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9.1
River channel perturbations resulting from active landsliding in the High
Himalaya of Bhutan
Larissa de Palézieux1, Kerry Leith1, Simon Loew1
Geological Institute, ETH Zurich, Sonneggstrasse 5, CH-8092 Zurich
(larissa.depalezieux@erdw.ethz.ch)

1

Both direct, and indirect hazards associated with large landslides contribute to significant risks to societies living in close
contact with high-relief terrain. Understanding the location and the process of formation of slope instabilities in mountainous
regions is an important first step to reducing such risks. These are, however, difficult to constrain due to the long timescales of formation and the plethora of pre-conditioning factors involved. Of the pre-conditioning factors, several have been
studied in the past (e.g. Blöthe et al., 2015; Tsou et al., 2014; Grämiger et al, 2017) suggesting a strong correlation
between landslide occurrence and active erosional processes.
The fluvial valleys of NW Bhutan preserve a long record of fluvial erosion, which was not interrupted by glacial erosion in
the recent past. Throughout the region this record is expressed in sequences of terraces and knickpoints, characteristic
river profiles, and broad alluvial plains. In addition, the topography and the erosional processes shaping it are strongly
influenced by the high relief of the Himalayan mountain chain and the particular climatic conditions.
In this study we analyse variations in planform and longitudinal channel morphology with respect to landslides intersecting
these rivers in order to identify active landslides interacting with the river channel development. When considered in
association with streampower and / or indicators of incision rate, these properties can provide a quantitative measure of
relative landslide activity. We see a spatial correlation between excess topography and channel steepness with both
landslide size and mode of interaction with the stream network: areas of high relief and with high channel steepness tend to
coincide with weathering-limited systems and also larger landslides, compared to areas of low relief and low channel
steepness, where the system is transport-limited and with on average smaller, but more numerous landslide surfaces.
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Blöthe, J. H., Korup, O., & Schwanghart, W. (2015). Large landslides lie low: Excess topography in the Himalaya- Karakoram
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paraglacial rock slope damage during repeat glacial cycles. Journal of Geophysical Research: Earth Surface, 122(4),
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Tsou, C. Y., Chigira, M., Matsushi, Y., & Chen, S. C. (2014). Fluvial incision history that controlled the distribution of
landslides in the Central Range of Taiwan. Geomorphology, 226, 175–192. https://doi.org/10.1016/j.
geomorph.2014.08.015
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Toward the first national rock glacier inventory in the Swiss Alps
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3
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4
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5
Institute of Earth Sciences, SUPSI, Canobbio, Switzerland
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2

Rock glaciers are the most common landforms associated to the mountain periglacial (permafrost) landscape. They are
essential periglacial items of the Earth geomorphological heritage but are mostly not identifiable for people lacking
background in mountain geomorphology. Inventorying rock glaciers is basically making them to exist (and to become
visible). So far, scientific motivations for producing an exhaustive rock glacier inventory and/or for exploiting it have been
various : enhancing geomorphological landscape; modelling (past and/or present) permafrost occurrence; studying climate
and paleo-climate; investigating hydrological significance or assessing geohazards. Whatever the motivation for producing
or exploiting an inventory, it has to follow standardized guidelines to avoid or at least minimize potential discrepancies
between producers and users.
In Switzerland, rock glaciers have already been inventoried in various regions over the last decades (e.g. Phillips and
Reynard, 1996, Delaloye and Morand 1998, Frauenfelder et al, 2003, Barboux et al. 2014, Ambrosi et al. 2018). These
inventories have been based on different methodologies: using a (geo)morphological approach based on the visual
identification of rock glacier features of the (imaged) landscape and DEM-derived products or/and using a kinematical
approach based on the detection of surface motion (e.g. InSAR-derived inventories). However, they rely in particular on the
unequal availability of initial datasets (e.g. satellite imagery) and have been performed at different times in various projects
and therefore make an assemblage and completion not feasible.
The objective is now to update the existing inventories and to include missing areas in order to produce a unique
standardized rock glacier inventory over the entire Swiss Alps reflecting the situation around 2020.
This initiative (2019-2023) will apply the international standard guidelines currently in elaboration by the Rock glacier
inventory and kinematics IPA (International Permafrost Association) Action Group (2018-2020). The latter intends to sustain
the first steps toward the organization and the management of a network dedicated to rock glacier mapping and
inventorying at a global scale. It also promotes the integration of permafrost creep rate (rock glacier kinematics) as a
potentially new associated parameter to Essential Climate Variable (ECV) Permafrost within the Global Climate Observing
System (GCOS) initiative characterizing the ongoing evolution of mountain permafrost in as many as possible mountain
ranges over the Earth.
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Ambrosi, C., Castelletti, C., Scapozza, C., Czerski, D. & Schenker, F., 2018: The new landslide and rock glacier inventory
map of Canton Ticino. Geophysical Research Abstracts 20, EGU2018-2358, General Assembly 2018.
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Frauenfelder, R., Haeberli, W. & Hoelzle, M., 2003: Rockglacier occurrence and related terrain parameters in a study area of
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9.3
Potential climatic control on Quaternary denudation rates of tropical
volcanic islands
Camille Litty1, Julien Charreau1, Pierre Henri Blard1, Raphael Pik1, Sébastien Nomade2
Centre de Recherches Pétrologiques et Géochimiques, CRPG Nancy, France
Laboratoire des Sciences du Climat et de l’Environnement, Gif-sur-Yvette, France

1
2

Denudation of emerged surfaces strongly influences the CO2 cycle and the climate evolution through chemical weathering
of silicates, which consumes atmospheric CO2, and fluxes of sediments, which deeply modifies the chemical composition of
the oceans and buries organic carbon. In order to better understand the long term carbon cycle and the associated climate
evolution, it is important to better quantify the total continental denudation rates and better understand the associated
controlling factors. Denudation rates at the basin scale can be quantified by measuring cosmogenic isotopes in river
sediments. This technique may moreover provide denudation rates averaged over long time period (102-103a). However,
cosmogenic denudation rates have been mainly based on quartz rich lithologies through 10Be analyses. On volcanic
islands, where basaltic and andesitic petrologies are predominant, 10Be cannot be used in an easy and direct way and the
denudation rates at the geological scale remain poorly constrained. Yet, according to decenal geochemical measurment of
disolved load in river, the weathering of volcanic islands, especially in tropical area, is particularly intense and may
represent a significant CO2 sink. It is therefore critical to better constrain also in tropical volcanic islands the denudation
rates at the geological time scale. This could be achieve by measuring cosmogenic 3He in olivine and pyroxene in river
sediments.
Here we focused our analysis on the San Antao island (Cabo Verde archipelago) where we measured the cosmogenic 3He
in olivine and pyroxene of 29 river sand bars. San Antao has the advantage of having a relatively homogeneous, basaltic
lithological composition and stable tectonics, but a strong rainfall gradient between the NE and SW, which allows us to
quantitatively investigate the impact of precipitation on erosion rates. The obtained denudation rates will then be used to
estimate the rate of weathering and the amount of CO2 consumed by this process.
This study therefore provides for the first time and from an innovative technique, the spatial distribution of denudation rates
on a volcanic island located in a tropical zone.
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9.4
Swiss glacial overdeepenings: spatial patterns and morphometric
analysis of hidden geomorphic features
Fabio Magrani1, Pierre Valla1,2, Natacha Gribenski1, Elena Serra1
Institute of Geological Sciences and Oeschger Centre for Climate Change Research, University of Bern,
Baltzerstrasse 1, CH-3012 Bern (fabio.magrani@geo.unibe.ch)
2
Institute of Earth Sciences (ISTerre), Université Grenoble Alps, Université Savoie Mont Blanc, CNRS, IRD,
IFSTAR, 38000 Grenoble, France
1

Alpine glacial overdeepenings consist of hidden geomorphic features shaped by glacial erosion and water, with up to
hundreds of meters carving over the Quaternary. These features are presently filled by overlying (post-)glacial sediment or
water from lakes. Accessing their bedrock contact through geophysical investigations allows to determine their spatial
occurrence and geometry (Dürst-Stucki & Schlunegger, 2013). For the Swiss foreland, both their spatial distribution,
morphometric characteristics and Quaternary evolution during glaciations remain poorly constrained (Preusser et al., 2010).
This study consists in the morphometric analysis of glacial overdeepenings (ODs), mostly in the Swiss Alpine foreland and
adjacent valleys, to get quantitative constrains on both their 3D geometry and spatial relationships. Our objective is to
understand how much the bedrock resistance, local and regional settings and drainage network control the location and
geometry of such ODs. To that aim, a combined bedrock model derived from Dürst-Stucki & Schlunegger (2013) and Mey
et al. (2016) was compiled to better constrain the Quaternary sediment thickness both in the low-relief (Swiss Alpine
foreland) and in the high-relief (Swiss Alps) regions. Modelled ODs for regions under modern glaciers (Haeberli et al., 2016)
were also used for quantitative comparisons with ODs in ice-free areas (our dataset).
An automated GIS-routine was designed to identify and extract ODs features using four different filtering criterions: area,
maximum depth, slope and basin connectivity. Differences in overdeepenings’ spatial trends (area, length, width, sediment
thickness, elongation and orientation) and the potential influence of lithology and hydrological network were investigated for
the whole Switzerland (163 ODs in total). A more detailed analysis was conducted for big overdeepened features (length >
5 km, 31 ODs), in which cross-section profiles, shape-factors (V to U-shaped), drainage confluences and transversal valley
asymmetry were computed.
Our results suggest a continuous trend for ODs’ geometry between ODs under current ice and in ice-free areas.
Overdeepenings’ elongation ratios, mean and maximum depths show good correlation with their areas. From a hydrological
perspective, the number of rivers confluences seem to be a good proxy for ODs’ volumes. While drainage flow can help
explain ODs’ elongations, bedrock resistance explains well the maximum depths and widths of the analyzed features. On
the other hand, no clear relationship was found between area and elongation. Cross-section calculations showed a
correlation between depths and shape factors, demonstrating that V-shaped cross-profiles occur mostly for deeper ODs.
This might be related to a more efficient subglacial water system.
The investigation of spatial patterns suggest stronger relationships with local controls (such as drainage area and lithology)
than with broader regional settings (e.g. mountain vs foreland areas). This analysis will, ultimately, contribute to identifying
possible controls related to overdeepenings formation and development, allowing a better understanding of erosive
processes by glaciers during Quaternary times.
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Figure 1. Overdeepenings location and bedrock elevation model. ODs under current ice from Haeberli et al. (2016) dataset.
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9.5
First steps to create a comprehensive geophysical and geotechnical
model of submerged slopes in Lake Lucerne
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Achim Kopf2, Donat Fäh1
Swiss Seismological Service, ETH Zürich, Sonneggstrasse 5, CH-8092 Zürich (a.shynkarenko@sed.ethz.ch)
MARUM – Center for Marine Environmental Sciences, University of Bremen, Leobener Strasse 8, D-28359, Bremen
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Both seismically and aseismically triggered slope failures in lakes can cause a substantial damage to the infrastructure and
population as they can be tsunamigenic. Despite the smaller spatial scale in comparison to tsunamis in oceans, they can
nevertheless pose a considerable hazard for the densely populated lake shores.
Lake Lucerne in central Switzerland has experienced damaging tsunamis in the past few centuries: in 1601, caused by
earthquake-triggered mass movements, and in 1687, caused by the spontaneous collapse of Muota river delta. Nowadays
there are still substantial sediment packages on some of Lake Lucerne’s slopes which have a potential to fail providing the
presence of critical conditions.
Potential slope failure scenarios in lakes can be investigated based on slope stability analysis taking into account the
influence of different triggering factors, among which earthquakes appear to be the most important. The volume of the
potentially unstable mass can define whether a tsunami generation is possible or not.
In this study, the stability of submerged slopes of Lake Lucerne is investigated. To model the behavior of lake slopes under
different conditions, we are creating a geophysical and geotechnical model of sediment coverage on the slopes. For this
purpose numerous seismological and geotechnical investigations are being conducted since 2018: more than 150 cone
penetration tests (CPTu) and core retrievals and more than 100 ocean bottom seismometer (OBS) deployments have being
carried out so far (Fig.1). All the data is being processed and analyzed in order to retrieve the main sediment properties,
such as fundamental frequency of resonance, shear wave velocity, undrained shear strength, density, grain size distribution
etc. Based on the new data obtained during this extensive field work, and on the available bathymetry map and reflection
seismic dataset, a 3D model of slopes structure and sediment properties distribution in Lake Lucerne will be created.

Figure 1. Map of the locations where seismological or geotechnical investigations were carried out. Red and yellow dots: Ocean Bottom
Seismometer deployments; green dots: coring sites; blue dots: cone penetration testing sites.

Swiss Geoscience Meeting 2019

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 9: Geomorphology

291

Symposium 9: Geomorphology

292

9.6
Assessing the effect of pre-existing structures on the Moosfluh
landslide (Great Aletsch Glacier) by using remote sensing techniques
and field observations
Sandro Truttmann1, Sibylla Hardmeier1, Marco Herwegh1, Guido Schreurs1 & Andreas Ebert2
1
2

Institute of Geological Sciences, University of Bern, Baltzerstrasse 1+3, CH-3012 Bern (sandro.truttmann@gmail.com)
Geo Explorers AG, Wasserturmplatz 1, 4410 Liestal

The Moosfluh landslide at the tongue of the current extent of the Great Aletsch Glacier is one of the largest active
landslides in the European Alps. Several historical slope failures attributed to the retreat of the Great Aletsch Glacier have
been recorded in the Aletsch valley. In the gneisses and granodiorites of the Aar Massif hosting the landslide, pre-existing
deformation structures play a key role in slope destabilization.
In this study, a combination of fieldwork and remote sensing techniques is used to assess the effect of pre-existing
deformation structures on the Moosfluh landslide. Fieldwork data and lineament mapping on orthophotos allow to identify
and characterize pre-existing deformation structures and landslide-induced fracture patterns. Digital Image Correlation
(DIC) is used to reconstruct horizontal surface velocities from orthophoto image pairs, which combined with a novel
approach for landslide deformation analysis give spatially high-resolution information on landslide kinematics and the
related surface deformation. By linking the knowledge of pre-existing deformation structures and landslide-induced
deformation, we obtain detailed information on the landslide processes and their evolution in space and time.
The landslide evolution from 2008 to 2018 can be reconstructed with high spatial resolution. Surface deformation analysis
reveals the concentration of active deformation along former narrow ductile and brittle shear zones, allowing to directly link
pre-existing deformation structures with landslide deformation processes. Brittle reactivation of these shear planes and
fracture propagation between exfoliation joints results in a pervasive 3D fracture pattern, which is responsible for the
current disintegration of the rock mass. Toppling is the main gravity-driven mass movement process in the upper part of the
slope. A complex interplay between toppling processes and pre-existing, valley-parallel exfoliation joints allows the transition
from toppling to sliding mechanism by an upward connection of fractures and the formation of a continuous basal rupture
surface. The results from this study show that the lateral detachment processes differ on either side of the Moosfluh
landslide, which can also be explained by lateral differences in the geometry of pre-existing deformation structures. 3D
disintegration further leads to enhanced rockfall activity in oversteepened slopes. A temporal stabilization of the landslide is
recorded after 2017, which might be caused by the self-stabilizing properties of flexural toppling. Particularly with further
glacier retreat, renewed acceleration of the landslide can however not be excluded.
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9.7
Unmanned aerial vehicles and feature tracking for monitoring rock
glacier kinematics
Sebastián Vivero1 & Christophe Lambiel1
Institute of Earth Surface Dynamics (IDYST), University of Lausanne, Bâtiment Géopolis UNIL Mouline, CH-1015
Lausanne (sebastian.viveroandrade@unil.ch)

1

Rock glacier kinematics are commonly derived from repeated measurements carried out by terrestrial geodetic surveys. In
the Swiss Alps, and under the coordination of PERMOS office, continuous long-term kinematics records are obtained since
2000 for several rock glaciers (PERMOS, 2019). These records provide a robust and updated picture of the state of rock
glacier kinematics, which allows a better understanding of the dynamics of mountain permafrost.
This study introduces a new method to quantify rock glacier kinematics and their associated uncertainties derived from six
consecutive UAV surveys of Tsarmine rock glacier, Valais Alps, Switzerland. Since 2016, we have been executed UAV
surveys with a SenseFly eBee RTK device concomitant with the acquisition of in-situ kinematic measurements using
differential GNSS equipment. Sequences of high-density 3D point clouds for Tsarmine and its environs using SfMphotogrammetry were generated. Co-registration and feature tracking methods were performed on the multitemporal
orthomosaics and DEMs.
Using customised UAV surveys and their resulting 3D data, rock glacier geometric changes can be studied in high detail.
Results indicate a good fitness between in-situ GNSS measurements and UAV-derived displacements, where the flow
structure of Tsarmine shows a regular profile of increasing velocities towards the terminus (up to 7 m/y). Moreover, the
general assessment of the 3D-models allows computing not only horizontal displacements but also elevation changes. UAV
monitoring approaches can be advantageous for accessing difficult terrain, as they can be easily customised to deliver high
resolution and frequency of observations in comparison with other remote sensing or ground survey methods.
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9.8
The importance of non-vertical flux in the interpretation of detrital
cosmogenic nuclide concentrations for basin-wide erosion rates
Yanyan Wang1, Sean D. Willett1
Geological Insititute, Department of Earth Sciences, ETH Zurich, Sonneggstrasse 5, CH-8092 Zurich
(yanyan.wang@erdw.ethz.ch)

1

Detrital cosmogenic nuclides (DCN) concentrations are generally interpreted in terms of the mean rate of catchment surface
lowering. This is based on the relationship that DCN concentration depends on the production of cosmogenic nuclides
integrated over the catchment area divided by the volume of rock moving through that surface per unit time, giving the unit
of a flux. Conventional catchment-averaged erosion rate is thus a vertical mass flux. In general, the mass flux results from
motion of the rock through the Earth’s surface in any direction, not just in the vertical. In many geomorphic or tectonic
settings, the change of the surface is better described by horizontal motion of the rock with respect to the surface, thus
defining a horizontal flux. For example, in tectonically-quiescent escarpments on rift margins, the mass flux of an
escarpment-draining basin can be approximated to be purely horizontal and the mass flux is determined by the rate of
escarpment retreat. Similarly, tectonic motion on low-angle faults results in horizontal rock motion with respect to the
surface, if erosion maintains a constant surface.
Assuming equilibrium of cosmogenic nuclides production and transport means that rock trajectory has no impact on the
total production of cosmogenic nuclides. The effect of non-vertical rock motion is to change only the solid rock flux and thus
the dilution of the cosmogenic nuclides. For a given direction (dip and azimuth) for the instantaneous rock motion, we can
determine the velocity producing a given DCN concentration, and we present those expressions here.
We demonstrate and test this method using published DCN data from rift-margins where landscape evolution is dominated
by retreat of an escarpment (Braun, 2008).
We estimated retreat directions and
converted DCN concentrations into fluxes
and thus retreat velocities. We focused on
data from the Western Ghats where we
analyzed 24 basins and found escarpment
retreat rates of 160 to 2480 m/Ma (Figure
1). These rates are consistent with nearconstant retreat rates since rifting at 65 Ma.
We also analyzed data from Brazil, South
Africa, the southern Appalachians, and east
Australia, finding rates on the order of 100s
to 1000s of m/Ma. The high concentrations
of DCNs from passive margins thus do not
imply static landscapes with only low rates
of change. The retreat rates from our
method is consistent with ndependent
scaling relationship between retreat rate
and channel steepness as proposed by
Willett et al. (2018).

Figure 1. Escarpment retreat rates in the normal
direction of the reference coastal line on the
topography base map of southern Western
Ghats, India. Arrows represent the escarpment
retreat vector: the azimuth denotes the retreat
direction while the length denotes the retreat rate
in that direction. Cosmogenic nuclide
concentrations are from Mandal et al., (2015).
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P 9.1
Augmented reality for geosciences: the example of the didactic trail
Novi Lé (Lake of Gruyère, FR)
Luc Braillard1, Julien Magnin2, Martin Charrière3, Nathanaël Monney3, Philippe Jeanrenaud4 & Jérôme Gremaud5
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Novi Lé (New Lake in local dialect) is a didactic trail created in 2019 around the Lake of Gruyère. It comprises 30 panels
distributed into seven walks, which provides information about the lake, its natural environment and its (pre-)history.
Four panels are specifically dedicated to geosciences. They tell stories about the glaciers, the palaeo-lake of Gruyère, the
influence of bedrock on topography, and the landscape evolution since deglaciation. When scanned with a smartphone or a
tablet, each panel starts an interactive animation, designed to be attractive and didactic. The panels will be available at the
poster session to test the app and exchange ideas and experiences about the use of augmented reality to explain and
promote geosciences in the general public.

Figure 1. Trailer of Novi Lé: launch it by scanning the image once the app has been downloaded.
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Figure 2. The Gruyère region during the last glacial maximum (ca. 20 ka ago). Confluence between the Valais (right) and Sarine (left)
palaeo‐glaciers.
Scan the image to start the animation.
© dna studios / L. Braillard, 2019.

Figure 3. Landscape evolution since the deglaciation.
Scan the image to start the animation.
© dna studios / J. Gremaud, 2019.
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The 1513 Monte Crenone rock avalanche. Numerical model and
geomorphological analysis
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The Monte Crenone rock avalanche of 30th September 1513 is one of the most catastrophic natural events in Switzerland
and throughout the Alps. The enormous mass of rock that broke away from the western slope of Pizzo Magn or Mount
Crenone, estimated at 50-90 million cubic meters, caused the complete damming of the course of the Brenno river, leading
to the formation of a basin that extended from Biasca to the Castello di Serravalle in Semione (De Antoni et al. 2016). On
20th May 1515 the basin formed behind the dam overflowed, giving rise to a wave of more than 10 meters high that led to
devastation in the territories downstream to reach Lake Maggiore (Scapozza et al. 2015).
In this project, we analyze the dynamics of the 1513 rock avalanche, trying to reconstruct the event through a numerical
model, calculated with the software RAMMS::Debrisflow (RApid Mass Movement Simulation) provided by the Federal
Institute for the Study of Snow and Avalanches (SLF/WSL).
The realization of the numerical model was preceded by the reconstruction of the topography before the landslide. This first
phase of work, included a geological survey of the landslide body, the analysis of digital data (orthophotos, digital
topographic maps, shaded model derived from swissALTI3D) and the collection of previous historical data.
The observation of the stratigraphic data obtained from the 701.27 and 701.30 boreholes (part of the geotechnical studies
for the Chiasso-San Gottardo highway) of the GESPOS database (GEstione Sondaggi, POzzi e Sorgenti) of the Institute of
Earth Sciences SUPSI was essential to understand the landslide body thickness and volume in the deposition zone.
From the first phase of data collection and interpretation, we then moved on to the actual reconstruction of the digital model
of the terrain before the landslide. This operation was carried out using ESRI’s ArcGIS software, which made it possible
recreating multiple models of the pre-event topography and thus finding the most realistic solution applicable to the
subsequent RAMMS model (Figure 1).

Figure 1. Final numerical model obtained by the Ramms Debris Flow software, (developed by WSL Institute for Snow and Avalanche
Research SLF and the Swiss Federal Institute for Forest, Snow and Landscape Research WSL)

REFERENCES

De Antoni S., Scapozza C., Tognacca C., Zucca M., Bernasocchi M., Bruni-Coduri Y. & Chiaravalloti E. 2016. La Buzza di
Biasca attraverso le immagini e i documenti. 1515–2015. Biasca, Comune di Biasca, 128 p.
Scapozza C., Tognacca C., Ambrosi C. & Seno S. 2015. 20 maggio 1515: la “Buzza” che impressionò l’Europa. Bollettino
della Società ticinese di scienze naturali 103: 79–88.

Swiss Geoscience Meeting 2019

Platform Geosciences, Swiss Academy of Science, SCNAT

P 9.3
Surface behavior of the Makran accretionary wedge in Iran from 10Be
analyses of river sands and terraces.
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The Makran subduction zone hosts in SE Iran and SW Pakistan one of the largest exposed accretionary wedges in the
world. However, the western and eastern Makran accretionary wedge differ remarkably in topography and seismicity. While
the eastern Makran experienced large earthquakes (e.g. Mw 8.1 in 1945), the western part is seismically quieter. Besides,
the surface topography shows more maturity in the western than in the eastern part.
How topography evolves with wedge accretion and whether the topography reached steady states are open questions. We
measured catchment wide 10Be in five major catchments draining intramountain basins of the on-shore Iranian Makran.
Combined with data from previous studies on incision rates from fluvial terraces found in the same catchments, we provide
new arguments for the steady state topography of the wedge on a regional scale.
Another aim of this study was to examine the possible temporal variability of CRN-derived signals driven by climate
changes during the Pleistocene and Holocene by comparing modern river derived denudation rates with paleo estimates
obtained on the fluvial terraces. Results complement existing information on temporal changes in sediment fluxes, which
might point to climatic events in this part of Southwest Asia.
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Investigating geomorphological processes in a modelling framework is crucial for (a) gaining understanding of the
interactions between climate, weathering and sediment history, for (b) conducting studies on climate change impacts and
for (c) hazard scenario assessment. In the Alps and on a small catchment scale (~0.1 − 10 km2), the high-resolution input
data needed for deterministc and physically-based models are often missing or highly uncertain. Consequently, the outputs
of such models often lack significance. Thus, geomorphological processes are often investigated in stochastic frameworks
in combination with parameterising well-established concepts. These parameters only have limited physical meaning and
need to be calibrated. Consequently, the conceptual models should be examined on their sensitivity to those parameters to
avoid overinterpretation of the results and highlight knowledge gaps.
SedCas (Bennett et al., 2014) is a sediment cascade model developed for reproducing debris-flow first-order characteristics
such as magnitude, frequency and seasonality. The model consists of a hydrological and a hillslope module and is forced
by climatic variables (precipitation and temperature) as well as a magnitude-frequency distribution of hillslope failures
providing sediments to the channel. The land-use types (forest, bedrock/scree) are lumped into hydrological response units
represented as linear reservoirs. SedCas operates at hourly time steps, which is a representative time scale for debris-flow
triggering.
SedCas was developed for the Illgraben, a highly debris-flow prone catchment in the canton of Valais, Switzerland, with an
average of 3-4 debris flows yearly. While debris-flow dynamics at the outlet of the catchment are observed since 2003 with
a force plate (McArdell et al., 2007), data to calibrate the hydrological module is missing (e.g. discharge measurements,
soil properties). Therefore, we calibrate eight parameters of SedCas (Table 1) in a Monte Carlo approach using posterior
analysis and quantify the model’s sensitivity to uncertainty in the parameters using Sobol’ indices (Sobol, 2001). Sobol’
indices express the proportion of variance in the model output, which can be attributed to the uncertainty of the specific
parameter.
Preliminary results reveal that with the approach of posterior analysis, debris-flow paramters can be well constrained
whereas for the hydrological parameters (storage capacities and residence times), a wide range of parameter values can
lead to similar results (Figure 1). The findings of this study has implications for future applications of SedCas. We will use
the model to assess climate change impacts on sediment yield and debris-flow activity. Therefore, this study provides
objectively obtained measures for the significance of model outputs.

Table 1: List of parameters from the SedCas model which are subject to calibration and sensitivity analysis.
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Figure 1. Histograms of the parameters listed in Table 1. Prior parameter distributions are uniform and blue (n=2000). The posterior
distributions (orange, n=100) consist only of parameter sets with behavioural model results (i.e. within accepted limits).
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Close-up imagers such as MAHLI or CLUPI are often described as the equivalent of a geoscientist’s hand lense mounted
on a rover. Compared to the use of a hand lense by a geoscientist in the field, the use of such imagers for extracting
information, e.g. on rock properties, rock formation or their potential to contain biosignatures, is biased. The difference
between the tools is caused by the resolution and spectral recording capacity of the imager, as well as the environmental
conditions when an image is taken. During rover missions, ideal conditions to take close-up images are rare or require
extra time, energy and data transmission volume. Preparing the use of close-up imagers during a mission is therefore
essential for maximizing the scientific output of rover operations. The Marslabor of the University of Basel aims at providing
the opportunity to test the operations of close-up imagers in situations that resemble those during a rover mission to
another planetary body. The main elements of the Marslabor are a Marsyard with variable surface conditions, in particular
surface color and roughness, lighting simulating different positions of the sun at various degrees of intensity and
atmospheric diffusion, and a small rover carrying a commercial camera with macro-lense offering a field of view similar to
the ExoMars Close-up Imager (CLUPI). The aims of the tests conducted in the University of Basel’s Marslabor are (i) the
identification of the best lighting for the recognition of biosignatures, (ii) rock identification from the furthest possible
distance during rover drives, and (iii) integration of close-up imagers in rover exploration cascades.
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Cosmogenic nuclides, such as 10Be, measured in detrital river sediments are widely used to derive denudation rates and
sediment fluxes at the scale of entire catchments. Pairing 10Be with another short-lived nuclide such as in-situ 14C (5700
years half-life) allows tracing erosion and sediment processes occurring on Holocene time-scales to be traced at the Earth’s
surface.
In this contribution we use paired 10Be - in-situ 14C measurements in detrital sediments produced by the rapidly eroding
Himalayan range to better quantify how sediments are produced and transferred from source to sink. 10Be and in-situ 14C
data from trans-Himalayan rivers show that the concentration of in-situ 14C relative to 10Be is lower than what would be
expected if sediments were produced by steady-state superficial erosion of the landscape. Such apparent offset between
10
Be and 14C concentrations may be explained by the erosion and mobilisation of sediments from large, deep-seated
landslides. In that case, we show that it is possible to use paired 10Be and in-situ 14C measurements in detrital sediments to
evaluate the average landslide depth and recurrence time averaged over the scale of entire catchments.
Once the sediments are exported to the lowlands, the paired 10Be - in-situ 14C concentrations measured in sediments are
mainly sensitive to sediment transfer processes in the floodplain. Sediment storage in alluvial settings leads to the partial
shielding of sediments from cosmic rays and results in the rapid decay of 14C in comparison to 10Be. Our preliminary data
obtained from the sediments sampled at the mouth of the Ganges in Bangladesh has 10Be-14C signatures close to those
measured in the trans-Himalayan rivers mentioned above, suggesting a rapid sediment transfer of sediments through the
floodplain separating the Himalayan range from the Bay of Bengal.
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Landslides phenomena are a type of natural hazard that can compromise people’s safety and infrastructures, especially in
mountainous areas. Each year in Switzerland, several accidents and damage to infrastructure are recorded in the Alps, on
the Plateau or in the Jura massif due to landslide activities. Thus, in 2018, landslides have been introduced in the
governmental program for protecting and alerting the Swiss population against natural hazards. However, large-scale
predictions of landslide activity can be tedious and complex due to their high dependence on local rock and soil properties,
as well as environmental conditions. In addition, monitoring systems of slope deformation for anticipating incipient failure or
enhanced slope activity are simply too expensive for covering large spatial and temporal scales. Thus, the objective of the
JuraHydroslide project is to find alternative hydrogeologic indicators and develop innovative tools for making short- and
long-term predictions of landslide activity in the Jura Mountains, as well as assess the interaction between karst systems
and slope stability. The study sites are distributed along the Jura massif to cover several types of landslides, such as
permanent deep-seated landslides, superficial spontaneous landslides, peat landslides or rock avalanches. Particular
attention will be paid to the role of groundwater in these different landslide phenomena, especially in the triggering and
propagation aspects of these natural processes. The pre-historic Chasseral landslide (Nods, BE), described as a rock
avalanche, takes part in the first development step of the JuraHydroslide project, by exploring its geometrical properties, via
the acquisition and processing of Electrical Resistivity Tomographies (ERT).This permits the assessment of pre-failure and
post-failure geologic and hydrogeologic conditions. Hence, this landslide was studied in order to precisely assess the
thickness of the deposit area along multiple ERT cross sections, the source and deposit volumes, the travel angle, the
travel distance and the mean flow velocity (Fig. 1). These field data will be used to constrain numerical models of slope
stability and landslide propagation for evaluating and better understanding the triggering and propagation mechanisms.

Fig. 1: Geomorphologic and kinematical properties of the Chasseral rock avalanche derived from high resolution ERT profiles, analyses of
the digital elevation model swissALTI3D from swisstopo and geostatistical modelling.
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Introduction
More than 50% of Iran area located in arid and semi-arid regions including deserts and playas geomorphological units.
Sand dune and barchans area are the most important landform in desert environments of Iran. There are more than 20
relatively large Erg in Iran, as well as numerous small sand dune field with an area of about

36,000 square kilometers
(Mahmoudi, 1991). Dynamics of this landforms affect human settlements, as well as the economic and commercial
buildings, road and rails roads and cause a serious threat to human societies. The studied area is located in central parts of
Iran, between Yazd and Tabas and near the Robat-e-poshtbadam regins. The movements of sand dune especially
barchans in this region are causing damage and blocking Yazd Tabas. Hence morphodynamics investigations of sand
dunes and barchans are essential in this region. In this study, 35 individuals’ barchans were studied and movement rate
and direction of movement was calculated to obtain dynamics of barchans and control sand dunes movements in study
area.

Fig1. A: Locations of Study area in Iran (red quadrangle), B: Study Area, C: Effects of barchan movement on blocking Major Road in study
area

Material and Method
Quick bird satellite data are used to calculate rate and direction of barchan dune movement between from 2005 to 2012.
This process was automatically extracted from these images using Geographic Information System (GIS) and spatial
analysis techniques provided by image processing software. the migration distance of each barchan dune (D) in meter is
equal to the average length of lines that connecting every two corresponding points; the obtained migration distance which
refers to the whole period (2005 and 20112)was averaged to express the yearly movement rate for each barchan dune (m/
year)Equation 1; also, the barchan movement direction (A) in degree clockwise from north is automatically extracted, the
barchan migration rate and direction are expressed by the equations2 (Boulghobra and Hadda Dridi ,2016). in order to
investigation wind characteristic role migration rate and direction Wind rose diagram generated using annual.

Discussion and Results
point-to-point geo correlation on fine resolution imagery between 35 individual barchans in study area allowed accurately
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measuring the barchan movement rate and direction; results showed that the movement rate in posht badam region ranged
from 6.6 to 20 m/year) during the period 2005-2012. The obtained direction of barchan movement is ranging from South
east South. Composite meteorological records derived from Iran Meteorological Organization including wind speed and
directions suggests causes of this direction and tare of barchan fluctuations is a variability in regional wind regime. The
results indicate that Quick Bird images, is useful tools for mapping, analyse and monitor the spatial and temporal behaviour
of barchan including: mobility, speed and directions in arid regions.
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Within the framework of scientific researches related to geomorphological and climatic evolution of the Alps during
Lateglacial and Holocene, only few studies were carried out on periglacial sedimentary terrains. In order to reconstitute the
palaeoenvironmental history of the alpine periglacial domain, this research has focused on the morphostratigraphy of
periglacial and glacial landforms of the Splügenpass region (transnational pass between Switzerland and Italy) and of the
upper part of Val Scaradra (north-eastern part of the Ticino Canton).
The surface dating was performed with the analysis of Schmidt hammer rebound values (R-values). The joint utilisation of
palaeogeographical method, allowing the reconstruction of past glacier and rock glacier extensions, and the definition of
age-calibration curves of R-values on historical constructions and thanks to historical cartography, allowed Schmidt hammer
exposure-age dating (SHD) and the definition of relative chronologies with high temporal resolution.
In the Splügenpass region, Schmidt hammer R-values measured on metagranite porphyr of the Suretta-Nappe (“RofnaPorphyr”) were calibrated thanks to two historical retaining walls for a mule track, attributed respectively to the Roman
Epoch (1.65 ka cal BP) and to the Late Middle Ages (0.7 ka cal BP) (Figure 1). Thanks to SHD, it was possible to establish
a chronology of the Lateglacial glacier retreat and to date rock glaciers and talus slopes development. The results show
that Splügenpass was ice free since 15.8 ± 2.6 ka cal BP, whereas the Splügenpass rock glacier started its formation
during the Lateglacial Interstadial (the minimal age of the front is of 12.6 ± 2.6 ka cal BP).
In the upper Val Scaradra, R-values were measured on large boulders of the proglacial area of the Vadrecc di Scaradra
(Scaradra glacier) composed by micaschists and paragneisses of the Adula-Nappe (Del Siro, 2019). From a Younger Dryas
lateral moraine to the glacier portal, several Holocene terminal moraines were studied by SHD in order to determine the
glacier fluctuation during the last centuries (Scapozza, 2014). Schmidt hammer R-values were calibrated thanks to
historical topographic maps of the area: (1) the original relief for the Dufour Map (Topographical Map of Switzerland, sheet
OA 443, Feuille XIX. Sect. 2, 1:50’000) cartographed by Hermann Siegfried in 1854; (2) the editions of the Sheet 504/
Olivone of the Siegfried Map (Topographical Atlas of Switzerland, 1:50’000; the first edition is from 1872) and; (3) the
editions of the Sheet 1253/Olivone of the National Map of Switzerland 1:25’000 (the first edition is from 1966).
The SHD age-calibration based on historical surfaces of known age highlights a non-linear behaviour of surface weathering
from the Lateglacial to the Late Holocene. These investigations will also improve the knowledge of the potential use of SHD
for numerical-age dating in alpine geomorphological studies, a field of research that is currently rapidly developing and that
can be an alternative to Cosmogenic Nuclides dating in the understanding of complex glacial-periglacial-paraglacial
landsystems.
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Figure 1. SHD show a probable evidence of final “relictification” between the Roman Period and the Late Middle Ages. Orthophoto: Swiss
Federal office of topography swisstopo.
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Dust emissions by soils, primarily originating from hot and cold (semi-) deserts, can have a large effect on the Earth’s
system. Long distance transport of suspended dust potentially affects air circulation systems, biogeochemical cycles of
oceanic and terrestrial ecosystems, soil characteristics and geomorphology. To generate dust emission, a particular wind
velocity must be exceeded: the threshold friction velocity. Most research focused on the relation between wind velocities
and dust emission has been carried out at sea level, where a high air pressure, and thus high air density, is present.
Studies on the effect of low air density conditions are primarily focused on extra-terrestrial environments. However, more
recent research demonstrated that the intensity of wind erosion on Earth decreased with decreasing air density. These
findings form the basis for this research, which aims to establish the relationship between threshold friction velocities and
PM10 dust emission, taking changing air density into account, while comparing two types of instruments: a traditional
portable straight-line wind tunnel, and a new type of instrument, the PI-SWERL. The research is divided into two
components: 1) a cross-comparison between a traditional portable straight-line wind tunnel and the PI-SWERL, and 2) a
study on the influence of decreasing air density on the threshold friction velocity for PM10 emission by employing the PISWERL in the field. It was found that compared to the wind tunnel, the PI-SWERL measured significantly different threshold
friction velocities for one of the materials, which can possibly be attributed to the experimental set-up. To obtain data about
the effect of changing air density on the threshold friction velocity and dust emission potential of soils, four field locations at
different altitudes in Switzerland were chosen to create an altitude gradient. When testing the PI-SWERL in the field, a
highly significant positive linear relationship between the threshold friction velocity for PM10 emission and air density was
found. Furthermore, a significant negative linear relationship between the PM10 emission potential and air density was
found, as the PM10 emission decreased with decreasing air density. Despite the different measured thresholds for PM10
emission, it is believed that the PI-SWERL can be used to study certain aspects of wind erosion. For future research,
several adjustments need to be done to the experimental design to reduce variance between replicates and improve
reproducibility.
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Extracting landslide dynamics from seismic signals based on empirical
Green’s function
Zhen Zhang1, Fabian Walter 2, Siming He1
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Laboratory of Hydraulics, Hydrology and Glaciology, ETH Zurich, Zurich, 8093, Switzerland
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Over the last two decades, many studies have attempted to estimate the source characteristics of landslide using seismic
signals. Based on the single-force source model, the landslide force history can be obtained by inverting long-period
seismic signals (Ekström and Stark, 2013). When the inverted force-time function of the landslide is combined with field
observations, the landslide’s dynamics can be reconstructed. However, the higher-frequency seismic signals cannot be
used to invert the force-time function of the event because calculatingthe Earth’s higher-frequency elastic response
(‘Green’s functions’) requires a crustal velocity model at a precision, which is usually not available (Allstadt, 2013).
Moreover, our understanding of physical sources models for the high-frequency seismic signals is still incomplete.
In this paper, we use seismic signals generated by a smaller landslide that have occurred at the same place as larger ones
as the empirical Green’s function (EGF) to obtain the main landslide dynamics from high-frequency signals. This avoids the
requirement to calculate Green’s function. When the source of the smaller landslide is simple, the dynamics of the main
event can be described as the combination of simple mass motions. Using the EGF, we obtain the apparent force-time
function of the landslide based on the EGF by inverting the higher-frequency seismic signals. Based on this apparent forcetime function, we can obtain more detailed landslide dynamics. This paper thus shows that the EGF can be used to
quantitatively estimate the dynamics of a landslide.
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