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The Early Eocene Roda Sandstone is a shallow marine deltaic depositional system composed of mixed siliciclastic and
carbonate sediments deposited in the NE margin of the Tremp-Graus Basin, Southern Pyrenees, Spain. The sequence
stratigraphic architecture of this formation shows several episodes of deltaic progradation followed by carbonate
accumulation that have been classically ascribed to sea-level changes or hinterland tectonic pulses. However, the Early
Eocene was punctuated by significant climatic variations and carbon cycle perturbations now interpreted as so-called
“hyperthermal” events because of their association with important episodes of global warming. We here present the link
between these prominent early Eocene climatic signals and the stratigraphic evolution of the Roda formation in order to
explore landscape response to hyperthermals. We generated carbon and oxygen stable isotope profiles as well as major
and trace elements. Thanks to existing magnetostratigraphic constraints, the obtained isotopic profiles can be correlated
with target curves from ODP site 1258, which allows identifying the presence of five hyperthermals correlatable to the I1, I2,
J, ETM 3 and L events. Deltaic progradation is systematically correlated with these hyperthermals, while carbonate
deposition systematically occurs at the end of hyperthermals or in between. These results suggest that deltaic progradation
of the Roda formation could be related to increased sediment transport and continental weathering due to enhanced
hydrology during hyperthermals. Conversely, carbonate deposition could result from sediment “starvation” after
hyperthermal “clearing events”. If this is correct, unlike classical sequence stratigraphic models, our results imply that
deltaic progradation is primarily driven by climate-controlled sediment supply in a background of rising and high sea-level,
while carbonate deposition represents maximum flooding because of a lack of available clastic material in generally lower
sea-level stands.
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Dinoflagellate cysts are the group of choice for palynostratigraphical age dating of Middle Jurassic marine sediments. Rapid
evolution and wide distribution in marine sediments provide the means for palynostratigraphical age dating at an ultra high
resolution level.
In recent years a large series of core and outcrop sections have been studied for the National Cooperative for the Disposal
of Radioactive Waste (Nagra), for establishing a sound database on palynostratigraphical data for the Middle Jurassic
Dogger in northern Switzerland. These studies created one of the largest and comprehensive palynostratigraphical data set
for the Middle Jurassic in Central Europe. Dinoflagellate cyst first and last appearance events provide markers for age
dating the sediments at ultra high resolution down to ammonite zone levels, in some parts of the succession even to
subzone levels.
The palynostratigraphical research undertaken uses professional methods and software known from their application in the
oil industry such as Graphic Correlation. Dinoflagellate cyst first and last appearance datums (FAD’s and LAD’s) have been
used to create a Composite Standard for the region. Dates in the Composite Standard are correlated to ammonite
biostratigraphy and calibrated to the newest Geologic Time Scale GTS 2016 (Ogg et al. 2016). As the GTS provides
numerical age dates this allows for the interpretation of data in form of depth/age plots. Depth/age plots provide
sedimentation rates, illustrate shallowing upward cycles of different magnitudes and allow for an interpretation of the
succession in terms of sequence stratigraphy.
For fine-tuning of the Composite Standard in selected parts of the succession several outcrop sections have been studied
with direct ammonite age control (e.g. Feist-Burkhardt & Götz 2016).
In the talk we will explain the method of Graphic Correlation and illustrate the power of dinoflagellate cyst
palynostratigraphy in the Middle Jurassic of Switzerland.

Figure 1. Diagrammatic example of the graphic correlation procedure and interpretation (From Neal et al. 1995).
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Figure 2. Depth/age plot. Example from the Bajocian, Middle Jurassic, of the Weiach well showing a shallowing upward cycle.
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The Toarcian Oceanic Anoxic Event (T-OAE) (at ca. 183 Ma) of the Early Jurassic is characterized by a major perturbation
of the global carbon cycle, documented by a 5-8‰ shift in negative carbon isotopes followed by a positive carbon isotope
excursion (CIE) (Jenkyns, 2010). Some hundreds of thousands of years earlier, at the Pliensbachian-Toarcian (P-To)
boundary, a similar pattern of a minor (~1-2‰) negative CIE, followed by a positive shift can be observed in carbonates,
organic matter and fossil wood (e.g. Hesselbo et al., 2007; Jenkyns et al., 2002). This precursor of the T-OAE has not been
well analyzed so far, possibly due to the wide occurrence of gaps and condensations across the P-To boundary (e.g. Pittet
et al., 2014).
Chemostratigraphic and biostratigraphic correlations (δ13Ccarb) of a well-dated and complete slope-succession with the
adjacent carbonate platform sediments, spanning the uppermost Pliensbachian to the lower Toarcian OAE in Northern Italy,
allowed the development of a detailed stratigraphy to test the response of the carbonate factory to the P-To event and the
T-OAE. Numerical modelling of the negative CIEs of the P-To event and the T-OAE gave new insights on the duration of
these perturbations and the amount and source of carbon causing these shifts.
Starting from the latest Pliensbachian (hawskerense Subzone), a negative inorganic CIE of around -1.5‰, which was
assigned to the P-To event, was found in the slope and platform margin successions. Sligthly preceeding that one, the
carbonate platform records a crisis, which was caused by a drop of eustatic sea-level and the emersion of the platform,
likely associated with a icehouse climate. The negative CIE of the subsequent T-OAE is recorded in well-bedded, pelagic
limestones of the platform margin and inner platform, which document a maximum transgression at the onset of the
serpentinus. Modelling results suggest the negative CIEs at the P-To transition and the T-OAE had a duration of 250‘000
yrs and 400‘000 yrs, respectively, and mostly derive from volcanic sources. An increased proportion of isotopically light
methane carbon during the T-OAE with respect to the P-To is believed to have been the decisive factor to cause the greater
perturbation of the T-OAE, which had a much greater impact on the environment than the P-To event. The best fitting
models for the P-To event and the T-OAE propose that these negative CIEs can be generated by an input of 0.12 Gt C/yr
and 0.13 Gt C/yr, respectively, which is around 75 times less than today’s yearly global carbon emissions from fossil fuel (at
least 9.8 Gt C) (McGee, , https://www.co2.earth).
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The Nsungwe Formation, preserved in the Rukwa Rift Basin of the western branch of the East African Rift System in
Tanzania, records one of the most important late Paleogene fossil bearing units in Africa. This formation is particularly
important because it provides a rare snapshot into continental African ecosystems just prior to the Paleogene – Neogene
transition, when a combination of faunal interchange from Asia and major tectonic and environmental changes drastically
affected the East African landscape, climate, and biotas. Many of the most evolutionarily significant specimens from this
deposit, such as the earliest Old World monkey and ape fossils (Stevens et al., 2013), the oldest venomous elapsid snake
from mainland Africa (McCartney et al., 2014), the earliest evidence of the endemic frog family Ptychadenidae (Blackburn et
al., 2015), and a new hyaenodont (Borths and Stevens, 2017) among many other important faunal discoveries, come from
a single, taphonomically unique fossil locality known as Nsungwe 2B. We have undertaken a detailed taphonomic and
geologic investigation of this key fossil locality.
The Nsungwe 2B locality is found in the lower part of the Songwe Member of Nsungwe Formation, bracketed by two
carbonatite ash beds, which have been precisely dated via U-Pb CA-ID-TIMS to between 25.237 ± 0.098 and 25.214 ±
0.021 Ma (Stevens et al., 2013). The lower Songwe Member is characterized by repeating, upward fining successions that
display cyclical development of small ephemeral fluvial channel systems that grade upward into volcanic ash rich, semi-arid
lakes and wetlands. The Nsungwe 2B locality is located near the base of one of these depositional cycles in the fluvial
channel facies. However, this particular channel complex is situated in the most ash-rich part of the stratigraphy and is
sedimentologically distinctive. The fossil-bearing channel facies is characterized by a bentonitic, matrix supported
sandstone in which the sand-sized fraction is composed of >40% heavy minerals (by weight) that are dominated by
euhedral grains of phlogopite, titanite, andradite garnet, and rare pyrochlore. Fossils in this unit are more concentrated than
in any other bed throughout the formation, and are typified by disarticulated bone fragments up to 20 cm in length (typically
<6 cm in length), and small coprolites up to 2 cm in diameter by 4 cm long. We interpret the deposit as a volcanically
influenced hyperconcentrated flow, or lahar. Sedimentologic and paleontologic evidence suggests that this lahar or
hyperconcentrated flow moved across the landscape (north eastern rift flank) and into an ephemeral channel belt with
standing billabong-like ponds, where it likely concentrated the attritional remains of both aquatic and terrestrial animals into
a single bed. The lack of articulated remains suggests that although the deposit is quite unique, it was probably not a
catastrophic event. Elevated fossil preservation, particularly of coprolites, is the likely result of a combination of high
phosphate from the carbonatitic volcanic ashes, and the swelling nature of the bentonitic clays derived secondarily from the
carbonatite ash. These clays likely protected the fossils in this unit from later destruction by acidic groundwater. This and
other fossil localities in the Nsungwe Formation were deposited during the initial onset of East African rifting in the western
branch, and this unique fossil locality is no doubt linked to the onset of explosive alkaline volcanism.
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Superimposed on a globally warm world, hyperthermals are pronounced global warming events of relatively short duration
(< 50 kyrs) observed during the late Palaeocene and early to middle Eocene epochs (Sexton et al., 2011). Between 57.5
and 46.5 Ma, a total of 38 hyperthermals, recorded by important negative carbon isotopic excursions as well as peaks in
iron content, have been recognized in marine cores (Westerhold et al., 2018). The most prominent and best known
hyperthermal, both in amplitude and duration, is the extensively-studied Palaeocene-Eocene Thermal Maximum (PETM aka
ETM1) at 55.93 Ma, which triggered a substantial increase in continental runoff and an important turnover in mammalian
fossil assemblage (Slotnick et al. 2012). The analogy between past hyperthermal events and today’s anthropogenic climate
change has brought a lot of attention towards their study in the recent years. In particular, understanding Earth surface
response to such abrupt and extreme warming events is important to assess its potential future response to the current
perturbation.
However, while the study of hyperthermal records in marine successions is well established, the question of their
preservation potential, and hence record, in continental succession is a matter of debate (Foreman & Straub, 2017). Thus,
there is currently a significant lack of data on hyperthermal events in continental successions, despite their importance for
the prediction of Earth›s fluvial landscape response to climate change.
In this study, we take advantage of the well exposed fluviatile sedimentary succession of the early Eocene Castissent
Formation in the South Central Pyrenees, to generate a new isotopic record of early Eocene hyperthermals. Stable δ13C
profiles from pedogenetic carbonate nodules reveal the hyperthermal event “U” at ca 50 Ma and a robust correlation with
global δ13C profile. These data document a stepped δ13C negative excursion and a relative enrichment in immobile
elements (Zr, Ti, Al) in red beds, suggesting more intense weathering and/or longer exposed soils that we associate with
landscape stability during a short-lived climatic peaks (Sheldon & Tabor, 2009).
These results give an insight on a larger recognition of hyperthermal events in continental successions as well as the
preservation potential of such continental deposits.
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The Opalinus Clay (OPA) is a mudstone formation particularly known in Switzerland as being the selected host rock for
deep geological disposal of radioactive waste. In the northern Swiss Jura, the Opalinus Clay is overlain by the Passwang
Formation (PF). This alloformation is characterized by parasequences of sandy bioclastic marls and limestones, separated
by iron-oolitic beds (Burkhalter 1996). Both formations were interpreted as being deposited in a shallow epicontinental sea
covering central Europe during the late Toarcian to Early Bajocian (Ziegler 1990). The basal ooidal ironstone of the PF is
often used as a marker delimitating the OPA/PF formational boundary. This lithological transition is however diachronous
and shows a high lateral variability.
To unravel the different depositional and diagenetic processes controlling the heterogeneity of this transition, petrographic
data are combined with geochemical analyses (µXRF, XRF core scanning) on core material from different locations across
northern Switzerland.
Preliminary results evidence the strength of recording high-resolution, continuous elemental variations at high spatial
resolution along core sections for stratigraphical purposes. The µXRF and XRF core scanning data show coherent
correlations with the lithology. The data allow to reconstruct paleoenvironmental and depositional conditions, and to
disentangle diagenetic pathways. The use of non-destructive geochemical methods provides the means to understand
lateral heterogeneity in complex transition zones. Moreover, extensive high-resolution datasets over several core sections
allow enhanced statistical analyses extending the fields of application.
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The emergence of high-precision U-Pb geochronology made the quantification of rates of geological, sedimentary and
environmental processes possible. Presently best precisions allow resolution of processes at better than 100ka for the
entire Phaerozoic. With such resolution we can address questions concerning the rates of magmatic and ore forming
processes in the crust, calibrate precisely geological boundaries, and mass extinction events. The latter, is specifically
important because important environmental and faunal information is recoded in sediments. Unravelling the rates of
environmental and faunal chage in Earth’s history thus identify possible cause-effect relationships between volcanic activity
and mass extinctions through the demonstration of contemporaneity.
Here we show U-Pb geochronological data from the Jurassic/Cretaceous transition from two independent stratigraphic
sections, one in Argentina (Neuquén Basin) and one from Mexico (Eastern Sierra Madre Province). We identify a few
pitfalls when trying to correlate seemignly contemporaneous basin deposits over thousand kilometers. For instance, similar
faunal assemblages are diachronous, i.e., a Tithonian fauna assemblage in one section has the same age as Berriasian
fauna assembledge in the other. The diachroneity of FAD/LAD of key taxa creates assemblages that can emerge over a
protracted period of times, rather than being global and time-equivalent phenomena. This is especially important to keeep
in mind when defining stage boundaries, correlating disparate and presumably contemporaneous sedimentary sections, or
correlating biological markers to global geochemical cycles (e.g., of carbon), or to magnetic reversals. I closing, an accurate
geological time scale requires, in any case, an independent and quantitative geochronological calibration.
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In the Alpstein massif (cantons of Appenzell Auserrhoden, Appenzell Innerrhoden and St. Gallen, Switzerland), a complete
succession of uppermost Hauterivian to lower upper Barremian condensed hemipelagic series known as Tierwis Formation
crops out. The Tierwis Formation, which records several periods of major palaeoenvironmental change, comprises several
key surfaces with glauconite- or phosphate-rich beds associated to numerous ammonites. New discoveries of a large
number of ammonites from these levels allow for a precise biostratigraphic dating of these key surfaces and of their
associated palaeoenvironmental and palaeoecological events (Pictet, 2017). The Altmann Member is linked to the onset of
a glauconite-rich sedimentation and coincides with the Faraoni oceanic anoxic event (Cecca et al., 1994), and with a
prominent faunal radiation, and consecutive turnover (< 90%, Compagny et al., 2005). A remarkably increasing diversity
and abundance of epipelagic ammonites like the genera Crioceratites and Pseudothurmannia is found at the base of the
Altmann member. These ammonites are replaced by the Barremian genera Emericiceras and Barremites which are
dominant in the middle and upper part of the Altmann Member. The transition between the Altmann and Drusberg members
is marked by a polyzonal phosphatic conglomerate or/and by the onset of a marly limestone sedimentation which coincides
with the mid-Barremian event (Coccioni et al., 2003) and with a prominent faunal turnover (e.g. Vermeulen, 2005). The
above mentioned Barremian ammonites are replaced by diversified Ancyloceratidae, Desmoceratidae, Holcodiscidae and
Pulchellinae. The marly limestone alternation of Drusberg Member, which is in direct sedimentary continuation, is
intercalated with some poorly known condensed levels comprising ammonites as Desmoceratidae, Ancyloceratidae,
Hemihoplitidae and Pulchellinae. The Schattenkalk carbonate platform, which overlies the Tierwis Formation, shows a
diachronous late Barremian onset following a SE-ward progradation. Despite its very shallow facies, rare ex situ ammonites
(Ancyloceratidae) from the outer and deeper parts of the platform were revised and indicate a latest Barremian age.
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Figure 1. Biostratigraphy of ammonites and aqmes of the Tierwis and Schrattenkalk formations.
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Following the Permian-Triassic boundary mass extinction (PTBME), the Early Triassic is characterized by large and
recurrent perturbations of the global carbon cycle that are associated with radiation and extinction pulses of marine
nektonic organisms and deep ecological turnovers of terrestrial plants. The most drastic setback of the taxonomic diversity
of ammonoids and conodonts occurred during the late Smithian, possibly reaching into the base of the early Spathian. A
gradual and protracted global positive CIE spanned the entire late Smithian and culminated in the basal early Spathian. The
precise radio-isotopic age calibration of the successive biotic events that led to the extinction climax during latest Smithian,
the carbon budget, and other environmental proxies are established here for the first time.
Only the oxygen isotope record previously measured from condonts led to infer that the late Smithian was “lethally” hot and
supposedly accompanied by an equatorial eclipse of marine vertebrate, as well as by an alleged global peak of anoxia.
However, there is mounting evidence that marine and terrestrial biochronological, paleoecological, stratigraphical and
geochemical data consitently converge toward a swap between greenhouse and icehouses states during the early late
Smithian. A reliable U-Pb age calibration of the extinction phases and of the environmetal proxies is pivotal for sorting out
the underlying mechanisms and hence, the respective merits of the two scenarios.
We present here new high precision, chemical abrasion, isotope dilution, thermal ionization mass spectrometry (CA-IDTIMS) U-Pb ages from single zircon crystals at the <100ka precision level. These were recovered from closely spaced
volcanic ash layers distributed from the midlle Smithian to the early Spathian in four sections of the Luolou Formation in the
Nanpanjiang Basin (South China). These new sections also benefit from a new robust biochronological scheme based on
conodont Unitary Asociations coupled to preliminary ammonoid Unitary Association zones. The new U-Pb ages are
integrated into a Bayesian age-depth model that allows precise and reproducible interpolation of the age of the SmithianSpathian boundary, the duration of the positive CIE, and other events. The age model also allows assessing the duration of
the gap at the substage boundary in the Luolou Fm., thus confirming the worldwide distribution of this remarkable hiatus
indicative of a global sea-level fall.
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Nuclear waste has been a major challenge since the mid-20th century. In Switzerland, the National Cooperative for the
Disposal of Radioactive Waste (Nagra) plans to build a long-term nuclear waste repository within the Opalinus Clay.
Therefore, a detailed geological investigation of this formation and its confining units is of great importance. The Opalinus
Clay is an Early to Middle Jurassic mudstone, which is followed by the Passwang Fm, a parasequence consisting of sandy
bioclastic marls, limestone and iron-oolitic beds (Burkhalter 1996).
This study is focused on investigating the continuity of beds within the Passwang Fm and its transition from the underlying
Opalinus Clay in the Frickberg outcrop (Wohlwend et al. 2018). This was done by mapping and correlating beds in drone
images as well as measuring a spectral gamma-ray (SGR) signal on the outcrop itself with a GT-40S manufactured by
GeoRadis. The mapping shows that within the Brüggli Mb (upper Passwang Fm) a variation in thickness and facies of the
beds can be recognized. Towards the east of the outcrop discontinuous, wavy sublayers as well as soft sediment
deformation can be observed, which is not present in the western part. The SGR measurements reflect the lithologies,
particularly the dose rate signal. A correlation between the Th/K ratio and the occurrence of iron ooids can also be
observed.
Based on the mapped drone images one can conclude that the variation seen in the Brüggli Mb is the result of sediments
being reworked by currents and possibly influenced by a paleotopography. This conclusion coincides with the findings of
Bläsi et al. (2012) who investigated these sediments at a larger scale. It is also possible that synsedimentary tectonics
played a minor role (Burkhalter 1996, Wetzel et al. 2003). Furthermore this case study shows that the Th/K ratio could
potential be an indicator for iron oolithes.
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The sedimentary architecture in foreland basins can be used to reconstruct the basin’s geometry and its evolution. Altough the
development of the north Alpine foreland basin has been well examined (e.g. Allen et al., 1985), the controls on the 20 ma-old
Burdigalian transgression are not fully understood yet. Marine transgressions can occur either through tectonic, eustatic or
surface controlled mechanisms. Here, we explain through a stratigraphic approach the link between changes of the foreland
plate underlying the Swiss Molasse and the raise of the Aar-massif in the adjacent Alps, where delamination started c. 20 Ma
ago (Herwegh et al., 2017). We focus on the deposition of the Upper Marine Molasse (OMM) at both proximal and distal sites.
We applied sedimentological techniques to obtain information about the (i) palaeodepositional environment and (ii) palaeoflow
direction, and to infer (iii) geometrical shifts of the foreland plate underlying the Molasse deposits.
Examinations at the eastern proximal basin margin revealed that the c. 19.9 Ma-old OMM starts with a 350 m-thick
sequence made up of parallel-laminated sandstones and cross-bedded sandstone-interbeds with basal scours and pebbly
lags. Based on these observations, we infer a near-coast, wave-dominated sedimentary environment. Discharge directions
derived from wave-ripple marks, cross-beds and transcurrent-laminations show a radial pattern with a dominant NE-directed
tendency. The overlying c. 19.3 Ma-old deposists consist of m-thick sandstone cross-beds, where individual foresets are
covered by current ripple-marks and mudrapes. This suggests a distinct change in the depositional environment towards a
tidal-dominated setting, where strong tidal currents in a lower shoreface- to offshore-environment were the dominate
sediment transport mechanims. Paleoflow directions suggest a W – E-directed transport, which then changed to a radial
pattern with a NW – NE-direction. The 900 m-thick sequence terminates with c. 18.3 Ma-old palaeosoils.
The sedimentary architecture of the western proximal basin margin differs from that in the east. In the west, the c. 350 m-thick
and 19.7 to 18.6 Ma-old suite starts with multiple stacks of 2 – 3 m high sigmoidal delta-clinoforms containing a pebbly lag at
their base. The overlying sandstones are cross-bedded and contain muddrapes. We interpret this stratigraphic archive as
deposits within an estuarine-environment with tidal influence. Similar to the east, discharge directions revealed a NE-directed
sediment transport, at least at the base of the section. The overlying c. 19.3 Ma-old suite comprises 5 m-thick sandstone
cross-beds superimposed by flow ripples and muddrapes. We interpret these deposits as sandwaves within an offshore, tidaldominated environment. Discharge directions show a W – E-striking sediment transport. However, compared to the situation in
the east, a NE-directed tendency is noticeable. The palaeoflow direction then changes to a N-directed orientation at the top of
the section, just before it ends with c. 18.9 Ma-old tidal sediments.
In the distal basin margin, seismostratigraphic investigations show that sedimentation started approximately at 19.3 Ma and
thus 0.5 myrs later than at the proximal sites. Also in the distal basin, sedimentation was characterized by the occurrence of
5 – 10 m-high fossiliferous cross-beds, which were deposited in an offshore environment. Discharge directions suggest a SWoriented sediment transport in the distal eastern part and a NE-oriented flow in the distal western part of the Molasse basin.
In summary, the stratigraphic archives allow us to reconstruct changes in the depositional setting from a wave-dominatedand estuarine-environment to a tidal-dominated-setting. At the proximal basin border, sediment flux predominantly occurred
towards the NE prior to 19.3 Ma. Sediment transport changed after c. 19.3 Ma to an axial orientation, and finally to a
northward transport at c. 18 Ma. At more distal sites, sedimentation started later. In addition, the distal eastern sites show a
NW-dominant transport, while distal western sites point towards the NE, both leading to a possible depocenter situated in
the front of the Aar-massif (Allen et al., 1985).
The sedimentological data implies that the Burdigalian transgression, which occurred at c. 20 – 19.3 Ma, was characterized
by a deepening and widening of the basin. Palaeoflow discharge directions suggest an incipient tilt of the basin axis from
the NE to the N, and then to the SW when the basin became filled. These changes in the depositional environment, the
palaeoflow and the basin’s geometry are considered to be linked with the 20 Ma-old delamination of the Aar-massif in the
adjacent Alps.
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Volcanic ash horizons (bentonites) have proven to be very useful marker beds (Rocholl et al. 2017) and chronostratigraphic
tie points within the mainly clastic sedimentation of the Middle Miocene Upper Freshwater Molasse. Four stratigraphically
distinct bentonite horizons are known from the sedimentary realm of the Hörnli alluvial fan of eastern Switzerland (Pavoni &
Schindler 1981), covering the time period of approximately 15.5 Ma to 14.2 Ma. (Urdorf, Küsnacht, Aeugstertal and
Leimbach).
In contrast, only one bentonite occurrence is known from the large Napf alluvial fan in western Switzerland. The so-called
Wohlhusen bentonite is located on the eastern flank of the Napf alluvial fan. M. Freimoser discovered the bentonite horizon
in two drill cores while drilling south of the village Wolhusen in 1978. Heavy minerals were extracted by F. Hofmann and
stored at the Natural History Museum of Berne. These mineral separates were used for age determinations on zircon using
CA-ID-TIMS U-Pb techniques.
Carefully selected zircon crystals were treated by chemical abrasion prior to dissolution. Single zircon grains were spiked
with an internationally calibrated Earthtime 202Pb-205Pb-233U-235U tracer solution, dissolved in HF-HNO3, and Pb and U
isolated through anion exchange chromatography. Isotopic analysis was carried out on a Triton thermal ionisation mass
spectrometer (Thermo Scientific) at University of Geneva, using a secondary electron multiplier in ion counting mode for Pb
and Faraday multicollection using high-resistance amplifiers for U. The dates were corrected for common Pb blank, isotope
fractionation during analysis, and initial 230Th disequilibrium. Accuracy and external reproducibility were controlled by means
of repeated analysis of a synthetic Earthtime solution and of natural reference zircons. Analytical techniques follow closely
those outlined in detail in Davies et al. (2017).
We suggest an age of 15.37 ± 0.01 Ma for the deposition of this bentonite, based on the youngest zircon. For this reason
we correlate the Wolhusen bentonite with the Urdorf bentonite of the Hörnli alluvial fan of eastern Switzerland (15.31 Ma ±
0.05 in Gubler 2009).
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