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26.1

Internal structure and geomorphic processes of a high mountain small 
glacier system: the case of Tsarmine Glacier (Arolla, Valais)

Bosson Jean-Baptiste 1, Capt Maxime 1 & Lambiel Christophe 1

1Institut de géographie et durabilité, Université de Lausanne, Mouline, CH-1015 Lausanne (jean-baptiste.bosson@unil.ch)

High-mountain glacier systems (HMGS) are among the most active part of mountain geomorphic systems in relation to the 
current global warming and the related para(peri)glacial crisis. In HMGS, glacier-permafrost interactions are frequent. 
When massive ice, frozen and unfrozen sediments coexist, a complex influence on sediment cohesion and f luxes takes 
place. However, the present knowledge on internal structure (in particular ice content, thickness and depth), as well as 
sediment storage and f luxes still need improvements. 

In this purpose, the internal structure, the ground surface kinematic and thermal state of Tsarmine glacier system - loca-
ted in the right side of the Arolla valley (Valais) between 2500-3100m a.s.l. - was studied between summers 2011 and 2013. 
ERT profiles were carried out in addition to dGPS and temperature measurements. Results suggest a complex system 
where area with different internal structure (in term of ground ice distribution), morphogenesis and current geomorphic 
dynamic coexist. A debris-covered glacier composes most of the system. It dominates a thick unfrozen morainic bastion 
and a rock glacier. In response to climate forcing, we concluded that the ground ice melting is the most important process 
in the sediment stores reworking.

26.2

Late-Cenozoic relief evolution under evolving climate: a global review 

Champagnac J.-D., Valla P., Herman F.

ETH

The review paper is an attempt to globally gather quantitative evidences of topographic relief change over the Late 
Cenozoic, as reported in the literature. We first define different acceptations of the word “relief”, as it is commonly used, 
and detail the metrics used to quantify relief. We then specify methodological tools used to quantify relief change (mostly 
low-temperature thermochronometry and terrestrial cosmogenic nuclides), and critically analyse published evidence by 
regions.

We first show that relief changes and rate of change rate are more important at mid latitudes, and appears to be insensi-
tive to mean precipitation rates. We also show that relief change is positive (relief increases) in most of the reported cases 
(~80%). We subsequently define two functional relationships between relief and erosion, depending on how relief has been 
defined and propose a conceptual model of landscape memory that is independent of intrinsic damping time. We conclu-
de, following others, that there is a non-linear dependency of erosion change to relief evolution. This implies that the re-
lief increases documented in this review may have subsequently led to erosion rate increases during the same timescales. 
Last, we discuss the importance of glacial and periglacial processes on the Late Cenozoic relief and erosion rate changes, 
and stress the importance of frost shattering and glacial erosion at mid- and high latitude. 
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26.3
Furrow-and-ridge structures on active rockglaciers explained by  
gravity-driven buckle folding: A finite-element study applied to  
the Murtèl rockglacier

Frehner Marcel1, Isabelle Gärtner-Roer2, Anna Hui Mee Ling1,2

1 Geological Institute, ETH Zurich (marcel.frehner@erdw.ethz.ch)
2 Department of Geography, University of Zurich

Rockglaciers, typical permafrost landforms, often feature 
a prominent furrow-and-ridge topography. The Murtèl 
rockglacier in the Upper Engadin valley is a very spectacu-
lar example for such morphology, with amplitudes and 
wavelengths in the order of 5 m and 20 m, respectively 
(Figure 1). Previous studies have suggested that these 
structures develop under the influence of a longitudinal 
compressive f low regime in the lower part of a rockglacier 
(Haeberli et al., 1998; Kääb and Weber, 2004). However, 
these hypotheses have mostly been based on descriptive 
observations and therefore remained speculative.

Buckle folding is the mechanical response of a layered 
viscous material to compression if the mechanical contrast 
between the layers is significant. The resulting buckle 
folds are common structures in rocks and have been stud-
ied extensively in field outcrops, experimentally, numeri-
cally, and analytically (see Hudleston and Treagus, 2010 
for a review). We believe that buckle folding is also the 
main responsible process for the formation of the trans-
verse furrow-and-ridge topography on rockglacier surfac-
es. In this cross-disciplinary study we use the buckle fold-
ing theory, which is well-established in the field of struc-
tural geology, and apply it to the field of rockglacier geo-
morphology.

The Murtèl rockglacier is an ideal case study due to its well-studied internal structure (Arenson et al., 2002), which can 
be approximated with two layers: an upper mixed rock-ice layer and a lower pure ice layer, both exhibiting a viscous 
rheology. Such a simple structure is a prerequisite for the analytical buckle folding expressions, which assume a single 
layer embedded in a weaker material. A 1 m-resolution digital elevation model (DEM; Figure 1), based on low-altitude 
aerial photographs of the Swiss Permafrost Monitoring Network, is analyzed using the Fold Geometry Toolbox (FGT; 
Adamuszek et al., 2011). This software uses analytical buckle folding expressions and as such provides a quantitative re-
lationship between the observed wavelength, layer thickness, and the effective viscosity ratio between the folded layer 
and the underlying ice.
We developed a numerical finite element (FE) algorithm to simulate dynamical 2D buckle folding of a layered viscous 
medium (Frehner et al., 2012) and apply it to the gravitational f low of a two-layer rockglacier (Figure 2). For the lower 
pure ice layer we use standard density and viscosity values for glacier ice; for the upper mixed rock-ice layer we use mate-
rial parameters obtained from the previous FGT-analysis of the Murtèl rockglacier DEM. The initial setup is inspired by 
the Murtèl rockglacier geometry. The simulated gravitational f low leads to a buckling instability of the upper layer due 
to the mechanical contrast to the underlying pure ice layer (Figure 2). The resulting wavelengths and amplitudes are 
similar to the Murtèl rockglacier. In addition, the modeled strain rate field highlights the basal shear zone, which is also 
observed in boreholes.

Our study promotes buckle folding as the dominant process for the formation of transverse furrow-and-ridge structures 
on rockglacier surfaces.

Figure 1: Difference between the Murtèl rockglacier DEM 

and the moving average of the same DEM. The latter is 

calculated at each pixel as the mean within a 200 m radi-

us circular area.
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Figure 2: 2D FE-simulation snapshot of a rockglacier f lowing downslope due to gravity. The upper mixed rock-ice layer exhibits a high-

er effective viscosity than the underlying pure ice layer. Colors represent the second invariant of the strain rate tensor; short black li-

nes indicate the long axis of of the strain rate ellipse. The bottom boundary is fixed in accordance with borehole measurements.

REFERENCES
Adamuszek, M., Schmid, D. W. and Dabrowski, M. 2011. Fold Geometry Toolbox – Automated determination of fold 

shape, shortening, and material properties. Journal of Structural Geology, 33, 1406–1416.
Arenson, L., Hoelzle, M. and Springman, S. 2002. Borehole deformation measurements and internal structure of some 

rock glaciers in Switzerland. Permafrost and Periglacial Processes, 13, 117–135.
Frehner, M., Reif, D. and Grasemann, B. 2012. Mechanical versus kinematical shortening reconstructions of the Zagros 

High Folded Zone (Kurdistan Region of Iraq). Tectonics 31, TC3002.
Haeberli, W., Hoelzle, M., Kääb, A., Keller, F., Vonder Mühll, D. and Wagner, S. 1998. Ten years after drilling through the 

permafrost of the active rock glacier Murtèl, Eastern Swiss Alps: Answered questions and new perspectives. 
Permafrost 7th International Conference, 403–410.

Hudleston, P. J. and Treagus, S. H. 2010. Information from folds: A review. Journal of Structural Geology, 32, 2042–2071.
Kääb, A. and Weber, M. 2004. Development of transverse ridges on rock glaciers: Field measurements and laboratory 

experiments. Permafrost and Periglacial Processes, 15, 379–391.
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26.4

The challenge of frequency-magnitude relationship for mountain hazard 
management

Keiler Margreth1 & Fuchs Sven2, 

1Institute of Geography, University of Bern, Hallerstrasse 12, CH-3012 Bern (margreth.keiler@giub.unibe.ch)
2 Institute of Mountain Risk Engineering, University of Natural Resources and Life Sciences, Peter-Jordan-Strasse 82, A-1190 Wien

Torrent processes pose a threat to elements at risk exposed. In order to assess the hazardousness of such phenomena, 
firstly information on the probability of occurrence of the process is necessary, usually with respect to a defined design 
event. Secondly, this design event is characterised by a certain process magnitude. As a consequence, frequency-magnitude 
relationships are developed and used for hazard assessment and the subsequent management options considering natural 
hazard risk.

Traditional approaches are based on discrete hydrological events and a magnitude by measures of volume or mass of water 
and sediment associated with those events. They assume a direct relationship between the hydrological processes and the 
geomorphic response, such as the capacity of the water body to entrain and transport a certain amount of sediment in 
dependence of the shear stress and the grain size. However, such an assumption cannot be made considering torrent pro-
cesses as once a major event has occurred in a catchment; time is required before sufficient material available for further 
events can accumulate. With respect to torrent events, internal system dynamics are responsible for a major limitation of 
frequency-magnitude relationships. Moreover, the relation between the trigger of torrent processes (e.g., precipitation 
intensity) and the system response of the catchment is nonlinear, therefore, even if empirical relationships propose a 
certain statistic relation they do not mirror the different system behaviour accordingly.

By analysing system loading and response scenarios, the challenge of system dynamics is treated in this paper and alterna-
tive concepts to express the frequency and magnitude of torrent processes are discussed. It is argued that such an ap-
proach can contribute to the discussion on an enhanced hazard assessment procedure which is targeted under the um-
brella of the risk concept at a sustainable use of mountain environments for human settlement.

26.5

Multi-temporal rock glacier kinematics in the Southern Swiss Alps

Scapozza Cristian1, Conedera Marco2, Bozzini Claudio2, Mari Stefano3 & Lambiel Christophe4

1Istituto scienze della Terra, Scuola Universitaria Professionale della Svizzera Italiana (SUPSI), Campus Trevano, CH-6952 Canobbio (cris-
tian.scapozza@supsi.ch)
2Istituto federale di ricerca WSL, Via Belsoggiorno 22, CH-6500 Bellinzona
3Département des Géosciences, Unité de Géographie, Université de Fribourg, Chemin du Musée 4, CH-1700 Fribourg
4Institut de géographie et durabilité, Université de Lausanne, Géopolis, CH-1015 Lausanne

The multi-temporal assessment of the dynamics of the Stabbio di Largario rock glacier, located in the Southern Swiss Alps, 
was performed by the combination of three different methods, focusing on three different time periods (Scapozza et al., 
submitted to Earth Surface Processes and Landforms). Schmidt hammer exposure-age dating (SHD) was applied to study 
long-term kinematics of the rock glacier since the beginning of its development, digital monophotogrammetry allowed 
the definition of horizontal surface velocities evolution since the end of the Little Ice Age and differential GPS monitoring 
provided information about recent variations of rock glacier creep.

SHD allowed obtaining calibrated numerical ages of the surface of the rock glacier, which decrease linearly from the front 
to the rooting zone, where Late Holocene moraines are present (Scapozza 2013). Thanks to SHD, it was also possible to 
extrapolate the age of formation of the rock glacier (5.05 ± 0.57 ka cal BP), which may have starting its development after 
the Mid-Holocene climate optimum, and to define a possible first acceleration in horizontal surface velocities during the 
Medieval Warm Period (MWP). The MWP was characterised in the Southern Swiss Alps by summer temperatures as much 
as 1.2°C higher than in 1950 and which caused also important changes in dynamics, rheological properties and thermal 
conditions of the neighbouring Piancabella rock glacier (Scapozza et al. 2010).
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Digital monophotogrammetry performed thanks to the WSL-Monoplotting-tool (Bozzini et al. 2012; Conedera et al. 2013) 
allowed the georeferentiation and orthorectification of six historical photographs of the rock glacier taken between 1910 
and today. By the creation of a smoothed digital elevation model of the rock glacier surface, it was possible to define the 
variations of the position of the rock glacier front in the last century. In combination with differential GPS monitoring 
data available since 2009, digital monophotogrammetry allowed defining two other accelerations of creeping rates after 
the end of the Little Ice Age and at the end of the 1990s. 

The first one occurred after the end of the LIA as a reaction of a warming of MAAT and an increase in MAP during the 
first half of the 20th century (regional parameter), and probably also as a consequence of the melting of the glacier that 
occupies its rooting zone (local parameter). The more recent important acceleration take place since the end of the 1990s 
as the consequence of the severe recent warming, causing a partial destabilization of the Stabbio di Largario rock glacier 
(creating crevasses on the rock glacier tongue).

Considering the surface velocities behavior since the development of the rock glacier, it was possible to link phases of rock 
glacier acceleration with climate warming periods.

Figure 1. Comparison between the multi-temporal kinematics of the Stabbio di Largario rock glacier and climate parameters since 1850. 

(A) Compilation of the mean horizontal surface velocities obtained from the WSL-Monoplotting-tool and DGPS monitoring. (B) 

Homogenised mean annual air temperature (MAAT) and mean annual precipitations (MAP) of the MeteoSwiss station of Lugano from 

1864 to 2012. Data from MeteoSwiss.

REFERENCES
Bozzini, C., Conedera, M. & Krebs, P. 2012: A new monoplotting tool to extract georeferenced vector data and 

orthorectified raster data from oblique non-metric photographs. International Journal of Heritage in the Digital Era, 
1, 499-518. DOI: 10.1260/2047-4970.1.3.499

Conedera, M., Bozzini, C., Scapozza, C., Rè, L., Ryter, U. & Krebs, P. 2013: Anwendungspotenzial des WSL-Monoplotting-
Tools im Naturgefahrenmanagement. Schweizerische Zeitschrift für Forstwesen, 164, 173-180. DOI: 10.3188/
szf.2013.0173

Scapozza, C. 2013: Stratigraphie, morphodynamique, paléoenvironnements des terrains sédimentaires meubles à forte 
déclivité du domaine périglaciaire alpin. Institut de géographie et durabilité de l’Université de Lausanne: Lausanne. 
Géovisions 40, 1-551 [http://www.unil.ch/igul/page96426.html].

Scapozza, C., Lambiel, C., Reynard, E., Fallot, J.-M., Antognini, M. & Schoeneich, P. 2010: Radiocarbon dating of fossil 
wood remains buried by the Piancabella rock glacier, Blenio Valley (Ticino, Southern Swiss Alps): implications for rock 
glacier, treeline and climate history. Permafrost and Periglacial Processes, 21, 90-96. DOI: 10.1002/ppp.673
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26.6

The glacial trough – an attempt at theoretical geomorphology

Schoeneich Philippe1

1 Institut de Géographie Alpine – PACTE/Territoires, Université de Grenoble Alpes, 14 bis av. Marie-Reynoard, 38100 Grenoble, France 
(Philippe.Schoeneich@ujf-grenoble.fr)

In the late 19th century, geomorphology was part of geology and an almost empirical science. It is the theoretical synthe-
sis of the « normal » erosion system by Davis which both established geomorphology as an independent science and sepa-
rated it from the still empirical geology. Davis’ erosional cycle theory provided not only an explicative framework, but 
also a predictive model, allowing geomorphological predictions to be searched in the field. In its beginning, geomorpho-
logy was a theoretically based science! If the history and fate of Davis’ theories are well known, the most excessive tenta-
tive of theoretical approach in geomorphology remains largely unknown, mainly because it was almost confined to 
German-speaking geography: the glacial trough theory. Its main propagator was Hans Hess with his paper Der Taltrog in 
1903. According to this theory, successive glaciations carve narrower and deeper troughs, which leave remnants in the 
form of embedded glacial troughs. In the early 20th century many geomorphologists searched for benches and examined 
slope profiles in order to find embedded troughs, four of them if possible, corresponding to the four Alpine glaciations 
defined by Penck and Brückner. Other authors tried to define troughs corresponding to the last deglaciation phases. 
Associated concepts like tongue basins and stepped glacial cirques were also used and led sometimes to opposite interpre-
tations of the same features. Almost all studies based only on a topographical analysis – the most excessive relied even 
only on analysis of maps, without any field work. Criticisms arose from the beginning and developed in the 1920’s. The 
interest for glacial troughs, and debate around it, disappeared after the 1930’s. Today with the development of cosmonu-
clide exposure dating, the question whether glacial troughs, like trimlines, could enjoy a revival arises.
We will expose a brief history of the concepts, and develop some examples mainly from the Swiss Alps..
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P 26.1

Multi-method assessment of slope tectonics activity  
in Val Bedretto (Ticino) 

Ambrosi Christian1 & Scapozza Cristian1

1Istituto scienze della Terra, Scuola Universitaria Professionale della Svizzera Italiana (SUPSI), Campus Trevano, CH-6952 Canobbio 
(christian.ambrosi@supsi.ch)

The right f lank of the Val Bedretto is characterized by a series of large scarps and counterscarps referred to Deep-seated 
gravitational slope deformations (Sackung, DSGSD) formed by the interplay of (neo)tectonics, gravitation and postglacial 
rebound (Ustaszewski et al. 2008). These DSGSD are the visible expression of slope tectonics processes (e.g. Jaboyedoff et 
al. 2011).

Several field studies have focus on the neotectonic faulting, postglacial uplift and numerical modeling of postglacial re-
bound (e.g. Ustaszewski & Pfiffner 2008; Ustaszewski et al. 2008), whereas Renner (1982) has determined the main stadials 
of glacier retreat during the Lateglacial, highlighting the displacement of several moraines in the area.

By means of new instabilities and geomorphological maps obtained by 3D digital stereoscopic photogrammetry (Castelletti 
et al. 2012), and Schmidt hammer exposure-age dating (SHD) of the glacial and periglacial landforms, a re-evaluation of 
the genetical processes and of the activity of the DSGS since 20’000 BP is proposed.

REFERENCES
Castelletti, C., Soma, L., Scapozza, C. & Ambrosi, C. 2012. Quaternary geological map of Sheet Reichenau (Canton 

Graubünden): improvement of several GIS tools. Abstract volume 10th Swiss Geoscience Meeting, Bern, Switzerland, 
16–17 November 2012, Abstract P 10.5: 254-255.

Jaboyedoff, M., Crosta, G.B. & Stead, D. 2011. Slope tectonics: a short introduction. In: Slope tectonics (Ed. by Jaboyedoff, 
M.). Geological Society, London, Special Publications, 351, 1-10.

Renner, F. 1982. Beiträge zur Gletscher-Geschichte des Gotthardgebietes und Dendroklimatologische Analysen an fossilen 
Hölzern. Thesis, Universität Zürich, Physische Geographie, 8, 182 p. 

Ustaszewski, M. & Pfiffner, O.A. 2008. Neotectonic faulting, uplift and seismicity in the central and western Swiss Alps. 
In: Tectonic Aspects of the Alpine-Dinaride-Carpathian System (Ed. by Siegesmund, S., Fügenschuh, B. & Froitzheim, 
N.). Geological Society, London, Special Publications, 298, 231-249.

Ustaszewski, M., Hampel, A. & Pfiffner, O.A. 2008. Composite faults in the Swiss Alps formed by the interplay of 
tectonics, gravitation and postglacial rebound: an integrated field and modeling study. Swiss Journal of Geosciences, 
101, 223-235.
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P 26.2

The Fluvial Critical Zone – a co-evolving geomorphic-vegetation-soil system

Nico Bätz1, Stuart Lane1, Eric Verrecchia2  

1 Institute of Geography and Sustainability - University of Lausanne, Quartier UNIL-Mouline, CH-1015 Lausanne (nico.baetz@unil.ch)
2 Institute of Earth Sciences - University of Lausanne, Quartier UNIL-Mouline, CH-1015 Lausanne

Conventional geomorphological studies have largely considered sediment transport processes and its link to river plan-
form development (e.g. Leopold and Wolman, 1957). More recently the impacts of vegetation and biogeomorphic succes-
sion (e.g. Corenblit et al., 2011), through notions such as ‘ecosystem engineers’ (e.g. Gurnell, 2013), have been recognised 
to play a key role in determining riverine processes and landform development. However, the main remaining question is 
where does soil fit into these accounts? 

In more stable f luvial systems, such as meandering terrace systems (e.g. Cierjacks et al., 2010) or embanked systems (Guex 
et al., 2003), alluvial soils have been widely described and quantified. Nevertheless, the role of pedogenesis in transforming 
fresh alluvial sediment deposits into (initial) soil, and its impact on biogeomorphic succession in more dynamic systems 
has been largely overlooked. Thus, what role does embryonic soil development play? Is it simply passive, or, as vegetation 
studies have shown, actively implicated in these dynamics?

In braided rivers, we know that the initial stratification of sediments and topography modulate habitat properties for 
initial vegetation colonisation. In theory, soil forming processes, such as organic matter accumulation and transformation, 
should then influence succession speed and pathways. These are likely to be sustained so long as the site does not switch 
to being erosional (i.e. destroyed) or too depositional (i.e. buried by fresh sediment), and also influenced by the amelio-
rated habitat properties due to soil development (e.g. moisture retention capacity). This will feed back into vegetation 
dynamics and potentially topography, notably as soil organic matter accumulation builds up the soil surface. In time, the 
surface may become independent of f luvial material influx. Still, these processes are strongly linked to river dynamics due 
to erosion and deposition processes and due to the connections to the ground water table. 

The above mentioned feedbacks are crucial for understanding the morphological evolution of rivers over the timescales 
of years to decades. We conceptualised these links in a model that we label the ‘Fluvial Critical Zone’ (Figure 1). We test 
this model in the Allondon River, a protected nature reserve in the west of Canton Geneva, Switzerland, which comprises 
a braided river – terrace system, including active braiding processes, rapid vegetation colonisation, stabilisation of braid 
bar deposits, and development of soil profiles.
We have tested this conceptual model and set the time frame for the co-evolution of the f luvial critical zone.

Figure 1: Conceptual model of the Fluvial Critical Zone, showing the feedback between soil, vegetation and geomorphology.



12
Sy

m
p

o
si

u
m

 2
6:

 G
eo

m
o

rp
h

o
lo

g
y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2013

REFERENCES
Cierjacks A, Kleinschmit B, Babinsky M, Kleinschroth F, Markert A, Menzel M, Ziechmann U, Schiller T, Graf M, Lang F. 

2010. Carbon stocks of soil and vegetation on Danubian f loodplains. Journal of Plant Nutrition and Soil Science 173: 
644–653. 

Corenblit D, Baas ACW, Bornette G, Darrozes J, Delmotte S, Francis RA, Gurnell AM, Julien F, Naiman RJ, Steiger J. 2011. 
Feedbacks between geomorphology and biota controlling Earth surface processes and landforms: A review of 
foundation concepts and current understandings. Earth-Science Reviews.

Guex D, Weber G, Musy A, Gobat J-M. 2003. Evolution of a swiss alpine f loodplain over the last 150 years: hydrological 
and pedologocal considerations. presented at the International conference “Towards natural f lood reduction 
strategies”,  6-13 September 2003. Warsaw.

Gurnell A. 2013. Plants as river system engineers. Earth Surface Processes and Landforms: n/a–n/a.
Leopold L, Wolman M. 1957. River Channel Patterns-braided, Meandering and Straight. US Geological Survey Professional 

Paper 282B: 39–85.



13

Sy
m

p
o

si
u

m
 2

6:
 G

eo
m

o
rp

h
o

lo
g

y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2013

P 26.3

Reconstruction of the evolution and chronology of the Akdağ rockslide 
(SW Turkey).

Bayrakdar Cihan1, Görüm Tolga2, Durmuş Mücahit1, Ivy-Ochs Susan3 and Akçar Naki4

1 Department of Geography,Istanbul University,Istanbul, 34452 Beyazit/Fatih-Istanbul.
2 Natural Sciences Research Center, Yildiz Technical University, Davutpasa Cad. B-Blok Z-59 34220 Esenler-Istanbul, Turkey.
3 Labor für Ionenstrahlphysik (LIP), ETH Zürich, Schafmattstrasse 20, CH-8093 Zürich
4 Institut für Geologie, Universität Bern, Baltzerstrasse 1+3, CH-3012 Bern .

Akdağ rockslide is a very large, active slope failure in carbonate rocks and f lysch deposits located in the southern slopes 
of paleo-glaciated Akdağ Massif, SW Turkey (Figure 1). The landslide resulted in the collapse of a 5 km segment of the 
Akdağ Mount, and covers an area of 15 km2 and has a volume of about 7 km3. It is one of 108 known very large (106 - 107 
m3) landslides in Turkey, and possibly the largest landslide of its type in the Western and Central Taurides (Bayrakdar, 
2012). At least, three distinct phases of evolution can be distinguished in the field: (1) avalanche of carbonate rocks onto 
the f lysch; (2) successive slumps of the f lysch; and (3) planar sliding and disintegration of the latter. Shattered and weak 
material from the large slide has recently been subjected to intensive denudation by numerous shallow secondary land-
slides, gully erosion and subsequent aggradation of debris on valley f loors. Due to the landslide activity, settlement areas 
and infrastructure has been severely damaged. The timing of the landslide is generally attributed to the post-Last Glacial 
period. In this study, we employ geographic information systems and remote sensing methods, spatial and morphometric 
analysis, and cosmogenic nuclide dating with 36Cl in order to reconstruct the evolution and the chronology of the land-
slide. 

Cosmogenic nuclides such as 3He, 10Be, 14C, 21Ne, 26Al and 36Cl are produced within the crystal lattices of minerals (as sedi-
ment and/or mineral in the rock) at or near the earth’s surface (Ivy-Ochs et al., 2013). These nuclides are most often used 
for surface exposure dating, which depends on the build-up of the nuclides (Dunai, 2010). Boulders which are deposited 
by mass movements have already been exposure-dated in the Alps (Ivy-Ochs et al., 2009, Akçar et al., 2012 among others). 
In this study, we collected 21 samples from the carbonaceous boulders within the Akdağ active landslide in order to build 
the timing of the different phases, which are already identified in the field. 

Figure 1. Distribution of the landslides in the Akdağ Massif, SW Turkey.
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Interactions between hydrogeomorphology and vegetation on an Alpine 
alluvial fan: the case of Larzettes, Vallon de Nant (VD, Switzerland)

Borgeaud Laure1, Lane Stuart1 & Vittoz Pascal2

1Institute of Geography and Sustainability, University of Lausanne, Géopolis, Unil – Mouline, CH-1015 Lausanne (laure.borgeaud@unil.ch)
2Department of Ecology and Evolution, University of Lausanne, Biophore, Unil – Sorge, CH-1015 Lausanne 

Recent research has recognised that there is a critical co-evolution between geomorphic systems and ecosystems in which 
vegetation exerts a crucial role as an ‘engineer’ of geomorphic response (Corenblit et al., 2008), whilst the nature of that 
geomorphic response has profound impacts upon ecosystem dynamics (e.g. Pfeffer et al., 2003 ; Dickerson et al., 2012 ; 
Landolt, 1986, Garcia-Aguire et al., 2007). 

Here, we present results based on field studies of an active fan system in the Vallon de Nant, Canton Vaud, Switzerland. 
The work focuses on the measurement of a combination of biotic and abiotic components. In 100 quadrats, plants were 
identified and recorded to species level, environmental parameters (e.g. soil, hydrologic, topographic characteristics) were 
measured and age was estimated by dendrochronology and aerial imagery analysis.

Statistical ordination was used to identify the spatial structure of the plant communities. Fractal type approaches were 
used to identify the spatial scale dependence of diversity. These two sets of data were then tied back into the geomorpho-
logic history of fan development. The work showed that distinctive spatial and temporal patterns emerge in fan vegetation 
communities that can be related to both spatial and temporal properties of fan dynamics, and notably the accommodation 
space available to fan surface channels. The latter sets the magnitude and frequency characteristics of channel occupancy 
and causes a down fan shift in community organisation biodiversity from being discrete ‘on-off’ driven in the more con-
strained fan head to being more spatially continuous where accommodation space is greater.
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Multi-methods assessment of shallow landslide evolution in the 
Cassarate watershed (Valcolla, Ticino) 

Castelletti Claudio, Scapozza Cristian & Ambrosi Christian

Institute of Earth Sciences, University of Applied Sciences and Arts of Southern Switzerland (SUPSI), Campus Trevano, CH-6952 Canobbio 
(claudio.castelletti@supsi.ch)

The upper watershed of the Cassarate River is affected by shallow instabilities whose occupies the whole slope and often 
extends to the valley f loor by mass transport phenomena (debris f lows, earth f lows, etc.) in ravines. 

To contain these effects, the upper part of the watershed has been the subject, between 1880 and 2000, of major refores-
tation programs causing positive effects in the reduction of the total area affected by shallow landslides (Mariotta 2011). 
However, there are some areas where an important slope erosion persist, even have a tendency to worsen.

In this framework, the Consortium “Valle del Cassarate e golfo di Lugano” has mandated the Institute of Earth Sciences 
SUPSI of evaluate the evolution of shallow landslides and regressive erosion in the upper part of the watershed. The aim 
of this study is then to provide essential basic data for an assessment of the present situation and an evaluation of the 
future evolution, with the goal of provide scenarios for works of prevention and mitigation.

For the realization of this project, it was decided to follow a plan of work that crosses multiple methods:

- historical analysis of events;
- landslide mapping by 3D digital stereoscopic photogrammetry (Castelletti et al. 2012), 
- geological structures mapping (upgrade of Reinhard & Bernoulli 1964);
- analysis of the thickness of surface deposits through passive seismic (Dal Moro 2012);
- land use mapping;
- analysis thanks to the WSL-Monoplotting-Tool (Conedera et al. 2013) for assess the spatial evolution of the shallow 

landslides (fig. 1);
- analysis of the landslide triggering processes (precipitation, avalanches, forest fires, etc.);
- definition of the geotechnical characteristics of surface deposits. 

Figure 1. Overview of two cartographic methods used in the study of instabilities; on the left, screen shot of the WSL-Monoplotting-

tool, used to extract georeferenced vector data and orthorectified raster data from oblique non-metric photographs; on the right, 

shallow landslides mapping in ESRI ArcMap® GIS environment.
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Evaluation of landslide hazard on the Vulcano Island

Cuomo Aline1, Sartori Mario1, Manzella Irene1 & Bonadonna Costanza 1

1 Earth Sciences Department, University of Geneva, Rue des Maraîchers 13, CH-1205 Geneva, Aline.Cuomo@etu.unige.ch

The island of Vulcano (Aeolian Islands, Italy) is exposed to many natural hazards, including landslides. Several phenomena 
such as volcanic eruptions, earthquakes, fumarolic activity and intense rainfall can generate landslides. As an example, a 
rockslide occurred in 1988 on the NE side of la Fossa cone, which generated a small tsunami and was probably triggered 
by the increase of fumarolic and seismic activity. The northern and eastern parts of la Fossa cone are the most prone to 
landslide hazard. The potential mobilization mechanism and the run out process are better described in terms of rock 
mechanics than soil mechanics. Two main unstable zones have been identified.

In the eastern f lank of La Fossa cone, the volume of rocks involved in the 1988’s landslide has been estimated around 
200’000 m3 by pre- and post- event modeling studies (Tinti et al., 1999; Tommasi et al., 2007; Olivares & Tommasi, 2008). 
New investigations on the field lead to an estimation of the volume of the landslide closer to 100’000 m3. The scar com-
prises a residual unstable rock volume of around 39’000 m3 that could be mobilized as rockslide. No current fumarolic 
activity was observed near the unstable volume.

The northern edge of the la Fossa cone, which is located above a populated area, is characterized by strongly altered zones, 
with open fractures and rock masses where toppling could occur. After the assessment of the unstable volumes we carried 
out some numerical simulation with a 2D discrete element code WinMimes developed at the Massachusetts Institute of 
Technology (MIT). This allowed us to draw the hazard map related to this unstable zone of around 8’000 m3.
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The permafrost distribution map of the Bagnes valley (VS)

Deluigi Nicola1, Lambiel Christophe1

1Institut de Géographie et Durabilité, University of Lausanne, Bâtiment Géopolis, CH-1015 Lausanne (nicola.deluigi@unil.ch)

One of the major concerns on periglacial research is the sensitivity of permafrost to climate change. In the context of 
current global warming, an increase of instabilities at high elevations has already been observed. Thus, a precise know-
ledge of the permafrost distribution at the local scale may interest the public administrations responsible for natural ha-
zard assessments, because the impact of the permafrost degradation on slope stabilities is one of the common questions 
when dealing with infrastructures or sites located in high mountain regions.

High-resolution permafrost maps can be created using machine learning algorithms. Support Vector Machines (SVMs) 
showed to be accurate for the prediction of the permafrost occurrence (Deluigi & Lambiel, 2013).  This methodology has 
aroused the interest of the municipality of Bagnes (VS), for which a permafrost map of the corresponding valley has been 
elaborated. A dataset composed by 15 variables was used. Some were simply calculated and extrapolated from a 25m re-
solution DEM, whereas others were extracted from the swisstopo primary surface map and two rock glacier inventories 
(Lambiel & Reynard, 2001; Delaloye & Morand, 1997). The dataset was completed by empirical measurements obtained 
during field campaigns. The resulting map revealed to be rather in accordance with field observations. In particular, the 
high discontinuity of mountain permafrost could be reflected with a relatively good success. A further sectorial analysis 
highlighted the elements of the landscape potentially sensitive to hazards related to periglacial processes.
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Risk evolution in debris flow prone regions of Lai-Ji (來吉村), Taiwan 
Benjamin Fischer1

1Geographisches Institut, University of Bern, Hallerstrasse 12, CH-3012 Bern (beni.fischer@students.unibe.ch)

In the last decades the numbers of hazard events and associated losses have increased worldwide. This increase cannot be 
solely explained by climate change and it is widely accepted that human activity plays also a key role for increased losses 
(IPCC 2012). The concept of risk analysis was applied in various areas because it includes the three parameters hazard, 
exposure and vulnerability and therefore offers a broader approach than hazard assessment, especially if facing the pro-
blem of increasing monetary losses. Currently, only few studies focus on detailed analysis of natural hazard risk evolution 
(Keiler et al. 2006, Schwendtner et al. [in Press]). In this study, risk evolution is studied for a debris f low endangered area 
in Lai-Ji (來吉村), Taiwan. The main objective is to assess the current natural hazard risk situation, to identify main drivers 
of risk evolution and to gain a broader understanding of risk trajectories and the connectivity between the different risk 
parameter. For that reason, different hazard scenarios were generated and for three time intervals exposure and vulnera-
bility were analysed in Lai-Ji (來吉村): The first time slot mirrors the situation before the occurrence of the first known 
debris f low in the 1970s. The second pictures the situation of the devastating debris f low event during typhoon Morakot 
in 2009 which resulted in 20 destroyed and another 20 damaged buildings including an elementary school and a church 
(Sinotech 2010). The third time slot re-presents the current situation (field investigation in 2012). First results indicate that 
risk evolution in Lai-Ji (來吉村) is dominated by increase of the hazard level and a non-adaptive risk management. Hazard 
is high when heavy rainfalls of typhoons hit the destabilized soil after high earthquake activity as it happened several 
times since the Chi-Chi earthquake in 1999 (e.g. typhoon Mindulle in 2004 and Morakot in 2009). But also the rain inten-
sity and the frequency of extreme events increased from 1960-2010 as a result of climate change (Central Weather Bureau 
2013). The second main driver for risk evolution in Lai-Ji (來吉村) is risk management, as no local protection measures 
were undertaken after the both events. Furthermore, most buildings were rebuilt in the same place after the event or 
elsewhere within the endangered area. In the next steps, risk maps for Lai-Ji (來吉村) will be generated, another case study 
in Switzerland (Sörenberg) will be conducted. 
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“Proyecto Glaciares 513”: an integrated assessment of high mountain 
hazards and related risk reduction in the Peruvian Andes. 

Giraldez Claudia1, Choquevilca Walter2, Drenkhan Fabian1, Fernandez Felipe2, Frey Holger1, García Javier3, Haeberli 
Wilfried1, Huggel Christian 1 & Price Karen2 

1 Department of Geography, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich (claudia.giraldez@geo.uzh.ch)
2 CARE Peru, Av. General Santa Cruz 659, PE-Lima 11
3 Centre de recherche sur l’environnement alpin, CREALP, Rue de l’Industrie 45, CH-1951 Sion

The ice covered Peruvian Cordilleras are often seriously affected by high mountain hazards such as ice and rock avalan-
ches, glacier lake outbursts, f loods and debris f lows. In the past, thousands of people have been killed in such disasters 
(Carey, 2005). More recently in 2010, massive f loods in the Cusco Region and an outburst f lood from glacier lake “Laguna 
513” in the Cordillera Blanca (Ancash Region) drew the attention of the public, policy and science (Carey et al., 2012).

As a follow up of the Laguna 513 event in 2010 and corresponding to assessments by international experts (Haeberli et al., 
2010), an integrative and international project was initiated in 2011, funded by the Swiss Agency for Development and 
Cooperation (SDC) and executed by the University of Zurich (UZH) and CARE-Perú. This project, “Proyecto Glaciares 513”, 
aims at sustainably enhance climate change adaptation and to reduce high-mountain risks in the Peruvian Cordilleras. 
Thus it combines three components. First, a local level with detailed case studies including the implementation of a mo-
nitoring and early warning system for ice/rock avalanches and glacier lake outburst f loods downstream from Laguna 513 
(Ancash), and a risk management system for rain-triggered mass movements in the region of Santa Teresa, Cusco. 
Secondly, an academic level to strengthen local capacities in glaciology, high-mountain processes, climate change and risk 
management. Finally, an institutional level to strengthen glaciology in Peru on a national and international level.

Here we focus on the risk management system for rain-triggered mass movements in the region of Santa Teresa, 
Department of Cusco, close to the Machu Picchu Inca City. Research about glacier and high-mountain hazards in the 
southern Peruvian Cordilleras of Cusco is still sparse although some of the largest debris f lows worldwide affected this 
region in recent years (Frey et al. 2012, Huggel et al., 2003). In fact, very little is known about the nature, origin and di-
mensions of mass movements in this area, and long-term climatic records are neither available. In the framework of the 
“Proyecto Glaciares 513” a risk management system is being designed for the Distrito de Santa Teresa and its subcatch-
ments. This system is structured through three components: technical, institutional, and social. Within the technical 
component (i.e. monitoring and communication) the origin, trigger and characteristics of potential hazards (Fig. 1) are 
analyzed with the final goal of generating a risk map for each community. This work is based on satellite images, field 
work, available meteorological data, and numerical modelling. A radio-communication system is currently being imple-
mented to allow communication and interaction amongst the communities in case of an event. Furthermore a climatic 
and hydrological monitoring network is also being established and led by locals, with the support of the Local Water 
Authority (ALA) and the National Meteorological and Hydrological Service (SENAMHI). It includes both manual and auto-
matic instruments to measure precipitation, temperature and relative humidity, as well as water levels in rivers.

In summary, the risk management system for the Distrito de Santa Teresa is already in a preliminary phase and takes into 
account not only the complex geomorphodynamics of such high-mountain environment under climate change but also 
the socio-economic and institutional characteristics of the region. 
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Figure 1. Hazard map for Santa Teresa, Cusco. It identifies the most significant geomorphodynamic processes that constitute a potenti-

al hazard for the most populated communities.  
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Paleodenudation rates and possible links with climate and sediment flux 
variations in the Engadine, Eastern Swiss Alps

Reto Grischott, Florian Kober, Kristina Hippe, Maarten Lupker, Marcus Christl, Irka Hajdas & Sean Willett

Modern estimates of denudation rates using cosmogenic nuclides and correlations with various geomorphic parameters 
have been established for several regions of the Alps (Wittmann et al. 2007; Norton et al. 2011; Kober et al. 2012). 
Cosmogenic denudation rates and mean denudation based on valley and lake fillings integrated since the Last Glacial 
Maximum suggest an 12 to 14-fold higher denudation rate compared to modern estimates (Hinderer 2001). Due to the lack 
of knowledge on paraglacial processes and response times as well as the influence of late Pleistocene to Holocene climate 
changes, empirical paleodenudation rates are needed. In an attempt to overcome this missing link, an alpine sediment 
archive was selected where significant changes in vegetation cover, glacier f luctuations, periglacial activity have been re-
ported.

In the Eastern Swiss Alps one cold phase and two warm phases were reported for the Late Holocene based on stratigraphi-
cal and palynological data (Burga et al. 1997). We aim to quantify the effect of climate variation on erosion and sediment 
f lux in the Fedoz river that drains a small high alpine valley (currently 10% glaciated) to Lake Sils, Eastern Switzerland. 
The major part of f luvial sediments is archived in the subaerial parts of the Isola delta. Radiocarbon-dated sediment cores 
provide the opportunity to determine 10Be-catchment wide denudation rates for distinct time intervals since the Middle 
Holocene.

Sediment cores on the fan were retrieved which range back to 4000 years. A detailed radiocarbon age model was estab-
lished based on terrestrial organic macro fossils (seeds, wood and leafs), due to eroding Holocene peat layers in the catch-
ment that dominate organic matter in the sediment. Sand layers in the sediment core between those dated peat layers 
were sampled and measured for 10Be nuclides. The same sediment intervals were tested – if correlation was possible - in 
different cores to test the homogeneity of the signal. Additionally, estimates of present-day nuclide concentrations were 
performed in modern stream samples. A postdepositional 10Be correction after Schaller et al. (2004) does not exceed 20-30% 
of the measured signal.

The data provide high resolution denudation rates in the time range from 4000 to 2000 years BP (from 2000 y BP to present 
soil formation). Calculated paleodenudationrates are slightly increased compared to the modern signal ~0.7 mm/yr .Due 
to the high altitude, the landscape is sensitive to permafrost and glacier f luctuations which are supposed to dominate the 
response of landscape evolution. However, the influence of these changes in the erosional regime to the measured 10Be-
signal has not yet been clarified. The relative proximity to the glacier might bias the 10Be-signal due to remobilization of 
glacial deposits.

REFERENCES:
Burga, C. A., R. Perret, S. Gehrig, H.-H. Vogel, B. Maggetti, P. Fitze, M. Maisch and K. Graf (1997). Geoökologische und 

klimamorphologische Untersuchungen im Alpenraum: Isola-Delta, Val Fedoz und Val Fex, Oberengadin, Kanton 
Graubünden; [Projektschlussbericht im Rahmen des nationalen Forschungsprogrammes „Klimaänderungen und 
Naturkatastrophen in der Schweiz“ NFP 31]. Zürich, vdf, Hochschulverlag.

Hinderer, M. (2001). „Late Quaternary denudation of the Alps, valley and lake fillings and modern river loads.“ 
Geodinamica Acta 14(4): 231-263.

Kober, F., K. Hippe, B. Salcher, S. Ivy-Ochs, P. W. Kubik, L. Wacker and N. Hählen (2012). „Debris-f low-dependent variation 
of cosmogenically derived catchment-wide denudation rates.“ Geology 40(10): 935-938.

Norton, K. P., F. von Blanckenburg, R. DiBiase, F. Schlunegger and P. W. Kubik (2011). „Cosmogenic 10Be-derived 
denudation rates of the Eastern and Southern European Alps.“ International Journal of Earth Sciences 100(5): 1163-
1179.
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from cosmogenic Be-10 in a 1.3 Ma terrace sequence: Response of the river meuse to changes in climate and rock 
uplift.“ Journal of Geology 112(2): 127-144.

Wittmann, H., F. von Blanckenburg, T. Kruesmann, K. P. Norton and P. W. Kubik (2007). „Relation between rock uplift and 
denudation from cosmogenic nuclides in river sediment in the Central Alps of Switzerland.“ Journal of Geophysical 
Research-Earth Surface 112(F4).
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Geomorphological analysis of the drainage system on the growing 
Makran Accretionary Wedge in SE Iran

Haghipour Negar1, Burg Jean-Pierre1

1 Department of Earth Sciences, ETH-Zurich, Sonneggstrasse 5, 8092 Zurich, Switzerland

The morphology of six adjacent major catchments draining the onshore Makran Accretionary Wedge in southeast Iran 
and southwest Pakistan was studied to examine how the channel pattern and the length profiles may reflect the recent 
and active growth of the wedge. Qualitative field surveys were combined with the quantitative analysis of channel steep-
ness and concavity measured from digital elevation models. These profiles were compared with modelled profiles using a 
stream power approach and assuming homogeneously uplifting, uniform rock substratum. Results show a distinct diffe-
rence between the studied western and eastern catchments. The westernmost river is disturbed by the Minab-Zendan 
Transform Fault, which separates the Makran Accretionary Wedge from the collided Zagros Fold Belt; for this reason, this 
river has been omitted from further interpretation of accretionary processes. The three western rivers are in morphologi-
cal equilibrium whereas the two eastern rivers exhibit profiles with prominent convexities and knickpoints, thus notably 
diverging from equilibrium concave-up shapes. All the studied catchments share the same base level, f low on similar li-
thologies and developed under uniform climate conditions. Therefore, the morphometric differences are interpreted in 
terms of differential rock uplift rate as a response to local tectonic activity. This interpretation is consistent with both 
uplift rates of marine terraces along the coast of Makran and the recorded seismicity. The geomorphological work extends 
coastal information to wide inland areas and documents longer term tectonic behaviour than the seismo-tectonic record. 
Hence, the steeper surface slope and faster surface uplift rates recorded by the eastern catchments compared to equilibri-
um of the western catchments are regional, long term signals relevant for a wide part of the Makran Accretionary Wedge. 
The regional geomorphic difference is attributed to Quaternary variations in tectonic regimes that forced differential 
uplift rates of the wedge surface. The different tectonic regimes are tentatively related to different subduction rates. 

P 26.12

A tool for vulnerability assessment to mountain hazards

Keiler Margreth1, Zischg Andreas2, Papathoma-Köhle Maria3 & Fuchs Sven4, 

1Institute of Geography, University of Bern, Hallerstrasse 12, CH-3012 Bern (margreth.keiler@giub.unibe.ch)
2 ABENIS AG, Quaderstrasse 7, CH-7000 Chur 
3Department of Geography and Regional Research, Universitätsstrasse 7, A-1010 Wien
4 Institute of Mountain Risk Engineering, University of Natural Resources and Life Sciences, Peter-Jordan-Strasse 82, A-1190 Wien

Torrents prone to debris f lows regularly cause extensive destruction of the built environment, loss of life stock, agricul-
tural land and loss of life in mountain areas. Climate change may increase the frequency and intensity of such events. On 
the other hand, extensive development of mountain areas is expected to change the spatial pattern of elements at risk 
exposed and their vulnerability. Consequently, the costs of debris f low events are likely to increase in the coming years. 
Local authorities responsible for disaster risk reduction are in need of tools that may enable them to assess the future 
consequences of debris f low events, in particular with respect to the vulnerability of elements at risk.

An integrated tool for loss estimation is presented here which is based on a newly developed vulnerability curve and which 
is applied in test sites in the Province of South Tyrol, Italy. The tool has a dual function: 1) continuous updating of the 
database regarding damages and process intensities that will eventually improve the existing vulnerability curve and 2) 
loss estimation of future events and hypothetical events or built environment scenarios by using the existing curve. The 
tool integrates the vulnerability curve together with new user friendly forms of damage documentation. The integrated 
tool presented here can be used by local authorities not only for the recording of damage caused by debris f lows and the 
allocation of compensation to the owners of damaged buildings but also for land use planning, cost benefit analysis of 
structural protection measures and emergency planning.
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The sediment yield at the front of active rock glaciers, results from the 
first summer of investigations at Gugla-Bielzug rock glacier, Mattertal (VS)

Kummert Mario1 & Delaloye Reynald1

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

In the current context of global warming, different studies suggest that the amount of sediment available for intense 
transfer processes will grow during the upcoming decades in the Alps (e.g: Zimmermann & Haeberli 1992). It is mainly 
due to the melting of glacier and permafrost ice, which is assumed to induce an important release of rock debris. In that 
perspective, the particular case of rock glaciers is interesting because the warming process of the permafrost ice and the 
presence of liquid water usually generate creep acceleration (Kääb et al. 2007, Roer et al. 2008). Thereby, if we consider 
that the sediment yield at the front of active rock glaciers is related to their velocity, this creep acceleration observed re-
cently by several research (e.g: Roer et al. 2008, Delaloye et al. 2013) will probably participate in the increase of easily 
transferable sediment stored in alpine hillslopes. In some situation, where there is a direct or partial connection with 
torrential channels, the possibility of developing debris f low events will be reinforced (Delaloye et al. 2010). Therefore, 
sedimentary connectivity in periglacial slopes represents an important aspect in the assessment of natural hazards in 
mountain areas.

This research project aims to study the characteristics of the sediment yield at the front of active rock glaciers, both qua-
litatively and quantitatively. The goal is to reach a better understanding of the processes involved, but also to assess the 
connectivity between rock glaciers and torrential channels, and the link between the sediment yield and the creep veloci-
ty. To achieve this, a combination between field measurement (Terrestrial Laser Scanning, DGPS, …) and visual informati-
on (observations, webcam images) is used.

This contribution presents the results from measurements and observations conducted during the summer 2013 at the 
Gugla-Bielzug rock glacier. This rock glacier is located on the orographic right side of Matter Valley (Valais, Switzerland) 
and is characterized by a direct connectivity with the torrential network. Particularly high velocity (up to more than 25 
m/y for some parts of the form) have been measured during the snowmelt period in June and several debris f low events 
occurred at that time, spreading downhill from the front of the rock glacier to the main valley. The webcam images pro-
vide a rich source of visual information that has allowed identifying the different processes responsible for the sediment 
yield. In this particular case, the presence of water in the system has played a key role by inducing small sliding events 
and regressive erosion in the unfrozen sediment laying at the rock glacier snout. Terrestrial laser scans were also perfor-
med at different dates after the June debris f low events. Those scans bring helping information to locate and quantify the 
sediment recharge at the rock glacier front and in the subjacent gully.

REFERENCES
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Delaloye, R., Morard, S., Barboux, C., Abbet, D., Gruber, V., Riedo, M. & Gachet, S. (2013). Rapidly moving rock glaciers in 

Mattertal. In : Graf, C. (eds). Mattertal - ein Tal in Bewegung. Publikation fur Jahrestagung der Schweizerischen 
Geomorphologischen Gesellschaft 29. Juni - 1. Juli 2011, St. Niklaus, Birmensdord, Eidg. Forschungsanstalt WSL. 
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Kääb, A., Frauenfelder R. & Roer, I. (2007). On the response of rockglacier creep to surface temprature increase. Global 
and Planetary Change, 56, 172-187.
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Adaptation of the geomorphological mapping system of the University 
of Lausanne for ArcGIS

Lambiel Christophe1, Maillard Benoît1, Regamey Benoît1, Martin Simon1, Kummert Mario1, Schoeneich Philippe2, Pellitero 
Ondicol Ramon3, and Reynard Emmanuel1

1Institute of geography and sustainability, University of Lausanne, Geopolis, 1015 Lausanne, Switzerland
2Institut de Géographie Alpine, PACTE/Territoires, Université Joseph Fourier, 38100 Grenoble, France
3Departamento de Geografıa, Universidad de Valladolid, Espana

The geomorphological mapping legend of the University of Lausanne has been used for more than 20 years for detailed 
mapping especially in high and middle mountain regions. It is a morphogenetic mapping system built on the following 
principles:

• The colours represent process categories;

• The signatures have a genetic significance and are drawn in the colour of the related process;

• The morphodynamic differentiation of erosion and accumulation areas is achieved by white and coloured surfaces 
respectively.

• The morphography, the slope gradient and the lithology are not represented.

The legend was developed first for mapping by hand with colour pencils in the field. In the 1990s, several attempts were 
made for developing computer-assisted maps, especially by using Adobe Illustrator software. The improvement of the 
graphical performance of GIS in the last years permitted the adaptation of the legend for GIS to be considered. Through 
various geomorphological mapping projects, a new version could be developed in ArcGIS 10.0. It consists in a geodatabase 
containing three Feature Datasets containing respectively the Features Classes “points”, “lines” and “surfaces”. Specific 
symbols were developed using the Representation tool in ArcGIS 10.0. For some landforms (e.g. alluvial fans, rockglaciers, 
deltas), it was necessary to combine two or three point, line or surface symbols. Thanks to the ArcGIS version of the leg-
end, it is now possible to map the geomorphology in a GIS environment from the combination of orthophotos, topo-
graphical maps and high resolution DEM, that is with reduced field survey.

This poster will present the concept of the legend, the geodatabase and some illustrative examples.
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The geomorphological map of the Hérens valley

Maillard Benoît1,2, Regamey Benoît1, Kummert Mario1, Reynard Emmanuel1, Lambiel Christophe1 & Theler David2

1Institute of geography and sustainability, University of Lausanne, Geopolis, 1015 Lausanne, Switzerland
2Ecotec Environnement SA, CH–Sierre

Within a project dealing with debris f low hazards in the Hérens valley (Switzerland) a geomorphological map of the who-
le valley has been produced. The map is based on a legend developed in the 1980s at the Institute of geography of the 
University of Lausanne. The morphogenetic legend classifies the landforms according to the process(es) responsible of 
their formation (green for f luvial processes, pink for periglacial processes, etc.) and according to erosional (graphics on 
white background) or depositional (graphics on coloured background) character. The map has been produced in ArcGIS 
with the new adapted version of the legend for this software. 

The glacial processes have had the main influence of the morphogenesis of the valley. If large glaciers are still modelling 
the morphology in the head of the valleys, Lateglacial landforms are present in the entire valley. Periglacial processes and 
landforms are widespread in the numerous secondary valleys and in the steep slopes, as for instance the east side of Arolla 
valley. They are often associated with an active gravitational activity, resulting in large talus slopes and some deep-seated 
gravitational deformations. Finally, the torrential activity is important and has leaded to the formation of numerous fans 
in the valley bottom.

P 26.16

Low denudation recorded by 10Be in river sands from Southern 
Peninsular India

Mandal Sanjay Kumar1, Lupker Maarten2, Burg Jean-Pierre1, Haghipour Negar1, Christl Marcus3

1Geological Institute, ETH Zurich, Sonneggstrasse 5, CH -8092 Zurich (sanjay.mandal@erdw.ethz.ch)
2Institute of Geochemistry and Petrology, ETH Zurich, Clausiusstrasse 25, CH-8092 Zurich
3Laboratory of Ion Beam Physics, ETH Zurich, Schafmattstrasse 20, CH-8093 Zurich

The persistence of high elevation topography observed along many passive margins remains one of the outstanding prob-
lems in landscape evolution. In Southern Peninsular India, this question revolves around the understanding of whether 
the observed high relief and pronounced topography results from equilibrium with contemporaneous external forcing or 
whether the relief was acquired during the late Cenozoic and conserved over several tens of millions years. Modern denu-
dation rates dictating the current landscape evolution are ruled by the interactions between climate, tectonics and rock 
strength. We used detrital cosmogenic 10Be from 43 drainage basins ranging in size from 4 to 68768 km2, to infer millen-
nial basin averaged denudation rates along and across the Western Ghat Mountains in Southern India and to understand 
if the present landscape is still actively evolving or not. 

The Western Ghat is characterized by a W-E gradient in relief and rainfall with only minor variations in lithology allowing 
us to isolate the relationship between erosion rates and topographic indices. Cosmogenic-derived erosion rates are spatial-
ly variable, ranging from ~8 to 77 mm/ka on the western side and 8 to 51 mm/ka on the eastern side. The rugged topogra-
phy of Western Ghats and Nilgiri Mountains exhibit pronounced topography in conjunction with low denudation rates. 
This represents an exception to the often-cited coupling of topography and denudation rates and suggests that steep slopes 
and high relief in passive margin settings are not associated to high denudation. Nevertheless, the differences in denuda-
tion rates along and across the Western Ghats are well correlated with local relief, which suggests that the inherited to-
pography still controls on current denudation rates. Even though the catchments in Western Ghats receive a mean annu-
al precipitation ~ 5 m, due to the SW Indian monsoon, precipitation shows only a minor control on denudation rates. This 
suggests that in the absence of significant tectonic forcing, climate is not an active driver of landscape evolution in passi-
ve margins such as the Western Ghats. 
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Changing glacial sediment balance - a GIS-based model approach for the 
Swiss Alps

Mölg Nico1, Haeberli Wilfried1, Zemp Michael1/2, Linsbauer Andreas1

1Institute of Geography, University of Zurich, Winterthurerstrasse 196, CH-8057 Zürich (nico.moelg@geo.uzh.ch)
2World Glacier Monitoring Service, Winterthurerstrasse 196, CH-8057 Zürich 

Continuing atmospheric warming and consequently strong retreat of alpine glaciers will strongly change high-alpine 
landscapes, as we know them. The aim of the present study was to estimate whether glaciers would leave behind rocky or 
sedimentary beds during certain timeframes of their future retreat. This is crucial to know, as changes in sediment avail-
ability may have impacts on water reservoirs or might determine whether (new) lakes will fill up with sediments.

The presented investigation is based on an erosion-sedimentation index (Ies) developed by Haeberli (1986) and its applica-
tion on Swiss glaciers (Zemp, 2002). The index allows estimating the sediment characteristics of the exposed glacier bed 
after the glaciers’ retreat. The study was performed with the Swiss glacier inventory from 1973 (Müller et.al., 1976). Due 
to the fact of extensive and consistent glacial retreat in the Swiss Alps since then the ice-covered areas of 1973 have 
changed considerably, almost one third of it has got lost until 2000 (Paul et.al., 2011). 

Recently developed models exist that calculate future glacier retreat and distributed DEM information on glacier beds 
getting exposed in the future (Linsbauer et.al., 2009). The basic inputs necessary for the calculation of the Ies can thereof 
be extracted and the index can thus be calculated for future landscape scenarios, taking into account changing glacier 
surface area and changing topography in regions that are presently ice-covered. The present study expands the former way 
of applying the index to one set of glaciers at one point in time to all Swiss glaciers at predicted extents in the future 
until the disappearance of all Alpine glaciers. Additionally, the GIS-based models have been modified to take into account 
future changes of alpine conditions that alter the input parameters of the index, p.e. equilibrium line altitude, glacier 
mass balance or slope of the glacial stream. 

Results indicate varying and changing glacier bed characteristics in response to changing climatic conditions, even within 
the bed of the same glacier. Message and limitations of the index are discussed and its validity is being estimated by com-
paring the index results with newly exposed glacier forefields. Further the suitability of the results to be coupled with 
other characteristics of the new landscapes such as simultaneously developing glacial lakes, which might lead to potential 
hazard situations, will be discussed.

REFERENCES
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Paul, F; Frey, H; Le Bris, R (2011). A new glacier inventory for the European Alps from Landsat TM scenes of 2003: 
challenges and results. Annals of Glaciology, 52(59):144-152. 
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Evolutions of coastal lines of Gorgan Lagoon (East of Caspian Sea)  
by using satellite images

Babak Najafiha1, Vladimir r. Boynagryan2, Jahanigir Diseh3

1 Senior Expert Marine Geomorphology department Geology Management, Geological Survey of Iran, Meraj St, Azadi Sq. Tehran, 
Iran(Njafiha@yahoo.com)
2 Head of chair of Geomorphology and cartography, Yerevan state University, Yerevan, Armenia
3 Head of Coastal  Geomorphology department Geology Management, Geological Survey of Iran, Meraj St, Azadi Sq. Tehran, Iran

The caspian sea is the largest lake in the world and GORGAN lagoon is considered as largest lagoon on the south coast of 
this lake

Coastal environments are the most important forms which are continuously changing in short term or long term dura-
tions. The boundary between the land and sea is not only under different amounts of energy by atmospheric and ocean 
forces, but also it is severing from human use of the coastal regions. 

Gorgan Lagoon is located at east Caspian Sea and by use of aerial pictures and satellite images of the years 1975, 2000 and 
2004 the pictures for evolutions of these lines are surveyed. By sampling the old coast which is located in lowlands, it is 
observed that the sediments are in fine grains. These deposits are observable in f lood area. Longitudinal sand hills exist 
along the sea in the land and after aggregation of samples it was specified that the sand is from fine grains. Coastal dunes 
provide important ecosystem services and are susceptible to human disturbance such as vehicle traffic and human tram-
pling these hills which are the result of wind processes in the region play important role in protection of the coast during 
years. Their orientation is along the dominant wind in the region (west to east). Some parts of longitudinal sand hills have 
grass and tree vegetation due to good climate and some other parts lack vegetation and they indicate complicated relations 
between vegetation and sand transfer. These hills have about 7 meters height that a ground is located between them which 
is showing marine environment in the long past. Seasonal swings and changes of Caspian Sea water level bring the water 
near these hills and they act as a natural obstacle against water approaching in the land. Investigation of aerial pictures 
of 1955 and their periodic comparing with new pictures indicates that the area of hills has decreased due to human activi-
ties for leveling the coasts for construction of coastal structures, ports, breakwaters, touristic complexes and removal of 
sands for constructional aims and these actions have caused water approaching in the beach and decreasing coastal area 
and as a result bringing serious risk for coastal installations. 

  

Fig. 1 .Location of Gorgan Lagoon in South East of Caspian Sea
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Fig. 2. Attack of sea as result of level’s rise: a, b - abrasion of coast to west from mouth of river Tajan; c, d –retreat of coast by 

Farahabad 

REFERENCES
Thomas A. Schlacher, a, , Rudolf de Jagera and Tara Nielsena,2010,Vegetation and ghost crabs in coastal dunes as 

indicators of putative stressors from tourism Indicators, Volume, March 2011, Pages 284–294
Najafiha babak-Salehipor milani 2011, investigation of effective processes in forming of deltas in Gorgan Lagoon (Caspian 

sea)Geomed the 2nd international Geography symposiun 

P 26.19

Investigation and Elevation leveling of terraces as Indicator of 
Pleistocene Lake Levels (Urmia South west of Iran)
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5 Geological Survey of Iran, Meraj St. AzadiSq. Tehran, Iran (tajik.re@gmail.com)

Lake Urmia in the northwestern corner of Iran is one of the largest permanent hypersaline lakes in the world and the 
largest lake in the Middle East (1, 2, and 3). It extends as much as 140 km from north to south and is as wide as 85 km 
east to west during high water periods (4). The lake’s surface area has been estimated to have been as large as 6 100 km2 
but since 1995 it has generally been declining (7.5 Meter) and reach to 1270 (9) and was estimated from satellite data to be 
only 2 366 km2 in August of 2011 (Landsat data). The decline is generally blamed on a combination of drought, increased 
water diversion for irrigated agriculture within the lake’s watershed and mismanagement (2, 9,10,and1). Using extensive 
field trip along 3000km around Urmia Lake we can find 26 terraces. The ancient Terrace in Zanbil Daghi Island, 
Tasuj,Salmas, Gharabagh,Golaman Khnaeh, Eslami Island, Naghade, Mahabad, Miandoab, Bookan, Shahindezh, Malekan 
and Elkhchi(Fig.1). The elevations of 26 terraces and Plaeo lake level were measured with a differential global positioning 
system and ranged between 1298 to 1369. Sedimentological and geomorphological studies of terraces around Urmia Lake 
provided a preliminary framework for lake-level variations and paleoclimatology and Paleogeomorphology during Late 
Pleistocene. Benthic foraminifera and Ostracoda and Gastropoda assemblages were studied from 26 terraces.
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Fig.1- Distribution of Plaeo lake terrace around Urmia Lake

Fig.2- Naghadeh Lake Terrace Bedding 
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Geomorphological map of the Diablerets massif – Swiss Alps
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The Diablerets massif is part of the frontal limestone ranges of the Western Swiss Alps, and culminates at 3200 m asl. 
Geomorphological processes range from glacial and periglacial in its upper part to gravitational, torrential and f luvial 
processes in the lower parts, and it is concerned by huge powder avalanches. The area includes a very well preserved la-
teglacial moraine complex, a f luvial terrace system, as well as limestone and gypsum karst.

A detailed geomorphological map at 1:10’000 of its northern slope has been established, using the legend of the University 
of Lausanne. The field surveys were digitized using orthophotos and a 1 m resolution laser DTM. The map has been edited 
with GIS and CAD softwares.

The geomorphological survey has been used for lateglacial paleoglaciological reconstructions, for reconstruction of histo-
rical and recent glacier f luctuations, and for the assessment of hazards related to permafrost and of torrential hazard. The 
map covers several registered geomorphosites and will serve for public education as well.

The poster will present the geomorphological map, as well as maps of lateglacial and recent glacier f luctuations.
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Typology of solifluction landforms in the south-western Swiss Alps 
(Valais)
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The slopes of alpine reliefs are subject to various phenomena of mass movements that all participate to sediment transfer. 
Among them, solif luction processes are widespread, and although transfer rates are low in comparison with phenomena 
such as debris f lows or rock glaciers, they clearly contribute to the evolution of mountain landscapes. Solif luction is 
mainly considered as being a superficial mass-movement initiated by water saturation, which operates a slow downslope 
movement with yearly rates generally comprised between centimetric and metric scale. This process depends mainly on 
climate, hydrology, geology and topography, and the resulting landforms are generally lobate. However, some confusion 
still remains around the term solif luction because of the various definitions proposed in literature and the many different 
landforms that can be associated with. 

This study focused especially on the morphology of alpine landforms. Based on field observations carried out in the wes-
tern Swiss Alps during summers 2011 and 2012, this study mainly proposes a typology of the different landforms resulting 
from solif luction. Four different types could be defined, based on morphological criterions such as the dimensions of the 
landforms, the front characteristics and their layout on slopes. This typology permits to distinguish the most frequent 
solif luction landforms in the study area without requiring any heavy field measurements and can be used for geomorpho-
logical mapping. The influence of various environmental parameters such as vegetal cover, water supply or permafrost on 
the process and the landforms were also tackled by comparing field observations with the literature, in order to show the 
specificity of solif luction in alpine environment.
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