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3.1
Meteoric diagenesis of a carbonate ramp: a reinterpretation of the Upper
Muschelkalk, Switzerland
Arthur Adams1, Larryn W. Diamond1
1

Rock–Water Interaction, Institute of Geological Sciences, Baltzerstrasse 1+3, 3012 Bern, Switzerland
(arthur.adams@geo.unibe.ch)

Carbonate ramps provide excellent settings to observe the effects of overprinting diagenesis. Their low-angle geometries
make them susceptible to marine, mixing-zone, meteoric and burial diagenetic environments. However, the resulting
diagenetic textures are seldom diagnostic of any single environment and a combination of petrographic and isotopic
analyses are required for any positive interpretation.
The paleoenvironment of the Middle Triassic Upper Muschelkalk provides a distinct setting to identify multiple overprinting
diagenetic events, including dolomitization, over a geologically short period of time. Previous studies suggested that
diagenesis took place entirely within marine pore fluids, with possible later meteoric recrystallization of dolomites.
Diagenetic analyses in this study (cathodoluminescence, UV-fluorescence microscopy, isotope geochemistry and point
counting) of calcitic bioclastic beds show that marine fluids were in fact only minor components of early diagenesis (prestylolitization) and the accompanying porosity evolution of the Upper Muschelkalk.
Four sequential diagenetic stages have been identified: marine, mixing-zone, meteoric and dolomitization. Marine
diagenesis produced brightly fluorescing bladed and inclusion-rich syntaxial cements that occlude a mean 6 vol.% of
bioclastic bed porosity. Mixing-zone diagenesis induced the precipitation of fluorescent dog-tooth cements, silicification,
aragonite–calcite transformation and the formation of mouldic porosity. These processes reduced porosity by 9 vol.% in
bioclastic beds. Meteoric diagenesis has been identified by the low average δ18OVPDB (-9.36‰) of blocky, inclusion-free
and dog-tooth cements. Meteoric cements do not exhibit any recrystallization. Approximately 9 vol.% porosity in bioclastic
beds was occluded by meteoric cements. We attribute the incursion of meteoric groundwaters to hydraulic gradients on the
Vindelician High, which induced percolation through tens of kilometres of the ramp during early Ladinian sealevel lowstands. Finally, following this meteoric diagenesis, the upper-half of the Upper Muschelkalk was dolomitized by refluxing
brines.
Early diagenesis accounts for the low porosity in Upper Muschelkalk calcitic bioclastic beds (average = <5%) and higher
porosities in dolomitized rocks (up to >20%). This study emphasizes the impacts of early diagenesis on present-day
reservoir properties and demonstrates the importance of combined isotopic and petrographic analyses to decipher porefluid evolution.
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3.2
Paleobiology and interrelationships of Saurichthys (Actinopterygii,
Saurichthyidae), and the importance of the Swiss fossil record
Thodoris Argyriou1
Paläontologisches Institut und Museum, Universität Zürich, Karl-Schmidt-Strasse 4, CH-8006, Zürich
(thodoris.argyriou@pim.uzh.ch)

1

Saurichthyiformes (latest Permian–Middle Jurassic) is an emblematic group of carnivorous actinopterygians, characterized
by a torpedo-like body. Saurichthys, the iconic representative of this group, is a common member of Triassic ichthyofaunas
and has a particularly rich and almost cosmopolitan fossil record. The middle Triassic locality of Monte San Giorgio (MSG),
Ticino, has produced hundreds of Saurichthys specimens, some of which are exceptionally well-preserved, allowing the
study of the aspects of anatomy and paleobiology that are otherwise unapproachable in other fossil fishes.
The rare preservation of fossilized digesta within the intestine (cololites) of Saurichthys, provides a unique insight into the
gastrointestinal (GIT) anatomy of this long extinct clade, and constitutes an excellent basis for the study of the evolution of
the actinopterygian GIT. Saurichthys possessed a straight, but greatly distensible stomach, a short and likely unconvoluted
anterior intestine, and a spiral intestine with a markedly high turn count (~30), unusual for actinopterygians. A comparison
between the spiral intestine of Saurichthys and that of extant animals with a spiral valve (chondrichthyes, piscine
sarcopterygians and non-teleosten actinopterygians), shows that phylogeny and/or an energetically expensive lifestyle are
the main factors explaining the increase in spiral valve turn counts.
The recovery of delicate fossils of embryonic and perinatal Saurichthys from MSG allowed for the description of new
anatomical markers of early ontogenetic stages, which can aid in the distinction between juveniles versus adults of smallsized species in the fossil record. These markers include: i) the presence of a large fontanelle between the frontals and the
dermopterotics; ii) the delayed ossification of parietals; and iii) the presence of open sensory grooves and pit organs on top
of dermal bones. In addition, the study of gravid, live-bearing Saurichthys provided glimpses into the reproductive biology of
the genus. Embryos were likely accommodated in ovarian structures, similar to those of modern live-bearing sharks. The
embryonic presence of rostrum and dentition suggests that Saurichthys gave birth to fully formed neonates, capable of
exogenous feeding.
Despite the wealth of research focused on Saurichthys, our knowledge of the phylogenetically important endoskeletal
anatomy of the genus rests on works conducted decades ago, with the use of less accurate analog techniques. Based on
previous knowledge, saurichthyiforms are often considered as relatives of the Chondrostei (sturgeons and paddlefishes),
but this view is not universally accepted. Using µCT on undistorted fossils from the Early Triassic of East Greenland and
Nepal, I reinvestigated the endoskeletal anatomy of the genus, uncovering an array of anatomical features previously
unknown. Key new features include: i) a poorly developed lateral cranial canal; ii) perichondrally lined pockets opening to
the fossa bridgei, similar to those of modern sturgeons; iii) well-developed nasobasal canals; iv) a grooved ceratohyal; etc.
Moreover, additional evidence from other Early Triassic, as well as Swiss, Middle Triassic fossils, suggests that the bone
historically referred to as operculum, is a suboperculum. Novel data from this work provide further support for a
chondrostean affiliation of saurichthyiforms.
With such an unparalleled wealth of paleobiological information available, Saurichthys can be considered as one of the best
known early actinopterygians, and constitutes a much needed model for comparison between living and fossil forms.
Furthermore, the reassessment of the systematic position of saurichthyiforms is a small advance towards reconstructing the
tree of life of fossil, non-teleostean actinopterygians.
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3.3
C and Sr isotope chemostratigraphy and the extension of Emeishan
volcanism to early Wuchiapingian time: new insights from the Middle–
Late Permian transition in South China
Borhan Bagherpour1, Hugo Bucher1, Torsten Vennemann2, Massimo Chiaradia3, Elke Schneebeli-Hermann1, Urs
Schaltegger3, Dong-xun Yuan4, Marc Leu1, Chao Zhang4 & Shu-zhong Shen4
Paleontological Institute, University of Zurich, Karl Schmid-Strasse 4, 8006 Zürich, Switzerland
(borhan.bagherpour@pim.uzh.ch)
2
Institute of Earth Surface Dynamics, University of Lausanne, Géopolis, 1015 Lausanne, Switzerland
3
Department of Earth Sciences, University of Geneva, Geneva, 1205, Switzerland
4
Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing 210008, China
1

In South China the volcanic activity of the Emeishan Large Igneous Province (ELIP) near the Guadalupian–Lopingian
boundary (GLB) (ca. 260 ma) is associated with several paleoenvironmental changes such as facies changes, carbon cycle
perturbation and a temperature rise. A substantial facies change from shallow-marine bioclastic limestone to deep-marine
radiolarian siliceous limestone followed by ELIP volcanic or volcaniclastic rocks in the mid-Capitanian has been considered
as the consequence of a pre-eruption rapid subsidence in South China (Sun et al. 2010). This drowning event was
associated with a large negative Carbon Isotope Excursion (CIE), which has been attributed to the release of thermogenic
C from ELIP (Wignall et al. 2009).
Here we present a new but younger drowning event (here named “Mapojiao Event”) documented in the Pingtang syncline,
Mapojiao section in southern Guizhou province, whose sedimentary signature is similar to older events. Based on conodont
biostratigraphic age control, the age of the Mapojiao Event is early Wuchiapingian. Carbonate carbon isotope data (δ13Ccarb)
document a drastic 3.5‰ negative CIE concomitant with this drowning event. Oxygen isotope data (δ18Ocarb) from this
section do not show signs of diagenetic alteration of the δ13Ccarb values. Organic carbon isotope values (δ13Corg) display a
positive 2‰ shift across the drowning event, decoupled from the δ13Ccarb. Rock-Eval and palynofacies analyses reveal the
terrestrial origin of the concomittant peak of OM burial into the drowned basin. Hence, the decoupling of δ13Ccarb and δ13Corg
records could be explained by a modification of δ13Corg due to mixing of different organic carbon pools rather than diagenetic
alteration of δ13Ccarb. Strontium isotope data (87Sr/86Sr) also show a transient negative shift (from 0.70715 to 0.70694), during
the negative CIE, interrupting the prolonged global positive trend in the Wuchiapingian. This short-lived excursion argues in
favor of enhanced hydrothermal flux related to a short pulse of LIP-related volcanism.
Data compilation around the GLB indicates that the similar drowning events occurred in three short time-intervals;1- midCapitanian, 2- latest Capitanian, 3- early Wuchiapingian and suggest a similar driving mechanism. Our new finding
indicates that the similarities between the drowning events in S. China is not only manifested by a convergence of facies
changes but also is expresed by analog chemostratigraphic signals. The coupling of negative shifts in C and Sr isotopes
during the “Mapojiao Event” strongly suggest a genetic relation with bursts of ELIP eruptive activity, which spanned mid
Capitanian to early Wuchiapingian times (Clarkina guangyuanensis Interval Zone). The comparison of the Chinese
C-isotope records with the contemporaneous records from the other parts of the Tethys (e.g. Iran and Turkey) reveals
obvious discrepancies. These cast some profound restrictions for the use of C-isotope records as a correlation tool during
Capitanian-Wuchiapingian times. Comparative timing of the ELIP-related events with fluctuations of species richness shows
that only the oldest C-isotope excursion, which is only documented in S. China, was associated with a prolonged extinction
event. Hence, this study questions simplistic causal relations between excursions of the C-isotope record and GLB changes
of marine diversity.
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3.4
Freshly-moulted nileid trilobites from the Fezouata lagerstätte of
Morocco
Harriet B. Drage1,2, Thijs R. A. Vandenbroucke3, Peter Van Roy4, Allison C. Daley5
Department of Zoology, University of Oxford, Tinbergen Building, South Parks Road, Oxford, UK, OX1 3PS
(harriet.drage@zoo.ox.ac.uk)
2
Oxford University Museum of Natural History, Parks Road, Oxford, UK, OX1 3PW
3
Ghent University, Department of Geology, Ghent, Belgium
4
34Yale University, Department of Geology & Geophysics, New Haven, Connecticut, USA
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Faculty of Geosciences and Environment, University of Lausanne, Sorge Géopolis, CH-1015 Lausanne, Switzerland

1

Arthropods, including trilobites, must moult their protective exoskeleton for growth, development, and repair (Daley &
Drage, 2016). The process of moulting involves the separation of the exoskeletal cuticle from the epidermis, secretion of
new cuticle and transferral of structures (muscle attachment, sensory and circulatory systems), then splitting and shedding
of the old cuticle (exuviation). Post-moulting, the new larger exoskeleton is soft and must be expanded before it stiffens,
and is fully mineralised in some groups.
At this ‘soft-shell’ freshly-moulted stage, prior to expansion and hardening, the individual remains extremely vulnerable to
predation, and thus the stage tends to be very short-lived. The brevity of this stage in the arthropod moult process is
reflected in the rarity of preserved soft-shelled specimens. However, freshly-moulted individuals likely also have a lower
preservation potential owing to their incomplete exoskeletal mineralisation. Very few trilobite specimens to-date have been
described as preserved immediately post-moulting in their soft-shell stage (Miller & Clarkson, 1980; Speyer & Brett, 1985).
These are distinguished based on clear wrinkling and flattening of the exoskeleton. However, deformation may also
produce this appearance, and thus possible freshly-moulted specimens must be considered in the context of preservation.
We describe a rare example of preservation of this short-lived period in the arthropod life cycle.
Ten specimens of a nileid trilobite species (referred to Symphysurus sp., following Ebbestad, 1999) were collected from the
Burgess shale-type Lower Ordovician Fezouata biota of Morocco. These illustrate the moulting sequence, including two
probable moulted exoskeletons, several fully mineralised and hardened carcasses, and others showing variable degrees of
soft-shell exoskeletons. The latter show differing amounts of characteristic longitudinal wrinkling, and flattening. Several
specimens have been thin-sectioned to explore differences in cuticle composition (e.g. Miller & Clarkson, 1980).
Preservational bias is excluded, as other arthropods from the same locality do not show wrinkling or deformation, and nor
do the putative nileid moults. The co-occurrence of moults, typical carcasses, and soft-shelled carcasses (also seen on a
wider scale from the locality) represent one of the only existing examples of a preserved in-the-act mass moult assemblage.
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Figure 1. Putative moulted exoskeleton of the Fezouata nileid trilobite species (left) with the cephalon angled dorsally, and soft-shelled
carcass preserved immediately post-moulting (right) displaying the characteristic flattening and longitudinal wrinkles. Scale bars=5mm.
Photographs: HBD.
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3.5
Comparative anatomy and phylogeny of the Forcipulatacean starfish
(Asteroidea, Echinodermata)
Marine Fau1 & Loïc Villier2
1
2

Department of Geosciences, University of Fribourg, Switzerland (marine.fau@unifr.ch)
Université Pierre & Marie Curie. Centre de Recherche sur la Paléobiodiversité et les Paléoenvironnements, 4, place
Jussieu, Tour 46-56, case 104, F-75005 Paris, France

Among echinoderm groups, the use of both molecular and morphological data favoured the emergence of a comprehensive
and operational systematics in Echinoidea and Ophiuroidea. Unfortunately we are far from reaching such a consensus in
the Asteroidea, despite a background of 30 years of modern phylogenetic analyses. Debates on starfish phylogeny still
oppose various hypotheses, each supported by both molecular data and morphological characters. Recent researches
demonstrate that a large set of morphological characters can be defined from comparative anatomy of skeletal elements
(ossicles) for phylogenetic purposes, describing ossicle shapes, articulations among ossicles, marks of soft tissues on the
skeleton (e.g. tube feet or muscle insertions). Both extant and extinct taxa can be analysed conjointly in phylogenetic
studies of ossicle characters, which may help with tree rooting and consideration of fossils.
The superorder Forcipulatacea is one of the major monophyletic groups with about 400 extant species, morphologically
well-delimited, and for which a few phylogenetic hypotheses are available for its internal relationships. We explored the
diversity of morphological features expressed in the group, considering 30 extant species and at least 5 fossil forms. The
anatomy was investigated from progressive dissection of specimens from the zoological collections of the Muséum National
d’Histoire Naturelle, Paris and the Yale Peabody Museum. The comparative work allowed definition of about 130
characters, a majority being new or reconsidering previous homology hypothesis. Four distinct taxon of each major clade of
living forms (Velatida, Valvatida, Paxillosida and Spinulosida) were tested as outgroup for rooting.
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3.6
Coelacanths from the Middle Triassic of Switzerland: Stratigraphic
distribution and diversity
Christophe Ferrante1,3, Heinz Furrer2, Rossana Martini1 & Lionel Cavin3
Department of Earth Sciences, University of Geneva, Rue des Maraîchers 13, 1205 Genève
(christophe.ferrante@ville-ge.ch)
2
Institute and Museum of Palaeontology, University of Zurich, Karl Schmid-Strasse 4, 8006 Zurich
3
Department of Geology and Palaeontology, Natural History Museum of Geneva, CP 6434, 1211 Genève 8

1

Middle and Upper Triassic deposits from Switzerland have yielded a rich fossil record of marine vertebrates. Nevertheless,
coelacanth fossils are scarce and known mostly from the Middle Triassic sites of Monte San Giorgio (canton Ticino) with
Ticinepomis peyeri Rieppel, 1980, and of the Ducan–Landwasser mountains (canton Graubünden) with cf. Ticinepomis
peyeri (Cavin et al., 2013), together with an odd-looking new taxon (Cavin et al., in prep.). The presence of a third taxon
referred with caution to cf. Holophagus picenus, was reported from Monte San Giorgio by Rieppel (1985). An ongoing study
(Ferrante et al., 2017) has pointed out that this taxon is part of a large collection of 80 specimens kept in the Institute and
Museum of Palaeontology, University of Zurich.
At Monte San Giorgio, Ticinepomis peyeri is represented by a subcomplete specimen found in the upper part of the Besano
Formation (“Grenzbitumenzone”) and cf. Holophagus picenus (Rieppel, 1985) by fragmentary specimens found in the
middle part of that formation. This late Anisian – earliest Ladinian formation (Furrer et al., 2008) is a 16 m thick sequence of
alternating black shales and finely laminated organic matter-rich dolomites. These sediments were deposited below
maximal storm base in a 30-130 m deep intraplatform basin with anoxic bottom water conditions.
Coelacanth remains from the Prosanto Formation, in the Ducan–Landwasser mountains near Davos, consist of two nearly
complete individuals of a new genus and new species (Cavin et al., in prep.), as well as an isolated caudal fin and a
subcomplete specimen referred to cf. Ticinepomis peyeri (Cavin et al., 2013). The last was found in the middle part of the
formation near the Ducanfurgga (DF10) and the caudal fin in its upper part at the locality Strel. Both fossils of the new
genus and new species were excavated in the most fossiliferous upper part of the formation at another site near the
Ducanfurgga (DF4). The Prosanto Formation is a 120 m thick sequence of dark limestones, marls and dolomites deposited
in a deeper intraplatform basin with normally oxygen-depleted bottom water conditions.
The vertebrate assemblages of the Prosanto Formation show similarities with the assemblage of the Monte San Giorgio
sites. U-Pb zircon age determinations of volcanic ash layers have yield ages of 240.91 ± 0.26 My for the most fossiliferous
upper part of the Prosanto formation and 241.2 ± 0.8 My for the middle part of the Besano Formation (Furrer et al., 2008).
The Prosanto Formation corresponds to the early Ladinian fossiliferous levels of the lower Meride Limestone at Monte San
Giorgio (Furrer et al., 2008).
Coelacanths are characterized by a very conservative morphology since the Devonian to such a point that the only extant
taxa, Latimeria, became the iconic example of a “living fossil”. Most studies demonstrate that this clade has a relatively
slow evolving morphologic rate, but this view is questioned by other studies (e.g. Casane & Laurenti, 2013). Thus, the
recent discovery of a new taxon (Cavin et al., in prep.) and the ongoing study of the unidentified coelacanth taxon (Ferrante
et al., 2017), both presenting unusual morphologies, are an excellent opportunity to study how morphologically deviant
coelacanth taxa have evolved, possibly through heterochronic evolution between systematically and stratigraphically closely
related taxa.

REFERENCES
Casane, D. & Laurenti, P. 2013: Why coelacanths are not ‘living fossils’: a review of molecular and morphological data.
Bioessays 35, 332-338.
Cavin, L., Furrer, H., Obrist, C. 2013: New coelacanth material from the Middle Triassic of eastern Switzerland, and
comments on the taxic diversity of actinistans. Swiss Journal of Geosciences 106, 161-177.
Ferrante, C., Martini, R., Furrer, H., Cavin, L. 2017: Coelacanths from the Middle Triassic of Switzerland and the pace of
actinistian evolution. Research & Knowledge, vol. 3, (2), 59-62.
Furrer, H., Schaltegger, U., Ovtcharova, M. and Meister, P. 2008: U-Pb zircon age of volcanic layers in Middle Triassic
platform carbonates of the Austroalpine Silvretta Nappe (Switzerland). Swiss Journal of Geosciences 101, 595-603.
Rieppel, O., 1985: A second actinistian from the Middle Triassic of Monte San Giorgio, Kt. Tessin, Switzerland. Eclogae
Geologicae Helvetiae 78, 707-713.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

3.7
Palaeoecology of Late Ladinian (Middle Triassic) benthic faunas from
the Schlern and Seiser Alm (South Tyrol, Italy)
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The rich benthic fauna of the Schlern and Seiser Alm area, which is one of the few places in the world where the platformslope-to-basin transitional zone is preserved in its primary setting (Keim 2008; Brander et al. 2016), is known for more than
100 years but its palaeoecology has been insufficiently known. We present a detailed palaeoecological study based on
quantitative faunal data of the fauna from the Schlernplateau beds (late Ladinian to early Carnian) and the more or less
time-equivalent Pachycardientuffe (late Ladinian).
The Schlernplateau beds yield a diverse fauna with more than 50 species. The ecology of the fauna, which is dominated by
shallow infaunal suspension feeders, epifaunal grazers/detritivores and free-lying epifaunal suspension feeders, as well as
the geological context leave no doubt that the Schlernplateau beds represent lagoonal sediments. The unusually high
diversity for this environment and the locally restricted fossil occurences indicate an open lagoonal setting
palaeogeographically close to an oceanic inlet. The high evenness of the fauna is best explained with time averaging.
The fauna of the Pachycardientuffe is highly diverse, with more than 220 species; however, in contrast to the
Schlernplateau beds, it is clearly dominated by two species of the eponymous bivalve genus Pachycardia. Several lines of
evidence, such as the lack of fossils that were preserved in life position, the lack of bivalves that are preserved with
conjoined valves, frequent fragmentation of fossils and poorly sorted sediment, indicate that the fauna of the
Pachycardientuffe is allochthonous. By means of ecological features of the fauna and palaeogeographic reconstructions
three possible source areas for the fauna of the Pachycardeintuffe were identified; (1) the lagoon of the Schlernplateau
beds, (2) the reef fringing the lagoon of the Schlernplateau beds and (3) a shallow clastic coast of a nearby volcanic island
and/or submarine high dominated by Pachycardia.
The different context of the faunas requires different interpretations of their diversities: whereas the Schlernplateau fauna
provides an estimation of the alpha-diversity in shallow-marine tropical seas ca. 15 Ma after the end-Permian mass
extinction, the fauna of the Pachycardientuffe represents an integral of the diversity from different environmental settings
and as such an approximation of the gamma-diversity of the region. Apart from the sheer increase in richness in
comparison to Early Triassic benthic faunas, where alpha-diversity seldom exceeds 15-20 species and gamma diversity is
usually lower than 30-40 species even at the end of this epoch, a larger variety of modes of life and a significantly higher
proportion of gastropod species are notable features of the more fully recovered faunas of the late Middle Triassic.
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Figure 1. Rank-abundance distributions and guild-structure of the fauna of the Schlernplateau beds (A) and Pachycardientuffe (B). n = total
number of individuals.
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The karstic fillings of Glovelier, known as “La Petite Morée”, are located in the Swiss Jura, near the town of Glovelier. The
pocket 1, of two meters in height, is placed in the Oxfordian limestone (Hug et al., 1997). The fossil remains of that pocket
indicate sedimentary influence both from continental and marine environments. The small mammal assemblage indicates a
MN4a age, whereas the marine foraminifers and shark point at a Burdigalian age. Thus, the pocket was deposited during
the transgression phase of the Upper Marine Molasse and represents one of the rare continental records of that time. In
fact, the north coast of the OMM Sea was at its northernmost location at that time and the Aquitanian tectonic uplift did not
allow the deposition of sediments in the Jura. With both terrestrial and marine fossils, Glovelier is already a unique deposit.
Moreover, it was set as the reference locality for the “Democricetodon franconicus – Megacricetodon collongensis” interval
zone (Kälin & Kempf, 2009). Thus, the aim of this study is to provide more data on faunistic assemblage and the
palaeoenvironment.
Among all Glovelier fissure fillings the most fossiliferous is the pocket 1, which is the focus of the present study. The karstic
pocket of two meters height is filled with clay and sandy sediments. The upper 60 cm of the sediments is represented by
thin laminated sands with reworked clays from the underlying layers.
New samples of the horizon have been screen-washed and provided more fossil material. The continental fauna of
vertebrates is represented by salamanders, frogs, lizards, snakes, turtle, glirids, lagomorphs, cricetids, eomyds and
artiodactyls. Aside from them, marine taxa such as fish teeth, shark teeth and benthic foraminifera have been found as
well. The fossiliferous layer provides also reworked Mesozoic invertebrate, especially echinoderms and mollusks remains.
With the rodent fauna, Glovelier can be considered as one of the first few Early Miocene localities with two cricetid species,
after the Early Miocene so-called “cricetid-vacuum”. Among the reptiles, a Varanus sp. is present in the fossil assemblage
and represents one of the earliest occurrences of the genus in Europe. The rare glirid genus Simplomys, considered as an
endemic genus from Spain, suggests the presence of a connection with the west.
The terrestrial and marine fossils of Glovelier provide a window of terrestrial and marine fossils from the Early Miocene of
the Central Europe especially for the Jura region. Among the faunistic elements, Glovelier contains both taxa with Asian
affinities (e.g. cricetids, Varanus) as well as truly European forms (Simplomys). Moreover, a comparison between Glovelier
and other European localities of MN4 age will enable a better understanding of the Early Miocene faunistic interchanges
and palaeoenvironmental condition. In addition to this, the fossil locality will enlighten the history of the Swiss Molasse
Basin during the OMM-OSM transition. Importantly, the presence of some key species also provides an opportunity for the
reconstruction of the paleoenvironment and climatic parameters of the late Early Miocene of the North Alpine Foreland
Basin.
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3.9
New geoemydid material (Cryptodira: Testudinoidea) from the Eocene of
Vietnam and its implication for geoemydid systematics
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Aquatic testudinoid turtles have a particularly rich fossil record in the Tertiary of the northern hemisphere, but little is known
about the evolutionary history of the group, as the phylogenetic relationships of most fossils have not been established with
confidence, in part due to high levels of homoplasy and polymorphism.
We here focus on a sample of approximately 100 geoemydid skeletons, mostly shell material, collected from the mid to late
Eocene (35–39Ma) Na Duong Formation, Vietnam, a continental swamp deposit that has yielded abundant remains of
aquatic and terrestrial faunas and floras (Böhme et al., 2011, 2014). All turtle material was collected from a single
stratigraphic horizon and is therefore thought to represents a true population.
Although two size classes can be distinguished among our sample, a larger one ranging from 28 to 38 cm and a smaller
from 13 to 17 cm of carapace length, we believe that the smaller morph represents the juvenile stage of the other, as it
presents a three-keeled carapace, a diagnostic character for juvenile geoemydids. Our material shares many characters
with two recently described geoemydids from the Eocene of China, Isometremys lacuna and Guangdongemys pingii
(Claude et al. 2012), in particular by exhibiting anteriorly short-sided neurals with exception of an octagonal fourth neural
and square or rounded fifth neural, by lacking a nuchal emargination, and by possessing a notched pygal bone completely
divided by the intermarginal sulcus, an entoplastron anteriorly and posteriorly intersected by the humerogular and
humeropectoral sulcus, respectively, and a deep anal notch.
A phylogenetic analysis using an updated character matrix consisting of 87 morphological characters of the shell and seven
molecular loci, reveals that this Vietnamese turtle material is located at the base of Geoemydinae, suggesting at least an
Eocene age for the crown group.
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The Late Oligocene large-scale coarsening and thickening upward megasequences situated in the North Alpine foreland
basin have conventionally been used to infer a depocenter progradation. This was also the case for the c. 4 km-thick suite
of the Rigi megafan conglomerates situated in central Switzerland (Stürm, 1973), where megafan progradation was
associated with an increase in sediment accumulation rates. Here, we present new sedimentological evidence to document
that fan progradation was mainly driven by an increase in the flux and the concentration of the supplied sediment in
response to mantle scale processes.
Depositional mechanisms are derived from the stacking patterns and the fabric of the conglomerates. We additionally
measure shifts in grain size distributions and channel depths recorded by the conglomerates. In this context, channel
depths are measured by estimating the palaeo water depth at the situation during bankfull discharge. Accordingly, we
measure either the top of a conglomerate bank as well as the lowest point of it, or the thickness of foresets and longitudinal
bars. We choose the condition of bankfull discharge, as the largest sediment particles are likely to be transported at these
high-water stages. As a consequence, we simultaneously measure the grain size of the 4-6 largest clasts at the base of
each channel. These field based data about channel depth and the largest grain size are then used to calculate the fan
surface slope, which can be computed by combining the measured data with the Shields criteria for bedload transport. We
additionally measure the sizes of a total of approximately 4500 grains. We finally combine slope and bulk grain size data
with the Bagnold equation for sediment transport to infer changes in the flux and concentrations of the supplied sediment.
The field-based observations reveal, that the lowermost conglomerates are made up of individual and amalgamated stacks
of 2 – 3 m-thick beds with a clast-supported, massive-bedded fabric. Individual conglomerate beds scour severals meters
deeply into the underlying mudstones. Towards the top of the section, the conglomerates are arranged as clast-supported
and massive-bedded deposits with imbrications in places. Interbedded mudstones are mostly absent. These changes in
stacking patterns and sedimentary fabrics reflect a shift in depositional style from channelized, confined flow at the base of
the section, to braided and thus non-confined flow in a more proximal environment towards the top. Simultaneously the
largest grain size increases from <15cm to >20cm towards the top of the suite, while the augmentation in bulk grain size is
less (<20%). Channel depths, however, reveal an opposite trend and decrease from >2m to <1m from the base to the top
of the conglomerate suite. Using these constraints, we calculate (Shields criteria) a steepening of the fan surface slopes
from originally <0.3° to >1.0° through time. We use these shifts in depositional mechanisms, fan surface slopes and bulk
grain size to infer (Bagnold equation) an increase in both the flux and the concentrations of the supplied sediment (Church,
2006). In addition, the ensemble of these changes points towards the occurrence of faster erosion in the Alpine hinterland
where the sediment sources were situated. These mechanisms most likely reflect a surface response of the Alpine
landscape to fast rock uplift, which occurred in response to slab break-off and thus to mantle-scale processes underneath
the Central Swiss Alps.
As implications, the inferred increase in erosion rates points towards a change of the shape of the Alpine landscape, which
evolved from a diffusive, slowly eroding topography to an incised, fast eroding Alpine hinterland, where mass failure
processes were dominant (fig. 1). The study thus shows that changes in conglomerate deposition chronicle an explicit
surface response to dynamic processes within the mantle.
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Figure 1. Rigi megafan with the underlying ongoing subduction of the European lithosphere and the slab break-off. These processes
induced fast rock uplift in the Alpine hinterland, which resulted in higher erosion rates and thus larger volumes and concentrations of the
supplied sediment.
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The aim of this paper is to quantitatively investigate the biogeography of Smithian ammonoids within the western USA
basin. The faunal dataset consists of a taxonomically homogenized compilation of the spatial and temporal occurrences
and abundances of ammonoid taxa in 39 Smithian localities within the western USA basin. Two complementary multivariate
techniques were applied to identify the main biogeographical structuring recorded in the analyzed presence/absence data:
additive Cluster Analysis using the Neighbor-Joining algorithm (NJ) and Non-metric Multidimensional Scaling (NMDS).
Regarding abundance data, a taxonomic diversity (sensu evenness) analysis was coupled with graphical comparisons of
the relative abundances of selected taxa. The identified relationships indicate that middle Smithian ammonoids of the
western USA basin were geographically organized in terms of both distribution and abundance, with the biogeographical
distinction of a southern and a northern cluster. Some taxa are indeed confined to a single sub-basin, and many taxa
display a geographical abundance gradient whose maximum is centered either on the southern or northern cluster. This
N/S dichotomy in the distribution and abundance of middle Smithian ammonoids echoes pronounced spatial differences
identified for the same time interval based on the sedimentary and geochemical records. In some cases, a link between
depositional environment parameters (e.g., terrigenous inputs and hydrodynamism) and local abundances of certain taxa is
suggested. Regarding the late Smithian, our results show a non-significant difference of faunal assemblages. This absence
of ecological partitioning, independent of the depositional environments, is here interpreted as the hallmark of the late
Smithian extinction, as a cosmopolitan faunal distribution is well recognized at that time.
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The origin of major clades is often blurred by the scarcity of fossils and by the pattern of plesiomorphic and apomorphic
traits of the very early members of the corresponging clade. In the case of the Coleoidea, which contains squids,
octopuses, cuttlefish etc., many aspects of their origin remains blurred (e.g., House 1988). For example, the supposedly
earliest coleoids were described from the Early Devonian Hunsrück Slate (Bandel et al. 1983). The coleoid affinity is still
under debate. From the Carboniferous, however, a greater number of unequivocal taxa have been described (e.g.,
Landman & Davis 1988; Doguzhaeva et al. 1999, 2007, 2010; Mapes et al. 2010). Some of these materials are remarkably
well preserved including ink sacs, jaws, radula etc. (Clements et al. 2016).
Examinations of Carboniferous specimens illustrated in the literature appeared promising for a re-examination because
some structures visible in the illustrations were not examined in greater detail. We studied some of these materials using
various sorts of light. These re-examinations revealed a number of anatomical details that shed light on both morphology
and the early evolution of the Coleoidea. In addition to these new anatomical details, we discuss the processes that might
have led to the internalisation of the coleoid phagmocone, which coincides with the formation of the rostrum.
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The Palaeocene-Lower Eocene Borjomi suite is an exemplary for the Achara_Trialeti fold-thrust mountain belt
lithostratigraphic unit and is exposed in the anticline structures of the central and eastern parts of the belt. In the eastern
part 900-1100 meters thick turbidites (flysch deposits) of the Borjomi suite are extended as a continuous line along the
northern slope of the Trialeti Range and are made up by the alternation of calcareous quartz-greywacke sandstones, marls
and clays. Constructing the suite sandstones are grouped into three packages with average thickness 30-50 m each.
According observed in the field sedimentary features (our fieldwork data) these sandstones record sedimentation in a
turbidite system. The 500 meters thick upper part of the entire section comprises Globorotalia aragonensis zone microfauna
and Nummulites planulatus, as for the lower part – it contains Globorotalia aequa zone micro fossils. The boundary
between these two zones matches with the top of the medium package of sandstones. The 100-150 meters thick lowermost
part of the section is attributed to the Globorotalia pseudomenardii zone.
The ichnofauna occurrence is located within the facing stone quarry on the southern periphery of the village Kvemo
Nichbisi. Here, according to historical (Papava et. al., 1971) and our recently obtained data about 50 meters thick
sandstone package without visible unconformity overlies the faunistically dated Danian varicolored suite.
The medium to fine grained, massive and laminated quartz-greywacke sandstones are thin - and rarely medium-bedded.
They show abundant intercalations of plant debris along with wood fragments and carbonaceous remains which is
considered as a diagnostic criterion for the recognition of extrabasinal (hyperpycnal) turbidites (Zavala C. et. al., 2012).
Couplets of very thin siltstones and fine grained sandstones beds are observed as well.
In the studied sandstones beds abundant pre- and postdepositional trace fossils have been recently detected.
Predepositional assemblage is rich in graphoglyptids and grazing traces preserved as secondary impressions in the bases
of turbidite beds and comprise following ichnogenera: Belocosmorhaphe, Helminthopsis, Helminthorhaphe, Megagrapton,
Paleodictyon, Rotundusichnium, Scolicia (Sc. strozzii), Spirophycus, Spirorhaphe and Urohelminthoida. The
postdepositional assemblage - Avetoichnus, Chondrites, Gyrophillites, Ophiomorpha, Phycosiphon, Phymatoderma,
Planolites, Polykampton, Scolicia (Sc. prisca, Sc. isp.), Taenidium, Trichichnus and Zoophycos is represented by dwelling,
resting and grazing traces. They are mainly preserved at the tops of the beds and rarely at the bottoms and inside the
beds. The wood fragments show presence of allochtonous Teredolites. Taking into account trace fossils morphology, the
studied ichnocomplex is typical for deep-sea Nereites ichnofacies, whereas the majority of graphoglyptids are indicative of
thin bedded sandy turbidites Paleodictyon ichnosubfacies (Uchman & Wetzel 2012). We suppose that studied turbidites
formed in the basin plane or lower slope, apparently in fan fringe. Abundance of postdepositional forms reflects rapid
colonization of the substrate (Buatois et al. 2001), whereas trace fossils (Planolites, Phycosiphon, Scolicia) formed without
permanent link to the sea floor show good oxiganation of pore waters (Demircan & Uchman 2016).

REFERENCES:
Buatois, L., Gabriela Mangano, M. & Sylvester, Z. 2001: A diverse deep-marine ichnofauna from the Eocene Tarcau
sandstone of the Eastern Carpathians, Romania. Ichnos 8(1), 23-62.
Demircan, H. & Uchman, A. 2016: Trace fossils from deep sea sediments of the Ceylan Formation (SW Thrace, Turkey).
Bull. Min. Res. Exp. 153, 91-111.
Papava, D., Devdariani, E. & Ageev, V. 1971: The results of geological survey and structural drilling within the eastern
subsidence zone of the Achara-Trialeti folded system. Funds of Geological Department of Georgia
Uchman, A. & Wetzel, A. 2012: Deep-sea fans. In: Bromley, R. G. & Knaust, D. (Eds.), Trace Fossils as Indicators of
Sedimentary Environments. Developments in Sedimentology 64, 643-671. Elsevier, Amsterdam.
Zavala C., Arcuri, M., Blanco Valiente, L., 2012. The importance of plant remains as a diagnostic criteria for the recognition
of ancient hyperpycnites. Revue de Paléobiologie 11, 457–469.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 3.+ 4.: Palaeontology + Stratigraphy

169

Symposium 3.+ 4.: Palaeontology + Stratigraphy

170

3.14
Diversity of USA Radiodonta
Stephen Pates1, Allison C. Daley2
1
2

Department of Zoology, University of Oxford, Oxford, OX2 6GG, United Kingdom (stephen.pates@zoo.ox.ac.uk)
Faculty of Geosciences and Environment, University of Lausanne, Sorge Géopolis, CH1015, Lausanne, Switzerland

Our understanding of large Cambrian pelagic predators, including radiodontans such as Anomalocaris, Hurdia, Peytoia and
Caryosyntrips has increased greatly over recent years (e.g. Daley et al. 2009). The bodyplan of a radiodontan includes a
segmented frontal appendage specialised for feeding, a circular mouthpart made of radial plates, a segmented body with
lateral flaps for movement, a pair of compound eyes, and an anterior sclerite. Recent work has identified radiodontans as
stem group arthropods, and shed light on the origin of the biramous limb, the compound eye and arthropod brain structure
(Paterson et al. 2011; Cong et al. 2014; Van Roy et al. 2015).
Radiodontans are often preserved disarticulated: as isolated frontal appendages, mouthparts, or carapace elements.
Frontal appendage morphology is often used to differentiate different species and genera, as well as to infer feeding style.
Most recent studies have focussed on the Chengjiant Biota (China), Emu Bay Shale (Australia) and Burgess Shale
(Canada). Radiodontans are also an important component of soft-bodied faunas from the Great Basin (Utah, Nevada, and
California) and the Kinzers Formation (Pennsylvania). These deposits offer an opportunity to study the evolution and
distribution of radiodontans at a local and regional level, and at high temporal resolution. These sites have also increased
our knowledge of the diversity of Radiodonta. Amongst other radiodontans, three species of Anomalocaris, one species of
Caryosyntrips, the youngest representative of Staneycaris and Tamisiocaris, and a new genus of hurdiid (Figure 1) are only
known from USA deposits.
Radiodontans from the USA show a trend that Anomalocarididae dominate in older sites, and Hurdiidae in younger sites.
Interpretation of the functional morphology of these radiodontans suggests that these taxa possessed a range of ecologies,
mirroring other, more famous, Cambrian Lagerstätten.

Figure 1. Hurdiid radiodontan from the Spence Shale Member, Langston Formation, Utah (Cambrian Series 3, Stage 5). Left: Closeup of
mouthparts with two frontal appendages and P-elements. Right: Complete specimen, showing elongated flaps, muscle blocks, midline,
neck flaps and head region.
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3.15
Body size of orthoconic cephalopods from the late Silurian and
Devonian of the Anti-Atlas (Morocco)
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Orthoconic cephalopods are very common, sometimes even dominant elements of marine Palaeozoic strata. As such, they
can be used to statistically adress palaeontological questions based on large numbers of specimens ( e.g., Wendt 1995).
Some orthocones are known to have reached very large sizes of up to 6 meters in length (Teichert & Kummel 1964, Klug et
al. 2015). However, usually only the extreme sizes are reported, so it is not possible to tell from the literature, whether the
average conch size increased as well. In our study we examined size distributions by measuring a large number of
specimens in consecutive layers in several locations in the Anti-Atlas of Morocco (Pohle & Klug 2017). Most of the included
specimens belong to the Orthocerida, a couple of them to the Pseudorthocerida and only very few to the Actinocerida,
Bactritida and Lituitida.
The results show that body size of orthoconic cephalopds was subject to considerable fluctuations in late Silurian to Late
Devonian sediments of the study area. The combination of measurements of diameters and apical angles allows the
reconstruction of their total conch size (length and volume), which revealed a strongly right-skewed size distribution with an
average length of 278 mm, while the largest Devonian actinocerids exceeded 2 m in length. Within the examined groups,
there is no uniform trend, but rather frequent fluctuations with maximum sizes in the late Lochkovian and early Emsian.
Body size decreased in times of global transgressions or extinction events (House 2002), while more stable periods are
mostly associated with a size increase. The relationship between body size and these events is further corroborated by the
strong correlation of conch size with gamma diversity and global δ13C values (Figure 1). A more enigmatic result is the
negative correlation between apical angle and septal diameter of orthocones, but this relationship is only observed when
their mean values are compared across beds.

Figure 1. Mean phragmocone diameter (dmax) of orthoconic cephalopods, showing its strong correlation to global δ13C values (Spearman’s
rank correlation rs = -0.76, P = 0.0003) and extinction events (vertical bars). Circles: samples of orthocones. Triangles: approximate global
mean δ13C –value at the same point in time. 1. Lau event., 2. Klonk event, 3. End-pesavis event, 4. Zlíchov event, 5. Chebbi event, 6.
Daleje event, 7. Choteč event, 8. Kačák event, 9. Taghanic event, 10. Kellwasser event, 11. Hangenberg event. Source: Pohle & Klug
(2017).
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3.16
A new specimen of Macrocnemus (Archosauromorpha:
Tanystropheidae) from the Middle Triassic of Monte San Giorgio,
Switzerland: implications for species recognition and palaeogeography
of the group
Torsten M. Scheyer1, Vivien P. Jaquier1, Nicholas C. Fraser2 & Heinz Furrer1
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During the past two decades, a wealth of marine and terrestrial reptiles, including protorosaurian archosauromorphs, has
been described from Triassic shales and limestones in southern China. Recovered from the eastern margin of the Tethys
Ocean, these forms often show remarkable similarities to taxa that were previously known and described only from Europe,
i.e., the western Tethyan margin. One protorosaurian taxon that is known from both the western (two species) and eastern
Tethyan province (one species) is the genus Macrocnemus with currently three recognized species. M. bassanii has been
found in the Middle Triassic Besano Formation and Meride Limestone (Late-Anisian – Early Ladinian) from the UNESCO
World Heritage Site Monte San Giorgio, Ticino, Switzerland (Peyer 1937; Rieppel 1989). The second species, M.
fuyuanensis, is so far known only from the Falang Formation (Ladinian), Yunnan Province, southern China (Li et al. 2007),
and the third species, M. obristi, was recently described from the Prosanto Formation (Early Ladinian) of the Ducan area,
Grisons, Switzerland (Fraser & Furrer 2013). At the moment, the forelimb (humerus/radius) and hind limb (tibia/femur)
ratios are the only criteria used for species recognition, whereas previously recognised discrete morphological characters
were found to be ambiguous and thus not able to separate the species (see discussion in Jiang et al. 2011 and Fraser &
Furrer 2013).
Recently a new specimen, PIMUZ T 1559, from the upper Besano Formation at Meride, Ticino, Switzerland, was prepared,
revealing a disarticulated skeleton which includes most of the cranium and lower jaw, pre-caudal vertebral column and ribs,
the forelimbs, and girdle elements. Unambiguously assignable to the genus Macrocnemus, it has particularly gracile
elongated cervical ribs, as well as a humerus/radius ratio that is comparable only to that of the specimens of M.
fuyuanensis from southern China, but not to the specimens from Europe. It thus implies the first recognition of the eastern
Tethyan species in Europe. The position and exquisite preservation of the clavicle and interclavicle in this specimen allows
a revision of the shoulder girdle of Macrocnemus when articulated, which also has implications for closely related
protorosaurian taxa, such as the long-necked Tanystropheus. Furthermore, differences in the shape and morphology of the
interclavicle might represent rare discrete characters that allow separation of the species M. bassanii and M. fuyuanensis.
In accordance with previous palaeogeographic scenarios we further propose that during the late Early Triassic,
tanystropheid reptiles first evolved from their Late Permian and Early Triassic ancestors in central Pangaea and then
dispersed along the western margin of the Tethys Ocean, before spreading to the eastern margins of the Tethys during the
Middle Triassic. The dispersal to what is now North America started only later, during the early Late Triassic.
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Palynology of Triassic–Jurassic boundary sections in Northern
Switzerland
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Palynological associations are used to refine the dating of Upper Triassic deposits of northern Switzerland. Spore-pollen
and dinoflagellate records are documented from the upper part of the Upper Triassic Klettgau Formation and the lower part
of the Lower Jurassic Staffelegg Formation.
Several Triassic–Jurassic boundary sections (drill cores, outcrops) were studied and five informal palynological associations
are described. The correlation of these associations with successions in the Central European Epicontinental Basin and the
Tethyan realm provides a biostratigraphic framework for the uppermost Triassic sediments in northern Switzerland.
Throughout the uppermost Triassic to Jurassic sections a remarkable prominence of Classopollis spp. is observed. Besides
Classopollis spp. the three palynological associations of the upper part of the Klettgau Formation (Gruhalde and Belchen
Member) include typical Rhaetian spore-pollen and dinoflagellate taxa (e.g., Rhaetipollis germanicus, Geopollis zwolinskae,
Rhaetogonyaulax rhaetica, and Dapcodinium priscum).
The relative abundance of the sporomorph taxa such as Perinopollenites spp. differs significantly in these three Rhaetian
associations. Spore diversity is highest in the late Rhaetian palynological association and relative abundance of spores is
also increased. In contrast to the Rhaetian palynological associations the Hettangian to Sinemurian associations include
Pinuspollenites spp., Trachysporites fuscus, and Ischyosporites variegatus.
The changes in relative abundances of prominent sporomorph taxa indicate palaeoenvironmental changes throughout the
studied succession. These are interpreted applying the sporomorph ecogroup model by Abbink et al. (2004).
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3.18
Reconstructing life history from the fossil record – the case of
Pleistocene cave bears
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The understanding of the biology of past life is one of the main goals of paleontology. Cave bears are an especially suitable
subject to use diverse approaches to reconstruct the biology of extinct vertebrates, due to their abundance in the fossil
record and their exceptionally well preserved remains of many ontogenetic stages. Here, I present a comprehensive
dataset of 412 skulls, 95 teeth, 77 bones, and tooth eruption data used to infer different aspects of life history evolution of
cave bears in a phylogenetic context.
The endocranial volume and body size inferred from the skulls of ten extant and extinct ursid species clearly evidence the
small relative brain size of cave bears. By incorporating diet and dormancy data for the investigated bear species, I
discovered a significant effect of these two variables on brain size. An ancestral stage reconstruction based on a Brownian
motion model of evolution resulted in a decoupled pace of brain and body size in the evolution of cave bears (Veitschegger
2007).
Data collected from tooth cementum lines evidences the long life span of cave bears up to 30 years, which is longer than
most extant bear species can reach in the wild. The relative emergence pattern of replacement teeth compared to molar
tooth eruption shows a heterochronic shift in the eruption of p4. This tooth emerges later in cave bears than in brown bears,
which indicates a faster life history in the former (Veitschegger and Sánchez-Villagra in prep.).
Bone histology can be used to directly infer the growth rate of cave bears by investigating the microstructure as well as
measuring the distance between lines of arrested growth (LAGs), which are produced yearly (Figure 1). Cave bears show a
high growth rate comparable to polar bears and reached skeletal maturity late in life, around the age of 12 years. They
likely reached sexual maturity between the age of 4 – 6 years. By binning the growth rate data according to the entrance
altitute of the 23 cave sites represented in the dataset, I showed that the growth rate of cave bears is not influenced by
body size trends found in high-alpine populations. Thus, the smaller high-alpine cave bears exhibit the same growth rate as
their lowland counterparts (Veitschegger et al. submitted).
The life history implications based on brain size are that cave bears had a small birth and weaning mass as well as a long
gestation time and large litter sizes. Bone histology and relative replacement tooth emergence additionally evidence a fast
paced growth for this species. Finally, by investigating the tooth cementum of cave bears, I established a minimum
longevity for this species (Veitschegger 2007, Veitschegger et al. submitted, Veitschegger and Sánchez-Villagra in prep.)
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Figure 1. Histology of the anterior part of the femur midshaft of cave bears from Gamssulzen cave, Austria. Warm colours indicate fast
growth, cold colours slow growth. Growth slows down from interior to outer part of the cortex. Indicated with white arrows are lines of
arrested growth, which are deposited in yearly cycles. In green the boarder to outer circumferential layer, which indicates skeletal maturity
and thus the cessation of growth (photograph by Kristof Veitschegger).
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A new high-resolution C-isotope chemostratigraphic correlation through
the Aalenian Opalinus Clay - from Mont Terri to Northeastern
Switzerland
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The formation Opalinus Clay, mainly deposited during the Early Aalenian (Opalinum Zone), consists of dark grey to black
calcareous and sandy claystone and has a relatively homogeneous composition. Based on the mineralogy and grain-size,
the Opalinus Clay, however can be further divided into sub-units. The extent of these sub seismic-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 and for that not only a compositional but also a
chronological differentiation is needed.
Biostratigraphy based on ammonites and palynomorphs is a frequently applied method to establish a chronology in these
clay rich Mesozoic sediments (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 we established a high-resolution carbon isotope stratigraphy measured on carbonates as well as on organic
matter. The newly established C-isotope chemostratigraphy shows several distinct negative and positive excursions during
the latest Toarcian (Aalensis Zone) to Early Aalenian (Opalinum Zone) time interval which can be followed throughout the
drill cores from Mont Terri, Schafisheim, Riniken, Beznau, Weiach, Benken to Schlattingen-1 over about 120 km.
A stepwise negative excursion can be seen in the lowermost Opalinus Clay in the Opalinum Subzone of the Opalinum
Zone. A second excursion with an increase of values can be seen in the uppermost part of the Opalinus Clay succession in
the Comptum Subzone of the Opalinum Zone. The newly established high-resolution C-isotope correlation allows to
investigate the timing of several calcareous intervals and hardgrounds within the Opalinus Clay.
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Conventional geological mapping and stratigraphic analysis was applied to the eastern margin of the Pelagonian Zone in
order to unravel the Late Creteceous detrital record of the newly discovered Kallipetra Basin. Illite crystallinity, lowtemperature thermochronology, and fluid inclusion analysis helped provide new constraints on the tectonic evolution of the
Vardar Zone and the eastern Pelagonian Zone, as well as deciphering how these tectonics influenced the development of
the Kallipetra Basin.
Following ophiolitic obduction of the Vardar oceanic lithosphere at 155-130 Ma, and exhumation of the Pelagonian Gneiss
Dome at 116 Ma, the Kallipetra Basin was formed as a hybrid forearc- to foreland-type basin resting on the eroded Vardar
Ophiolitic Complex (VOC) and Pelagonian basement. The basin was elongated NW-SE, parallel to the suture of the
colliding Adriatic and European plates.
Subaerial erosion and fluvial transport provided the first sediments, serpentinite-rich conglomerates, to the initially shallow
sedimentary basin. As the basin progressively deepened, the slopes underwent frequent soft-sediment slumping, and mass
flows and Pelagonian olistoliths were deposited on the bottom slopes during instability. The Pelagonian continent was
positioned on the north-werstern flank of the basin, providing more quartz-rich material to the north-western slopes. The
basin experienced peak depths at the Cenomanian – Turonian boundary when distinct red and green marly limestones
were deposited, corresponding to OAE2 and peak global transgression. Shallowing of the Kallipetra Basin occurred in the
Turonian due to sedimentation, an increasing input of serpentinite-rich material from an approaching Vardar source in the
south, and global sea level fall.
Rudist mounds were constructed on shallow slopes that were sloping towards the north, away from the approaching VOC.
The bioherms have a core made principally of micrite and whole floating rudists (Hippurites), and the core is built on a
bioclastic breccia containing rudists, sponges, echinoderm fragments, serpentinite and quartz. The mounds are asymmetric
with steeper slopes on the southern flank. Flank deposits on the northern flank of the mounds consist of marls, or a series
of breccias and sandstones displaying an increasing content of serpentinite. Serpentinite breccias, originating from the VOC
positioned upslope, stack up against the steep southern flanks of the mound. Helvetoglobotruncana helvetica place
deposition of flank deposits around ~ 93 Ma and upwards.
After ~91 Ma, the VOC tectonically overrides the Kallipetra Basin. Shear heating and circulation of hot fluids created
greenschist conditions at the contact, and an inverted thermal profile in the Kallipetra Basin below the tectonic contact.
Apatite ages were reset. Extension occurred during the Oligocene to early Miocene, documented by a reset AFT age of
32.7 Ma, WNW-ESE trending normal faults, and NE-SW trending dextral strike slip faults.
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Tectono-Stratigraphy of The Cretaceous Shelf (Constantinois PlatformNE Algeria)
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The synthesis of stratigraphic and structural data of Constantinois limestone massifs has allowed the refining of the
southern Tellian series at nummilites stratigraphy and proposing a structural model. The most significant sites and less
disturbed by tectonics, are the Taxas syncline and southern flank of Guerioun massif, exactly at the Djebel Ras Rihane.
Also, at the level of Taxas syncline, and surmounting the hard ground which ended the Aptian neritic limestone, the marly
levels had provided Cenomanian microfauna: Favusella washitensis, Rotalipora appenninica, R. cushmani, R. brotzeni,
Hedbergella sp., and Praeglobotruncana stephani.
On the southern reverse of Djebel Ras Rihane, at the level of Chaabet Ras Chiboub notch, we can observe, on the hard
ground that terminates the Aptian nerititic limestones, a clayey Cenomonian over one hundred meters of thickness.
The samples from these clays have provided many Hedbergella, Rotalipora brotzeni, R. cushmani, R. globotruncanoides
and Praeglobotruncana gr. Stephani.
The top of these clays has provided Coniacian foraminifera and revamped Cenomanian rotalipora. The study of the
stratigraphic series of s neritic massifs allowed the refining of our predecessor’s results.
Also the yellow marls stratigraphically surmounting the terminal Aptian- basal Albian through a hard ground, represents the
Cenomanian-Turonian.
Microscopic analysis of samples from this hard ground highlights sedimentological phenomena that attest the emersion of
Constantinois platform during the terminal Aptian- basal Albian.
In the Constantinois limestone massifs, ‘’the southern Tellian units at Nummilites ‘’ represent the normal marly cover of
neritic limstones.
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Prolonged study of foraminifers in the Sarmatian sediments of Georgia (Maissuradze, 1971; Koiava, 2006; Maissuradze &
Koiava, 2011), made it possible to collect a rather rich factual data set indicating diversity, stratigraphic distribution and
significance of species of the genus Porosononion (Figure 1).
Analysis of the data indicates that in the Sarmatian basin of Georgia, genus Porosononion is represented by five species
and one subspecies. Three species: Porosononion granosum (d’Orbigny), Porosononion subgranosum subgranosum
(Eggery) and Porosononion martkobi (Bogdanowicz) are typical both to the Konkian and Sarmatian basins, which reduces
their stratigraphic value. The remaining two species: Porosononion aragviensis (O. Djanelidze), Porosononion hyalinum
(Bogdanowicz) and one subspecies Porosononion subgranosum umboelata (Gerke), however, are playing the significant
role in thebiostratigraphic subdivision of the region (Koiava et al., 2008; Koiava et al., 2016).
The subspecies Porosononion subgranosum umboelata (Gerke) occurs at the boundary between Veseliankian and
Volhynian regional substages and presents one of the index species in foraminifer complex, typical for the mentioned
stratigraphic level. Biozones, corresponding to the middle part of Bessarabian and upper part of Bessarabian, are known as
Porosononion aragviensis and Porosononion hyalinum. The first of them is defined according to the first appearance of the
species Porosononion aragviensis (O. Djanelidze) in foraminifer complexes, while the second is defined on the basis of the
dominance of Porosononion hyalinum (Bogdanowicz) in foraminifer complexes.
Therefore, it can be conlcuded that representatives of species of the genus Porosononion are rather numerous in the
Sarmatian sediments of Georgia and are playing the significant role in biostratigraphic subdivision of the Sarmatian
sediments of the region.
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Figure 1. The stratigraphic distribution of species of the genus Porosononion in the Sarmatian sediments of Georgia.
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Good pictures of palaeoenvironmental reconstructions are very in demand and useful for teaching, scientific publications or
popularization. Until recently, classical fossils or environments were mainly illustrated in two-dimensional pencil drawings.
The construction of the highway A16 in the Canton of Jura allowed us to collect a lot of fossils (∼ 40.000) between 2000
and 2012, and to have a better understanding of the excavated strata. The Late Kimmeridgian (∼155 Ma) beds were
extensively documented and studied (e.g. Comment et al. 2015; Püntener et al. 2017; Leuzinger et al. 2017). Thanks to this
rich palaeontological, sedimentological and geochemical data we are attempting to build and draw as faithfully as possible
a shallow marine carbonate platform environment.
We present a reconstruction of the palaeoenvironment of the Lower Virgula Marls (or “Marnes à virgula inférieures”) drawn
using high-resolution modern tools and taking into account scientific details.
Three pictures built with Blender software will be exhibited : A: fauna of the benthic domain, B: nekton in the epipelagic
zone and C: nekton on the top of the water column. These photographic snapshots are possible thanks to the overlapping
of all the intermediate studies made at the Paléontologie A16.
All environmental parameters take their meaning in the drawing. For example the depth: the highly diversified invertebrate
fauna indicates a soft substrate subtidal environment. The faunal assemblage indicates relatively deep water of more than
10 m water depth. At a depth of 10 m, the red and orange colors are already absorbed. The trophic level and turbidity of the
water also influence visibility. Then, each organism requires a preparatory work before its introduction into the final
palaeoenvironment. Let us exemplify the process by a well identified bivalve: Nanogyra (Palaeogyra) virgula. This small
ostreid is well described in the litterature (e.g. Koppka 2015). We need to find the best preserved specimen in our
collection. For the 3D picture, we scan several objects, smooth, sculpt and correct the digitalized fossil. We need to
understand their ecology: Nanogyra are epifaunal suspensivore feeders, gregareous and encrusters. It is necessary to
observe several specimens to understand their way of life. Finally, the designer imagines the animal’s soft parts and the
color of the shell.
The interest of digital drawing in three dimensions is to be able to modify, retouch and improve as science advances. The
perspectives of the marine environment are respected and the point of view of the camera can be moved. Organisms can
be reconstituted with high accuracy and may also be reused on their own or in other contexts.
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Figure 1. The reconstruction of the sea floor of the well known Lower Virgula Marls deposits in the Swiss Jura (Late
Kimmeridgian): semi-faunal, infaunal organism and nekton. (Design not finished).
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Anthropogenically induced eutrophication is a well-known phenomenon in lakes where the uncontrolled input of sewage
and fertilizers causes enhanced primary productivity which subsequently leads to oxygen depletion in the water column
upon degradation of settling organic matter. Bacteria adapted to anaerobic conditions flourish in such environments.
Magnetotactic Bacteria (MTB) are among these bacteria and they are often found in lakes.
MTB synthesize intracellular chains of nearly uniform particles that generally consist of magnetite (Fe3O4). The chain
arrangement generates a strong magnetic dipole like a compass needle that is used by MTB to navigate along the Earth’s
magnetic field. The magnetite particles, however, are relatively stable in comparison to surrounding cellular material, and
therefore, magnetite chains and their remains, denoted magnetofossils, have high preservation potential and can be used
as proxies for oxygen-depleted aquatic environments in geological systems.

Figure 1. a) Depth profile from Lake Constance subdivided into four distinct sections, b) magnetic susceptibility (), c) measured FMR
spectra (black curve) and their simulations (red curve).

In order to test if MTB can be an indicator of eutrophication and low oxygen conditions, we used a sediment core from Lake
Constance, where anthropogenic eutrophication is historically well documented. The sediment profile can be subdivided
into four sections (Fig.1). The black sediments of section II indicate the peak eutrophic state. Sections I and IV represents
deposition under a prevailing aerobic environment and section III records the transition from oligotrophic to eutrophic.
Corresponding magnetic susceptibility of the profile shows a maximum in the magnetic content close to the boundary
between sections I and II, followed by a continuous decrease with depth.
For the characterization of the magnetic content we use ferromagnetic resonance (FMR) spectroscopy, which is a powerful
tool to detect magnetic particles in a chain configuration, which is a feature unique to MTB. The FMR spectrum of a
sediment sample records the total magnetic content comprising different components which can be disentangled by
spectral separation (see Fig. 2). The experimental curve can be modelled with the superposition of three simulated spectra
that represent isolated magnetite particles and particles in chains differing in their length (Charilaou et al. 2011). The two
pronounced maxima of a simulated spectrum due to the uniaxiality of the chains, is the characteristic feature to identify
MTB.
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The measured spectra from sections I and II exhibit the characteristic MTB features, whereas the FMR signals from section
IV can be attributed to magnetite particles dispersed in the sediment (Fig.2). This suggests that simultaneously to the onset
of eutrophication, MTB began to flourish in Lake Constance. Considering the susceptibility data, the maximum
concentration of magnetofossils is found in the sediments that marking the onset of re-oligotrophication. This indicates that
the eutrophication driven bloom of MTB is time-delayed.

Figure.2. Comparison of the experimental with the fitted curve consisting of three simulated spectral components.

In summary, the occurrence of MTB remains in sedimentary archives has the potential to be used as inorganic magnetic
biomarker to infer environmental conditions in depositional environments.
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