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9.1

Eco-engineering in geomorphology: Sustainable prevention of surface 
erosion and superficial slope failures on hillslopes in alpine environments 

Alexander Bast1, Holger Gärtner1

1 Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Landscape Dynamics/Dendroecology, Zürcherstrasse 111, 
CH-Birmensdorf/ZH (alexander.bast@wsl.ch)

In mountain environments many slopes are covered by coarse grained, glacial-, periglacial- or/and denudation-derived 
substrate. These slopes show a high geomorphic activity, are susceptible for surface erosion and superficial slope failures, 
as shallow landslides or debris f lows, and can result in a high socio-economic hazard potential. This is especially true for 
slopes lacking a protecting vegetation cover. Regarding hazard prevention, ground eco-engineering gained in importance. 
This is related to a range of techniques, which can provide sustainable measures to protect erosion-prone hillslopes, or 
landforms in general.

Using plants for a sustainable erosion control demands a stable seedbed, providing appropriate water and nutrient supply. 
However, degraded alpine slopes are often unstable and the coarse-grained material shows a low retention capacity of 
water and nutrients. This hampers a fast and sustainable development of a protecting vegetation cover. Thus, the question 
arises what needs to be done to give planted saplings within eco-engineering projects maximum support developing their 
above- and belowground structures to promote slope stabilization. Laboratory experiments have shown a positive impact 
of mycorrhizal fungi inoculation on plant development and soil structure. Based on this, we intended to apply this ap-
proach on a field-experimental scale.

We established two eco-engineered test areas (with/without inoculum) located in the Eastern Swiss Alps. There we quanti-
fied fine-root development and soil aggregation at the end of three consecutive vegetation periods.

After the first vegetation period, at the mycorrhizal inoculated site, fine roots showed indeed a lower root length density 
compared to the non-mycorrhizal treated site, but the proportion of roots with thicker diameters tended to be higher. 
Contrary to expectations, aggregate stability was highest at the non-mycorrhizal treated site. At the end of the third vege-
tation period this pattern changed: Aggregate stability is then highest at the inoculated site and root length density inc-
reased. After a three-year growth development, the tendency to thicker root diameters at the mycorrhizal treated site, 
expected to occur after the first vegetation period, can be confirmed. In addition, we asserted that soil temperature seems 
to have a strong influence on fine root development and hence, on subsurface stability.  
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9.2

The importance of erosion for debris flow runout modeling: examples 
from the Swiss Alps

Florian Frank1, Brian W. McArdell1, Christian Huggel2

1 Swiss Federal Institute for Forest, Snow and Landscape Research WSL (florian.frank@wsl.ch)
2 Department of Geography, University of Zurich

Debris fans are characteristic Alpine landforms constructed by some combination of modern, historical and Holocene 
mass movements including rockfall, rock avalanches and debris f lows. The geometry of debris-f low-dominated fans and 
their sediment deposits depend on the magnitude and frequency of the debris f lows: relatively small and frequent debris 
f lows (1000’s of m3 per event ) are expected to produce generally steeper landforms than larger but much less frequent 
debris f lows (on the order of 104 to a few 105 m3 per event). The sudden onset of large and erosive debris f lows has been 
observed recently in different catchments in Switzerland (Huggel et al., 2012).

In the Spreitgraben catchment (Canton Bern, Switzerland; catchment area 4 km2) e.g. there has been a significant increase 
of the frequency of large debris f lows. The cumulative magnitude of channel erosion since 2009 is on the order of several 
10’s of meters for several channel sections. Consequently the banks have become over-steepened and bank failure has led 
to channel widening. 
In collaboration with cantonal authorities (Canton Bern, Switzerland) and private  company (Geotest AG, Zollikofen, 
Switzerland), this PhD study was set up at WSL and University of Zurich with the goal to interpret the erosion produced 
by debris f lows using a debris f low runout model. The RAMMS debris f low model solves the 2D shallow water equations 
of motion for granular f lows and includes the Voellmy friction relation (Christen et al., 2012). A corresponding erosion 
model is based on generalization of field data of several debris f lows measured at the Illgraben catchment, Valais, 
Switzerland (Schürch et al., 2011). The relationship between maximum shear stress and measured erosion was used to 
determine the maximum erosion depth. In additional, erosion sensor measurements are used to constrain the maximum 
erosion rate (Berger et al, 2011). The erosion model was corroborate using data of the 1st of July 2008  at the Illgraben.

Model testing was conducted for the large and highly erosive debris f low events at Spreitgraben, Switzerland in 2010 and 
2011. The first results using the shear stress-based erosion model within the RAMMS software show that the model pro-
duces plausible erosion results. A significant advantage to including channel erosion is that the f low pattern is more re-
alistic than in simulations where entrainment is not included. In particular, simulations without channel bed erosion 
show more lateral outflow from the channel where it has not been observed in the field. Therefore the erosion model 
may be especially useful for practical applications such as hazard analysis and mapping.
However, further events have to be modeled using the erosion model to do more testing and to establish more corrobora-
tion concerning slightly different debris f low channels and catchments.

REFERENCES
Berger, C., B. W. McArdell, and F. Schlunegger (2011), Direct measurement of channel erosion by debris f lows, Illgraben, 

Switzerland, J. Geophys. Res., 116(F1), F01,002, doi:10.1029/2010JF001722.
Christen, M.; Bühler, Y.; Bartelt, P.; Leine, R.; Glover, J.; Schweizer, A.; Graf, C.; McArdell, B.W.; Gerber, W.; Deubelbeiss, Y.; 

Feistl,	 T.	 &	Volkwein,	 A.	 2012:	 Integral	 hazard	management	 using	 a	 unified	 software	 environment:	 numerical	
simulation tool «RAMMS» for gravitational natural hazards. In: Koboltschnig, G.; Hübl, J.; Braun, J. (eds.) 12th 
Congress INTERPRAEVENT, 23-26 April 2012 Grenoble - France. Proceedings. Vol. 1. Klagenfurt, International 
Research Society INTERPRAEVENT. 77-86.

Huggel, Ch., Clague, J. J. and Korup, O. 2012: Is climate change responsible for changing landslide activity in high 
mountains? Earth surface processes and landforms, Volume 37, Pages 77-9.

Schürch, P.; Densmore, A.L.; Rosser, N.J.; McArdell, B.W. 2011: Dynamic controls on erosion and deposition on debris-flow 
fans. Geology 39: 827–830.
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9.3

The possible influence of terracettes on surface hydrology of  
steep-sloping and subalpine environments

Philip	Greenwood,	Samuel	Kuonen,	Wolfgang	Fister	&	Nikolaus	J.	Kuhn

Physical Geography & Environmental Change Research Group, Department of Environmental Sciences, University of Basel, 
Klingelbergstrasse 27, CH-4056 Basel (philip.greenwood@unibas.ch)

Alpine and mountain slopes represent important pathways that link high altitude grazing areas to meadows and range-
lands at lower elevations. Given the often acute gradients associated with such environments, they potentially represent 
highly efficient runoff conveyance routes that facilitate the downslope movement of runoff and associated material du-
ring erosion events. Many such slopes host series of small steps, or `terracettes`. The position of terracette systems, usual-
ly juxtaposed across the natural downslope f low-path of non-complex yet steep slopes, lead us to hypothesise that their 
presence may influence typical hillslope processes by intercepting or capturing surface runoff during its downslope tran-
sit. Here we report preliminary results and some tentative conclusions from on-going work to explore this possibility. 
Google Earth was used to initially identify a ca. 400 m2 area of well-developed terracette system situated on a west-facing 
slope with gradients ranging from 25-40o (46-84%). A digital elevation model (DEM) of a section of a terracette system was 
constructed using spatial data taken from a relevant excerpt of a topographic map. The DEM was then queried using a 
f low accumulation algorithm and the results were displayed in a Geographic Information System (GIS). The output data 
provided ‘proof of concept’ that terracettes are able to capture surface runoff. A series of rainfall / runoff simulations was 
then performed on the same section of terracettes. Results from both components of the investigation indicate that certain 
sections of a terracette system intercepted surface runoff and acted as preferential f low-pathways during runoff events. 
By contrast, and despite being subjected to intense rainfall, some sections of the same terracette system did not generate 
surface runoff. Based on these contrasting findings, we cautiously predict that areas where surface runoff was not gene-
rated may actually act as depositional sites, or retention zones, and could provide temporary storage for runoff-associated 
substances. Greater understanding of the exact influence of terracettes on surface hydrology in steep-sloping and subal-
pine environments could benefit the future management of grazing and rangelands in such areas.
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9.4

Climatic and vegetation control on  erosion during the Holocene –  
a 15 kyr Be-10 denudation rate record

Reto Grischott1, Florian Kober2, Jürgen Reitner3, Kristina Hippe4, Susan Ivy-Ochs4, Irka Hajdas4, Sean Willett1

1 Geologisches Institut, ETH Zurich, Sonneggstrasse 5, CH-8092 Zürich (reto.grischott@erdw.ethz.ch)
2 NAGRA, Hardstrasse 73, 5430 Wettingen
3 Geologische Bundesanstalt, Neulinggasse 38, AT-1030 Wien
4 Labor für Ionenstrahlphysik, ETH Zürich, Otto-Stern-Weg 5, CH-8093 Zürich

The influence of climate on erosion of alpine catchments has been sparsely understood due to the missing temporal or 
spatial resolution of archives and the quantification of processes. Sediment budget studies (Hinderer 2001)in the Alps show 
severalfold increased lateglacial denudation compared to the present being in line with the concept of paraglacial cycle 
(Church and Ryder 1972; Ballantyne 2002).

Here, we present results coupling a 15-ky record of cosmogenic 10Be-derived paleo-denudation rates (n=42) from a 160 m 
Stappitz lake archive in the Austrian Alps (Seebach-Valley, 34 km2) and a two-year timeseries of the modern stream. The 
age-depth chronology was established using 14C dates and relative pollen-stratigraphy. Postdepositional correction for the 
core samples was not necessary due to sufficient shielding while deposited in a lake. Catchment mapping combined with 
glacial extents reconstructions revealed prominent lateglacial moraines which likely decoupled the sediment f lux from 
upper valley f lanks to the trunk stream since Younger Dryas. Thus, we interpret the denudational pattern as being domi-
nated by the lower hillslopes for the Holocene. During this timeperiod the treeline was mostly on elevations similar to the 
lowest lateglacial moraines thus almost entirely covering the coupled slopes (Nicolussi et al. 2005). The portion of glacial 
remobilised sediment during the lateglacial transition was probably significantly mixed in with hillslope erosion thus the 
reflecting not true catchment erosion. The beginning of the Holocene shows decreasing denudation rates down to a 
minimum at 5 ky BP from 1.0 to 0.3 mm/yr. The transition from 5 to 3 ky BP is marked with increasing rates up to the 
level of the last 3 ky with 0.6 mm/yr, similar to the modern rate. Given the stratigraphy of the core, we attribute the 
rather low alpine denudation rates to the stabilising effect of vegetation on the hillslopes during the Holocene Thermal 
Optimum. Based on an assumed lag time, the denudation rates increase due to the cooler and wetter climate in the late 
Holocene which resulted in less vegetation and thus a lower treeline, more shallow debris-f lows and periglacial activity. 
Our results suggest that in the study area climate exerts a first-order control on denudation by dictating vegetation on the 
hillslopes and efficient periglacial processes. Importantly, the state of coupling of sediment storage compartments e.g. 
glacial deposits to the trunk stream has to be considered otherwise nuclide concentrations might be solely a result of mix-
ing. Furthermore, our data seem to contradict the concept of paraglacial cycle. Hence, denudation rate and sediment f lux 
might be not as tightly coupled as commonly assumed.

REFERENCES  
Ballantyne, C. K. (2002). Paraglacial geomorphology. Quaternary Science Reviews 21(18-19): 1935-2017.
Church, M. and J. M. Ryder (1972). Paraglacial sedimentation - A consideration of f luvial processes conditioned by 

glaciation.	Geological	Society	of	America	Bulletin	83(10):	3059-&.
Hinderer, M. (2001). Late Quaternary denudation of the Alps, valley and lake fillings and modern river loads. 

Geodinamica Acta 14(4): 231-263.
Nicolussi, K., M. Kaufmann, G. Patzelt, J. van der Plicht and A. Thurner (2005). Holocene tree-line variability in the 

Kauner Valley, Central Eastern Alps, indicated by dendrochronological analysis of living trees and subfossil logs. 
Vegetation History and Archaeobotany 14(3): 221-234.
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9.5

Evolution of a drainage network in collisional context - Insights from 
experimental modeling of the Southern Alps, New Zealand

Laure Guerit1, Stéphane Dominguez2, Sébastien Castelltort1, Christian Romano2, Maxime Henriquet3

1 Department of Earth Science, University of Geneva, Geneva, Switzerland (laure.guerit@unige.ch)
2 University of Montpellier, Montpellier,France
3 Ecole Normale Supérieure de Lyon, Lyon, France

River networks are primary features of the Earth surface, and they are of main importance for many geomorphological 
processes. Understanding the processes that create and/or influence the evolution of river network, and thus, landscape 
evolution, is a motivating question. We work on the specific example of New Zealand, where the morphology of the 
Southern Alps is characterized on one side by short rivers generally perpendicular to the main divide, whereas on the 
other side, the rivers are large and rotated. It has been suggested that this specific pattern could result from the oblique 
collision that affects the South Island. We develop a laboratory experimental setup to investigate river pattern evolution 
over a doubly-vergent orogenic wedge growing in a context of oblique convergence. We use a rain-fall system to introduce 
erosion, sediment transport and river development. The evolution of this prism is fully recorded though space and time 
and we are able to follow the drainage deformation. The first results are in good agreement with previous models of river 
pattern deformation in New Zealand and suggest that the present-day river network morphology of the Southern Alps is 
strongly influenced by the regional tectonic regime.

9.6

Application of debris-flow simulations in practice

Benjamin Hohermuth1, Christoph Graf2

1 Laboratory of hydraulics, hydrology and glaciology (VAW), ETH Zurich, HIA B 13, Hoenggerbergring 26, CH-8093 Zurich  
 (hohermuth@vaw.baug.ethz.ch) 
2 WSL Swiss Federal Institute for Forest, Snow and Landscape Research, Zürcherstrasse 111, CH-8903 Birmensdorf

Present-day numerical simulation tools allow detailed evaluation of hazard scenarios. Their use gained more importance 
in hazard and risk assessment in the last years. While the number of simulation tools has increased, there exists still the 
need for improving their application in practice, especcially for the intensive calibration of the input parameters and the 
interpretation and subsequent use of the simulation results. 

The presented master thesis (Hohermuth, 2014) shows the application and limits of numerical debris-f low simulations for 
supporting the revision of the natural hazards protection concept at Plattenbach Vitznau (LU). Intensity maps and sugges-
tions for the optimization of the design of mitigation measures are based on simulation results done by the software rapid 
mass movement system RAMMS v1.6.20 (Christen et al., 2010) which is developed at the Swiss Federal Insitute for Forest, 
Snow and Landscape Research WSL.

The sensitivity analysis and the comparison with existing intensity maps demonstrates the impact of the input data – sur-
ge volume, friction parameters and topography – on the reliability of the results. It was observed that surge volume and 
topography have a larger effect on the resulting intensity distribution than the rheological parameters. Figure 1 shows an 
example on how artefacts in the digital elevation model heavily affect the model results. 

For scenarios with small debris fraction BASEMENT v2.3 a f luvial transport model developed at the laboratory of hydrau-
lics, hydrology and glaciology VAW was used. The comparison of the two phase f luvial transport model with the single 
phase rheological model used in RAMMS showed limitations of each of these approaches. For large events the assumption 
of single phase f low holds and delivers plausible results while the two phase approach underestimates the debris velocity. 
The modelled debris deposits for a large event are compared in Figure 2. For events with high discharge in the stream and 
small debris fraction only the two phase approach delivers satisfying results. 
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Numerical simulations provide an objective base for the generation of intensitiy maps and help to assess the efectiveness 
of mitigation measures. The preparation of input data is crucial. Careful and reproducible interpration of simulation re-
sults is essential. 

Figure	1.	Flow	depth	for	10’000 m3 surge volume. Calculation based on the DEM from the surveying office Lucern (left and on a DEM 

calculated from the LIDAR point cloud using drainage enforcement (right). 

Figure 2: Comparison of debris deposits for a large event calculated using the single phase rheological model RAMMS v1.6.20 (left) and 

the two phase f luvial transport model BASEMENT (right).

REFERENCES 
Christen, M., Kowalski, J., Bartelt, P., (2010). RAMMS: Numerical simulation of dense snow avalanches in three-

dimensional terrain. Cold Regions Science and Technology, Vol. 63, 1-2, pp. 1 – 14
Hohermuth, B., (2014). Integrales Schutzkonzept Plattenbach Vitznau. Murgangsimulationen mit RAMMS. Masterarbeit 

FS 2014. VAW-WSL
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9.7

MarsSedEx I and II: Experimental investigation of gravity effects on  
sedimentation on Mars

Nikolaus J. Kuhn, Brigitte Kuhn, Andres Gartmann

University of Basel, Physical Geography, Department of Environmental Sciences, Switzerland (nikolaus.kuhn@unibas.ch)

Sorting of sedimentary rocks is a proxy for the environmental conditions at the time of deposition, in particular the runoff 
that moved and deposited the material forming the rocks. Settling of sediment is strongly influenced by the gravity of a 
planetary body. As a consequence, sorting of a sedimentary rock varies with gravity for a given depth and velocity of sur-
face runoff. Theoretical considerations for spheres indicate that sorting is less uniform on Mars than on Earth for runoff 
of identical depth. The effects of gravity on f low hydraulics limit the use of common, semi-empirical models developed to 
simulate particle settling in terrestrial environments, on Mars. Assessing sedimentation patterns on Mars, aimed at iden-
tifying strata potentially hosting traces of life, is potentially affected by such uncertainties. Using first-principle approa-
ches, e.g. through Computational Fluid Dynamics, for calculating settling velocities on other planetary bodies requires a 
large effort and is limited by the values of boundary conditions, e.g. the shape of the particle. The degree of uncertainty 
resulting from the differences in gravity on Earth and Mars was therefore tested during three reduced-gravity f lights, the 
MarsSedEx I and II missions, conducted in November 2012 and 2013. Nine types of sediment, ranging in size, shape and 
density were tested in custom-designed settling tubes during parabolas of Martian gravity lasting 20 to 25 seconds. Based 
on the observed settling velocities, the uncertainties of empirical relationships developed on Earth to assess particle sett-
ling on Mars are discussed. In addition, the potential effects of reduced gravity on patterns of erosion, transport and sor-
ting of sediment, including the implications for identifying strata bearing traces of past life on are examined.
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9.8

Spatial and temporal variability of the sediment transfer processes at the 
front of the Gugla-Bielzug rock glacier (Mattertal, VS).

Kummert Mario1, Braillard Luc1	&	Delaloye	Reynald1 

1 Department of Geosciences/Geography, University of Fribourg, Chemin du Musée 4, CH-1700 Fribourg (name.surname@unifr.ch)

Rock glaciers represent important sediment transfer agents in periglacial alpine hillslopes (Delaloye et al. 2010). Large 
volumes of rock debris originating from headwalls and moraines are slowly transported downward by permafrost creep. 
In the Alps, most rock glaciers can be considered as sediment traps, because the sediment output at their margin is usu-
ally small (Gärtner-Roer 2012). However, exceptions exist where a significant erosion rate can be observed at the front. In 
these cases, rock glaciers can act as the sediment source favoring the triggering of gravitative processes such as debris 
f lows and rock falls.

The Gugla-Bielzug rock glacier is located on the orographic right side of the Matter Valley (Valais, Switzerland) and is 
characterized by a direct connectivity with the torrential network. Particularly high surface velocity (up to more than 8 
cm/day in June 2013) have been recently measured by geodetic surveys and several debris f low events occurred over the 
past 2 years, spreading downward from the front of the rock glacier to the main valley. In this case, understanding which 
factors are controlling the erosion processes at the rock glacier front is essential to predict the triggering of debris f low. 

This contribution presents results from a two-year survey at the Gugla-Bielzug rock glacier. The aim of the study is to as-
sess the spatial and temporal variability of the sediment transfer processes at the front of the rock glacier and in the un-
derlying gully. In order to get this information, we applied a combination of different methods including observations 
(webcam images), geodetic surveys (DGPS), and remote sensing (photogrammetry, terrestrial LiDAR). 

The results point out the major role of water availability in the erosion of the rock glacier front and illustrate the link 
between the sediment yield and the creep velocity. Additionally, the terrestrial laser scanning data allow to assess the 
volumes and the spatial distribution of the sediment transfer processes.

REFERENCES 
Delaloye, R., Lambiel, C., Gärtner-Roer, I. (2010). Overview of rock glacier kinematics research in the Swiss Alps. Seasonal 

rhythm, interannual variations and trends over several decades. Geogr. Helv., 65: 2, 135–145.
Gärtner-Roer, I. (2012). Sediment transfer rates of two active rockglaciers in the Swiss Alps. Geomorphology, 167-168, 
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9.9

Tectonic Control on Topographic and Exhumational Segmentation 
 of the Himalaya

Camille Litty1,2, Peter Van Der Beek1, Mallory Baudin1, Jonathan Mercier1, Xavier Robert1 and Elisabeth Hardwick1

(1) University of Grenoble, ISTerre, Grenoble, France, (2) Universität Bern, Institute of Geological Sciences, Berne, Switzerland

Although the Himalayan range is commonly presented as cylindrical along-strike, geological structures, topography, pre-
cipitation, and exhumation rates as recorded by low-temperature thermochronology data all vary significantly from west 
to east. In particular, segments of the belt that are characterized by a clear topographic step between the Lesser and Higher 
Himalaya, associated with a peak in precipitation and focused exhumation (e.g. central Nepal, Himachal Pradesh) alterna-
te with segments where the topography increases more linearly to the north, precipitation peaks at lower elevations and 
exhumation rates appear to be lower (e.g. western Nepal, Bhutan). The potential climatic or tectonic controls on these 
spatially variable topographic, precipitation and exhumational patterns have been widely discussed in recent years but 
remain unclear. 

Thermo-kinematic modelling predicts that the geometry of the main Himalayan detachment (in particular the presence 
or absence of a major mid-crustal ramp) strongly controls the kinematics, exhumation and topography of the orogen. 
Where a major crustal ramp is present, the topography shows a steep gradient that focuses exhumation and orographic 
precipitation whereas the topography is gentler and exhumation less focused in the absence of a ramp. We test this pre-
diction by comparing the pattern of topography, river incision and long-term exhumation in central Nepal, where a major 
crustal ramp has been imaged by geophysical methods, with new results from the remote Karnali River transect in far 
western Nepal, where a ramp is predicted to be absent or minor. Our results therefore imply that along-strike climatic 
variations in the Himalaya respond to tectonics rather than driving it. The presence or absence of a mid-crustal ramp may 
be due to inherited structures on the underthrusting Indian Plate or, alternatively, may reflect transient behaviour of the 
accreting Lesser Himalayan thrust stack, which may oscillate between frontal accretion (without a ramp) or basal accreti-
on in the presence of a ramp. 

9.10

Geomorphological evidence of Holocene neotectonics in Southern 
Amazonia

Umberto Lombardo1

1 Geographisches Institut, University of Bern, Hallerstrasse 12, CH-3012 Bern (lombardo@giub.unibe.ch)

The Llanos de Moxos (LM), located between the central Andes and the Brazilian Shield, is one of the largest seasonally 
f looded savannahs of South America. Covering most of Southern Amazonia, this region  includes the transition between 
the rainforest and  the savannah and is, therefore, a preferential area to study past changes in the size and dynamics of 
the Amazon rainforest (Mayle et al., 2000). Paleoecological reconstructions are key in order to understand the origins of 
modern landscapes and the potential changes they could undergo in the future due to climate change. Up to now, paleoe-
cological reconstructions in southern Amazonia have been based primarily on pollen and charcoal archives from lake 
cores. Most studies point towards climate and pre-Columbian human impact as having shaped the evolution of the land-
scape during the Holocene, implicitly assuming that other factors, such as neotectonics, did not play an important role.
My research suggests that neotectonics was a key factor behind the formation of the modern landscape of the LM and past 
inundation patters during the Holocene. It uses both new and published data based on the analysis of remote sensing 
imagery and extensive field work in the LM. The study of the region’s modern and paleorivers, ria lakes, paleosols and 
topography provides a strong case in favour of the thesis that the northern part of the LM constitutes the southern margin 
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of the Fitzcarrald arch (Figure 1) and that it has experienced uplift during the Holocene. The evidence suggests that at least 
two uplift events took place: a first uplift, which caused the formation of Lake Oceano, and a second uplift, which formed 
Lake Rogaguado. These two events appear to be linked to the knickpoints observed near the towns of Guayaramerín and 
Puerto Siles respectively. A 130 cm long sedimentary core extracted from the bottom of Lake Rogaguado shows a terrestri-
al phase at the bottom, which predated the formation of the lake, followed by a lacustrine phase. These two phases are 
separated by a clay layer which could be the result of a quick depositional event linked to the uplift. Radiocarbon ages 
from both phases indicate that the lake formed around 6k cal years BP (Lombardo, 2014). Data suggests that the back 
water effect due to these uplifts transformed the region’s major rivers in seasonal ria lakes, causing the deposition of thick 
organic clay layers along the Beni, Mamoré and Madre de Dios river banks.

The central and southern part of the LM have a different sedimentary setting, where the subsiding foreland basin of the 
central Andes creates the accommodation space for the formation of distributive f luvial systems (DFS). Two of these DFS, 
the one deposited by a paleo Grande River (Lombardo et al., 2012) and the one deposited by the Maniqui River, have been 
extensively surveyed and cored at several locations. Radiocarbon ages of soils buried by these alluvia indicate that the 
central and southern LM experienced extensive deposition of f luvial sediments throughout the Holocene.

I argue that neotectonic episodes could have dramatically changed the drainage of the Llanos, determining its f looding 
regime, soil properties and forest-savannah ecotone. These results stress the need for geomorphologists, paleoecologists 
and archaeologists to take into account neotectonics when reconstructing the region’s past.

Figure 1. Geological setting of the LM. In B the LM are shown together with the location of the study sites cited in the text.

REFERENCES 
Lombardo, U. 2014: Neotectonics, f looding patterns and landscape evolution in southern Amazonia. Earth Surf. Dynam. 

Discuss., 2(2), 635-679.
Lombardo, U., May, J.-H., Veit, H. 2012: Mid- to late-Holocene f luvial activity behind pre-Columbian social complexity in 

the southwestern Amazon basin. The Holocene, 22(9), 1035-1045.
Mayle, F.E., Burbridge, R., Killeen, T.J. 2000: Millennial-scale dynamics of southern Amazonian rain forests. Science, 

290(5500), 2291-2294.
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9.11

Along-strike changes in landscape architecture condition the mechanical 
coupling between hanging and subducting plates: An attempt to explain 
the absence of the Coastal Cordillera in the Andes of Northern Chile  

Andrea Madella1, Romain Delunel1, Fritz Schlunegger1, Sönke Szidat2

1 Institut für Geologie, Universität Bern, Baltzerstrasse 1+3, CH-3012 Bern (andrea.madella@geo.unibe.ch)
2 Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern

The western Andean margin of Peru and northern Chile comprises the Coastal Cordillera near the Pacific coast, the volca-
nic arc that delineates the western margin of the Altiplano Plateau, and the Western Escarpment that links the Altiplano 
with the Coastal Cordillera. This architecture is remarkably constant along the entire Andean margin. An exception, 
however, is present near Arica at 21°S where the Andes change their strike direction by c. 45° from NW-SE to N-S. There, 
a Coastal Cordillera is completely absent over a lateral width of circa 50 km, which has posed a substantial problem in the 
geodynamic interpretations of this mountain range. Here, we investigate the post-Oligocene landscape evolution in 
Northernmost Chile and Southernmost Peru. We particularly focus on the Coastal Cordillera and on the related unsolved 
and poorly documented problem of the missing range at the latitude near Arica, where the Andes form a c. 45°-large bend.  
We discuss the implications of along-strike unhomogeneity in coastal uplift in terms of continental basin evolution and 
sediment discharge into the trench, analyzing the possible consequences at the subduction interplate boundary. In order 
to do this, we compile structural data from the literature and complement this dataset with new observations on ortho-
photos, which we relate to the erosional history of the Andean landscape within a detailed chronological and stratigraphic 
framework. We finally combine this information with data about the offshore and onshore pattern of seismicity, which 
ultimately allows us to determine along-strike changes in the coupling relationships between the hanging South American 
continental plate and the subducting Nazca oceanic plate. The results show that a climate-driven sediment starvation in 
the trench West of the central Andes has most likely increased the friction at the interplate boundary, which in turn can 
be	 invoked	to	explain	a	renewed	phase	of	uplift	at	 least	during	the	Quaternary,	and	even	 longer	 (Lamb	&	Davis	2003).	
Nevertheless, near Arica, the absence of a sediment barrier at the coast since 2.7 My and possibly earlier, combined with 
the amphitheater-shaped topography of the Western Andes at this latitude, has resulted in a three times higher sediment 
discharge in this area compared to the regions farther south and north. We interpret that the larger supply of sediment 
along this reach could have reduced the friction at the interface between the hanging and subducting plates, keeping the 
uplift push at lower levels and the Coastal Cordillera submerged below Arica. In addition we speculate that the postulated 
low-friction anomaly might explain the lower frequency of large subduction earthquakes in the area.

REFERENCES  
Lamb,	S.,	&		Davis	P.	2003:	Cenozoic	climate	change	as	a	possible	cause	for	the	rise	of	the	Andes,	Nature,	425,	792-797.

9.12

On the prediction of daily rainfall thresholds for the triggering  
of landslides and debris flows

Peter Molnar1, Elena Leonarduzzi1, Georgina Bennett2

1 Institute of Environmental Engineering, ETH Zürich, Stefano-Franscini-Platz 5, CH-8093 Zürich (molnar@ifu.baug.ethz.ch)
2 Department of Geological Sciences, University of Oregon, Eugene, Oregon, USA

Rainfall is a key triggering variable for many natural hazards in Alpine environments, most notably f loods, landslides and 
debris f lows. The simplest predictive models of landslides and debris f lows identify the minimum rainfall intensity that 
led to events, and develop rainfall intensity-duration threshold curves (Guzzetti et al. 2008). Although widely used, this 
approach does not allow for a clear assessment of prediction accuracy and errors. In this paper we first present a method 
for an objective selection of daily rainfall thresholds which led to landslides across Switzerland, and second we show that 
a more physically-informed modelling approach can explain the variability in daily rainfall which generates debris f lows 
on a catchment scale.
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In Switzerland the WSL has been systematically collecting information on f lood and mass movement damage since 1972 
(Hilker et al. 2009). We extracted 2497 landslides with known locations from this dataset and studied the properties of 
their triggering rainfall events from the new gridded MeteoSwiss dataset RhiresD. A daily rainfall threshold R* was found 
by minimizing both false positive and negative predictions (Type I and II errors) in the period 1972-2012. This allows us to 
generate probability maps of triggering daily rainfall (Figure 1) which can be used for landslide vulnerability assessment.

Pr(R>R*) in %
0 - 2
2 - 3
3 - 4
4 - 5
5 - 6
6 - 7
7 - 10
> 10

Figure 1. The probability of exceeding a daily rainfall threshold of R*=22 mm/d across Switzerland estimated for the period 1961-2012 

from the gridded precipitation dataset RhiresD (MeteoSwiss). Points show a selection of 969 landslides from the WSL Landslide Dataset.

Although useful as an indicator, a constant daily rainfall triggering threshold cannot capture all events correctly due to 
stochasticity in triggering, initial conditions, system nonlinearities. There is ample evidence for this in the field (e.g. 
Schneuwly-Bollschweiler	 &	 Stoffel	 2012).	 This	 observed	 variability	 in	 rainfall	 triggering	 can	 however	 be	 predicted	 by	
physically-based models combined with stochastic forcing. As an example we show the variability in daily rainfall depths 
that led to debris f lows in the Illgraben catchment simulated with the probabilistic sediment cascade model SedCas 
(Bennett et al. 2014).

Figure 2 shows the SedCas prediction of the statistical distribution of daily rainfall which led to debris f lows when the 
catchment sediment supply and storage history are accounted for, together with the hydrological dynamics (Figure 2a), 
and a drop in performance when the hydrological part of the model which simulates transient soil moisture is turned off 
and all rainfall becomes runoff (Figure 2b). The second case corresponds to a constant rainfall threshold approach modu-
lated by sediment availability. We conclude that it is the history of sediment supply and transport together with landsca-
pe susceptibility to erosion and triggering rainfall that determine the likelihood of mass transport events. Predictive mo-
dels should be built to account for this uncertainty.

(b)(a)

Figure 2. Probability of daily rainfall triggering a debris f low in the Illgraben with the SedCas model with the hydrological component 

turned on in (a) and off in (b) with 95% uncertainty bounds, compared with observed rainfall during 36 debris f lows in the period 

2000-2009 (points) (from Bennett et al. 2014).
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9.13

Neotectonics of a slow orogenic arc inferred from quantitative geomor-
phology: the Jura Mountains.

Rabin M. 1, Sue C. 1, Champagnac J.-D. 2, Valla P. G. 3, Carry N. 1, Eichenberger U. 4, Bichet V. 1,		&	Mudry	J.	1 

1 Chrono-environnement Laboratory, UMR 6249. University of Franche-Comté, 16 route de Gray 25000 Besançon. France (mickael.
rabin@univ-fcomte.fr) (christian.sue@univ-fcomte.fr) (vincent.bichet@univ-fcomte.fr) (nicolas.carry@univ-fcomte.fr) (jacques.mudry@
univ-fcomte.fr)    
2 Geologisches Institut. ETH-Zürich Sonneggstrasse 5 8092 Zürich. Switzerland (jean-daniel.champagnac@erdw.ethz.ch) 
3 Institute of Earth Surface dynamics. University of Lausanne, CH-1015 Lausanne (Pierre.Valla@unil.ch) 
4 ISSKA, 68 rue de la Serre CH-2301 La Chaux-de-Fonds. Switzerland (urs.eichenberger@isska.ch) 

The Jura has been well studied from a structural point of view, but still remains the source of debates, especially regarding 
its current and recent tectonic activity. It is deemed to be always in a shortening state according to geomorphologic and 
stress/strain data, «container-title»:»Tectonophysics»,»page»:»381-406»,»volume»:»321»,»issue»:»4»,»source»:»ScienceDirect
»,»abstract»:»Recently completed in situ stress measurements using the borehole slotter at 33 new test sites within the 
Swiss and French Jura Mountains, combined with previously published stress data, allow a detailed description of the 
contemporary state of stress in this fold-and-thrust belt and the adjacent foreland. Five stress provinces can be recognized, 
with two different general orientations of maximum horizontal stress SH: (1but geodetic studies available on the Jura 
involve disagreement between authors.

Quantitative morphotectonic approaches have been increasingly used since a couple of decades to infer relationships bet-
ween climate and tectonics in landscape evolution. In this study, we propose to apply morphometric tools to calcareous 
bedrock in a slowly deformed mountain belt (Jura Mountains). In particular, we used watersheds metrics determination 
and associated river profiles analysis to quantify the degree and nature of the equilibrium between the long term tecton-
ic forcing and f luvial erosion processes. We present a systematic analysis of river profiles applied to the main drainage 
systems of the Jura.
Our morphometric results reveal abnormal longitudinal profiles, which are controlled by tectonic and/or karst forcing. 
Evaluating the relative contributions of tectonics and karst influence on the destabilization of river profiles is challenging 
and appears still unresolved. However, we managed to isolate morphometric signals (i.e. knickpoints or prominent knick-
zones along the river profiles) which are correlated with major tectonic structures along the Jura arc. Results suggest re-
cent tectonic activity along both the internal and external ranges of the Jura. This activity seems to be located along E-W 
oriented structures and could correspond to folds and thrusts still recently active. However, slope destabilization, as well 
as rock softening due to tectonic crushing, which both occur along thrust faults can also led to disturbed river profiles. 
Further investigations coupling DEM analysis and detailed field observations are required to fully evaluate the tectonic 
imprint on the Jura landscape morphology.
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9.14

Temporal pattern and memory in sediment transport in a step-pool channel: 
an experimental study

Matteo Saletti1, Peter Molnar1, Marwan A. Hassan2, André E. Zimmermann3, Michael Church2

1 Institute of Environmental Engineering, ETH Zürich, Stefano-Franscini-Platz 3, CH-8093 Zürich (saletti@ifu.baug.ethz.ch)
2 Department of Geography, University of British Columbia, Vancouver, Canada
3 Northwest Hydraulic Consultants, North Vancouver, BC, Canada 

In this work we analyze the complex dynamics of sediment transport and bed morphology in steep streams with experi-
mental data. We use a dataset of 32 experiments in a steep f lume with natural sediment conducted at UBC, Canada 
(Zimmermann, 2009). In every experiment, high resolution (1 sec) time series of sediment transport at the outlet of the 
f lume for different grain size classes were measured for different combinations of sediment input rates, discharges, and 
f lume slopes. We use this data to explore the temporal patterns of sediment transport as a function of grain size, searching 
for evidence of pulses in sediment transport connected to step collapsing events.

We focussed on the “long recovery” in the system, i.e. long periods of adjustment with no sediment feed. In the experi-
ments, in the first phase sediment was fed into the system allowing the bed structures (steps) to form. Subsequently the 
feed was shut down and the water discharge was proportionally increased. In this phase we divided the signal into seg-
ments of constant water discharge and we analyzed the statistical properties of total and fractional transport rate at the 
channel outlet. The results show that the relation between instantaneous discharge and sediment transport is not trivial 
and exhibits large variability (Figure 1). This is because the sediment on the bed is well packed and armored within the 
step structures, and as a result sediment transport is limited by the stability of steps and supply of sediment, and not di-
scharge alone. Consequently, the concept of transport capacity limitations in steep mountain streams is not likely to be 
valid.

We characterized and quantified the memory in sediment transport rates by estimating the autocorrelation coefficient 
for different time lags from transport data for different grain sizes. Our results show that the structure of memory in the 
instantaneous transport rate is both a size-dependent and magnitude-dependent phenomenon: temporal autocorrelation 
is stronger for small grain size fractions and when the average sediment transport rate is large (Figure 2). We argue that 
the dropoff in the autocorrleation coefficient with lag time reflects the memory scale of the system which connects mor-
phological variations (e.g. step collapse or other sediment pulses) with actual transport stochasticity (e.g.f luctuations in 
bed shear stress) at various timescales.

Step-pool systems are not ubiquitous and they require the right combination of transport stage, channel width and sedi-
ment		supply	to	exist	(Church	&	Zimmermann,	2007,	Zimmermann	et	al.,	2010).	Our	results	give	a	physical	explanation	
for the extreme and isolated sediment pulses, connecting them to sudden collapses of bed structures. The experimental 
results have connections to natural streams where channels have been shown to respond at different timescales to changes 
in	sediment	supply	(Hassan	&	Zimmermann,	2012).

Figure 1. Total instantaneous sediment transport rate as a function of water discharge during the “long recovery” phase in 6 incre-

ments of f low.
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Figure 2. Autocorrelation coefficient in instantaneous sediment transport rates against time lag for different grain sizes.
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P 9.1

Relations between Catchment Lithologies and Shallow Surface 
Morphologies of Three Alluvial Fans in the Rhône Valley  
(SW Switzerland).

Lise Boulicault1, Andrea Moscariello1, Mario Sartori1, Dario Ventra1, Julien Moreau2

1 Department of Earth and Environmental Sciences, University of Geneva, Rue des Maraîchers 13, 1205 Genève, Suisse  
  (lise.boulicault@etu.unige.ch, andrea.moscariello@unige.ch, mario.sartori@unige.ch, darioven@hotmail.com)
2 Department of Geosciences and Natural Resource Management, Section of Geology, University of Copenhagen, Øster Voldgade 10,  
  1350 København, Denmark (julien.moreau@ign.ku.dk)

The surface topography of the Rhône Valley in southwestern part of Switzerland comprises numerous tributaries alluvial 
fans issued by lateral relief. The morphodynamic evolution of these Quaternary fans is complex and primarily controlled 
by their catchment properties (morphology, bedrock lithology, etc.).

In this study, we focus on the comparison of three fan-catchment systems in the valley, namely the Abboyeu, the Losentse 
and the Illgraben. Our objectives are:  (1) to describe the present-day morphology and stratigraphic architecture of the 
fans; (2) to verify possible correlations between the fans depositional mechanisms and catchment lithology; and (3) based 
on the common assumption that vegetation may hinder surface erosion, to test the qualitative sensibility of the fan’s ac-
tivity in function of  surface and typology variations of  the vegetation cover in the catchments.

Field observations include the measurement of sedimentary logs and acquisition of shallow-subsurface profiles by Ground 
Penetrating Radar (GPR). Grain-size and petrographic analyses are carried out on sediment samples from each fan and 
compared with catchment geological maps. Comparisons show that in spite of differences in catchment bedrock, all fans 
are aggraded by the stacking of sedimentary gravity f low deposits, unconfined waterflow (sheet-f lows) deposits and 
streamflow (waterlaid) deposits. 

Predictive models of petrographic spectra of eroded material were computed for each catchment, integrating such para-
meters as bedrock lithologies, topography and vegetation type (forests and grassland). Considering the protective role of 
vegetation, these predictive models estimate the relative percentage of each catchment lithology which will potentially be 
eroded in situations of reduced vegetation cover. If validated such petrographic spectra could be used to identify the sig-
natures of f luctuations in the past vegetation cover distribution inferred by the stratigraphical variation of lithological 
composition of fan deposits. 
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P 9.2

Sedimentary record of river response to climate change:  
example of the Paleocene-Eocene thermal maximum  
in the South-Pyrenean foreland basin, Spain

Chen Chen1, Sebastien Castelltort1, Brady Foreman2

1 Section des Sciences de la Terre et de l’Environnement, Université de Genève, Rue des Maraîchers 13, CH-1205 Genève, Suisse  
(chen.chen@unige.ch, sebastien.castelltort@unige.ch) 
2 University of Wyoming, Department of Geology & Geophysics, Laramie, WY, USA

The “Paleocene-Eocene Thermal Maximum” (PETM), is understood to be an extreme global warming event that occurred 
about 56 million years ago and during which, global annual temperatures are estimated to have increased by 5-8℃. An 
outstanding question is: in addition to the global increase in temperature, how has precipitation been perturbed during 
the event, and how have surface processes responded?

In the southern Spanish Pyrenees, the Paleocene succession of the Tremp-Graus basin is made up of the Talarn (Danian) 
and Esplugafreda (Thanetian) red bed formations. The Esplugafreda section is composed of approximately 250m of reddish 
paleosols and contains numerous channel-like bodies of calcareous conglomerates, which are interpreted as braided chan-
nels. The Esplugafreda formation is overlain by the Claret Conglomerate—an extensive sheet-like unit which ranges in 
thickness between 1m and 4m of clast-supported calcareous conglomerate and pebbly calcarenites and is interpreted mark 
the beginning of the Eocene. The Claret conglomerate is thus proposed to be a witness of river response to a dramatic 
climate change, in the form of the transformation of a braided river and f loodplain system into an enormous conglomer-
atic braided plain (formed over at least 2000km2 conservatively) indicating dramatic change in the hydrologic cycle. The 
conglomerate unit ends abruptly and is overlaid by fine-grained yellowish soil which mainly made up of silty mudstones 
with abundant small size carbonate nodules suggesting another shift in the hydrological cycle after the PETM.

Here we first present channel width/depth and grain size data collected in the southern Pyrenees (Tremp, Aren, and 
Serraduy sectors) in order to document river response during the climate change assumed to have occurred during the 
PETM. Secondly, we present preliminary results of experiments investigating river response to water discharge and sedi-
ment supply variations in a f lume tank at the Surface Dynamics Laboratory of the University of Geneva. Our principal 
objective is to discuss the possible precipitation perturbations at the PETM and how these are transferred into the rock 
record of river response.
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P 9.3

Constraints on the role of tectonic and climate on erosion revealed by 
two time series analysis of marine cores around New Zealand 

Antoine Cogez1,2, Laure Meynadier1, Claude Allègre1, Delphine Limmois1, Frédéric Herman2	&	Jérôme	Gaillardet1  

1 Institut de Physique du Globe de Paris, Université Paris Diderot, 1 rue Jussieu, 75005 Paris (France)
2 Université de Lausanne, Institut de la Dynamique des Surfaces Terrestres, Quartier Unil-Mouline, Bâtiment Geopolis, CH-1015 Lausanne 
(Switzerland)

Physical and chemical weathering govern rocks and chemical elements cycles at the Earth surface. The importance of 
climate and tectonics has been identified but their relative influence still needs to be investigated. We address this ques-
tion by studying neodymium (Nd) isotopic composition time series in two sediment cores located on the eastern and wes-
tern sides of New Zealand. The current and past climatic and oceanographic settings of this region have been already well 
studied, providing the underlying framework. Both detrital and authigenic phases of the sediment can be measured to 
decouple oceanic from continental contributions. 

The results show glacial-interglacial variations of the authigenic signal, with larger amplitudes for the eastern core. We 
propose that continental erosion on the South Island controls Nd isotopes records in both cores. Mixing calculations show 
that Nd discharge was 2 to 10 times higher during glacial times than during interglacials on the eastern side, whereas 
these variations are almost negligible on the western side. We suggest that higher physical erosion during glacial on the 
East, with sediments characterized by higher specific area that can be easily weathered, are due to larger ice volumes and 
f luxes during glacial periods. The steady rates on the western side imply that they are rather controlled by rock uplift 
rates. The temporal relationship between climatic indicators like oxygen isotopes and the Nd isotopic composition shows 
non linear response of the erosion-weathering to climate forcing. Those results contrast with previous studies using the 
same tracer, that showed stronger erosion and weathering over Himalaya during interglacial periods. This study illustrates 
the complexity of erosion and weathering responses to climatic and tectonic forcings. 
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Impact of river regulation on potential sediment mobilization

Anna Costa1, Peter Molnar1, Stuart N. Lane2, Maarten Bakker2

1 Institute of Environmental Engineering, ETH Zürich, Stefano-Franscini-Platz 3, CH-8093 Zürich (costa@ifu.baug.ethz.ch)
2 Institute of Earth Surface Dynamics, University of Lausanne, CH-1015 Lausanne

The upper Rhône basin (upstream of Lake Geneva) has been heavily affected by human activities during the last century. 
The most evident impacts are related to river regulation, specifically f low impoundement, f low abstraction and channe-
lization. In the last century and mainly since 1960, several large dams have been built along the main tributaries of the 
Rhône River, resulting in the water storage of a volume equal to 20% of the total annual river f low. The dams are part of 
hydropower systems which abstract water from streams and transfer it through complex networks (intakes, tunnels and 
pumping stations) to the reservoirs. Hydropower production leads to regulated f low in the Rhône: mostly an increase of 
winter f lows, a reduction of summer f lows (Figure 1), and a decrease of f lood peaks. The sediment supply into Lake Geneva 
has	decreased	following	dam	construction	(Loizeau	&	Dominik,	2000)	due	to	the	storage	of	sediment	in	upstream	reser-
voirs, in rivers with reduced sediment transport capacity due to f low abstraction, and due to the development of sediment 
mining. Our hypothesis is that streamflow regulation itself has dramatically impacted the sediment transport dynamics 
of the system.

We investigate the impacts of f low regulation on the sediment transport regime, by analysing the effects on potential 
sediment transport capacity (bedload). By the use of different bedload transport formulae (Meyer-Peter Müller, Rickenmann, 
Smart and Jaeggi), the potential sediment transport capacity is computed at Port du Scex, a hydrometric station located 
on the Rhone River just upstream of Lake Geneva. Potential sediment mobility occurs when the applied bed shear stress 
exceeds a critical value, τ>τc. The applied bed shear stress is computed as τ=ρghS, with water depth (h) measured from 
rating curves. We obtain an estimate of the energy slope (S) from the analysis of the river cross section, assuming uniform 
flow. The critical value of bed shear stress τc is computed using empirical formulae as a function of the grain diameter (ds). 
To identify the grain size-dependent effects of streamflow regulation, computations are applied to different grain sizes 
taken from grain size distributions of river bed sediment. 

The results in Figure 2 show that f low regulation has indeed resulted in higher potential mobility of finer grain sizes due 
to winter f low increases, but not for the coarsest fractions which are mobilized only during summer high f lows. Although 
the analysis is constrained to potential mobility conditions only, and does not account for sediment supply (e.g. f lushing, 
bed and bank erosion, etc.), we nevertheless consider the results as a first order approximation of the changes in sediment 
dynamics due to river regulation in this Alpine catchment. Analyzing several stations along the main Rhône River and its 
tributaries will allow us to construct the spatial connectivity of seasonal sediment mobility along the river system. In fu-
ture work we will also concentrate on fine suspended sediment transport and supply.

The present work is part of the research project SEDFATE funded by the SNF Sinergia Programme, which aims at quantify-
ing the human impacts on the observed reduction of suspended sediment inflows to Lake Geneva.

 Figure 1. Relative mean winter and mean summer discharge time series at Port du Scex.
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Figure 2. The estimated annual frequency of bedload motion for different grain sizes at Port du Scex per year (left) and monthly (right), 

before (full line) and after (dashed line) dam construction which mostly took place between 1955-1970 (Gillioz, 2012).
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Loizeau,	J.-L.	&	Dominik,	J.	2000:	Evolution	of	the	Upper	Rhone	River	discharge	and	suspended	sediment	load	during	the	

last 80 years and some implications for Lake Geneva, Aquatic Sciences, 62, 54-67.
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Using accelerometers for the study of active rock glaciers kinematics  
and dynamics

Xavier Cros1, Luc Braillard1, Martin Bochud2, Reynald Delaloye1

1 Department of Geosciences/Geography, University of Fribourg, Chemin du Musée 4, CH-1700 Fribourg (name.surname@unifr.ch)
2 GeoAzimut Sàrl, Rte de la Fonderie 8, CP 145, 1705 Fribourg

Rock glaciers kinematics and dynamics have been studied in Switzerland since the 1970s using different methods such as 
photogrammetry, GPS measurements campaigns, permanent GPS stations, InSAR surveying and Webcams images.

We present here the basic principles and the first results of a new technique that uses accelerometers, which, combined 
with GPS measurements campaigns and permanent GPS stations, has the potential to better understand the short-term 
movements of boulders present on rock glacier surfaces.

Our test site is the Tsarmine rock glacier in the Swiss Alps (Valais, elevation of 2460-2680 m asl.) which is studied since 
2004 (GPS measurements, one permanent GPS station, Lidar, photogrammetry, Webcam images).

The components we use are 3-axis accelerometers from the new generation type such as those present in portable electro-
nic devices. Their low price and small size allow using numerous units to cover large areas of the rock glacier. The accele-
rometers that are fixed on surface boulders measure angle variations relative to gravity in order to detect the movement 
of the boulders. From a technical point of view, the accelerometers send the data to a controller by way of a radio commu-
nication. The controller saves the data onsite on a memory card and transmits them to a webserver via a GSM communi-
cation. Calculating angle variations of accelerometers out of those data, we can detect slow moving tilts of boulders and 
analyse the rock glacier surface’s behaviour within a short time-scale.

The main objective of this project is to study the links that exist between the movements of the different boulders equip-
ped with an accelerometer and the known velocities from the permanent GPS station.
Another goal is to test and validate this system onsite. 
The surveillance of slope instabilities is a possible development of the system.
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Tracking terrestrial rockfalls on a rock glacier headwall at Piz Corvatsch, 
Switzerland

James Glover, Robert Kenner

Snow and Permafrost, WSL Institute for Snow and Avalanche Research SLF, Flüelastrasse 11, CH-7260 Davos Dorf. (glover@slf.ch)

A history of rockfall events has been revealed from anual terrestrial laser scanning and change analysis of a rock glacier 
head wall close to Piz Corvatsch in Switzerland which has been conducted since 2011. The rock wall is divided by a large 
central couloir containing a considerable amount of potentially frozen scree which represents the main origin of rockfall 
activity during the observation period. The rockfall deposit zone extends from the base of the central gully and over two 
rock glaciers at the foot of the rock wall. The measurement methods applied to produce the change maps are similar to 

those described in Kenner et al (2013). 
Rockfall release zones, rockfall impact cra-
ters and the corresponding rockfall deposits 
are all visible when computing the derived 
differences (DSM) between anual laser scans. 
Mapping these features has provided a data 
set characterising the rockfall runout zone 
and has permitted an assessment of the rock-
fall runout dynamics onto the rock glacier 
below. Rockfall runout paths were traced by 
linking consecutive rockfall impact craters 
based on crater morphology identified in the 
change maps. Assuming a parabolic trajecto-
ry between impact craters, estimations of 
rockfall runout velocites and jump heights 
are made (Volkwein, et al., 2011). Additional 
rockfall features are also evident in the 
change maps such as rock fragmentation and 
rock runout mode (rolling, sliding, rock ori-
entation and jumping). The deposit maps and 
estimates of runout dynamics have allowed a 
cross validation of a three-dimensional rigid-
body rockfall model RAMMS::Rockfall (Leine, 
et al., 2013) which could be applied to back 
calculate the rockfall events in the area. 

Figure 1. Mapped rockfall paths from 2011 to 

2012 beneath the Piz Corvatch rock glacier head-

wall. 
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Application and analysis of terrestrial laser scanning in a periglacial high 
mountain area

Luca Heim, Isabelle Gärtner-Roer, Ross Purves, Johann Müller

Department of Geography, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, Switzerland (contact: luca.heim@geo.uzh.ch)

In order to monitor variation of mass transportation in high mountain regions for geomorphologically significant forms 
such as rock glaciers and deep-seated slope failures, periodic measurements of land surface form can be applied. Remote 
sensing techniques have become essential tools if we are to better understand variation in mass transport, and the link to 
process, in high mountain areas (Kääb, 2002). Beside classical methods, such as photogrammetry, the technique of laser 
scanning, both airborne and terrestrial, is an established method for purposes of geomorphological assessments (Armesto 
et al. 2008). 

This paper examines the application of terrestrial laser scanning (TLS) in a high mountain environment on the research 
object of rock glacier Muragl, situated in the Upper Engadin, Switzerland. The processing procedure includes the co-reg-
istration of TLS point clouds, the processing of digital elevation models (DEM) with cell sizes of 1m and 0.5m, the devel-
opment of grayscaled Tiffs, and finally the determination of horizontal and vertical displacement rates by applying the 
image correlation software CIAS. The latter software is based on the identification of correpsonding grayscale pixel values 
by application of a double cross-correlation function (Kääb 2002). Based on repeated orthophotos, this method has already 
been	applied	for	Muragl	rock	glacier	in	2000	(Kääb	&	Vollmer	2000)	and	is	now	adapted	with	TLS	data	for	the	first	time.	
The current study focuses on an evaluation of the resulted length and height changes by consulting additional literature 
and data. Furthermore, the suitability of the TLS technique, concerning the high mountain environment, as well as the 
present procedure are assessed.

The observed time span covers one entire year and includes four snapshots of the rock glacier surface. Hence, the displace-
ments are determined for three individual periods, indicating monthly (July 13 to August 13), seasonal (July 13 to October 
13) and annual variations (July 13 to July 14).

Distinct velocity patterns as well as vertical changes are quantified and presented in terms of permafrost-related mass 
movement processes.

Overall, the TLS technique can be regarded as feasible method for purposes of investigating or monitoring high mountain 
environments. Exemplarily, measured changes of 0.5m within the area of the lower part are evaluated as reasonable, 
compared to reference data. However, specific characteristics, such as the horizontal measurement perspective or the 
point spacing, have to be considered as it entails the occurrence of data voids. With respect to standard deviations of 
around 10cm due to the co-registration, especially displacements within the range of 0 to 0.1m have to be assessed criti-
cally.

REFERENCES
Armesto, J., Ordóñez, C., Alejano, L., Arias, P. 2009: Terrestrial laser scanning used to determine the geometry of a granite 

boulder for stability analysis purposes, Geomorphology, 106, 271-277.
Kääb,	A.	&	Vollmer,	M.	2000:	Surface	Geometry,	Thickness	Changes	and	Flow	Fields	on	Creeping	Mountain	Permafrost:	

Automatic Extraction by Digital Image Analysis, Permafrost and Periglacial Processes, 11, 315-326.
Kääb, A. 2002: Monitoring high-mountain terrain deformation from repeated air-and spaceborne optical data: examples 

using digital aerial imagery and ASTER data, ISPRS Journal of Photogrammetry and remote sensing, 57, 39-52.
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The Great Karoo region of South Africa: A carbon source or sink?

Nikolaus J. Kuhn 1, Philip Greenwood1, Brigitte Kuhn 1, John Boardman 2, Ian Foster 3, Mike Meadows 4

1 Department of Environmental Sciences, University of Basel, Switzerland (nikolaus.kuhn@unibas.ch)
2 Environmental Change Institute, University of Oxford, UK
3 School of Science and Technology, University of Northampton, UK
4 Department of Environmental and Geographical Science, University of Cape Town, South Africa

Work undertaken in the seasonally arid upland areas of the Great Karoo region of South Africa has established a link 
between land degradation and overgrazing that began approximately 200 years ago when European farmers first settled 
the area. In response to changing land use, coupled with shifting rainfall patterns, parts of the landscape are now charac-
terised by badlands on footslopes of valley-sides and complex gully systems on valley f loors. Limited precipitation and 
agricultural intensification, particularly from around the 1920s onwards, resulted in a growing demand for water, and led 
to the construction of many small reservoirs, most of which are now in-filled with sediment. Whilst the deposited mate-
rial has provided a means of linking catchment-scale responses to land use changes over the last ca. 100 years, the influ-
ence of land degradation on erosion and deposition of soil-associated carbon (C) has received only limited attention. 
Despite a reversion to extensive agriculture and reduced livestock densities in certain areas, limited vegetation regrowth 
suggests that soil rehabilitation will be a long-term process. This communication presents preliminary results from an 
investigation to determine whether land degradation in the Karoo has resulted in a shift from a net sink of C to a net 
source of C. Sediment deposits from a silted-up reservoir in a small dry valley system was analysed for varying physico-
chemical parameters. Total Carbon (TC) content was recorded and the sharp decrease in total C content with decreasing 
depth suggests that land degradation during and after post-European settlement probably led to accelerated erosion of the 
relatively fertile surface soils, and this presumably resulted in the rapid in-filling of reservoirs with carbon-rich surface 
material. Overall, the results indicate a sharp decline in soil organic matter (SOM) of eroded material, presumably as a 
consequence of land degradation. This suggests that in landscapes such as the overgrazed drylands of the Karoo, the C sink 
effect caused by soil erosion is now much smaller than at the onset of overgrazing leading to accelerated erosion. Such a 
loss of C sinks on degraded rangeland soils raises the question whether past soil erosion may have had a greater attenua-
ting effect on GHG emissions than modeled scenarios of present emissions suggest.
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Classifying torrential catchments according to the contribution of slope 
movements in the sediment supply to the channel: a pilot study in the 
lower Valais (Swiss Alps)

Mario Kummert1, Chloé Barboux1	&	Reynald	Delaloye1 

1 Department of Geosciences/Geography, University of Fribourg, Chemin du Musée 4, CH-1700 Fribourg (name.surname@unifr.ch)

In mountainous areas such as the Alps, the steepness of the slopes and the high elevations emphasize the development of 
mass movements such as rock glaciers, landslides or sagging. These processes participate in the so-called sediment cascade 
(Caine 1974) by transferring large amounts of rock debris downward. In some cases, the sediment yield at the margin such 
slope movement can be significant. When a sedimentary connectivity exists between the moving landforms and torrenti-
al channels, this sediment yield may influence the triggering of hazardous gravitative processes such as debris f low. 

Catchments in which slope movements are connected to the torrential network are characterized by a potentially unli-
mited debris supply to the channels, inducing a potentially long term torrential activity. More importantly, any change in 
the slope movements behavior (e.g., changes in velocity) can modify the frequency-magnitude relation of debris f low 
events. As an example, the recently observed acceleration of several rock glaciers in the Swiss Alps (e.g., Roer et al. 2008, 
Delaloye et al. 2013) could lead to the increase of torrential activity. Because of this relation between the torrential activi-
ty and slope movements, the detection and the monitoring of these particular catchments could help to predict the evo-
lution of the torrential activity and to plan mitigation strategies.

In this context, a methodology to locate, classify and describe catchments in which slope movements are connected to the 
torrential network has been developed. In a first step, catchments are classified given their torrential activity and the 
presence of moving landforms connected to the channels. In a second step, the past and current state of the slope move-
ments (velocity, morphology, sediment yield) is assessed for the catchments classified as a priority. The methodology re-
poses on a simple analysis of aerial images, DEM and two DInSAR-based slope movement inventories covering two different 
time period (90’s and late 2000’s), and was applied recently on a test area in the lower Valais (western Swiss Alps). This 
contribution intends to present the methodology and the first results. 

REFERENCES 
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Along-strike changes in landscape architecture condition the mechanical 
coupling between hanging and subducting plates: An attempt to explain 
the absence of the Coastal Cordillera in the Andes of Northern Chile  

Andrea Madella1, Romain Delunel1, Fritz Schlunegger1, Sönke Szidat2

1 Institut für Geologie, Universität Bern, Baltzerstrasse 1+3, CH-3012 Bern (andrea.madella@geo.unibe.ch)
2 Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern

The western Andean margin of Peru and northern Chile comprises the Coastal Cordillera near the Pacific coast, the volca-
nic arc that delineates the western margin of the Altiplano Plateau, and the Western Escarpment that links the Altiplano 
with the Coastal Cordillera. This architecture is remarkably constant along the entire Andean margin. An exception, 
however, is present near Arica at 21°S where the Andes change their strike direction by c. 45° from NW-SE to N-S. There, 
a Coastal Cordillera is completely absent over a lateral width of circa 50 km, which has posed a substantial problem in the 
geodynamic interpretations of this mountain range. Here, we investigate the post-Oligocene landscape evolution in 
Northernmost Chile and Southernmost Peru. We particularly focus on the Coastal Cordillera and on the related unsolved 
and poorly documented problem of the missing range at the latitude near Arica, where the Andes form a c. 45°-large bend.  

We discuss the implications of along-strike unhomogeneity in coastal uplift in terms of continental basin evolution and 
sediment discharge into the trench, analyzing the possible consequences at the subduction interplate boundary. In order 
to do this, we compile structural data from the literature and complement this dataset with new observations on ortho-
photos, which we relate to the erosional history of the Andean landscape within a detailed chronological and stratigraphic 
framework. We finally combine this information with data about the offshore and onshore pattern of seismicity, which 
ultimately allows us to determine along-strike changes in the coupling relationships between the hanging South American 
continental plate and the subducting Nazca oceanic plate. 

The results show that a climate-driven sediment starvation in the trench West of the central Andes has most likely incre-
ased the friction at the interplate boundary, which in turn can be invoked to explain a renewed phase of uplift at least 
during	the	Quaternary,	and	even	longer	(Lamb	&	Davis	2003).	Nevertheless,	near	Arica,	the	absence	of	a	sediment	barrier	
at the coast since 2.7 My and possibly earlier, combined with the amphitheater-shaped topography of the Western Andes 
at this latitude, has resulted in a three times higher sediment discharge in this area compared to the regions farther south 
and north. We interpret that the larger supply of sediment along this reach could have reduced the friction at the interface 
between the hanging and subducting plates, keeping the uplift push at lower levels and the Coastal Cordillera submerged 
below Arica. In addition we speculate that the postulated low-friction anomaly might explain the lower frequency of large 
subduction earthquakes in the area.

REFERENCES  
Lamb,	S.,	&		Davis	P.	2003:	Cenozoic	climate	change	as	a	possible	cause	for	the	rise	of	the	Andes,	Nature,	425,	792-797.
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Spatio-temporal quantification of geomorphological processes in the 
recently deglaciated area surrounding the Findelengletscher  

Alexander Ruff1, Andreas Vieli1, Isabelle Gärtner-Roer1	&	Philip	C.	Jörg1

1 Department of Geography, University of Zurich, Winterthurerstrasse 190, CH-8057 Zürich (alexander.ruff@uzh.ch)

The ongoing melting of the Findelengletscher in the Valais exposes landscapes that are in an unstable or metastable state, 
and consequently accountable to modification, erosion and sediment release. The aim is to map the geomorphological 
processes and thereafter quantify the spatio-temporal dynamics and sediment transfer rates of these processes, similar to 
the paraglacial concept (Ballantyne 2002).

This is possible due to the unique dataset consisting of digital elevation models (DEMs) having a 1m resolution from 2005, 
2009, 2010, and 2014. The first three measurements are from repeated airborne light detection ranging (LiDAR) campaigns 
(Joerg	et	al.	2012,	and	Joerg	&	Zemp	2014).	This	years	data	was	collected	by	the	mapping	drone	eBee	which	takes	aerial	
images and produces a DEM at even higher resolution the the LiDAR data. A geomorphological map is designed and the 
appropriate processes are linked to them. The nine year timeserie reveals the temporal movements of the processes and 
allows a precise quantification thereof but leaves us with the problem of adressing the uncertainties of deadice melt and 
sediment loss through f luvial runoff. First results will be presented at the Swiss Geoscience Meeting.

REFERENCES 
Ballantyne, C. K. (2002). Paraglacial geomorphology. Quaternary Science Reviews, 21(18-19), 1935–2017. doi:10.1016/
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case study on an Alpine glacier’, Remote Sensing Environment 127, 118-129.
Joerg,	 P.	C.	&	Zemp,	M.	 (2014),	 `Evaluating	Volumetric	Glacier	Change	Methods	Using	Airborne	 Laser	 Scanning	Data’,	
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“Via Soreda”: a geotouristical trail in the hearth of the Parc Adula project

Cristian Scapozza1	&	Christian	Ambrosi1
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([surname.name]@supsi.ch)

In the framework of the Parc Adula project, the National Park candidate located between Canton Ticino and Graubünden, 
the geoheritage – defined as the natural, archaeological and historical heritage related to geology and geomorphology – 
constitutes one of the fundamental pillars of the natural heritage of the entire area of the park, and is recognized both at 
Swiss and international level. For this natural park, the geoheritage promotion will then be an essential part of the integ-
rated promotion of the natural heritage of the entire region.

The geotrail “Via Soreda” makes it possible the geoheritage promotion in the hearth of the Parc Adula project, connecting 
not only two Cantons (Ticino and Graubünden) or two regions (Valle di Blenio and Valser Tal), but also two different lan-
guage regions (italian and romansch/german) sorrounding the Adula/Rheinwaldhorn massif. The trail develops from the 
Lake Luzzone (Blenio Valley) to the Lake Zervreila (Vals Valley) and cross the Soreda Pass (2759 m asl).

From the historical point of view, this geotrail makes it also possible to revive an ancient trail used already in the Late 
Middle Ages, and which allowed farmers from the Blenio Valley to exploit the Alpe Soreda or Lampertschalp (litt.: “alps of 
the lombards”), located in the upper Vals Valley. From a symbolic point of view, therefore, the Via Soreda aims to exploit 
the ancient route which was used to connect the two communities living on both sides of the Soreda Pass.

The geotrail is supported by a geotouristical map where it is possible to find a simplified geological and geomorphological 
mapping and additional information as the topography, the conditions of the trail, the travel times and the position of 
nine geo-stop. The content of the nine geo-stop is illustrated on the backside of the map by a series of didactical cards, 
structured by a landscape history divided on four main chapters (Figure 1): the history of the rocks (“storia delle rocce”), 
the history of the deformations (“storia delle deformazioni”), the history of the landforms (“storia delle forme”) and the 
Human history (“storia dell’Uomo”). These four histories of the landscape make it possible to put in perspective the 
Human history with the history of the Earth, and to show the stratification of geological, geomorphological and anthro-
pogenic events which have modelled the current alpine landscapes.
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Figure 1. The four histories of the landscape used for support the geo(morpho)logical information of the geotouristical map of the Via 

Soreda geotrail.
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A new high-resolution bathymetric map of Lake Zurich

Michael Strupler1, Tobias Schwestermann1, Michael Hilbe2, Flavio S. Anselmetti2, Michael Strasser1

1 Geological Institute, ETH Zurich, Sonneggstrasse 5, CH-8092 Zurich, Switzerland (michael.strupler@erdw.ethz.ch)
2 Institute of Geological Sciences, University of Bern, Baltzerstrasse 1+3, CH-3012 Bern, Switzerland 

While subaerial geomorphic features can often be identified and described by eye, the subaquatic geomorphology is hid-
den below water bodies. Valuable tools for a broad range of audiences are bathymetric maps, which are created by differ-
ent methods, from the interpolation of manually measured point-depths to remote sensing methods. For limnogeological 
applications, the subaquatic geomorphology derived from swath bathymetric measurements offers a great tool for the 
investigation of past and present sediment dynamic processes; especially if combined with sedimentological or reflection 
seismic data. 

During the last few decades, a bathymetric map of Lake Zurich with isobath-intervals of 2.5 m (based on the interpolation 
of a dense-grid of single-beam echosounding measurements; Schlund, 1972) has successfully been used as base for various 
investigations on Lake Zurich’s subbottom (e.g. the geological map of Schindler (1976) or the mass-movement catalogue of 
Strasser (2007)).  

During a research expedition in spring 2014, Lake Zurich was surveyed with a Kongsberg EM2040 multibeam echosound-
er (300 kHz) in order to construct a high-resolution bathymetric dataset. The echosounder was mounted on ETH Zurichs 
research vessel “Arethuse”. Data processing took place with CARIS HIPS and SIPS 8.1. 

The new bathymetry with a grid resolution of 1 m displays a plenitude of geomorphic features in a yet unseen detail. Here, 
we present various examples of subaquatic landforms on the bottom and slopes of Lake Zurich, which were created by 
glacial, gravity-, earthquake- and current-driven processes or human impact. A morphologic step divides Lake Zurich’s 
northern, up to 136 m deep, basin, which is rich on sedimentdynamic events from a f lat, 20-25 m deep southern basin. 
The new bathymetry data provide new evidence of current-related bedform structures along this morphological step, 
while shallow- and deep-seated subaquatic landslides in the deep basin (originally described by Schindler (1976), Kelts 
(1978) and Strasser (2007)) are now imaged in great detail, which allows the discussion of headscarp erosion and frontal 
bulging.

We further compare the new 2014 bathymetry dataset with the 1972 dataset with respect to the different spatial resolu-
tions but also towards identification of active sediment dynamic processes from differential bathymetric data.

As a long-term goal, the new bathymetric dataset and extracted parameters thereof will serve as basis to model the basin-
wide subaquatic slope-failure susceptibility towards establishing a subaquatic geohazard map of Lake Zurich.
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Distribution of sinkholes And their sensitivity to Falling in praw-bistoon 
calcareous masses

Tahere Jalilian1, Manizhe Gohroudi Tali 2, Javad Darvishi Khatooni3

1 Department of Geomorphology, University of shahid Beheshti, Iran
2 Associate shahid Beheshti University, Department of Physical Geography
3 Geological survey of Iran 

Fractures are one of the most important factors in capability of carbonate rocks permeability. System of fractures and 
joints bring about penetration and access of water into the deeper layers. Therefore, karstic processes can developed along 
them and result in variety of karst morphology. In mountainous massif of Parav - Bistoun, Various forms of the karst 
landscapes such as karrens, uvalas, dolines, caves and soon have emerged due to specific lithology and tectonic. The 
Depressions are interesting because of great influence of fractures on them and their dimensions. Thus, in this study, 
morphotectonic consideration of depressions an important part of karstic studies has been marked.

The area has various depressions with different dimentions. The biggest depression has depth of 115 m and diameter of 
180 m. It shows azimuth angle of 30 degrees. Other karstic forms of area are caves, which recognized as the deepest cave 
in the whole Middle East and have depth and length of about 751 and 1361m, respectively(Jafarbeyglou etal, 2011).
According to the geomorphological evidence of the region (Parav cave with a  depth of 751 m and local erosion levels such 
as great fields of karst in surfaces of low relief) the thickness of Bistoun limestone together with high purity that have 
potential for dissolution, Depressions of the area lie within dissolution - break down class from sextet categories that int-
roduced	by	Ford	&Williams	(2007,	p.	341).

Prav-Bisetoon massif composed of limestone and is located in over thrusted Zagros (high-broken), west of Iran at 
Kermanshah province. The main form is Karsts in sinkholes which the formation and development is affected by thrust, 
Faults and fractures in this region. The land form provides appropriate conditions for feeding and development of ground 
water resources and has influenced region hydrogeology. Topographic maps, Digital elevation model, ETM+ and LISS (III) 
images and field work were used. The sinkholes were identified accordingon field observations, algorithm of topographic 
maps, Radar images, thermal Indicatorsand reflection images. Sensitivity analyses of sinkholes have done based on field 
work, Standardization of variables, Preparation itstable locations Matching and statistical methods. The Results were 
shown, 183 sinkholes and their Regression models of Sensitivity to collapse(FIG 1). An assessment method was done on 
location analysis of sinkholes due to lineaments, faults,  rivers channel and statistical tests(FIG 2).

Figure 2. Location of Sinkholes in Prav-Bisetoon 
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Figure 2. Sensitivity to Falling in Prav-Bisetoon 

REFERENCES  
Ford.	D.	and	Williams.	P,	(2007),	Karst	Hydrogeology	and	Geomorphology,	John	Wiley	&	Sons	Ltd1-562.
Jafarbeyglou, m., Moghimi. E. Safari F. 2011. Evaluating morphotectonic karst sinks in Parav - Bistoun mass using DEM, 

Geography and Environmental lanning Journal 22th. Year, vol. 44, No.4, Winter 2012  



227

Sy
m

p
o

si
u

m
 9

: 
G

eo
m

o
rp

h
o

lo
g

y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2014

P 9.15

Potential fate of eroded SOC after erosion
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1 Physical Geography and Environmental Change group, Department of Environmental Sciences, University of Basel, Klingelbergstrasse 
27, CH-4056 Basel (liangang.xiao@unibas.ch)

Globally, soils contain more than three times as much carbon as either atmosphere or terrestrial vegetation. Soil erosion 
moves soil organic carbon (SOC) from the site of soil and SOC formation and to depositional environments. There some 
SOC might be sequestered. Combined with dynamic replacement at the site of erosion, the effect can significantly influ-
ence the carbon cycle. However, the fate of SOC moved by erosion has been subject to an intense controversy. Two opposing 
views prevail: erosion may contribute to SOC mineralization during transport and thus act as a source for atmospheric 
CO2; the burial of SOC, on the other hand, can be seen as a sink while dynamic replacement maintains SOC at the eroding 
site and thus increase the C-stocks in soils and sediments. The debate suffers from a lack of information on the distribu-
tion, movement and fate of SOC in terrestrial ecosystems. This study aims to improve our understanding of the transport 
and subsequent fate of the eroded soil and the associated SOC. The research presented here focused on the SOC content 
and potential transport distance of erode soil. During a series of simulated rainfall soil eroded on crusted loess soils near 
Basel, Switzerland, was collected. The sediment was fractionated according to its settling velocity, with classes set to cor-
respond to either a transfer into rivers or a deposition on slopes. The soil mass, SOC concentration and cumulative CO2 
emission of each fraction were measured.

Our results show that about 50% of the eroded sediment and 60% of the eroded SOC are likely to be deposited on the 
slopes, even during a high rainfall intensity event. This is 3 times greater than the association of SOC with mineral partic-
les suggests. The CO2 emission of the eroded soil is increased by 40% compared to disturbed bulk soil. This confirms that 
aggregate breakdown reduces the protection of SOC in aggregates. Both results of this study show that taking (i) the effect 
of aggregation on SOC redistribution and (ii) the subsequent CO2 emission during the transport have to be considered to 
achieve a reliable assessment of the effect of soil erosion on the global C-cycle. They also indicate that our current balances 
may underestimate the CO2 emission caused by soil erosion.


