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8.1
Speleothem-based temperature reconstruction over the past 14000 
years from Milandre Cave, Switzerland

Stéphane Affolter1,2, Dominik Fleitmann3, Anamaria Häuselmann4 and Markus Leuenberger 1 

1Climate and Environmental Physics, Physics Institute, University of Bern, Switzerland (affolter@climate.unibe.ch)
2now at: International Foundation High Altitude Research Stations Jungfraujoch and Gornergrat, Bern, Switzerland
3Department of Environmental Sciences, Quaternary Geology, University of Basel, Switzerland
4Geological Institute, University of Bern, Switzerland

Stalagmites – a powerful continental archive – are able to provide essential knowledge about past climate variability. At the 
Climate and Environmental Physics Division of the University of Bern, we recently developed a method to extract microliter 
amounts of water from stalagmites and further analyse their water isotopes (Affolter et al., 2014). We applied this method to 
two stalagmites M6 and M8 from Milandre Cave, Jura Mountains. Due to physically constrained processes, water isotopes 
in modern precipitation at the study site are highly correlated to surface air temperatures, which allows us to transpose this 
relationship into the past and estimate the temperature variability of central Europe over the past 14000 years (Affolter et 
al., 2019).

The inferred temperature reconstruction shows a very similar pattern in the temperature evolution as the Greenland and the 
western Mediterranean Sea areas, and provides further evidence fro the existence of a Holocene Thermal maximum 
between approximately 10000 to 6000 years ago. In addition, our results also confirm a marked gradient in temperature 
between central and northern Europe during the early Holocene, making a discussion of a global temperature 
reconstruction difficult. Finally, our temperature reconstruction from Milandre Cave allows us to address the so-called 
“Holocene temperature conundrum” which describes a discrepancy between paleoclimate data and climate model 
simulation, which simulate a distinct warming during the Holocene. Our results suggest that seasonality in the proxy records 
is not the main cause for the conundrum.

REFERENCES 
Affolter, S., A. D. Häuselmann, D. Fleitmann, R. Lawrence Edwards, H. Cheng, M. Leuenberger, “Central Europe 

temperature constrained by speleothem fluid inclusion water isotopes over the past 14,000 years”, Science Advances, 5, 
2019.

Affolter, S., D. Fleitmann, M. Leuenberger, “New online method for water isotope analysis of speleothem fluid inclusions 
using laser absorption spectroscopy (WS-CRDS)”, Climate of the Past, 10, 1291-1304, 2014.
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8.2
Toward community predictions: multi-scale modelling of mountain 
breeding birds’ habitat suitability and landscape preferences

N. Amini Tehrani1, B. Naimi1, M. Jaboyedoff1    

1Faculty of Geosciences and Environment, University of Lausanne, CH–1015 Lausanne, Switzerland  
 (Nasrin.AminiTehrani@unil.ch) 
1Faculty of Science, Institute   for Biodiversity and Ecosystem Dynamics, University of Amsterdam, 1090 GE Amsterdam 
1Faculty of Geosciences and Environment, University of Lausanne, CH–1015 Lausanne, Switzerland

It is important and challenging to model the fine-scale uncertainties in distributions of highly mobile species such as birds. 
Across a large mountain area of the western Swiss Alps, we used occurrence data (presence-only points) of bird species to 
find suitable modelling solutions and build reliable distribution maps to deal with biodiversity and conservation necessities of 
bird species at finer scales. To know better, how bird species and their complex environment interact, we have performed a 
multi-scale modelling method using focal variables in different scales to evaluate the efficient scale of each environmental 
predictor where they are influential. We used 12 neighboring window sizes (0.1 to 5 km) to explore the effect of species‐
specific scales of influence of each variable, and then to identify the best radius for each focal variable (land cover and land 
use), we fitted univariate models for each species to identify the most efficient scale of influence of each predictor. The final 
set of variables obtained from the previous stage was then employed to build ensemble of small models (ESMs) at a fine 
spatial resolution of 100 m and generate species distribution maps as conservation tools for nature practitioners. We could 
build useful habitat suitability models for the three groups of species (all the 91-bird species, species listed as least concern 
(LC), near threatened (NT) and as Vulnerable (VU), Endangered (EN)) in the national red list. Our results are consistent 
with this finding that, in general, the most important variables were in the group of bioclimatic variables including “Bio11”= 
Mean Temperature of Coldest Quarter, and “Bio 4”= Temperature Seasonality, then in the focal variables including “Forest”, 
“Orchard”, and “Agriculture area” that linked to forest structures such as tree and vegetation covers. Distribution maps are 
useful to identify most threatened species and their area and to optimize conservation efforts for identifying bird hotspots 
and ESMs present a powerful strategy for a better understanding of ecology and distribution of bird species in a complex 
and heterogeneous area. 
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8.3
Bottom water oxigenation across a transect in the SW Indian Ocean 
since the last glacial inception

H. Eri Amsler1, Minoru Ikehara2, Walter Geibert3, Gerhard Kuhn3, Samuel L. Jaccard

1University of Bern, Institute of Geological Sciences and Oeschger Centre for Climate Change Research, Bern,  
 Switzerland (helen-eri.amsler@geo.unibe.ch)
2Center for Advanced Marine Core Research, Kochi University
3Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung, Bremerhaven, Germany 

On glacial-interglacial timescales the Southern Ocean plays a major role in modulating climate oscillations. On the one 
hand upwelling and outcropping of nutrient-rich deep water releases CO2 to the atmosphere while on the other hand 
atmospheric CO2 is taken up by phytoplankton and sequestered in the deep ocean [1]. Varying the balance between these 
processes can directly affect the storage of respiratory carbon in the ocean interior. This is reflected in the concentration of 
dissolved oxygen in deep water. Bulk sedimentary authigenic uranium (auth.U) is a useful tracer for oxygenation in marine 
sediments and can help document temporal changes in bottom water oxygenation resulting from changes in circulation 
and/or export production.

Here we present auth. U records from marine sediment cores spanning a meridional transect in the Indian sector of the 
Southern Ocean, a region that has yet received little attention. Increased sedimentary accumulation of auth. U. during the 
last ice age in all cores suggests that the deep southern Indian Ocean was more poorly ventilated and thus contributed to 
sequester remineralized carbon away from the atmophere. These observations support previous findings suggesting that 
the Southern Ocean played a dominant role in the partitioning of CO2 between the subsurface ocean and the atmosphere 
during the last ice age.

REFERENCES 
[1] Sigman, D. M. & Boyle, E. A. 2000: Glacial/interglacial variations in atmospheric carbon dioxide. Nature 407, 859-869.
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8.4
Using chironomids to assess Lateglacial climate evolution in at 
Burgäschisee, Switzerland  

Alexander Bolland1,2, Fabian Rey1,2, Willy Tinner2, Oliver Heiri 1,2

1Geoecology, Department of Environmental Sciences, University of Basel, Switzerland  
 (alexanderwilliam.bolland@unibas.ch)
2Institute of Plant Sciences & Oeschger Centre for Climate Change Research, University of Bern, Switzerland

Chironomid-based temperature reconstructions which extend back into the Early Lateglacial prior to 14,700 cal BP in 
central Europe are few, and none are reliably dated in northern Switzerland. New pollen evidence displaying Early 
Lateglacial warming in the Swiss Plateau lowlands as early as 16,000 cal BP (Rey et al 2017) exemplifies this knowledge 
gap. Currently the only temperature reconstructions available for comparison can be found South of the Alps (Samartin et al 
2012). Therefore, the production of a new well temporally constrained chironomid assemblage record for northern 
Switzerland is essential. The information derived from this new record will contribute to our understanding of Early 
Lateglacial environment and climate evolution on the Swiss Plateau which can then be used to corroborate the new 
observations of Early Lateglacial warming derived from pollen and macrofossil data.  

Chironomids have been sampled from lake sediments retrieved from Burgäschisee, a small, well studied lake on the Swiss 
Plateau. Pollen analysis from Burgäschisee has shown vegetational turnover during the Early Lateglacial at 16,000 cal BP 
(Rey et al 2017) which describes the transition from tundra to shrub tundra prior to the onset of the Bölling interstadial (ca. 
14,700 cal BP). Here, in parallel, we present the first well dated chironomid assemblage record for the Swiss Plateau Early 
Lateglacial on a centennial scale, and explore lake and climate development for the period 14,000 - 18,000 cal BP. The 
results indicate that the cold stenothermic taxa Sergentia coracina-type dominated the chironomid assemblage throughout 
the period preceding the Bölling warming. Despite the persistence dominance of Sergentia coracina-type there are changes 
observed in the sub dominant chironomid taxa, with cold stenotherms such as Paratanytarsus austriacus-type and 
Micropsectra radialis-type becoming less abundant and replaced with types indicative of warmer conditions such as 
Dicrotendipes nervosus-type. These changes are concurrent with the vegetational shift from tundra to shrub-tundra at 
16,000 cal BP in the Burgäschisee record. Furthermore these results are coeval with results from South of the Alps at Lago 
di Origlio in the Ticino lowlands, which show pollen-inferred afforestation and chironomid-inferred warming (Samartin et al 
2012). This implies that there was circum-alpine climatic warming after the end of Heinrich Event 1 which was substantial 
enough to release major vegetation reorganizations. 

REFERENCES  
Rey, F., Gobet, E., van Leeuwen, J. F. N., Gilli, A., van Raden, U. J., Hafner, A., Wey, O., Rhiner, J., Schmocker, D., Zünd, J., 

& Tinner, W. 2017: Vegetational and agricultural dynamics at Burgäschisee (Swiss Plateau) recorded for 18,700 years by 
multi-proxy evidence from partly varved sediments. Veg Hist Archaeobot 26(6), 571–86.

Samartin, S., Heiri, O., Lotter, A. F., & Tinner, W. 2012: Climate warming and vegetation response after Heinrich event 1 
(16,700–16,000 cal yr BP) in Europe south of the Alps. Clim Past 8, 1913–1927.
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8.5
Paleoenvironmental reconstruction of the Amburnex paleolake 
(Switzerland) during the Late Glacial and the Holocene.

Brahimsamba Bomou1, Anne-Marie Rachoud-Schneider2, Jorge Spangenberg1, Marina Gärtner3, Jean-Nicolas Haas3, 
Thierry Adatte1

1Institute of Earth Sciences, University of Lausanne, Unil-Mouline, Geopolis, 1015 Lausanne, Switzerland  
 (brahimsamba.bomou@unil.ch)
2Musée et Jardins botaniques cantonaux, Av. de Cour 14bis, 1007 Lausanne, Switzerland
3Department of Botany, University of Innsbruck, Sternwartestrasse 15, 6020 Innsbruck, Austria

Created by the retreat of a Würm ice sheet, numerous glacial paleolakes took place in the Western Swiss Jura. One of 
them, in the Amburnex Valley, have evolved in well-developed peatland which is a humid zone ecosystem particularly 
vulnerable to current climate change. During the Late Glacial period, this peatland was a glacial lake characterized by a 
significant accumulation of lacustrine sediment deposits.

Using a multiproxy approach, this project aims to reconstruct the paleoclimatic and the paleoenvironmental evolution 
recorded in lacustrine sediments and peatbog deposits since the last 13’000 years, and to investigate if major volcanic 
episodes have been recorded throughout this period.

High resolution analyses have been performed at cm-scale on a 7 m-thick sedimentary core. Starting with a morainic 
deposit from the Würm period, this core shows three meters of lacustrine deposits overlain by four meters of peatland 
deposits. 

A multiproxy approach based on palynological analyses, grain-size analyses, mineralogical analyses (XRD) and 
geochemical analyses (TOC, Nitrogen, Phosphorus and Mercury contents; major and trace elements; organic carbon 
isotopes) have been used to characterize the hydrological and climatic fluctuations, the trophic level and the origin of 
organic matter in order to reconstruct the paleoenvironmental and paleoclimatic evolution in this area. Mercury anomalies 
recorded in the sediment can be a robust tracer of volcanic activity in absence of tephra layers. The latter are indeed not 
always well preserved in sediments due to mineralogical transformation, Hg anomalies could therefore be a reliable tool to 
characterize atmospheric volcanism fallouts such as the Laacher See Tephra event (Eifel, Germany), the Icelandic tephra 
(Iceland), the Italian Volcanic Province tephra (Italy) and the Puy de la Nugère tephra (Massif Central, France).
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8.6
Land use and land cover changes in western Serengeti over the past 
few hundred years

Colin Courtney-Mustaph

Geoecology, University of Basel, Klingelbergstrasse 27, 4056 Basel, Switzerland
(colin.courtney-mustaphi@unibas.ch)

Tropical savannah ecosystems are highly dynamic systems that experience rapid changes in vegetation cover due to 
interactions between climate, soil, fire and herbivory. Anthropogenic modifications and interventions have rapid and long-
lasting legacies on the landscapes. Several major changes have occurred over the past few centuries in northern Tanzania 
- including defaunation, increasing agricultural area, population increases, re-faunation and protected area designations, 
deforestation/afforestation, introduced species, topsoil erosion, and emerging pollutants. As part of a multidisciplinary 
project on trajectories of land use and land cover changes across the western Serengeti, Tanzania, we use Quaternary 
science approaches that couple palaeoenvironments with archaeology and historical ecology to generate a temporal 
context to modern changes. A lacustrine sediment core was collected in Speke’s Gulf, southern Lake Victoria, that was 
lead-210 dated using gamma spectroscopy and analysed for physical sedimentology, charcoal and pollen. The sediment 
core provides a record of land cover changes over the past 200 years and can be compared with local oral histories, 
colonial government records, historical maps and air photographs, and published datasets. Initial data shows a decreasing 
pattern of organic content in the sediments and decreasing clay content. Silts increase after the mid-nineteenth century, as 
populations increased, agricultural expansion continued, and deforestation may have contributed to increased erosion of 
several river systems flowing into the southeastern quadrant of Lake Victoria (see also Dutton et al., 2019 Sci of Total Env 
664: 148-160). The lake sediment record aggregates an environmental change signal from several ecosystem components, 
such as savannahs, riverine, woodlands and montane forests. European descriptions of the area emerge missionary 
workers in the mid1800s and from explorers and sporthunters from 1890s-1920s; mining prospectors 1920s-1960s, and 
park wardens and ecologists 1950s onward. Compiling local histories with palaeoenvironmental datasets improves the 
resolution and interpretation of the complementing datasets. The data adds to our understanding of regional land cover and 
land use changes in an area with several UNESCO world heritage sites, and competing yet lucrative land use activities 
(ecotourism, agriculture, and mining). 
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8.7
Cotencher cave: a site with an exceptional preserved sedimentary 
sequence recording Late Pleistocene climatic and environmental 
changes in Swiss Jura Mountains
Judit Deák1, Frank Preusser2, François-Xavier Chauvière1

1Office du patrimoine et d’archéologie Neuchâtel, section Archéologie, Laténium, espace Paul-Vouga, CH-2068 Hauterive  
 (judit.deak@ne.ch)
2Sedimentary Geology and Quaternary Research, Institute of Earth and Environmental Sciences, University of Freiburg

The heterometric and colorful sedimentary sequence of Cotencher cave (Jura Mountains, Neuchâtel) attracted the attention 
of scientific community since more than 150 years. This site is famous for its Mousterian archaeological finds and for animal 
remains belonging to more than 60 species: some of them already completely extinct (ex: Ursus spelaeus, Panthera leo 
spelea) ; others living in markedly colder environments compared to the ones prevailing in our region (ex: Rangifer 
tarandus, Vulpes lagopus); and some of them still living in the studied area (ex: Capra rupicapra, Capra ibex). 
Palaeontological, archaeological and geaorchaeological studies performed in the past highlighted already climatic changes 
recorded by palaeontological remains and by sediments preserved in this cavity. In addition, these investigations attempted 
already to link the observed feature with a complex history of glaciers passages in the region.

The geaorchaeological study carried out since 2016 in the frame of interdisciplinary Cotencher Project permitted recognition 
of a set of additional soil-sedimentary characteristics, that allowed a novel understanding of processes responsible for 
deposition of these sediments and their archaeological and palaeontological components. Our interdisciplinary study 
permitted also to unravel and date climatic events that where little or not documented in the studied regions. This is due to 
the fact that during the Last Glacial Maximum most of the formers sediments have been eroded. These results reinforce the 
reputation of the Cotencher cave as a place of exceptional preservation of natural processes and prehistoric human 
activities. 

REFERENCES 
Deák, J., Preusser, F., Cattin, M.-I., Castel, J.-C., and Chauvière, F.-X.: New data from the Middle Palaeolithic Cotencher 

cave (Swiss Jura): site formation, environment, and chronology, E&G Quaternary Sci. J., 67, 41–72, https://doi.
org/10.5194/egqsj-67-41-2019, 2019.
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8.8
Tracking the Pace of Landscape Evolution during the Deckenschotter 
Times  

Catharina Dieleman1, Marcus Christl2, Christof Vockenhuber2 & Naki Akçar1  

1Institut für Geologie, University of Bern, Baltzerstrasse 1+3, CH-3012 Bern (catharina.dieleman@geo.unibe.ch)
2Laboratory of Ion Beam Physics, ETH Zurich, Otto-Stern-Weg 5, 8093 Zurich

Swiss Deckenschotter document the landscape changes in the northern Alpine Foreland during the Early and Middle 
Pleistocene. They are characterised by a succession of glacio-fluvial sediments intercalated with glacial and/or overbank 
deposits (Graf, 1993). This succession has been separated into Höhere Deckenschotter (HDS) and Tiefere Deckenschotter 
(TDS) by a significant phase of incision (Graf and Müller, 1999). During the Quaternary, glaciers overrode the Swiss 
northern Alpine Foreland at least 13 times, of which the pace of eight advances can be tracked in the HDS and TDS 
sequences (Schlüchter, 1988). They have been for a long time correlated with the Günz and Mindel glaciation after Penck 
and Brückner. HDS were attributed to the Günz glaciation and TDS to the Mindel. The landscape evolution during the 
Deckenschotter time is still poorly understood as well as their chronology. Recently, HDS and TDS deposits were dated 
using depth-profile, burial and isochron-burial dating techniques and a new chronology has been established. This 
chronology suggests that HDS and TDS are around 2 Ma and around 1 Ma old, respectively (Akçar et al., 2014, 2017; 
Claude et al., 2017, 2019)Swiss Geological Society.The Swiss Deckenschotter (“cover gravels”. However, the existing 
chronology based on mammal fossils found in one site at Irchel, which are attributed to Neogene Mammal Zone 17 (2.5 – 
1.8 Ma; Bolliger et al., 1996) is challenged by the new one, since 2 Ma old deposits are located at the same 
morphostratigraphical position as 1 Ma old ones (Claude et al., 2019). Therefore, how far can the approach “same elevation 
means same age” explain the chronology? Within this context, we focus, in this study, on the Deckenschotter deposits at 
Irchel, the area around Mandach and Lake Constance, in order to reconstruct the timing of the Early and Middle 
Pleistocene glaciations with isochron-burial dating and to implement these results into a more complex landscape evolution 
model than thought so far. 

To achieve these goals, eleven new Deckenschotter sites were selected after a reconnaissance study in the field: three 
HDS sites at Irchel, three HDS and three TDS sites in the area around Mandach, as well as one HDS and one TDS site in 
the region of Lake Constance. We applied following strategy for sampling in the field: one sediment sample consisting of 
quartz pebbles and at least nine clasts of different sizes, shape and lithology per site were sampled. After the quartz 
isolation from these samples, five samples (with the lowest total Al concentration) and the sediment sample were further 
processed for the cosmogenic 10Be and 26Al analysis at the accelerator mass spectrometry facilities at ETH Zurich. In 
addition, sedimentology at the sampling sites will be analysed to reveal the sediment source, paleoflow regime, 
transportation mechanisms and depositional environment. First results will be presented. 

REFERENCES  
Akçar, N., Ivy-Ochs, S., Alfimov, V., Claude, A., Graf, H.R., Dehnert, A., Kubik, P.W., Rahn, M., Kuhlemann, J., Schlüchter, C. 
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M., Schlüchter, C. 2017: Isochron-burial dating of glaciofluvial deposits: First results from the Swiss Alps. Earth Surf. 
Process. Landforms 42, 2414–2425. https://doi.org/10.1002/esp.4201
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2017: Timing of early Quaternary gravel accumulation in the Swiss Alpine Foreland. Geomorphology 276, 71–85. https://
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8.9
Deformation features in glacially overridden karst: evidence for 
subglacial hydrofracturing?

Lukas Gegg1, Marius W. Buechi1, Andreas Ebert2, Gaudenz Deplazes3, Herfried Madritsch3, & Flavio S. Anselmetti1

1Institute of Geological Sciences & Oeschger Centre for Climate and Climate Change Research, University of Bern,  
 Baltzerstrasse 1+3, CH-3012 Bern (lukas.gegg@geo.unibe.ch)
2Geo Explorers AG, Wasserturmstrasse 1, CH-4410 Liestal
3National Cooperative for the Disposal of Radioactive Waste (Nagra), Hardstrasse 73, CH-5430 Wettingen

Water pressures at the ice-bed interface of warm-based and polythermal glaciers are known to undergo extreme fluctuations, 
e.g. during jökulhlaups. Consequently, evidence for the interaction of pressurized subglacial water with the bed substrate is 
well-known from modern and ancient subglacial settings (Van der Meer et al., 2009). We present what could be considered the 
expression of such an interaction below a Mid-Pleistocene glacial overdeepening in the Swiss Alpine foreland.
Our project investigates the overdeepened section of the Lower Aare Valley, at the confluence of the Aare with Reuss and 
Limmat. Right below the sedimentary infill of the valley, one of our scientific boreholes – QBO Gebenstorf-Brüel – recovered 
heavily karstified Jurassic limestones in a depth of >100 m (Fig. 1, Gegg et al., in prep.). The karst conduits are infilled by blue 
clay of presumably Eocene age (“Boluston”). Besides phenomena attributed to karstification, we observe an intense 
brecciation of the karstified limestone accompanied by the intrusion of the clayey karst filling into fractures of the cavity walls 
and microstructures indicative for viscous deformation in the clay matrix.
While a tectonic origin of these overprinting phenomena is quite likely considering the local setting (e.g. Miocene brittle faulting 
related to the formation of the adjacent Jura fold-and-thrust belt), our contribution will also discuss how these fracturing and 
injection features could relate to high-pressure water pulses at the former ice-bed contact in a major overdeepening.

Fig. 1: Karstified and brecciated limestone from drillhole Gebenstorf-Brüel (116.2-116.5 m depth)

REFERENCES 
Gegg, L., Kuster, A.M., Deplazes, G., Madritsch, H. & Buechi, M.W. (in prep.): Quaternary borehole QBO Gebenstorf-Brüel 

(QGBR) data report, Nagra Arbeitsbericht NAB 19-02.
Van der Meer, J.J.M., Kjær, K.H., Krüger, J., Rabassa, J. & Kilfeather, A.A. 2009: Under pressure: clastic dykes in glacial 

settings, Quaternary Science Reviews 28, p. 708-720. 
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8.10
A glimpse of the sedimentary history of the Rhine Valley, eastern 
Switzerland – new contribution from quartz OSL dating.

A.J. Heer1,°

1Institute of Geography, University of Bern, Hallerstrasse 12, CH-3012 Bern 
°Corresponding author; Email: heer@giub.unibe.ch; Telephone: 0041 79 607 5125;

At the 13th of October 2018 a fragment of late Roman belt plaque (“Propellerbeschlag”) was found in a construction pit in 
the small alpine town of Bad Ragaz, Rhine Valley, eastern Switzerland. The related sedimentary profile (from the top to the 
bottom) contained: loamy colluvium of loess origin, cross bedded sands and gravels of the Rhine River including 
intercalated smaller soil and colluvium layers; and finally massive, coarse gravels interpreted as sediments of the Late 
Glacial Rhine River. The presence of the belt plaque and the funds awarded from the Archaeological Survey of the Kanton 
St. Gallen, opened the unique opportunity to apply OSL dating to the sediments in order to contribute to better 
understanding of the postglacial landscape history of the Rhine Valley and of the human settlement after the glacial 
meltdown. Because it has been anticipated that incomplete bleaching may be an issue, loess sediment from neighbouring 
“Tiergarten” Rock in the Seez Valley was included in the dating. 

Based on a total of eleven OSL samples grouped in three profiles, two radiocarbon samples, the archaeological 
determination of the age of the belt plaque fragment and the known historical and pre-historical events in the Rhine and 
Seez Valleys, 16000 years of landscape history and up to 2000 years of human settlement had been confirmed in the 
research site by this study. To the extend known, this was the first application of the quartz OSL dating to the sediments in 
this part of the Rhine and Seez Valleys. In particular, the investigation of the loess revealed a thermally unstable medium 
component. The young colluvium samples were challenging due to the quartz’s low sensitivity and the often poor 
sediments’ bleaching. 

REFERENCES
Ivy-Ochs S. et al. 2008. Chronology of the last glacial cycle in the European Alps. JQS 23(6-67) 559-573
Heer A.J., Adamiec G., Moska P. 2012. How many grains are there on a single aliquot? Ancient TL Vol. 30 No. 1
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8.11
Impact of climate change on the conservation of paleolotihic paintings 
in caves   

Pierre-Yves Jeannin1, Frédéric Doumenc2, Beatrice Guerrier2

1Swiss Institute for Speleology and Karst-Studies, SISKA (pierre-yves.jeannin@isska.ch)
2Laboratoire FAST, Univ. Paris-Sud, CNRS, Université Paris-Saclay, F-91405, Orsay, France

Weathering processes in caves are weak and slow. Most usual weathering processes are in fact strongly reduced in fossil 
caves: no rain, no frost, no overheating by solar radiation, no vegetation, no light and UV, no life. Time is “stopped” in 
caves.
This is why many archaeological artifacts are found in caves all over the world. 
However, to what extent is it really true? Why some Paleolithic paintings are damaged or even disappeared? Are all caves 
really the same?

The answer is clearly “no”! Active caves (traversed by significant water fluxes) are exposed to some dissolution and 
erosion. Among fossil caves, there is a transition zone between the deep part of the cave (or of the karst massif) and the 
outside conditions (heterothermic zone). In this zone, condensation of air humidity on cave walls may be quite significant. It 
leads to the formation of a water film on the wall, which can dissolve the rock surface. This humid surface is also a 
favorable place for bacteria to develop. These microorganisms may influence the chemistry of the thin water film at the wall, 
possibly leading to more complex weathering processes. For example, vermiculations are patterns of particles formed on 
cave walls. Under some circumstances, particles “glued” on cave wall since “ever” (e.g. Paleolithic paintings) may migrate 
(damaging the paintings). This process threatens some of the paintings of Lascaux cave, and is thus being investigated in 
detail.

Condensation is controlled by the convection of outside air into the cave, which is defined by heat exchange between the 
respective temperature of the rock, of cave air and of outside air. 

Temperature contrasts always lead to condensation or evaporation conditions at cave walls. Long term simulations of rock 
and air temperature in Lascaux cave (France) indicates that, after a change in outside temperature, it takes at least 50 
years for the rock to be in equilibrium with the regional climate. During this period of time, more condensation than usual 
will take place, leading to more water, bacteria, dissolution and vermiculations… In other words, climate change seems to 
accelerate the weathering of some archaeological features in caves.
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8.12
Mapping bedrock topography of the Lower Aare valley using seismic 
surface waves

Lorenz Keller1, Giancarlo Dal Moro2, Thomas Spillmann3, Gaudenz Deplazes3, & Herfried Madritsch3

1roXplore gmbh, Oberfeldstrasse 6, CH-8514 Amlikon (lorenz@roxplore.ch)
2Eliosoft, IT-Udine
3Nagra, Hardstrasse 73, CH-5430 Wettingen

The knowledge of bedrock topography of glacially overdeepend Quaternary valleys provides important constraints to the 
layout of geological repositories for radioactive waste materials in Switzerland (Nagra, 2008). For this reason Nagra 
currently investigates these valleys at various locations including the Lower Aare Valley around the village of Gebenstorf 
where the Aare river dissects the Jura Mountains (cf. poster presentation by Gegg et al. 2019). It is a challenging 
exploration area with limited possiblities for drillings and difficult geophysical surveying conditions.

In spring 2019, we conducted a seismic 2D test survey in the area using combinations of active and passive surface wave 
data. Test objectives were (1) to validate seismic surface wave analyses methodologies for mapping bedrock topography 
below Quaternary deposits of up to 100 m thickness, and (2) optimising field parameters for a possible later extension of 
the survey. 

The exploitation of active and passive data collected by a single 3C sensor as well as by 2D geophone arrays facilitated the 
survey design in an area where geophysical surveying is challenged by rivers, transport infrastructure and dense 
population. The finally selected crooked-line layout consisted of three types of measurements:

(I) Ambient microtremor measurements at 38 evenly spaced stations.  
Each station provided a fundamental frequency from horizontal to vertical spectral ratio (H/V ratio) analyses.

(II) Active data (sledgehammer source and 3C geophone) on every 3rd station.  
Joint inversion of Rayleigh wave group velocity spectra and H/V ratio provided shear wave velocity information in 
the form of 1D depth profiles. 

(III) Ambient microtremor measurements with L-shaped geophone arrays (array dimension 90 x 190 m) over the 
central part of the Quaternary valley. The outcome of the array analyses are 1D shear wave velocity profiles with 
higher accuracy in areas with deeper Quaternary sediments.

Figure 1 shows the processed H/V ratio with picks of the fundamental frequency along the profile. The fundamental 
frequency is well constrained on sections where Quaternary sediments overlay Malm limestone. Ambiguous H/V ratios that 
appear in the eastern part of the line indicate that Molasse rocks (mainly silt-/sandstone, marl) between Malm limestone 
and Quaternary units likely influence our depth analyses.

We averaged the shear wave velocities of overlaying sediments in horizontal direction and used such mean shear wave 
velocities at each station to convert the peak frequency of the H/V curves to bedrock depths according to Roesset (1970). 
Obtained  depth estimations correspond very well with the base Quaternary depth of 65 m that was observed in the recent 
Gebenstorf-Vogelsang (QGVO; Gegg et al. 2019) borehole (Figure 1). This validation confirms a high accuracy of our 
bedrock depths in areas with high impedance contrast between bedrock and overlaying sediments. Ambiguities in our 
analyses may lead to inaccurate depth estimates in the eastern section of the test line (distance larger than 1000 m in 
Figure 1).

In conclusion, the surface wave measurements provided accurate constraints to the base of the Quaternary valley.
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Figure 1. Top: Normalized H/V ratio curves along the test line. 
Bottom: Reconstructed bedrock depths (red crosses) and a-priori bedrock model by Pietsch & Jordan (2014; green line).
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8.13
Late-glacial to Holocene sediment dynamics in high Alpine regions 
(Sanetsch Pass, Switzerland)  

Elena Serra1,2 Pierre G. Valla3,1,2 Natacha Gribenski1,2 Fabio Magrani1,2 Julien Carcaillet3 Reynald Delaloye4 Bernard 
Grobety4 Luc Braillard4

1Institute of Geological Sciences, University of Bern, Switzerland
2Oeschger Centre for Climate Change Research, University of Bern, Switzerland
3Institute of Earth Sciences, Univ. Grenoble Alpes, CNRS, Univ. Savoie Mt Blanc, IRD, IFSTTAR,, France
4Department of Geosciences, University of Fribourg, Switzerland
 (elena.serra@geo.unibe.ch)

Widespread loess deposits accumulated during the last glaciations in low-elevation regions of Europe, and are often used 
as paleo-environmental archives (e.g. Muhs, 2013; Martignier et al., 2015). High-elevation aeolian deposits occur also in 
the European Alps and the Jura Mountains where they have been interpreted as proxies for Late-glacial glacier retreat 
(Montandon, 1940; Spaltenstein, 1985). However, active geomorphic processes result in complex sediment dynamics within 
high Alpine regions which may prevent the direct use of such aeolian deposits as paleo-environmental indicators.

This study aims to deepen our understanding of pre- and post-depositional histories of high-altitude aeolian deposits 
located in formerly glaciated alpine settings. We focus on the Sanetsch Pass (Switzerland), where aeolian-like sediments 
were identified on a high-elevation platform covered by patterned ground (2680 m a.s.l.) as well as in the stratigraphy of an 
alluvial fan located in the fluvio-glacial plain at lower altitude (2100 m a.s.l.). Our multi-methodological approach, combining 
stratigraphy, sedimentology, micromorphology, mineralogy, geochemistry and geochronology (TCN and OSL), allows us to 
constrain the sediment provenance, the processes and timing of sediment deposition/reworking, and to propose a possible 
connectivity between the two investigated sites (i.e. sediment cascade). 

Our results suggest that the sediments from the high-elevation platform are a primary aeolian deposit with allochthonous 
origin, deposited before or during the Younger Dryas (YD, 12.9-11.6 ka ago) and then affected by cryoturbation. Following 
YD glacier retreat, widespread aeolian deposits in the Sanetsch area, bedrock derived and glacial deposits were 
transported away from the slopes and accumulated in the fluvio-glacial plain, rapidly building up alluvial fans (12.3-9.1 ka 
ago) that were periodically submerged by an ephemeral ice-dammed lake (10.6-10.1 ka ago). This paleo-environmental 
reconstruction highlights the complex sediment dynamics and potential post-deposition processes occurring in high-
elevation Alpine settings, making therefore aeolian sediments not immediately suitable as paleo-environmental proxies. 
Overall, this study demonstrates the importance of a multimethodological approach to reconstruct sediment dynamics and 
connectivity which may link distinct geomorphic landforms in high Alpine regions.

REFERENCES  
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8.14
Mediterranean rainfall variability and its phase relationship with the 
African monsoon – A 1.36 million year record from Lake Ohrid (N 
Macedonia & Albania) 

Hendrik Vogel1, Bernd Wagner2, Alexander Francke3, Tobias Friedrich4, Timme Donders5, Jack H. Lacey6,Melanie J. Leng, 
Eleonora Regattieri, Laura Sadori, Thomas Wilke, Giovanni Zanchetta, Christian Albrecht, Adele Bertini, Nathalie 
Combourieu-Nebout, Aleksandra Cvetkoska, Biagio Giaccio, Andon Grazhdani, Torsten Hauffe, Jens Holtvoeth, Sebastien 
Joannin, Elena Jovanovska, Janna Just, Katerina Kouli, Ilias Kousis, Andreas Koutsodendris, Sebastian Krastel, Markus 
Lagos, Niklas Leicher, Zlatko Levkov, Katja Lindhorst, Alessia Masi, Martin Melles, Anna M. Mercuri, Sebastien Nomade, 
Norbert Nowaczyk, Konstantinos Panagiotopoulos, Odile Peyron, Jane M. Reed, Leonardo Sagnotti, Gaia Sinopoli, Björn 
Stelbrink, Roberto Sulpizio, Axel Timmermann, Slavica Tofilovska, Paola Torri, Friederike Wagner-Cremer, Thomas Wonik & 
Xiaosen Zhang

1Institute of Geological Sciences & Oeschger Centre for Climate Change Research, University of Bern,  
 Baltzerstr. 1+3, 3012 Bern, Switzerland (hendrik.vogel@geo.unibe.ch)
2Institute of Geology and Mineralogy, University of Cologne, Germany
3School of Earth, Atmospheric, and Life Science, University of Wollongong, Wollongong, New South Wales, Australia 
4International Pacific Research Center, University of Hawaii at Manoa, Honolulu, HI, USA
5Palaeoecology, Department of Physical Geography, Utrecht University, Utrecht, The Netherlands
6National Environmental Isotope Facility, British Geological Survey, Nottingham, UK

Mediterranean climates are characterized by strong seasonal contrasts between dry summers and wet winters. Changes in 
winter rainfall are critical for the regional socioeconomic development but are difficult to simulate accurately and reconstruct 
on Quaternary timescales. This is partly because the underlying mechanisms of change and their persistence remain 
unexplored. 

A multinational science team co-sponsored by the ICDP recovered sedimentary drill core records from Lake Ohrid (N 
Macedonia, Albania) in 2013 capturing the entire sedimentary sucession. The DEEP record from the lake depocenter 
covers the past 1.36 Myrs continuously and sensitively records changes in the regions hydrology, thereby enabling the 
analysis of Mediterranean rainfall variability in response to different underlying orbital geometries, global ice volume and 
atmospheric greenhouse gas concentrations over multiple glacial–interglacial cycles. The record suggests that, over the 
past 1.36 Myrs, wet winters in the northcentral Mediterranean tend to occur with high contrasts in local, seasonal insolation 
and a vigorous North African summer monsoon. Our proxy time series from Lake Ohrid, together with a 784 kyr transient 
climate model hind cast, further suggests that increased sea-surface temperatures amplify local cyclogenesis while also 
refueling North Atlantic low-pressure systems that enter the Mediterranean during phases that are characterized by low 
continental ice volume and high atmospheric carbon dioxide concentrations. Comparison with modern reanalysis data 
shows that current drivers of the amount of rainfall in the Mediterranean share some similarities to those that drive the 
reconstructed increases in precipitation.
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8.15
Late-Quaternary inverted palaeochannels record high precipitation rates 
and episodic flooding in the Sahara: Implications for Holocene human 
dispersal
Abdallah S. Zaki a1, Mathieu Schusterb, Robert Giegengackc, Sanjeev Guptad, Negar Haghipoure, Georgina E. Kingf, Frédéric 
Hermanf, Mostafa El-wakilg, Hossam Khairyg, Salah Ahmedg, Saleh A. Eltayebh, Stephen E. Watkinsa, Sébastien Castelltorta

a1 Department of Earth Sciences, University of Geneva, Geneva, Switzerland. (Abdallah.zaki@etu.unige.ch)
b Institut de Physique du Globe de Strasbourg, UMR7516, CNRS, Strasbourg Cedex, France 
c Department of Earth & Environmental Science, University of Pennsylvania,   Philadelphia PA USA
d Department of Earth Sciences and Engineering, Imperial College London, UK
e Geological Institute, ETH Zürich, Zürich, Switzerland
f Institute of Earth Surface Dynamics, University of Lausanne, Lausanne, Switzerland
g Geological Survey of Egypt, Cairo, Egypt
h Department of Geology, University of Aswan, Aswan, Egypt

Palaeodischarge and sediment load estimates of the Nile River, cave speleothems, dust fluxes, fossil groundwater, and 
abrupt fluctuations of lake levels suggest climate oscillation during the Late Quaternary over the eastern Sahara (e.g., 
Foucault and Stanley, 1989; Hoffmann et al., 2016). In the southern part of the Egyptian Sahara, remnants of Late 
Quaternary rivers are well preserved as inverted river channels (Giegengack, 1968; Zaki and Giegengack, 2016) (Fig. 1). 
Artifacts and pottery shards collected from sediments deposited in these rivers indicate that they are of Late Quaternary 
ages. The objectives of this study are: (1) to estimate precipitation rates throughout the Late Quaternary climate oscillation 
based on palaeohydrologic reconstructions, through measurements of median grain sizes (D50) and channel geometries; 
and (2) to constrain the absolute ages of these rivers by employing 14C and Optically-Stimulated Luminescence dating 
(OSL). Our reconstructions of palaeoprecipitation values indicate that precipitation rates were in the range of 60 to 70 
(±17) mm/h (Fig. 1). These rates of precipitation are huge compared to modern analogs, including Brule River near 
Florence WI (0.152 mm/h) and Catherine Creek at Montour Falls (1.1. mm/h). Although one sample yielded a date of 
11,055 ± 107 years, the 14C ages of six samples collected from three of the paleochannels yielded ages of 7,097 ± 87 to 
8,839 ± 105 years for five samples. These ages coupled with estimates of precipitation rates provide quantitative support to 
the model of Kuper and Kröpelin (2006), according to which dispersal of human settlements from the southern part of the 
Egyptian Sahara to the northwestward 8,500 to 7,000 years ago was a direct response of a climatic perturbation towards 
hazardous environments. Potentially, our geochronological results define for the first time, the period over which such 
climatic conditions persisted, and prevented human reoccupation.
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Fig. 1. (a) Geological map of southern Egypt showing the distribution of inverted palaeorivers. Red dots indicate the selected inverted river 
channels. (b) Plots of D50 and calculated paleoslopes of the inverted palaeorivers in the context of real measurements from modern rivers. 
(c) Palaeoprecipitation rates based on computed drainage area over the inverted paleorivers, following Hack’s law. 
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Reconstructing the landscape evolution of Northern Switzerland using 
overdeepened glacial basins 

Marius W. Buechi1, Gaudenz Deplazes2, Lukas Gegg1, Angela Landgraf2, Herfried Madritsch2 & Flavio S. Anselmetti1 

1Institut für Geologie & Oeschger-Zentrum für Klimaforschung, Baltzerstrasse 1+3, 3012 Bern  
 (marius.buechi@geo.unibe.ch)
2Nagra, Hardstrasse 73, 5430 Wettingen

Glacial overdeepenings are excellent archives for the glaciation history and the Quaternary landscape evolution of Northern 
Switzerland. The spatial coverage of well-studied overdeepened basins, however, is low and the significance of these 
individual studies at a more regional scale remains to be clarified. We present the status and first results of an ongoing 
research project in which we investigate some of the most prominent overdeepened glacial basins between the Aare and 
Rhine Rivers in Northern Switzerland.

The investigations focus on two main research goals: 1) Refining the Middle to Late Pleistocene glaciation history of 
Northern Switzerland using a combination of the sedimentary archives in glacially overdeepened basins and former fluvial 
channels. 2) Identifying the mechanisms and controls of overdeepening subglacial erosion. We use a multi-method 
approach –  including geophysical methods and scientific drilling – to characterise the geometry, sedimentary infill and age 
of these overdeepenings. Furthermore, these data allow us to study the relationship of overdeepened basins with bedrock 
and other elements of the Quaternary glacial landsystem.
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Last Glacial Maximum glaciation in the Jura mountains 
Claudia Burkhalter1, Vincent Bichet2, Susan Ivy-Ochs3, Naki Akçar1

1Geologisches Institut, University of Bern, Baltzerstrasse 1+3, CH-3012 Bern (claudia.burkhalter@students.unibe.ch)
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During the Last Glacial Maximum (LGM; 22.1 ± 4.3 ka; Shakun and Carlson, 2010), a local ice-cap covered the Jura 
Mountains.  
Outlet glaciers advanced all the way down to the lowlands, and reached amongst others the valley d’Ain. Glaciers blocked 
the Ain River and caused the building of an ice-dammed lake in the valley. As the glacial geomorphic features and deposits 
have not been subjected to building, construction and/or production activities, they are well-preserved. LGM advance and 
deglaciation of the glaciers are geomorphologically well documented (J.F. Buoncristiani & M. Campy 2004, C. Kasse 2013). 
However, their chronology is only reconstructed indirectly, for instance, by analysing the palynology of the lacustrine 
deposits, counting of annual varves in the lake sediments and correlating the stable isotopes (e.g., δ18O) with the global 
marine isotope stages (J.F. Buoncristiani & M. Campy 2004)). 

The aim of this study is to explore the Late Pleistocene deposits and related geomorphologic features in the valley d’Ain in 
detail and to reconstruct the chronology of the glacio-lacustrine deposits. To reach this goal, a detailed geomorphological 
map will be prepared. In addition, detailed sedimentological analysis (grainsize distribution, clast petrography, morphometry 
and fabric)will be conducted to investigate the catchment area, transport mechanisms and depositional environment. In the 
end, the chronology of the sediments will be reconstructed by depth-profile dating with terrestrial cosmogenic nuclides.  
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Different lacustrine pockmark systems in Lake Thun, Switzerland, and 
their potential influence on the hydrological and biogeochemical budget 
of the lake
Adeline N.Y. Cojean1, Maciej Bartosiewicz2, Moritz F. Lehmann2, Katrina Kremer3 and Stefanie B. Wirth1

1Centre for Hydrogeology and Geothermics, University of Neuchatel, Rue Emile-Argand 11, CH-2000 Neuchâtel 
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2Department of Environmental Sciences, University of Basel, Bernoullistrasse 30, CH-4056 Basel
3Swiss Seismological Service (SED), ETH Zürich, Sonneggstrasse 5, CH-8006 Zürich

Pockmarks are crater-like depressions formed by upward transport of fluid and gas through the unconsolidated sediment 
column. The fluid flow through marine pockmarks is considered to enhance hydrological and biogeochemical exchanges 
between the water column and the seafloor. While a similar relevance can be expected in lakes, the importance of 
lacustrine pockmarks in this regard is virtually unexplored.

Lake Thun is an excellent system to study lacustrine pockmarks as it exhibits several sites with different sedimentological 
and biogeochemical regimes. The Daerligen pockmark site, which is located close to the mouth of the Aar river, is 
characterized by evident signs of methane (CH4) ebullition, and high CH4 concentration from ~2.4 to 8.9 mM within the 
sediments. At Tannmoos, spikes in electrical conductivity detected during a survey with a remotely operated vehicle (ROV) 
indicate a hydrological connection with the groundwater system in the Triassic bedrock. The third pockmark site is located 
adjacent to the rock wall of the Beatenberg karst system and might thus be associated with large groundwater discharge 
into the lake.

Further biogeochemical and molecular analyses (e.g. 16S rRNA sequencing) of the sediments and the water column will 
help to better assess the influence of methane emission and groundwater discharge via these pockmarks on the 
biogeochemistry and microbial community of the lake, as well as to expand our limited knowledge on the mechanism of 
lacustrine pockmarks in general. 



261

Sy
m

p
o

si
u

m
 8

: 
Q

u
at

er
n

ar
y 

en
vi

ro
n

m
en

ts

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2019

P 8.4
Evolution of fluvial environments and history of human settlements on 
the Ticino river alluvial plain

Dorota Czerski1, Luisa Mosetti2, Rossana Cardani Vergani2 & Michele Pellegrini2, Maruska Federici-Schenardi2, Mattia 
Gillioz2, Giorgio Nogara2, Cristian Scapozza1

1Istituto scienze della Terra, Scuola universitaria professionale della Svizzera italiana (SUPSI), Campus Trevano, CH-6952  
 Canobbio (dorota.czerski@supsi.ch, cristian.scapozza@supsi.ch)
2Sezione archeologia, Ufficio dei beni culturali del Cantone Ticino, Viale Stefano Franscini 30a, CH-6501 Bellinzona

In recent times many geomorphological and geoarchaeological studies were carried out at many locations on the Piano di 
Magadino (Scapozza & Opizzi, 2013). The age and stratigraphy of the deposits were determined using the radiocarbon 
dating method on organic matter debris and charcoals. This, combined with an accurate sedimentological characterization 
of the deposit, archaeological observations and dating, allowed interpreting the palaeoenvironmental conditions and 
depositional context for the studied sedimentary and archaeological sequences.

This contribution resumes dating and stratigraphy determined in the archeological sites in Progero (2’715’900/1’114’530, 
CH1903+ / LV95), Gudo (2’716’720/1’114’800; Figure 1) and Giubiasco–Palasio (2’721’902/1’114’942), for the last site the 
dating analysis is ongoing.

The observations together with other historical information (Scapozza, 2013) and results from other research projects on 
the Ticino river alluvial plain (Scapozza et al., 2017) highlighted eight phases of enhanced hydrosedimentary activity since 
the Bronze Age: 1500–1440 BC (Middle Bronze Age), 1285–760 BC (Late Bronze Age/Early Iron Age), 400–370 BC (Late 
Iron Age), 200–170 BC (Late Iron Age), 10–340 AD (Roman Period), 540–1000 AD (Early Middle Ages), 1178 AD (High 
Middle Ages) and 1690–1868 AD (Modern Epoch) (Scapozza & Czerski, 2019). 

Figure 1. View from upslope of the archeological worksite and of the L-shaped wall on the site of Gudo, Via alla Chiesa (photo Cristian 
Scapozza, IST-SUPSI). The massive L-shaped wall is placed chrono-stratigraphically between the two phases of enhanced 
hydrosedimentary activity of the Iron Age, which suggests both a stable human settlement in the area during this time and the need to build 
a dam to contain river water from the valley floor and / or slope.
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The glaciation history of the overdeepened Lower Aare Valley: insights 
from scientific drilling and outcrop data

Lukas Gegg1, Marius W. Buechi1, Gaudenz Deplazes2, Herfried Madritsch2, Daniela Mueller3, Frank Preusser3, & Flavio S. 
Anselmetti1

1Institute of Geological Sciences & Oeschger Centre for Climate and Climate Change Research, University of Bern,  
 Baltzerstrasse 1+3, CH-3012 Bern (lukas.gegg@geo.unibe.ch)
2National Cooperative for the Disposal of Radioactive Waste (Nagra), Hardstrasse 73, CH-5430 Wettingen
3Institute of Earth and Environmental Sciences, Albert-Ludwigs-University Freiburg, Albertstr. 23b, D-79104 Freiburg

During the Pleistocene, extensive and repeated glaciations covered the foreland of the European Alps and carved up to 
several hundred meters deep trough structures, termed overdeepened valleys. These sediment traps were later, sometimes 
over the course of multiple subsequent glaciations, infilled with sub-, pro-, or non-glacial deposits. Therefore, overdeepened 
valleys can serve as excellent archives of pre-LGM glaciations, whose relics were otherwise largely obliterated by the 
following ice advances. However, timing and processes of formation of pre-LGM overdeepenings in the Alpine foreland are 
discussed controversially.

To gain insights into the pre-LGM glacial and fluvial history of Northern Switzerland and to constrain the process of 
subglacial erosion, we currently investigate the overdeepened section of the Lower Aare Valley as well as a nearby 
glaciofluvial paleochannel. Our study area is situated just beyond the local LGM, at the confluence of the rivers Aare, 
Reuss, and Limmat. There, the valley is deeply incised (>100 m below surface) into the substratum composed of Jurassic 
carbonates. The project comprises four scientific drillings and is complemented by field work.
In 2018, we recovered more than 350 m of drill cores. Here, we present first results of our sedimentological, 
geochronological, geotechnical as well as geophysical analyses.
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The fading 14C “Bomb pulse” and consequences for geochronology 
Irka Hajdas1, Lorent Eggenschwiller1, Mantana Maurer1 and Maria Bellen Röttig1

1Laboratory of Ion Beam Physics, ETH Zurich (hajdas@phys.ethz.ch)

Radiocarbon is a naturally occurring isotope, produced by secondary cosmic rays. During the last 200 years the pristine 
pool of cosmogonic 14C in the atmosphere and connected reservoirs (biosphere, ocean, soils etc.,), has been perturbed by 
human activities. Two anthropogenic effects left their imprint on the 14C concentration of the atmosphere: combustion of 
fossil fuels leading to dilution of the atmosphere with ‘old’ carbon dioxide since the start of the industrial revolution (Suess 
effect) and nuclear tests of the 1950/60ties creating an excess of artificially produced 14C (Bomb pulse). This time marker of 
the mid-20th century is a useful tool in numerous applications including the proposed onset of the Anthropocene 
(Zalasiewicz et al., 2015). Here we present results of radiocarbon analysis performed on leaves collected at various 
location around the world. The measured 14C concentration at urban sites clearly indicate the fossil fuels component. The 
clean air leaves reflect the global trend of 14C atmosphere ‘ageing’ due to the Suess effect. We discuss the implication this 
development has on radiocarbon based chronologies of the future radiocarbon based chronology. 
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twentieth century boundary level is stratigraphically optimal. Quaternary International 383: 196-203.
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Recent studies underpinned by isotopic dating (Ivy-Ochs et al. 2018, Monegato et al. 2017), have greatly improved our 
knowledge on the timing of the Last Glacial Maximum in the Italian Alps. While detailled glacial chronologies of several 
foreland glaciers exist, the Verbano piedmont lobe, which was fed by the Ticino and Toce glaciers remains chronologically 
unconstrained. Moreover, authors greatly disagree on former ice margins and the formation age of the preserved morainic 
amphitheatre. 
As the Ticino-Toce catchment was linked to both the Vorderrhine and the Rhone ice domes, LGM timing and extent as well 
as ice retreat into the mountains is of particular interest with respect to the glaciers draining to the northern sides of the 
Alps (Reuss & Rhine glacier). 
The present study provides the first surface exposure ages from glacially deposited erratic boulders of the Verbano 
piedmont lobe. Numerical dating is further combined with geomorphological mapping, sedimentological data and 
petrographic analysis to reconstruct ice surface geometry and flow patterns of the Ticino-Toce paleo-glacier.
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Traces of a large prehistoric rockfall in Lake Thun (Switzerland)
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Rockfalls and landslides constitute major natural hazards in the Alpine realm. When triggered on slopes adjacent to lakes, 
rockfalls can generate impulse waves that can cause additional damage. As a result, lake sediments are excellent natural 
archives that can record the traces of such devastating events. 

The combination of data from a high-resolution bathymetric map (multibeam), from airgun and pinger reflection seismic data 
and the sediment record of the first 10 m (long gravity cores) show traces of a large rockfall deposited at the northern shore 
area of Lake Thun. The deposits are found directly offshore of the village of Merligen where also a property Ralligen is 
located. The rockfall is identified by large blocks on the bathymetric map, chaotic to transparent facies on the reflection 
seismic profiles and by mixed sediment features in the sedimentary record. Following a historical report, a rockfall occurred 
in the village of Ralligen in 598/599 AD. This document also mentions ‘dead fish washed ashore’ and a ‘cooking lake’ 
(Fredegarius, 1888) suggesting also the occurrence of an impulse wave due to the rockfall. Radiocarbon ages reveal, 
however, that the rockfall deposits we observe are not related to the historical event but to a prehistoric event. The 
historical rockfall might be recorded further up in the sediment column by a 20 cm thick deposit of mixed sediments. In the 
reflection seismic, no indications for a younger mass movement have been found. Thus, the Ralligen rockfall might have 
been much smaller than the prehistorical rockfall.  

REFERENCE  
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Terrestrial archives of the last glacial maximum (LGM) are remarkably rare across Switzerland which was largely covered 
with ice (Bini et al., 2009). Characterizing the LGM paleoclimate is nonetheless critical to reconstruct the glacier dynamics 
and thus understand processes which drove the regional landscape evolution. The Sieben Hengste cave system (7H) has 
revealed continuous deposition of speleothems across the LGM, suggesting that glacier build-up took advantage of 
enhanced southerly moisture advection between 26.5 and 23.5 ka (Luetscher et al., 2015). Surprisingly, the 7H record 
reveals only a buffered oxygen isotope signal at the time of Heinrich event 2. Here, we compare this original record with 
two new speleothems recovered nearby the initial sampling site. These stalagmites are characterized by a markedly distinct 
petrography indicating contrasted hydrological regimes. We discuss the paleoclimate interpretation of these groups of 
speleothems and suggest that the northern Alps may have been subject to enhanced summer aridity during the time period 
covering Heinrich stadial 2. These results are compared with regional sedimentary records and discussed with respect to 
the Alpine glacier dynamics during the LGM.

REFERENCES 
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Lake ecosystems are very sensitive to environmental changes, of both climatic and human induced origin. Eutrophication 
and meromixis can occur naturally as part of the lake evolution or much faster due to external forcing, leading to altered 
biogeochemical cycles and anoxia. Yet, not much is known about events of paleoproductivity, meromixis and hypoxia in the 
past due to analytical difficulties and lack of effective proxies. The assessment of the causes and dynamics of such 
changes require long term, high-resolution data. 

The varved lake sediment record of meromictic Lake Jaczno has so far been analyzed for the last 1700 years, revealing its 
great potential for a long-term assessment of the causes and dynamics of meromixis and hypoxia (Butz et al., 2017). Here 
we analyze a 12-meter sediment record utilizing recent developments in novel hyperspectral imaging (HSI) techniques 
combined with XRF scanning. This study completes a series of applications across Europe (Greece, Switzerland, and 
Poland). The aim is to show how and when meromixis/hypoxia established and vanished over Holocene time scales and 
which where the forcing factors (erosional input, land use change, climate). For this, we perform HSI scanning at very high 
spectral (3 nm) and spatial (40 µm pixel size) resolution, able to detect sedimentary pigments at sub-millimeter scale. We 
use hyperspectral indices to infer quantitatively {Chl a and chlorins} as an indicator for aquatic primary production and 
Bacteriopheophytin a (Bphe a) as an indicator for meromixis (Butz et al., 2016). Bphe a is a diagenetic product of 
Bacteriochlorophyll a, produced by anoxygenic phototrophic bacteria in the chemocline. Pigment compositions are inferred 
from sets of spectral indices, such as the Relative Absorption Band Depths (RABD). Indices are calibrated with absolute 
pigment concentrations of selected samples of the sediment sequence as measured by HPLC, using linear regression 
models (e.g average RMSEP of 9% or 200 μg g-1). Chronology is based on radiocarbon dating of terrestrial plant 
microfossils. In addition, we measured relative changes in sedimentary element composition by high resolution XRF 
scanning and the organic matter and carbonate content by LOI/CNS analysis. 

Preliminary results show a strong link of the lake mixing regime with catchment processes. Meromixis is present during 
periods of a closed and more stable landscape around the lake (i.e. without human disturbance). Remarkably, meromixis is 
interrupted mainly by the presence of an open landscape around the lake during periods of intense deforestation and soil 
erosion in the catchment.
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Organic and inorganic long-term carbon budget of Himalayan erosion 
after the 2015 Gorkha earthquake
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5UMPC, Chemin du Lazaret 181, F-06230 Villefranche-sur-mer
6Department of Geosciences, Colorado State University, USA-80592 Fort Collins

The erosion of mountain ranges plays an important role in the carbon cycle by controlling the magnitude of the main 
geological carbon sinks namely silicate weathering and organic carbon export. Here, we investigate the impact of extreme 
and rare events on the carbon budget of continental erosion by quantifying the response of weathering and organic carbon 
fluxes to the April 2015 Gorkha earthquake (Mw 7.8) in central Nepal.

We acquired daily river suspended sediment and water samples during 3 post-earthquake monsoon seasons (2015-2017) 
from the Narayani River, a large trans-Himalayan tributary of the Ganges. Samples collected in 2010 from the same 
location provide a pre-earthquake comparison point. Organic carbon sources and fluxes are constrained using suspended 
sediment load estimates, the total organic carbon content and radiocarbon isotopic compositions of the sediments. Silicate 
weathering fluxes are quantified using river water dissolved elemental compositions. These two complementary datasets 
allow us to make a geological carbon budget of Himalayan erosion before and after the earthquake.

Our preliminary results confirm that carbon drawdown from the burial of organic carbon of the Central Himalaya is about 3 
times more important than the silicate weathering carbon sink (e.g. France-Lanord and Derry, 1999). We show that co-
seismic landsliding during the Gorkha earthquake did not significantly influence the carbon budget of erosion. However, the 
magnitudes of total organic carbon export and of silicate weathering fluxes are strongly correlated to the total river 
discharge of a monsoon season. We therefore suggest that the long-term carbon budget of this Himalayan catchment is 
mainly controlled by the monsoon intensity rather than by rare but intense co-seismic events as has been suggested in 
other systems. 
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in the Danakil Depression (Afar, Ethiopia)
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The Danakil Depression is an active rift system located in the northern part of the Afar. The rifting is associated to the 
break-up of the Afro-Arabian plateau since Oligocene times. The presence of several Pleistocene coral reef terraces at the 
western and eastern margins of the basin evidence several cycles of Red Sea incursions and subsequent desiccation. Core 
and seismic data in the central part of the basin record thick evaporite sequences alternating with marine marls, and 
support the hypothesis of repeated marine incursion and desiccation.

Marine deposits consist of diverse fringing coralgal reef units and calcarenites. The coralgal reef terraces correspond to 
transgression of the Red Sea in the basin during the Pleistocene marine isotope stage 5e (MIS 5e) and marine isotope 
stage 7 (MIS 7). This study focus on facies variations within the MIS 7 framestones. Field mapping in the central part of the 
western margin has been combined with sedimentary petrography (thin section analyses), XRD and stable isotope 
analyses on the bulk matrix. The MIS 7 coralgal reef consist of a grainstone with few massive corals at the basal unit. On 
top of this unit lies a pillarstone unit with more coral diversity. Branching Porites dominate the middle unit of the reef. The 
upper unit of the reef is a domestone characterized by high diversity of massive corals and red algae. Decimeter-scaled 
algal crusts and hardgrounds are present in the middle and upper reef units

The MIS 7 reef growth pattern is mainly aggradational. Stable isotope values in combination with the facies patterns 
evidence the presence of 2 major shallowing upward sequences. short term sea level fluctuations and active neotectonic 
changes may have been responsible for small-scaled changes within the reef unit.



271

Sy
m

p
o

si
u

m
 8

: 
Q

u
at

er
n

ar
y 

en
vi

ro
n

m
en

ts

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2019

P 8.13
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 (regina.reber@erdw.ethz.ch)
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With an extraction rate of more than 30 million tons per year, sand and gravel represent the most used raw material 
resource in Switzerland. These important materials are mainly extracted from Quaternary deposits in the Swiss Alpine 
Foreland. However, the diversity of depositional settings of these sediments is high and their composition varies strongly.

Our project aims at establishing a Switzerland-wide sand and gravel occurrence map on the basis of published geological 
data. Yet, the majority of Quaternary deposits are documented in approx. 40 map sheets of the Geological Atlas of 
Switzerland (GA 1:25’000), which were produced over the past 85 years by numerous authors working with different 
mapping styles and interpretation techniques. 

The challenge is to harmonise these Quaternary data sets (geometries and attributes) and to validate the necessary 
generalisation with local data points (i.e. with data from present-day/historical extraction sites, borehole data, where 
available). We present an approach to address this challenge in a pilot region. 
The ultimate goal, however, is to provide a novel, standardised workflow to be applied at the national scale.
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How can the formation of calcium carbonate deposits be explained in large siliceous sandy basins? This type of apparent 
paradox has been documented in the Sahara (Dietrich et al., 2017), the Simpson Desert (Australia), as well as in the 
Kalahari Basin, where the Chobe Enclave is found. The Chobe Enclave, situated in northern Botswana, is limited by two 
main faults, the Chobe and the Linyanti faults. This high and flat plateau belongs to a graben system possibly associated to 
the Okavango Rift Zone. Large deposits of terrestrial limestones have been observed in this area, deposited during the last 
100 ka (Diaz et al., 2019) and probably due to alternations of paleo-fluvial/lacustrine/palustrine environments. The presence 
of such deposits is unexpected because the whole area lies on 80 to 200 m of Kalahari quartz sands and possible sources 
of inherited carbonates are extremely remote. Although the source of the carbonate ion can easily be attributed to the 
atmosphere through biogenic or abiotic pathways, the source of calcium remains unclear. Therefore, the aim of this study is 
to recognize the potential sources of calcium in this quartz dominated environment.

Two sources of Ca2+ have been hypothesized in the Chobe Enclave: (i) the first one is the episodic water flow of the 
Zambezi and Kwando rivers, originating from Angola and Zambia watersheds, and which could have contributed to the 
regional water input throughout the Late Pleistocene and the Holocene; these rivers displace ions resulting from the 
weathering of the Karoo basalts and shield metamorphic rocks; (ii) the second source is the groundwater, which could have 
been enriched in ions during hydrothermal weathering of the deep basement rocks. Therefore, geochemical analyses have 
been performed in order to get major and trace elements, REEY, and Sr isotopes contained in the calcium carbonate 
phases to trace the potential sources of ions provided to the system during calcite precipitation; in addition, clumped 
isotopes have been used to emcompass the possible temperatures at which calcite formed.

In terms of mineralogy, the carbonate beds are composed of calcite, quartz (likely from aeolian origin), barite (BaSO4), 
sepiolite (a fibrous clay) and some other phyllosilicates. Barite is a mineral often attributed to hydrothermal sources 
(Goldberg et al., 1969), whereas sepiolite suggests a strongly evaporitive environment (Galan and Pozo, 2011), making the 
origin of these beds potentially complex.

Regarding the elemental compositions of the carbonate phases, they vary laterally and according to depth. Ba and Sr 
concentrations are three times higher than the average concentration of NASC, the global terrestrial reference. The REEY 
concentrations (normalized to PAAS) display two anomalies, (i) a slight negative anomaly of cerium in some samples likely 
due to river transportation (Tostevin et al., 2016), (ii) a positive anomaly of europium, which is probably related to a 
hydrothermal influence (Tostevin et al., 2016). Moreover, Sr isotope ratios point to more radiogenic values in the carbonate 
phase than in the surrounding basalts, which are the closest potential source of Ca in the area. Therefore, the Karoo 
basalts cannot be the only source of calcium of terrestrial carbonate in the Chobe Enclave. Finally, clumped isotopes point 
out an average precipitation temperature of 25°C.

To conclude, this preliminary study seems to support that sources for calcium have two end-members. Indeed, the calcium 
contained in the Chobe Enclave carbonate can solely originate from neither rivers nor hydrothermal groundwater. The 
calcium pathways in the region are then fairly complex and influenced by changes due to rainfall, hydrothermal pulses, and 
river inputs. Moreover, some of these factors have certainly be affected by neotectonics, making the formation framework of 
these terrestrial carbonates even more complex.
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biostratigraphy in Switzerland

Patrick Schläfli1,2, Erika Gobet2, Willy Tinner2, Jacqueline van Leeuwen2, Elisa Vescovi2, Guilhem Douillet1, Michael 
Schwenk1, Dimitri Bandou1 & Fritz Schlunegger1

1Institute of Geological Sciences, University of Bern, Baltzerstrasse 1+3, CH-3012 Bern (patrick.schlaefli@geo.unibe.ch)
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 Altenbergrain 21, CH-3013 Bern

The last interglacial (Eemian, c. 127 –  110 ka BP) has been a major focus of recent research efforts because its warmer-
than-today conditions offer unique possibilities to assess vegetational responses to a warmer climate in the future.
So far the biostratigraphy and the pollen-inferred plant succession of the Eemian have not been fully characterized and 
deciphered. In fact, palynological records from the Swiss North Alpine forelands (Wegmüller 1992; Welten 1982, 1988) are 
lacking well constrained independent internal chronologies. It is the major scope of this project to improve the 
characterization and the temporal calibration of Eemian biostratigraphic records.

To address this scope, we performed a pollen analysis on palaeolake deposits of supposed Eemian age, retrieved in a 
technical drilling at the SW-margin of perialpine lake Thun. Local pollen assemblage zones (LPAZ) were calculated with the 
optimal partitioning approach and correlated with the reference record from Gondiswil, the only physically dated (U/Th; 
115.7 ± 4.8 ka BP) and most complete Eemian record in the study area (Wegmüller 1992). The correlation is based on optical and 
numerical methods (DCA). 

We show that our novel record represents a fragmentary Eemian archive. The bottom part of the section was sedimented 
during late-glacial conditions prior to Termination II. Hydrological changes in the region lead to increased gravel input and 
caused a hiatus within the sequence during the onset of the last interglacial. Full interglacial conditions established right 
after the hiatus with abundant thermophilous taxa Taxus baccata and Hedera helix. We interpret this part as the local 
thermal maximum of the last interglacial.

For the chronological framework we will use the pollen-inferred vegetation and climate signals of both, the novel and the 
reference record, for correlation with two vegetation-independent (δ18O, δ13C) climate records from speleothems from the 
Swiss Alps, both having well constrained internal chronologies (U/Th) (Luetscher et al. 2019; Wilcox et al. 2019). 
The planned analyses would represent a major scientific advance in Quaternary biostratigraphy, as they would for the first 
time generate an independently dated Eemian biostratigraphic record in the perialpine region. In addition, refining and 
chronologically constraining the Eemian biostratigraphies with state-of-the-art approaches would allow better foundations 
for biostratigraphic comparisons of European sediment archives.
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Glacially overdeepened troughs have attracted the scientific community since their discovery. Discussions on their 
geometries, spatial extents, and hypotheses on their formation ages and mechanisms have been highly controversial. A 
century of research and drilling activity combined with geophysical surveys left no doubt that they exist. Overdeepenings 
are bedrock depressions that are located in modern landscapes where glaciers still exist, and they were discovered on 
plateaus adjacent to mountain belts where thick piedmont glaciers covered a large portion of the landscape. They lie below 
the current base level and are filled with sediment or currently host lakes. Locally, the sedimentary fill is several hundred 
meters thick, and thus these troughs apparently contain invaluable archives of the past climate and ice-dynamics.
Overdeepenings are a common feature in the Alps and in their forelands. Within Switzerland, one example of an 
overdeepening is located in the Aare Valley. Here, a single continuous trough stretches from within the Alps into the 
Molasse foreland. The research history of this overdeepening reaches back more than forty years. Research on 
overdeepenings, including the one along the Aare Valley, saw different peaks throughout these years. Nevertheless, the 
complex multi-glaciation history of the Alps and their Swiss part in particular has remained unknown to a deficient extent.
Since 1989, no drilling had been conducted in the middle Aare Valley for scientific purposes. Here, we present the results of 
a new drilling campaign that was conducted earlier in the year 2019. This drilling, situated in Bern-Bümpliz, penetrated a 
total of 210 m-long suite of non-consolidated Quaternary deposits before ending in Molasse bedrock and discloses a 
succession made up of lake deposits, glacial till and large-scale cross-beds. The material has been retrieved in a liner, thus 
offering perfect conditions for analyzing the sedimentary structures at high resolution. The age of this succession is not 
known, yet preliminary OSL analyses suggest that the topmost sediments are older than 200 ka. This campaign adds to 
older drillings from the 1980’s (Preusser et al., 2005; Schlüchter, 1989; Welten, 1982)pollen analyses and luminescence 
dating. The sedimentary sequence comprises about 70 m of lacustrine deposits, overlain by about 39 m of coarse glacial 
outwash interpreted to represent at least two independent ice advances. Pollen analyses of the apparently complete limnic 
sequence reveal a basal late glacial period followed by three warm phases that are interrupted by two stadial periods 
(Meikirch complex and reveals more information on sedimentation history in the middle Aare Valley around Bern. With this 
campaign, we want to increase our understanding of the glaciation history in the Aare Valley and compare it to other areas 
around the Swiss Alps. Therefore, we display and discuss our findings in comparison with the results of former scientific 
drillings in the middle Aare Valley.
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In the last decades, with the ongoing retreat of the Trift glacier (central Swiss Alps), the remarkably high (150 m) cross-
valley riegel, the approximately 100 m deep gorge cutting through the riegel and the associated overdeepened rock basin 
upvalley became revealed. Because, the bedrock riegel only became exposed some years ago, this offers the possibility to 
determine the glacial erosion depth and erosion rates within the footprint of the Little Ice Age (LIA) extent. Detailed 
knowledge about how much the Late Holocene glacier(s) abraded the cross-valley riegel gives new insights in how and 
how fast glaciers were able to shape this distinct glacial landscape. A combined approach of field survey, cosmogenic 
nuclide analysis (10Be and in-situ 14C) and numerical modelling was used to determine the spatial glacial erosion pattern on 
the bedrock riegel. Two transects were sampled; one perpendicular to the ice-flow direction from outside the LIA extent 
down to the riegel, the other parallel to the ice-flow direction, across the riegel. The total of ten samples were all analysed 
for 10Be and in-situ 14C. A combination of two nuclides helps to gain additional information about the duration of the last 
glacier coverage. The results show that the area outside of the LIA extent was constantly exposed since the retreat of the 
Egesen stadial glacier (11.7 ka). The perpendicular transect shows a trend of increasing erosion rates from LIA marginal 
position down to the riegel. The parallel transect revealed substantially high erosion all across the riegel. This led us to the 
conclusion that the riegel was not persisting due to limited glacial erosion. 
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The δ15N of N export in the far-eastern equatorial Pacific is sensitive to the δ15N of nitrate supply from the subsurface to the 
euphotic zone, which is elevated by water column denitrification in the eastern Pacific oxygen-deficient zones. Bulk 
sediment δ15N records from the eastern equatorial Pacific extending back to the last ice age resemble records from along 
the eastern margin of the Pacific Ocean, with lower δ15N during the last ice age than in the Holocene. This low glacial δ15N 
has been interpreted to reflect a reduction in water column denitrification. In two sediment cores from the Eastern 
Equatorial Pacific (EEP) that exhibit this glacial-age lowering in bulk sediment δ15N, we measured foraminifera-bound 
nitrogen isotopes (FB-δ15N) in two subsurface dwelling species Neogloboquadrina dutertrei and Neogloboquadrina 
pachyderma (dextral) over the last 35ka. While several major millennial scale features are shared between the bulk 
sediment δ15N and FB-δ15N records, FB-δ15N contrasts with the bulk sediment δ15N record by showing a similar FB-δ15N 
during the last ice age and Holocene. We propose that the lower glacial δ15N in bulk sediment is an artifact, possibly related 
to an increase in exogenous N inputs during the last ice age and/or a glacial weakening of sedimentary diagenesis due to 
lower deep water oxygen. If so, the previous inference of large-scale ice age reductions in water column denitrification in 
the eastern Pacific may be incorrect. In both cores, there is an early deglacial maximum in FB-δ15N. While this may indicate 
a deglacial maximum in eastern Pacific denitrification, an analogous FB-δ15N peak in records from further west in the 
equatorial Pacific raises the alternative possibility of a change in the δ15N of the nitrate supply to the equatorial Pacific via 
the Equatorial Undercurrent.
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Dating based on the 4He/U-Th method can be used to estimate the residence time of pore waters in very low-permeable 
rocks and consolidated sediments. The residence time is inferred from the time necessary to accumulate radiogenic 4He 
measured in the pore water being produced by the decay of U and Th in the sediment matrix (Torgersen & Clarke, 1985).
In the Jurassic Opalinus Clay, the pore water still contains the signature of the original marine formation water that was 
entrapped during sediment deposition. The pore water composition was altered only by diffusive processes (Gimmi et al., 
2007; Mazurek et al., 2011). The fact that even ~100-Ma-old water signatures can be preserved in their original pore space 
suggests that such preservation might also be possible in much younger dense glacial deposits. The 4He concentrations 
measured in the pore waters of glacial tills were translated into mean residence times of 15-25 kyrs (Hendry et al., 2005) 
that agree rather well with the expected depositional ages of 25-31 kyrs (Wassenaar & Hendry, 2000). These observations, 
as well as evidence from lacustrine sediments (Tomonaga et al., 2014, 2015), suggest that, if the solute transport in the 
pore space is sufficiently attenuated, even unconsolidated sediments can “store” and host “old” pore waters.

In the present work we investigate if the 4He/U-Th dating of pore waters can be used as a novel tool to complement the 
luminescence dating of unconsolidated Quaternary sediments. We applied the 4He/U-Th method to date pore waters in the 
time range of 10 to 100 thousands of years which covers the age range of the sedimentary depositions targeted by the 
Quaternary drillings (QBOs) managed by the National Cooperative for the Disposal of Radioactive Waste (Nagra) in 
Switzerland. In particular, we focus on fine-grained lacustrine sediment layers that might provide low-permeability conditions 
suitable for the preservation of radiogenic 4He concentrations in the pore space.

We report the preliminary results of the 4He/U-Th dating based on the measurements conducted in sediment samples from 
the first QBOs, highlighting potential and challenges of the method with respect to the studied glaciofluvial sediments of the 
Swiss Midland.
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Seep-carbonates are valuable archives to reconstruct past seepage activity in sedimentary basins. They appear in different 
varieties, depending on the conditions of formation. While carbonate chimneys often form in regions of focused seepage, 
chemoherms and carbonate crusts occur mainly in regions of diffuse seepage. In this study, we present preliminary seep-
carbonate data collected during the EUROFLEETS 2 SEMSEEP expedition onboard the R/V AEGAEO in 2016. Thirty-six 
hours of ROV dive videos, and seep-carbonates recovered from box core samples and collected during ROV dives have 
been investigated. ROV video footage suggests the occurrence of three different types of seep-carbonates (chimneys, 
carbonate slabs and chemoherms) around the Palmachim Disturbance (PD) and the Levant channel. While in water depths 
around 600 to 700 meters chemoherms and carbonate slabs up to 15 meters in size are located, the abundance of 
chimneys in water depths around 1200m increase significantly. Authigenic carbonates have been visualized through 3D 
high-resolution X-ray micro-computer tomography to understand the internal variation of the authigenic cements and 
carbonate phases. Micro-tomography in combination with classical petrographical microscopy (thin sections) and XRD 
analyses allowed to identify the different cement generations. Results of the carbonate crusts and nodules recovered from 
the box cores evidence the occurrence of three generations of micritic cements, one of them being enriched in fossils. 
Crusts from the carbonate chimneys reveal two different cement generations, one micritic cement and one distinct 
microcrystalline phase. The individual cement phases possibly indicate different phases of seep activity. Further research 
will focus on the thorough geochemical characterisation of the different cement generations to identify the origin of the 
methane and type of seepage activity.
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Applying hyperspectral imaging spectroscopy (HSI) to lake sediment records allows tracking hypoxia and aquatic primary 
productivity at extraordinary resolution (70 μm pixel size) (Butz et al. 2017; Schneider et al. 2018). A new HSI data set for 
Lake Cadagno allows us to revisit its Holocene sediment record (Wirth et al. 2013) and to track the response of meromixis 
and aquatic productivity to climatic changes and to short-term events such as floods and subaquatic slides at 
unprecedented resolution.

We concentrate on two pigment groups: the Bacteriopheophytins (Bphe) (at a Relative Absorption Band Depth RABD 845 
nm) as a proxy for the abundance of anoxic phototrophic bacteria that are indicative of meromixis, and the chloropigments 
(Chlorophylls-a,b and their derivatives) used as a proxy for aquatic productivity (RABD of 655-680 nm). Additionally, we 
calibrated the RABD indices to absolute pigment concentrations using spectrophotometer analysis (n=22; r2=0.92 and 
RMSEP ~ 10% for Bphe; r2=0.71 and RMSEP ~ 16% for chloropigments).

With the new data set we are able to resolve that: (i) meromixis was not directly established after ceasing of the post-glacial 
clastic input ~9800 years ago but that it was preceded by the emergence of aquatic productivity; (ii) periods with increased 
flood occurrence in the second half of the Holocene led to intermittent interruptions of the water-column stratification 
indicated by low Bphe concentrations; and that (iii) massive subaquatic slides also led to a weakening of meromixis that 
reestablished to its full stability only after recovery of the aquatic productivity.

This new HSI data is in line with the current knowledge about meromixis and hypoxia in Lake Cadagno for the entire 
Holocene but reveals now the full dynamics of the lake behavior at exceptionally high temporal resolution.
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Finnish mires 
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While in their pristine state, peatlands are a vitally important terrestrial sink for carbon (C), impacts from climate change, 
agriculture/forestry, and extraction are resulting in increased aerobic decomposition in drained and degraded ecosystems – 
shifting their C balance from sink to source. To better understand the effect this degradation has on global C stores, 
analysis methods are needed to more effectively delineate between indicators of net peat growth (C sequestration) and 
indicators of increased (aerobic) decomposition (C loss) in peatland profiles, especially when these changes cannot be 
easily observed using botanical macrofossils. Molecular biomarkers can help to distinguish between periods of aerobic and 
anaerobic conditions, allowing researchers to track changes in organic matter (OM) chemical composition following shifts in 
palaeoclimatic conditions.  

To characterize and compare changes in chemical composition between degraded and natural peatlands, abundance of 
various OM biomarkers from cores collected from drained and natural sites in an ombrotrophic peatland in Lakkasuo, 
Finland were analyzed using pyrolysis-gas chromatography mass spectrometry (Py-GC/MS). Changes in relative percent 
abundance of molecular biomarkers in different chemical classes were compared (lignin, Sphagnum phenols, aromatics, 
lipids, n-containing compounds etc.), and used to identify shifts in vegetation with depth, as well as indicators for increased 
microbial activity. To assess whether the data reflected larger C and N stoichiometric changes in the cores, molecular 
composition “fingerprint” data were also compared to data obtained using bulk elemental analysis. Differences were 
observed in relative percent abundance between lignin, phenolic, and n-containing chemical classes between the drained 
and natural sites, suggesting that molecular composition within a peatland profile can provide detailed information about 
previous ecosystem conditions and decomposition states in a peatland. These chemical shifts are related to changes in 
isotopic signal abundance (13C and 15N) as part of a larger project.
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During the cold periods of the Quaternary, global volume of ice increased and, as a result, ice sheets were built at high 
latitudes, such as the Scandinavian Ice Sheet (SIS) during and after the Last Glacial Maximum (LGM). Due to the loading 
of up to few kilometers thick ice mass, the lithosphere sank into the mantle. At the end of the LGM, it began to rise as 
response to the unloading due to the rapid melting, which is called as glacio-isostatic uplift. Today, well-preserved 
geomorphological evidences of deglaciation of the SIS and glacio-isostatic uplift are exemplified in Finnmark, northern 
Norway, where the timing of these events is not fully understood yet. In this study, we focus on the coupling of post-LGM 
deglaciation of the SIS and glacio-isostatic uplift. Therefore, we reconstruct the chronology of deglaciation by dating the 
moraines and that of glacio-isostatic uplift by the raised shorelines in Finnmark, northern Norway. To do that, surface 
exposure and depth-profile dating techniques were used. 25 rock surface samples from the glacially transported boulders 
on the moraines, 16 sediments samples along the depth profiles into the delta and terrace deposits, and 46 flat cobbles 
from the storm deposits on the raised shorelines were collected for 36Cl and 10Be analysis. Our first results showed that the 
Scandinavian Ice Sheet started to retreat from northernmost Finnmark at ca. 14-15 ka, while it was separated from Barents 
Sea Ice Sheet and continental shelf was deglaciated. Thus, marine limit was either carved into the bedrock or indicated by 
shoreline deposits following Lateglacial deglaciation. For instance, we dated the marine limit in the south of Nordkinn 
Peninsula located at + 55 m today to ca. 13 ka. The elevation of this raised shoreline level soars from north of Finnmark 
toward the south because of shoreline gradients and pattern of greater uplift in inner regions.

Figure 1. Geomorphological map of Spoatnajohka delta in Finnmark, including a cross section



283

Sy
m

p
o

si
u

m
 8

: 
Q

u
at

er
n

ar
y 

en
vi

ro
n

m
en

ts

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2019

P 8.24
The connection between low rates of glacial erosion on limestone 
bedrock and relief development in the Alps

Susan Ivy-Ochs1, Olivia Steinemann1, Marc Luetscher2, Urs H. Fischer3, Christof Vockenhuber1 

1Laboratory of Ion Beam Physics, ETH Zürich, Otto-Stern-Weg 5, 8093 Zürich (ivy@phys.eth.ch)
2Swiss Institute for Speleology and Karst Studies (SISKA), Rue de la Serre 68, 2301 La Chaux-de-Fonds
3NAGRA, Hardstrasse 73, 5430 Wettingen

We look at the striking contrast between subglacial erosion rates measured on limestone (Steinemann et al., 2019) vs. 
those measured on gneiss bedrock (Wirsig et al., 2017). We use cosmogenic nuclides to determine how deeply a glacier 
has eroded. The sites are glacier forefields exposed just in the last few years in the Alps. In theory, limestone is more 
erodible than gneiss (Kühni and Pfiffner, 2011), thus it should be much easier to abrade beneath a sliding glacier. 
Nevertheless, our quantifications of glacial erosion show that the limestone rates are magnitudes lower than the gneiss 
rates. 

At the Tsanfleuron glacier site in Switzerland, evidence of glacial erosion is abundant. But the true magnitude (depth of rock 
removed by the glacier) is difficult to gauge based on observations alone. The obvious appearance of highly polished rock 
surfaces within the Little Ice Age-glacier footprint belies our determination based on 36Cl concentrations that very little rock 
was removed during late Holocene glacier advances. The underlying limestone is part of a well-studied karst system 
(Gremaud et al., 2009). Within just a few meters of the ice margin meltwater is seen to pour into karst shafts. Meltwater 
beneath the glacier is and was likely immediately and efficiently channeled down into the karst system. Glacier sliding, and 
thus erosion, is directly linked to the presence of water at the base of a glacier on a hard bed. Loss of water inhibits sliding, 
erosion slows (Braakhekke, Ivy-Ochs and Fischer 2017, and references therein).

Until now, observations at glaciated karst regions have been contrastingly interpreted as indicating either profound or 
insignificant glacial erosion. Our results suggest that in areas with well-developed karst systems it is the inability of glaciers 
to effectively erode limestone itself that leads to those areas gaining topographic dominance with time. After numerous 
Quaternary glaciations over hundreds of thousands of years, high limestone plateaus of the Alps developed and were 
preserved. As the glaciers cleared away easier to erode overlying (silicate) rocks and eroded down to the massive 
limestones, the plateau character emerged. Because the plateau surfaces are low in relief, a negative feedback develops; 
glacier velocity and sliding and consequently erosion are reduced even further. On the other hand, clearly some limestone 
terrains in the Alps are strongly glacially incised. What factors lead to certain areas of limestone being eroded less than 
their neighbors such that high standing plateaus form? As shown at the Tsanfleuron site, near horizontal, very thick-bedded, 
weakly fractured, massive limestone bedrock favors this process.     
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