionary innovations.

The vertical conodont biofacies fluctuation indicates two possible regressive trends in the Pa. glabra
pectinata and Pa. marginifera utahensis zones, each marked by abundance peaks of the genus Icriodus.
However, only deeper-water icriodids occur. The hypothesis by Liiddecke et al. (2017) is confirmed, that
distribution patterns of pelagic conodonts are a much finer detector of palacoecological variations and changes
than macroscopic lithology and carbonate microfacies.

Bourrouilh R. (1981) - ‘Orthoceratitico-Rosso’ et ‘GoniatiticoRosso’: Facies marqueurs de la naissance et de I’evolution
de paleomarges au Paleozoique. In: Farinacci A. & Elmi S. (eds.), Rosso Amonitico Symposium Proceedings.
Tecnoscienza, Rome, 39-59.

Bourrouilh R., Bourque P.A., Dansereau P. Bourrouilh-Le Jan F. & Weyant P. (1998) - Synsedimentary tectonics, mud-
mounds and sea-level changes on a Palaeozoic carbonate platform margin: a Devonian Montagne Noire example
(France). Sedimentary geology, 118(1-4), 95-118.

Boyer F., Krylatov S., Le Fevre J. & Stoppel D. (1968) - Le Devonien superieur et la limite devono-carbonifere en
Montagne Noire (France): lithostratigraphie—biostratigraphie. Bull. Cent. Rech. Pau, 2(1), 5-33. Engel W, Feist R. &

Crilat S. (1983) - Le Devonien supérieur et le Carbonifére inférieur des Pyrénées et de la Montagne Noire (Frasnien,
Famennien, Tournaisien). IGCP n° 5, Newsletter, 5, 231-254.

Franke W. (1981) - La Carbonifére anté-Stephanien de la Montagne Noire: Rapports entre la mise en place des nappes et
sédimentation. Bulletin du Bureau de Recherches Géologique et Miniére, 1, 341-389.

Liiddecke F., Hartenfels S. & Becker R.T. (2017). Conodont biofacies of a monotonous middle Famennian pelagic carbonate
succession (Upper Ballberg Quarry, northern Rhenish Massif). Palaeobiodiversity and Palaeoenvironments, 97(3),
591-613.

Tucker M. (1974) - Sedimentology of Palacozoic pelagic limestones: the Devonian Griotte (Southern France) and
Cephalopodenkalk (Germany). In: Hsu K.J. & Jenkyns H.C. (eds.), Pelagic Sediments: on Land and under the Sea.

Spec. Publ. Int. Assoc. Sedimentol., 1, 71-92.
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The GSSP for the base of the Frasnian (= base of the Upper Devonian) is defined by a stratotype at Col
du Puech de la Suque E (CPS-E) section in the southeastern Montagne Noire (France). The exact position
was chosen by the Subcommission on Devonian Stratigraphy (1982) to coincide with the base of Lower
asymmetricus Zone and is defined by the first entry of Ancyrodella rotundiloba “early” form (= A. rotundiloba
pristina) in the base of Bed 42a’. It is located near 1.1 km SE of St. Nazaire-de-Ladarez and is characterized
by condensed red and grey bedded calcilutites of the offshore realm. The sequence is overturned, dipping about
60° to the west. It was described in detail in several publications (eg. Feist & Klapper, 1985; Klapper, 1985).
After IUGS ratification, Klapper et al. (1987) published the formal statement of the decision. Recently, we
took up Klapper & Feist works from the 80’s and we re-sampled in detail the CPS-E section from the Middle
Givetian to the Early Frasnian interval, where 54 samples were taken. We revised conodonts from un-published
data at the University of Montpellier (Rodriguez, 2006) and compiled them with the new results for revision
of this reference section. Our new results in the CPS-E section are: 1) Six conodont zones are identified:
latifossatus/semialternans, Upper hermanni, Lower disparilis, Upper disparilis, norrisi and F1 zones; 2) new
beds (2 to 34) are sampled; 3) the norrisi Zone starts in Bed 35; consequently the disparilis Zone ends earlier
than previously recorded; 4) the start of the F1 Zone is currently placed in Bed 39’'® where the presence of 4.
r. pristina is recognized. These results imply that the current G/F GSSP boundary lies approximately 30 cm
above from Bed 39°'®. Before any stratigraphical change regarding the position of current GSSP can be taken,
we shall evaluate the possibility of selecting a different taxon, as has already been proposed (Klapper, 2000).
After a taxonomic discussion, he considered that a better level to place the G/F boundary would be the base of
Bed 46 with the lowest occurrence of A. rotundiloba “late” form (= A. rotundiloba rotundiloba s.s.), the index
of F2 Zone. However, this is out of the scope of this report, which aims to present new conodont ranges and to
revise the corresponding zonation.

Feist F. & Klapper G. (1985) - Stratigraphy and conodonts in pelagic sequences across the Middle-Upper Devonian
boundary, Montagne Noire, France. Palacontographica. Abt. A, 188, 1-18.

Klapper G. (1985) - Sequence in conodont genus Ancyrodella in Lower asymmetricus Zone (earliest Frasnian, Upper
Devonian) of the Montagne Noire, France. Palacontographica. Abt. A, 188, 19-34.

Klapper G. (2000) - Species of Spathognathodontidae and Polygnathidae (Conodonta) in the recognition of Upper
Devonian stage boundaries. Courier Forschungsinstitut Senckenberg, 220, 153-159.

Klapper G., Feist R. & House M.R. (1987) - Decision on the Boundary Stratotype for the Middle/Upper Devonian Series
Boundary. Episodes, 10, 97-101.
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The Yukiang (Yujiang) Formation in the Liujing area of Guangxi, South China, consists of the Xiayiling,
Shizhou, Daliancun, and Liujing members in ascending order. This formation is characterized by remarkably
abundant and well-preserved benthic and pelagic fossils, which have been extensively studied by several
generations of Chinese geologists. However, during the past 80 years, the age of the Yukiang Formation in the
Liujing area has been debated. Wang and Ziegler (1983), Wang (1989), and Bai et al. (1994) correlated this
formation with the then dehiscens Zone mainly on the basis of conodont evidence. New investigations at the
Shizhou, Liujing, and Dacun-1 sections in the Liujing area have revealed a conodont fauna ranging from the
uppermost Pragian to lower Emsian. The lowermost part of the Shizhou Member at the Liujing and Dacun-1
sections witnesses not only the co-occurrence of P. pireneae and P. sokolovi, but also that of sokoloviformis
and kitabiformis morphs of P. pireneae. P. kitabicus is also demonstrated to have its lowest occurrence in the
lowermost part of the Shizhou Member at the Dacun-1 section. Therefore, the lowermost part of the Shizhou
Member at the Liujing and Dacun-1 sections can be assigned to the uppermost pireneae Zone and lowermost
kitabicus Zone in ascending order. The Pragian/Emsian boundary defined by the lowest occurrence of P.
kitabicus is recognized for the first time in the highest thick-bedded limestone bed that can be observed in
the lowermost part of the Shizhou Member at the Dacun-1 section. Moreover, conodont fauna including P.
excavatus excavatus, P. excavatus ssp. 114, P. perbonus, and P. nothoperbonus marks the interval from the
uppermost part of the Shizhou Member to Liujing Member at the Shizhou and Liujing sections, indicating
that the uppermost part of the Shizhou Member belongs to the Middle and Late excavatus subzones, and that
the Daliancun and Liujing members are assignable to the nothperbonus Zone. Accordingly, the uppermost
pireneae Zone, the lowermost kitabicus Zone, the Middle and Late excavatus subzones, and the nothoperbonus
Zone have been successfully recognized from the Yukiang Formation in the Liujing area. However, the scarcity
of suitable limestone samples for conodont analysis from the middle and upper parts of the Shizhou Member
precludes decisive identification of the upper boundary of the kitabicus Zone and the lower boundary of the
Middle excavatus Subzone in the Liujing area.

Bai S.L., Bai Z.Q., Ma X.P., Wang D.R. & Sun Y.L. (1994) - Devonian events and biostratigraphy of South China. Peking
University Press, Beijing.

Wang C.Y. (1989) - Devonian conodont of Guangxi. Memoirs of Nanjing Institute of Geology and Palaeontology,
Academia Sinica, 25, 1-231.

Wang C.Y. & Ziegler W. (1983) - Devonian conodont biostratigraphy of Guangxi, South China, and the correlation with
Europe. Geologica et Palaeontologica, 17, 75-107.
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There has been much confusion about the role of terrestrial plant extinctions at the Devonian-Carboniferous
Boundary. This confusion has led to many hypotheses that imply plant evolution drove the Earth System to a
state that caused a mass extinction. To further complicate the issue, analysis of palynological and palacobotanical
databases imply there is no plant extinction at all across the boundary. However, these analyses sum the
diversity present in the entirety of the Famennian and compare it with the Tournaisian. Both of these are long
stages in which there is considerable internal change. To test whether there is an extinction within the combined
interval an analysis was made by comparing spore and pollen disparity at the level of palynological zones.
This shows a catastrophic reduction of palynological disparity in the earliest Carboniferous. Palynologists
working on D-C boundary zonation have always known this. A number of major palynomorph groups become
extinct including representatives from many ecological levels within the flora. Apart from these extinctions the
terrestrial vegetation undergoes significant disruption. Changes in spores and pollen across the D-C boundary
react to the pattern of climate change with the short sharp glaciation in the latest Famennian followed by equally
rapid warming in the earliest Carboniferous. This pattern is now better understood following reinterpretation
of the Kellwasser Black Shale as representing readjustment of the low latitude sedimentary system to the
glaciation. This is different from its interpretation as a deposit that formed during the rising sea level that
resulted from the deglaciation. This reinterpretation means that the pattern of cool aridity and warm humidity
in the terrestrial sediments in East Greenland can be directly correlated with sections from Germany. This
evidence demonstrates a clear separation of the marine and terrestrial mass extinctions with those in the marine
realm resulting from glacial cooling with the terrestrial extinctions resulting from the post glacial warming.
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The Late Devonian Mass Extinction phase is one of the ‘Big 5’ of the Phanerozoic, and has been extensively
studied globally except, remarkably, in the historical type region of the System in Devon and Cornwall, SW
England. Many mechanisms for the extinctions, which occur in several discrete phases through the Upper
Devonian and into the basal Carboniferous, have been proposed, including a meteorite impact, a major volcanic
episode and oceanic anoxia, each attracting its own proponents. Not surprisingly, studies have concentrated
on the most stratigraphically coherent successions globally (Germany, Morocco, etc). Nevertheless, despite
the effects of the Variscan Orogeny, the stratigraphy of the type area of the System is now relatively well
understood and sufficient biostratigraphical information, including data on conodonts, is now available to
reconstruct faunal successions. Crucially, with the recent recognition of a terrane boundary across the region,
with Armorican affinities in the south and Avalonian in the North, new insights and interpretations are now
possible. In particular, although recent (and preliminary) assessments of ammonoid and trilobite faunas from
Devon and Cornwall, tend to confirm well established patterns of extinction through the interval, brachiopods
do not. In particular, those from Avalonian North and Armorican South Devon show different facies and faunal
associations and successions, with the South showing a collapse of brachiopod diversity as elsewhere, whereas
those in the North show little change and even an increase in diversity. Although broader patterns in the latter
area do still match those seen elsewhere, with the extinction of the orders Atrypida and Pentamerida and the
superfamilies Anoplothecoidea, Unitoidea, and Unicinuloidea, only in the south are net changes in diversity
observed and, as in the north, diversity actually increases at one level. The explanation of such changes in SW
England is not complicated, however, with the Armorican south showing a classical passage from shallow
marine facies with reefal ecosystems to deep water pelagic facies, whereas in the north, shallow marine facies
are retained throughout. In such scenarios, the loss of diverse, shallow-marine reef communities as sea level
rose provides the well-known pattern for the Late Devonian, whereas the persistence of shallow water facies in
the north meant that there was no significant loss of shallow marine habitats. Hence, as no significant change
in diversity is observed in Avalonian North Devon, the contribution to the initial extinction phase, if any, from
meteorite impact, volcanic activity, etc, must have been limited. In reality, plate tectonic driven deepening was
a major factor in observed changes globally, as demonstrated by Armorican successions in South Devon.
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The global Kellwasser Crisis at the Frasnian-Famennian boundary had a severe impact on ammonoids
resulting in the complete extinction of the dominant Gephuroceratina. Ammonoids recovered in the western
Prototethys realm after a long delay with the sudden appearance of cheiloceratids and of new tornoceratids
groups. In Australia, there is no proof of any ammonoids from right after the extinction event until higher
in the lower Famennian (Upper Devonian = UD II-C, glabra prima Zone, see Becker & House, 2009). The
first Australian ammonoids represent remarkably new and endemic forms, followed slightly later (UD II-D)
by the arrival of globally widespread taxa. In combination with the high-resolution conodont stratigraphy,
we can perfectly correlate the regional succession with the global ammonoid zonation. The Canning Basin
post-Kellwasser radiation starts in the UD II-C with a new genus comprising “falcitornoceratids” without the
characteristic juvenile falcate ribbing. The regionally oldest Cheiloceratidae, a new species of Compactoceras
(Puncticeras), enters at the same level. Oxytornoceras n. sp., the oxyconic regional index fossil for the UD II-
D, differs from German relatives in the lack of varices, the shape of the E-lobe, and size. A diversity maximum
is reached by the influx of species of Ch. (Cheiloceras), Ch. (Staffites), Com. (Puncticeras), Torleyoceras,
Armatites, and by a few new, endemic “falcitornoceratids” and cheiloceratids. In the UD II-E, the onset of
praemeroceratids marks the recovery after the global Lower Condroz Event. We could prove an involute
early ontogeny for the index fossil Praemeroceras petterae, resulting in the establishment of a new subgenus
for evolute species, which includes three new taxa. The UD II-F is characterized by a complex phylogeny
of oxyconic paratornoceratids, which reflects the ontogenetical patterns of their praemeroceratid ancestors.
Overall, our study confirms that the analysis of ontogenetic morphometry is essential to refine ammonoid
taxonomy and in order to retrieve a reliable database for ammonoid biostratigraphy and palaeobiogeography.
The eustatically driven deepening interval of UD II-D led to the lowest level of endemism in the Canning
Basin.

Becker R.T. & House M.R. (2009) - Devonian ammonoid biostratigraphy of the Canning Basin. In: Playford P.E., Hocking

R. & Cockbain A.E. Eds., Devonian reef complexes of the Canning Basin, Western Australia., Bulletin, 145, 415-439.
Geological Survey of Western Australia.
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The Devonian carbonate succession of the Prague Synform includes several prominent sea-level fluctuations.
Some of them can be traced globally, e.g., the Basal Pragian and Kacak events. In recent years, conodont
biostratigraphy of the Early Devonian (Lochkovian, Pragian and early Emsian) of the Prague Synform has
been refined. The regional subdivision of the Lower Devonian in its type area has been greatly improved
by the integration of new biostratigraphic, chemostratigraphic, sedimentological, and petrophysical data
that has, in turn, strengthened global correlations for this interval in Earth’s history. A conodont biozonation
has been established for the complete Early Devonian interval (basal Lochkovian to earliest Emsian) in
the Prague Synform. It includes 17 units, which can be applied to sections reflecting different depositional
environments. The proposed biozonation includes zones that are applicable across peri-Gondwana and can
even be utilized globally. It, however, largely differs from the so-called “global” or “standard” scales that have
proved to be problematic and are not, in fact, globally applicable. This new conodont zonation enables precise
biostratigraphic delimitation of the major Early Devonian biotic events. Also, significant conodont events have
been documented in the Prague Synform. They represent major changes and restructuring of the conodont
faunas, which in turn had direct impacts on conodont biostratigraphy, at a global scale.
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The aim of this report is to summarize the preliminary results of complex sedimentological and
paleontological studies of spatial and temporal distribution of vertebrate assemblages in relation to the
influence of tidal processes in the Baltic Devonian basin (BDB). The BDB was a restricted shallow epeiric
basin developed during the Devonian, which extended over the territory of the Baltic States, Kaliningrad,
partly Leningrad and Pskov regions (Russia), Belarus, NE Poland, and a large part of the modern Baltic
Sea (Kurshs 1992). Sedimentary structures of siliciclastics, facies and their associations indicate that tidal
processes played a significant role in the BDB in estuarine and deltaic settings from the Eifelian to Famennian
(e.g. Pontén & Plink-Bjorklund 2009; Tovmasjana 2013), with the exception of some regressive events, e.g.
in the late Givetian, when the influence of tides decreased and fluvial sedimentation dominated. The role of
tidal processes has been evaluated as yet only in a part of the Upper Devonian succession of BDB. Several
detailed case-studies demonstrate that the most diverse vertebrate assemblages usually have been found in
connection with tidally influenced deltaic settings, e.g. in the Frasnian Ogre Formation (Fm) (Luksevics et al.,
2011), Middle Famennian T&rvete Fm (Vasilkova et al., 2012) and the Late Famennian Ketleri Fm (Lebedev
& Luksevics 2017).

Kurshs V. (1992) - Devonian terrigenous sedimentation in the Main Devonian Field. RigaZinatne. 208 pp.

Lebedev O. & Luksevics E. (2017) - Glyptopomus bystrowi (Gross, 1941), an “osteolepidid” tetrapodomorph from the
Upper Famennian (Upper Devonian) of Latvia and Central Russia. Palacobiodiversity and Palacoenvironments, 97,
615-632.

Luksevi¢s E., Ahlberg P. E., Stinkulis G., Vasilkova J. & Zupin$ I. (2011) - Frasnian vertebrate taphonomy and
sedimentology of macrofossil concentrations from the Langsede Cliff, Latvia. Lethaia, 45, 356-370.

Pontén A. & Plink-Bjorklund P. (2009) - Regressive to transgressive transits reflected in tidal bars, Middle Devonian
Baltic Basin. Sedimentary Geology, 218, 48—60.

Tovmasjana K. (2013) - Depositional environment of the tidally-dominated transgressive succession: R€zekne and Parnu
Regional Stages, Baltic Devonian basin. Summary of the doctoral thesis.

Vasilkova J., Luksevics E., Stinkulis G. & Zupins 1. (2012) - Taphonomy of the vertebrate bone beds from the Kliinas
fossil site, Upper Devonian Tervete Formation of Latvia. Estonian Journal of Earth Sciences, 61(2), 105-119.
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When the proposal of subdividing the Lochkovian into three parts was launched, the taxon chosen for
tracing the base of the middle Lochkovian was Lanea omoalpha. Subsequently, the taxon was recorded in
levels close to the base of the Devonian and, thus, the recognition of the middle Lochkovian based on the
lowest record of this taxon became problematic. For these reason, different opinions have suggested placing
the boundary with the entry of Ancyrodelloides carlsi. The purpose of this report is to analyse the conodont
sequence around the entries of these two taxa in the Spanish Pyrenees. The initial intention of the Lochkovian
subdivision placed the base of the middle Lochkovian at the base of Bed 12 in the Gerri 1.1 section (Spanish
Pyrenees), which coincides with a marked facies shift from dominantly black shales with subordinate black
limestone to well bedded dominant limestone with thin interbeded marl and shale. The recorded conodont
sequence in the section Gerri 1.1 starts with Icriodus woschmidti in Bed 1. Its successor 1. transiens enters
in Bed 10a. This occurrence is followed by 1. bidentatus in Bed 11, which also records the lowest entry of 4.
carlsi. Bed 12 yielded the entry of L. omoalpha in this section. This sequence of entries is also recorded in other
three Pyrenean sections (Segre 5, Baen and Compte-I). In the latter, a few beds separate the lowest records of
A. carlsi and L. omoalpha. Therefore, the position of the middle Lochkovian can be precisely traced with the
entry of L. omoalpha and shows a consistent stratigraphical position above the lowest record of 4. carisi in the
Spanish Pyrenees. However, the relative positions of these two taxa is not the same in other relevant sections
from the Carnic Alps and Bohemia, and this might suggest to abandon the former idea of tracing the base of
the middle Lochkovian with the entry of L. omoalpha and align this level with the entry of 4. carlsi instead.
Nevertheless, it is not yet certain that the Lanea morphologies that occur stratigraphically above A. carlsi in the
Pyrenean sections are the same than those recorded in other places below it. Consequently, it will be desirable
to make a thorough taxonomic study of the Spathognathodontidae from the key regions around the records
of A. carlsi and L. omoalpha before a final decision on the selection of a stable criterion and boundary can be
achieved.
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Placement of the Lake Church and overlying Thiensville Formation of the western Michigan Basin,
Wisconsin, U.S.A. into a regional and global chronostratigraphic framework has been a challenge since these
units were named (Raasch, 1935). Following initial description, the type and reference sections have become
overgrown and/or partially covered and the few additional smaller outcrops mostly lost to urbanization.
Conodont and brachiopod biostratigraphy constrains the age of the Lake Church Formation. Conodonts
(including Polygnathus angustipennatus) recovered from the type Lake Church Formation were assigned by
Schumacher (1971) to the Eifelian and/or lowermost Givetian. Subsequent correlations of the Lake Church
and Spillville Formation (NE Iowa) faunas with the Tortodus kockelianus and Polygnathus ensensis zones
were outlined by Klapper & Barrick (1983), Koch & Day (1996), and Day et al. (1996). Recent study of
Middle Devonian icriodids (Narkiewicz & Bultynck, 2016) supports an Eifelian age for the Lake Church. No
conodonts are known from the Thiensville, but conodonts from the overlying Milwaukee Formation indicate
an age of late Givetian and assignment to the Schmidtognathus hermanni Chronozone (Schumacher, 1971).
Following this biostratigraphic work, acquisition of numerous drill cores led to lithostratigraphic revisions
and facies determinations for the Lake Church (fossiliferous dolostone) and Thiensville (stromatolitic sandy
dolostone) Formations. Kluessendorf et al. (1988) suggested that the Lake Church and Thiensville may be age
equivalent, but Rovey (1997), using additional cores, considered them in their traditional stratigraphic order. We
use carbonate carbon isotopic data to better constrain the age of the type and reference sections of these units.
Although none of the Lake Church carbon isotopic profiles reconstructed contain excursions, absolute isotopic
values observed are different at the type area and ~25 km away at the reference section (baseline of +0.25
and -3.0, respectively). The disagreement in carbon isotopic composition suggests that the type and reference
sections of the Lake Church Formation are not the same age; to date, no samples have yielded conodonts for
the Lake Church reference section, making the age somewhat ambiguous. Notably, there is ~12 meters of relief
over 0.6 km on the unconformable contact with Silurian strata in the Lake Church type region, suggesting that
these strata were deposited during transgressive onlapping of a high-relief landscape. Although no conodonts
have been recovered from the Thiensville Formation, stratigraphic position and positive excursions in the
carbon isotopic profile suggest that these rocks record the Givetian Taghanic Crisis. Limited brachiopod data
from a thin interval of normal marine strata deposited during the excursion supports this interpretation. This
combination of biostratigraphic and carbon isotope data provides a higher resolution stratigraphic framework
for the Wisconsin Devonian succession.

Day J., Uyeno T.C., Norris A.W., Witzke B.J., & Bunker B.J., (1996) - Middle-Upper Devonian relative sea-level histories
of North American cratonic interior basins. In: Witzke, B.J., Ludvigson, G.A. & Day, J., Eds., Paleozoic Sequence
Stratigraphy, views from the North American Craton. GSA Special Paper, 306, 259-276.

Klapper G. & Barrick J.E. (1983) - Middle Devonian (Eifelian) conodonts from the Spillville Formation in northern lowa
and southern Minnesota. Journal of Paleontology, 57, 1212-1243.

Koch W.F. & Day J. (1996) - Middle Devonian (late Eifelian-early Givetian) brachiopod paleobiogeography of central and
eastern North America. In: Copper P. & Jin J. (eds.), Brachiopods, Proceedings of the Third International Brachiopod
Congress. A.A. Balkema Press, Rotterdam, Netherlands, 135-144.

Kluessendorf J.J., Miukulic D.G. & Carman M.R. (1988) - Distribution and depositional environments of the westernmost
Devonian rocks in the Michigan Basin. In: McMillan N.J., Embry A.F., & Glass D.J. (eds.), Devonian of the World,
Volume 1: Regional Synthesis, Canadian Society of Petroleum Geologists Memoir 14, 251-263.

Narkiewicz K. & Bultynck P. (2016) - Taxonomy and biostratigraphic significance of Icriodus orri Klapper and Barrick
and related Middle Devonian conodont species. Journal of Paleontology, 90(6), 1181-1196.
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Since in the GSSP section at La Serre, southern France, the marker fossil for the base of the Carboniferous,
the conodont Siphonodella sulcata, was found below the boundary just above a facies change, the definition of
the base of the Carboniferous has been back on the agendas of the Devonian and Carboniferous subcommissions.
A joined SDS/ISCS Task group was established in 2009 to redefine the base of the Carboniferous and thus to
regain stratigraphical stability in this critical interval of Earth history. Task group members have been active in
various aspects related to the boundary definition and a wealth of new data has become available. Characteristic
for many studies are multi-disciplinary approaches, which combine palaeontological, sedimentological,
geochemical and petrophysical methods and data. The Task group met several times at various international
meetings, and a dedicated workshop with two days of discussions and a field trip to the classical sections in
Montagne Noire, where the present GSSP is located, was organized in Montpellier in September 2016. On that
occasion it was decided to test a possible position of the Devonian/Carboniferous Boundary based on a timeline
defined by “the base of the Pr. kockeli conodont Zone, the end of the Devonian mass extinction and beginning
of the Carboniferous radiation, and the top of a major regression (top of Hangenberg Sandstone)”. This timeline
is based on different criteria, which should increase the potential of placing the boundary in different facies
realms and provinces, and increase the practicability of global correlations. Another advantage of this timeline
is its position near the timeline defined by the current GSSP level, which would help to maintain stratigraphic
stability. The proposed timeline is in accordance to the approach of the task group to reduce the dependence
of the boundary definition based on the presence of absence of a single marker. This is not only done by
characterising the boundary timeline by different criteria, but also be the development of a robust framework
of well-defined timelines below and above. Task group members and other scientists are currently checking
the suitability of that boundary position in sections all over the world, and the new boundary definition will be
voted most likely in Cologne/Germany at the 19" International Congress on the Carboniferous and Permian in
early August 2019. Only after acceptance of a new criterion, the search for the new GSSP will start.
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The precise dating for the origin of taxa is of key importance for both stratigraphers and evolutionary
biologists. Thanks to exceptional fossil discoveries and the development of new computational methods, in
the last years huge progress has been made in dating the divergence time for major groups of tetrapods such
as archosauromorphs, lepidosaurs (and squamates in particular) and marine reptiles (e.g. sauropterygians and
ichthyosaurs). As a result, new hypotheses have been proposed to describe their early evolution. Here we
present and discuss the most recent estimates for the origin and early diversification of these three main groups
of reptiles based on fossil occurrences and calibrated relaxed clock divergence time estimates using molecular
and combined evidence approaches. We focus in particular on the impact that these new data have on the
composition of Permian vs. Triassic tetrapod faunas, and discuss the consequences of such results to both
geologists and evolutionary biologists.
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The bivalve biostratigraphic scale is an important component of the Permian Regional Stratigraphic
Scale (RSS) of Northeast Russia. The RSS is the single complete stratigraphic sequence of Permian marine
sediments in Russia and allows to correlate the sections not only in Northeast Russia, but also in all regions
of the eastern part of the Boreal Superrealm — the North of the Siberian Platform, Taimyr, Novaya Zemlya
and Transbaikalia. Most part of the bivalve scale is based on the phylogenetic sequence of Inoceramus-like
bivalves. These bivalves dominated in the benthic communities and are very common in all types of sediments.
However, a significant endemism of the fauna makes extremely difficult to directly correlate the RSS with
the International Stratigraphic Scale (ISS). Especially it concerns the Capitanian and Upper Permian. The
U-Pb TIMS and SHRIMP dating of zircons from tuff interlayers carried out in recent years made it possible
to obtain several important reference levels in the Middle and Upper Permian of the RSS (Davydov et al.,
2016; 2018; Biakov et al., 2017a,b). Another important element for the correlation of the sequences is the
chemostratigraphy of d13Corg., the study of which for the first time made it possible to trace the P-T and
Wuchiapingian-Changhsingian boundary (Biakov et al., 2017b,c). The recent discovery of late Changhsingian
bivalve complex made it possible to get the information on the youngest Permian bivalves of the Boreal
regions and more reliably substantiate the Changhsingian stage in Northeast Asia (Biakov et al., 2018).

This research was funded by the grants RFBR N 17-05-00109.
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Mississippian carbonate platforms were predominantly ramps characterized by a widespread development
of shallow to deep water mud mound bioconstructions (e.g. Lees & Miller, 1995). The Viséan carbonate
platform of Derbyshire hosts several of these mud mounds, such as the Ricklow Dale mound, near Monyash,
which offer a window to unravel mud mounds’ growth history and stratigraphic relationships. The investigated
mud mound overlies bioturbated bioclastic wackestone and packstone beds grading upward into bioclastic
grainstone representing middle ramp deposits of the Monsal Dale Limestone Formation. The mud mound is
a composite and complex structure which reflects the juxtaposition of several smaller mounds comprising a
complex set of core-, flank- and intermound facies. The mound cores consist predominantly of clotted peloidal
and leiolitic micrite with bryozoans, rare fistuliporid bryozoans, brachiopods, crinoids and abundant early
marine radiaxial fibrous calcite cement filling primary growth cavities. Brachiopods are very diversified and
abundant in the core facies, and occur also in neighbourhood assemblages in the well bedded flank-facies,
which are otherwise dominated by large crinoids. Brachiopods from the core and flank facies are similar
and comprise free-living seminfaunal productids, pedicle-attached terebratulids and rhynchonellids and free-
living spiriferids. Seminfaunal productids are dominant and reach a larger size than the other taxa, suggesting
sparse food resources. The stratigraphic ranges of the most important brachiopod genera in the mound span
the middle-upper Viséan. The mud mound shows evidence of subaerial exposure prior to the deposition of the
overlying beds of the Eyam Limestone Formation (Gutteridge, 1991; Nolan et al., 2017), which led Gutteridge
(1991) to propose a revision of the boundary between the Monsal Dale Limestone and the Eyam Limestone
formations. The revised boundary has, however, not been formally adopted. The outcrops of the Eyam
Limestone Formation at Ricklow are mostly inner to middle ramp facies, characterized by the occurrence of
massive shell beds dominated by large and thick-shelled seminfaunal species of Gigantoproductus (Nolan et
al., 2017 and references therein), molluscan wackestone and crinoidal high energy grainstone. These deposits
onlap the flanks of the mound and its top. The few tens of metres thick succession at Ricklow Dale records the
growth of a bryozoan-crinoid-brachiopod dominated mud mound in an open middle ramp setting. Its growth
was interrupted by subaerial exposure and it was replaced by a restricted lagoon dominated by molluscs and
then an inner ramp setting dominated by a low diversity Gigantoproductus facies that onlapped and overlapped
the mound surface.
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