
Sedrun Landslide - Eastern Switzerland 

Christophe Bonnard 
Rafael Antonio Rojas Fuentes 



IMIRILAND – Impact of Large Landslides in the Mountain Environment: Identification and Mitigation of Risk 
Sedrun Landslide                                                                                                                                                                        D2-WP1 

 

 

2

 

 

1. INTRODUCTION..................................................................................................................... 3 

2. REGIONAL FRAMEWORK ..................................................................................................... 5 

2.1 Climate .............................................................................................................................. 5 

2.2 Regional morphology ....................................................................................................... 10 

2.3 Regional geology and structural setting ........................................................................... 11 

3. LOCAL FRAMEWORK .......................................................................................................... 14 

3.1  Local geology and structural setting ................................................................................ 14 

3.2 Water conditions .............................................................................................................. 15 

4. LANDSLIDE .......................................................................................................................... 17 

4.1 Landslide identification..................................................................................................... 19 

4.2 Landslide detail ................................................................................................................ 23 

4.3 Landslide morphology...................................................................................................... 25 

4.4 Landslide history.............................................................................................................. 27 

5. LANDSLIDE INVESTIGATION, MONITORING AND MODELLING ....................................... 30 

5.1 Survey and monitoring of landslide activity....................................................................... 30 

5.2 Monitoring of meteorological and hydraulic conditions ..................................................... 32 

6. MODELLING ......................................................................................................................... 32 

7. STABILIZATION/PROTECTION WORKS AND LEGAL FRAMEWORK ................................ 32 

8. LAND USE AND RISK ASSESSMENT/MANAGEMENT ....................................................... 32 

8.1 Land use.......................................................................................................................... 32 

8.2 Elements at risk ............................................................................................................... 34 

9. FIRST HYPOTHESIS OF SCENARIOS ................................................................................ 34 

9.1 First scenario:  Sudden rupture of the whole unstable rock mass..................................... 34 

9.2 Second scenario:  Rocksliding of moderate volume ......................................................... 35 

10. REFERENCES.................................................................................................................... 38 



IMIRILAND – Impact of Large Landslides in the Mountain Environment: Identification and Mitigation of Risk 
Sedrun Landslide                                                                                                                                                                        D2-WP1 

 

 

3

Sedrun Landslide 

1. INTRODUCTION 

 

The landslide of Sedrun is located in Eastern Switzerland, in the western part of the Canton of 

Graubünden, where the river basin of  Vorderrhein extends (see Fig. 1). It takes place in the 

rock slope called Cuolm da Vi, close to the villages of Sedrun and Camischolas. The unstable 

area rises between the stream Val Strem to the West, and the temporary stream Drun Tobel to 

the East (see Fig. 2 : Geographic framework of Sedrun landslide 1 :25’000). 

 

 

Fig. 1 : Location of Sedrun landslide in Switzerland 
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Fig. 2 : Geographic framework of Sedrun landslide at a scale 1 :25’000 (map published with the 

authorization of the Swiss Office of Topography of October 2001) 

 

The instability in this area is a result of a toppling effect in the area of Cuolm da Vi. Due to its 

sub-vertical schistosity and to some fault families, the mentioned phenomenon has produced 

some bending in the rock layers of Cuolm da Vi, most of all in the upper part of this rock mass. 

This process could trigger rocksliding in some parts of the rock mass. Such sliding appears to 

be more likely to occur in the top of the area. 

 

The risks of having a massive rocksliding in Cuolm da Vi are very low, and even in that 

situation, the villages of Sedrun and Camischolas are quite far away from the hazardous area. 
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However, the toppling effect could trigger some rocksliding phenomenon that could lead to a 

damming effect in the Drun Tobel, causing dramatic consequences for the villages of 

Camischolas and Sedrun. In that case, it could also affect some infrastructures of the region, 

such as the Oberalp national road and a regional railway line (Furka-Oberalp private company). 

That is the major risk that could be run. 

 

This site has been studied as a part of a research project funded by the Swiss National Science 

Foundation, within the PNR 31 national project on climate change and natural disasters 

(VERSINCLIM project, see references in paragraph 10). 

 

 

2. REGIONAL FRAMEWORK 

2.1 Climate 

 

Most of the following data are obtained from the Swiss Hydrological Atlas [Hydrological and 

geological national service, 1992] 

 

Pluviosity 

The average annual rainfall amount measured in the area of Sedrun Landslide has a value of 

around 2000 mm per year, dropping to some 1200 mm at the base of the valley. The high 

spatial variation is due to a high topographic effect, which is met typically in the Alpine valleys. 

As far as the extreme rainfall is concerned, the values for different return periods (T) and rain 

duration (D) are as follows, according to the data available in some stations of the area (like 

Disentis) :  

T=2.33 years    D=1 hour     ⇒     P =  30 mm 

T=2.33 years    D=24 h        ⇒       P =  75 mm    

T=100 years     D=1 h          ⇒       P =  70 mm 

T=100 years     D=24 h       ⇒    P = 175 mm  

 

Most of the extreme rainfall events in the area are produced by the same type of meteorological 

process : warm and wet air masses coming from the Mediterranean sea  encountering the Alps, 

are forced to reach high altitudes, leading to sudden condensation and discharge of their water 

content.  
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It is worthwhile to mention the general concentration of heavy rainfall along the summer season, 

according to the average monthly distribution, which is contrary to what should be intuitively 

expected (see Fig.  3). 

 

 

Fig. 3 : Typical average monthly distribution of rainfall in the region of Sedrun 

 

Finally it can be observed that in Eastern Switzerland the trend of evolution of the annual rainfall 

during the 20th century is more marked in the E-W valleys than in the S-W valleys as it appears 

in Fig. 4 [Noverraz et al, 1998]. 

 

 

Fig. 4 : Compared annual rainfall evolution from 1901 to 1996 at several Eastern Switzerland relevant 

sites. 
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Temperature 

As far as the temperature is concerned, at the top of the area (altitude of around 2500 m) 

temperatures range from –9°C in January to +6°C in August, with important variations 

throughout the year, inducing a change in periods of snowmelt, specially as the slope faces the 

south (Fig. 5). 

 

 

Fig. 5 : Typical variation of temperatures in the region  of Sedrun 

 

 

Evapotranspiration 

The evaporation is highly variable with altitude, ranging from 500 mm at the bottom of the valley 

to 200-300 mm at the top of the slide area (see Fig. 6). 

 

 Snow 

About snow regime in the area, at the meteorological station of Disentis, close to the studied 

area, the following variables have been measured during the period 1953-1982 : 

 

-Maximum depth of snow:  HS= 157 cm, occurred in 1968 

-Depth of snow with a return period of 100 years : Shown on figure 7 (Sedrun in zone 3). 

-Water equivalent of snow cover :  Shown on figure 8. 
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Fig. 6 : Average annual evapotranspiration rate in mm in the Vorderrhein valley where Sedrun landslide is 

located 

 

Fig. 7 : Distribution of depth of snow with a return period of 100 years in Switzerland (in cm) and relation 

of this depth with the altitude 
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Fig. 8 : Monthly water equivalent of snow cover at Sedrun 

 

Measurement description 

In the area an automatic station has measured rainfall continuously at Disentis (ANETZ) for the 

last two decades and other stations recording daily rainfall since 1930 are scattered in the area. 

The rest of variables (extreme pluviosity with several duration and return periods) have been 

obtained by means of probabilistic methods, handling the data collected in the nearby stations. 

 

The snow measurement has been done by means of the data collected by five federal research 

institutions, but particularly by means of the stations operated by the Federal Institute for Snow 

and Avalanche Research (FISAR), that give snow depths and water equivalents. Total snow 

depth (HS) and the depth of new snow (HN) are determined daily, while the water equivalent of 

the snow cover (HW) is determined twice a month. Depths of snow of different return periods 

have been obtained by means of probabilistic methods.   

 

As far as the evapotranspiration measurement is concerned, it is difficult to produce reliable 

estimates (as the process includes physical and biological phenomena). So, with the results of 

some local studies carried out over limited periods of time in Switzerland, some simulation 

models have been used to establish relevant information all over the country. 

 

Climate at local level : pluviosity 

The main interest of climate studies in the Sedrun landslide is justified by the frequent relations 

between rainfall regime, pore pressure conditions and movements in various types of 

landslides. 
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There is an ISM1 station at Sedrun, on duty since 1930. It has recorded during some 70 years 

the pluviometry without showing a clear trend in its evolution, contrarily to other parts of 

Switzerland (see Fig. 4).  In this rainfall record, some very humid and dry years are pointed out, 

without apparent relation with the increase of the speed of instability phenomenon (see Fig. 9). 

 

Whereas the average rainfall in the station of Sedrun is 1227mm, it reached 1844mm in 1935 

(record value) ; 1981 with 1705mm was the second most humid year. A couple of very humid 

years in 1939-40 were recorded, as well as three humid years in 1965-68 (1533, 1406 and 1466 

mm). Three dry periods were observed in 1930-34, 1958-1964 and 1971-76, also without 

apparent relation with the instability evolution in Cuolm da Vi. The driest year even took place in 

1989, when the displacement velocity of the Cuolm da Vi peak was at its maximum (see chapter 

4.2 and 5.1). 

 

 

Fig. 9 : Annual rainfall recorded at Sedrun from 1930 to 1995. The long term annual average amounts to 

1227 mm. The sliding average over 5 years is also shown (thick line) 

 

 

2.2 Regional morphology 

 

The landslide of Sedrun is located in the river basin of Rhein  (namely Vorderrhein), near the 

Gotthard massive, just south of the Oberalpstock (3327 m). 

                                                
1 Swiss Institute for Meteorological Measurements 
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The region consists of a glacier valley parallel to the main original geological structures N 70° E, 

inducing a drop of nearly 2000 m from the highest summit at the North (Oberalpstock) and of 

some 1000 m from the top of the landslide area that is studied in this report (Cuolm da Vi, the 

peak of which is at 2458 m of altitude). Perpendicularly to this drop, a deep glacier valley (Val 

Strem) intersects the main regional geological structures, displaying their conformation. The 

landslide area has been affected by the Würm glaciation which developed until some 10,000 

years ago. 

  

The toe of the slope is incised by a deep erosion valley (Drun Tobel) resulting from a recent 

torrent erosion. It displays kakiritic rocks and favours the destabilisation of the slope. 

 

 

2.3 Regional geology and structural setting 

 

As far the lithostratigraphic units are concerned,  the metamorphic southern border of the Aar 

massif is in contact with the Urseren-Garvera-Furka zone and with the Tavetsch massif which 

separate the Aar massif at the NW from the Gotthard massif at the SE (see Fig. 10). 

 

The lithothype encountered can be summed up as follows : 

 

 Aar massif: Granitic rocks 

 Southern metamorphic border of Aar massif: Gneiss and cristaline schists 

 Urseren-Garvera-Furka zone: Verrucano, Permo-trias unit 

 Tavetsch massif: Granitic and metamorphic rocks 

 Gotthard massif: Granitic and gneissic rocks 

 

As far the geological age of the region is concerned, it can be assumed as Pre-hercynian and 

Permo-trias. 

 

By means of a field mapping, it has been possible to detect in the region that the main 

schistosity is subvertical, dipping by 80-90° to SSE, parallel to the Vorderrhein Valley and 

perpendicular to the lateral small valley of Val Strem. Moreover, the following structural systems 

have been found as several families of main faults intersect the massif: 
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Fig. 10 : Geological map 1 :200’000 in the area of Sedrun landslide  
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System 1: Subvertical faults direction N 120-130° 

System 2: Subvertical faults direction N 150-165° 

System 3: Subhorizontal faults dipping  15-25° E, sometimes SE. 

 

System 1 and 2 are present together and are apparently not related to local evolution of the 

same system. Moreover, NS isolated faults can be observed. 

 

 

3. LOCAL FRAMEWORK 

 

3.1  Local geology and structural setting 

 

The Aar massif can be defined as granit and granodioritic gneiss with biotite or with two micas 

in the north, and the southern part is composed of chloritoschists and schistic porphyritic gneiss, 

mylonites and kakirites. 

 

The degree of weathering in the rock of Cuolm da Vi (determined by examined rock exposures 

and by simple strenght tests) could be classified as slight to moderate, and is related to the 

toppling effect.  The rock presents a density of around  27kN/m3. The strength of the rock 

(estimated with the aid of a ball-pen or geological hammer) is extremely variable. 

 

The rock in the northern part of the site displays a rough schistosity and a high strength (50-

100MPa). In the southern part, the rock displays a more developped schistosity and a high 

tectonisation. This tectonisation leads to the formation of deep series of mylonites and kakirites 

(superficial tectonical crushing inducing the formation of a pulverulent rock without 

recristallisation). 

 

As far as the local structural setting is concerned, it has been detected by field survey in 1994, 

displaying several families of schistosity foliation and faults : 

 

Family F0 : Main schistosity 

Displays a direction between N 40° and N 90°, essentially N 70° and dip between 75° and 90° 

S-SE (regional schistosity). 
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Family F1 

It consists of subvertical faults with direction N 120-130° and a dip of around 90°. These faults 

are not related to schistosity of the massif, despite of their quite similar orientation. 

 

The persistance varies from 100m to several hundreds of meters; the opening of the faults 

varies from 0m to 1m; the roughness can be classified as very rough near the surface.  The 

infilling and water conditions in the massive and the faults are unknown. 

 

Family F2 

 It consists of subvertical faults with direction N 150-165°and a dip of around 90°. 

The persistance varies between 10m and probably some dozens meters and the opening is 

some centimeters wide. 

 

Family F3 

 It consists of subhorizontal faults dipping  15-25° E, sometimes SE.   

The persistance is of about several hundreds of meters and the opening is not significant. 

They are visible in the eastern slope of Val Strem. Due to the toppling phenomena, these faults 

which were originally slightly dipping opposite to the slope, display an inclination towards the 

slope, which may induce a sliding phenomenon. 

 

Family F4 

It consists of isolated NS faults. One of them gave rise to a very large opening. They present a 

direction N 180° and a dip of around 90°. The persistance extends on some hundreds of 

meters.  

 

The intersection of family F1 and F2 faults with F4 faults allowed the opening of a very large 

fault due to gravity-induced phenomena, below the crest at 2400m (see Fig. 11). 

 

 

3.2 Water conditions 

 

In the area of Cuolm da Vi, there are two main streams determining the limiting groundwater 

conditions. The first one is Val Strem stream, that runs along the West side of the unstable 

mass rock in Cuolm da Vi, inducing a deep drainage effect for the unstable mass. At the East, 

the Drun Tobel stream (less important in terms of flow) limits the unstable zone (see Fig. 12 

below). The Drun Tobel stream displays a temporary flow, being specially important in the 
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snowmelting season and collecting an important volume of surface water with a high bedload. It 

may induce  important debris flows. 

 

Fig. 11 : Large open fault near Cuolm da Vi peak due to the joint effect of the intersection of  

faults and to gravity induced phenomenon 

 

 

Fig. 12 : View of Drun Tobel draining the eastern part of the landslide 
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As far as the groundwater circulation in the area is concerned, in the right side of the Drun 

Tobel as well as along the Val Strem, a series of temporary water outlets can be inferred by the 

presence of several gullies located between elevations 1900m and 2000m. In the Drun Tobel 

these water outlets increase the discharge of the occasional floods. 

 

The presence of the narrow Drun Tobel stream induces the possibility of suffering a natural 

damming effect, due to a possible rocksliding at this side of Cuolm da Vi, causing then dramatic 

consequences to the villages of Sedrun and Camischolas that lie downstream (see Fig. 13). 

 

 

Fig. 13 : The Drun Tobel gully at the toe of Sedrun/Cuolm da Vi landslide threatens the village of Sedrun. 

The top of the mountain at the back is Cuolm da Vi.  

 

4. LANDSLIDE 

 

The highest point of the unstable mass of Sedrun landslide has got the following topographic 

position (map in Fig. 14) :  
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Fig. 14 : Map of Sedrun/Cuolm da Vi landslide with results of the geodetic and photogrammetric 

measurements of displacements (map published with the authorization of the Swiss Office of Topography 

of October 2001). 
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X : 702, 400 (UTM) 

Y : 173, 400 (UTM) 

Altitude (Z) : 2458 m 

Latitude.46° 42’ 10’’ 

Longitude :8° 46’ 30’’ 

  

The landslide takes place in a rock mass consisting basically of gneiss, faulted with three 

systems of faults, and presenting some uphill facing scarps at different places. The rock mass  

is in fact subject to a toppling effect, which could trigger some rocksliding phenomenon in long 

term. 

 

 

4.1 Landslide identification 

  

The rock mass of Cuolm da Vi has shown some important movements in the last years, that 

were first perceived in 1957. A large number of measurements of the movements have 

confirmed its quick evolution in the last years. These movements seem to be much more 

important on top of the Cuolm da Vi rock mass, at an altitude of about 2458 m, than in the lower 

part of the unstable slope. 

 

As far the profile of the unstable zone is concerned, the longitudinal profile displays a fairly 

regular slope of around 30 % in its central part, with a zone at the altitude of  2200m which is 

nearly horizontal over 100m. The global longitudinal profile between the summit of Cuolm da Vi 

(altitude: 2458m) and the bottom of Drun Tobel outlet, with its floor at 1550m, leads to an 

average slope of 60% over a distance of 1500m. The exposure of the unstable zone is to the 

South.  

 

In the transversal direction, the profile of the unstable area displays lateral slopes of 78% in the 

direction of Drun Tobel  to the East, and 68% in the direction of Val Strem to the West. 

  

The instability corresponds to a quite particular type of mechanism, consisting of a toppling 

effect in the subvertical rock layers of gneiss. This toppling effect has its origin in a deep 

bending of rock layers under the effect of gravity. There is thus no rupture surface in this kind of 

phenomenon. However, the approximate limit of the unstable zone can be drawn (see Fig. 15).  
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The instability process results from a more ore less marked evolution of the toppling of rock 

layers, which will lead to  rockslides. The progressive inclination of the layers in the downstream 

direction induces the well known "uphill facing scarp" type of morphology, with sometimes open 

grabens ; this process has induced some geologists to believe in an active alpine tectonic uplift, 

as this zone is located between the two most seismic areas in Switzerland (see Fig. 16).   

 

Fig. 15 : Geological profile of Sedrun/Cuolm da Vi Landslide with vectors of surface displacements and 

approximate limit of the unstable zone dotted line. The bold vectors indicate the displacements measured 

during the geodetic campaigns : A  in 1942 ; B in 1983 ; C in 1988 ; D in 1989 ; E in 1990 ; F in 1993. 

Thin horizontal vectors indicate the displacements measured by photogrammetry between 1973 and 

1990. 
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Fig. 16 : Photograph of the surface in the central part of Sedrun/Cuolm da Vi Landslide showing typical 

bulging and uphill facing scarps. 
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Fig. 17 : Aerial view of Sedrun/Cuolm da Vi landslide with displacement vectors over the period 1973-

1990 obtained by photogrammetry (see paragraph 5.1), as well as the displacement of three geodetic 

points over the period 1942-1993 (in blue). The location of the main faults is underlined by red lines. 
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Some main faults have opened in the area during the last 60 years, as we can observe it on 

aerial photographs,  being a consequence of the instability of the area (see Fig. 17). 

 

Although the general instability has no rupture surface, it is possible to establish a boundary for 

the instability phenomenon, based on the outcrop of the rock in the side of Val Strem valley, 

allowing to give the following geometrical parameters (as they are computed in instability cases 

with a real rupture surface) : 

 

Area involved : 1,000,000 m2 

Crown altitude : 2458 m 

Crown Height : 0 m (no scarp developed) 

Top altitude : 2458 m (in central profile) 

Toe altitude : 1750 m 

Total length : 1687 m 

Center line horizontal length : 1550 m 

Difference in elevation : 510 m 

Travel-angle alfa : 0,3 

Width mass : 1000 m 

Depth mass (assumed) : 125 m 

Volume : 110,000,000 m3 (very approximate value, as the basal level is assumed) 

 

 

4.2 Landslide detail 

 

Geographical situation 

Cuolm da Vi rises between the river Strem (which runs along the valley of the same name) and 

the temporary stream Drun (which flows along  Drun Tobel and incises the toe of the slope). 

These fluvial courses act as boundaries of the unstable area. The eastern side of the Cuolm da 

Vi shows a very active erosion, having slopes of up to 78%.  

 

Between the altitude of 2200 and 2300 m, the unstable rock mass shows a gentle sloping a 

terrace, 100 m long. 

 

The surface of the ground is mainly rocky with some scarce mountain grass, and no tree grows 

even at its toe (see Fig. 16). 
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Geological constitution 

The rock massive of Cuolm da Vi mostly consists of gneiss. Some variations occur in the north 

with the presence of some granitic gneiss and diorite, and in the South of Cuolm da Vi, in the 

form of mylonites and kakirites.  

 

It is important to point out  the presence of a schistosity in the rock layers, with a direction ENE-

WSW, that presents angles of 70-80° in the lower altitude (Val Strem), and almost a vertical 

disposition below the top of Cuolm da Vi (with direction NNW), above which the toppling effect 

occurs. That is one of the reasons that have made possible the effect of toppling to appear in 

the highest parts of Cuolm da Vi.  

This toppling effect leads to have almost horizontal rock layers in the highest point of the rock 

mass (altitude 2458 m).  

 

On the other hand, the rock mass of Cuolm da Vi shows important families of faults, classified 

into three different families.  

 

Family 1 : Subvertical faults with direction N120-130° 

Family 2 : Suvbertical faults with direction N150-165° 

Family 3 : Subhorizontal faults 

 

 

Instability mechanisms 

 

a) Toppling effect : 

 

The main instability in Cuolm da Vi is due to a deep toppling movement in the rock layers. Its 

origins are related to the effect of gravity on a slope, to the subvertical schistosity of the rock 

and to the presence of deep faults which cut out the massive. This movement has no 

associated rupture surface, although a boundary line of the unstable zone can be drawn on the 

longitudinal profile (see Fig. 15). 

 

The orientation of movement vectors in Cuolm da Vi confirms the role of these faults. This 

toppling mechanism of instability also explains the morphology of uphill facing scarps that 

appear in Cuolm da Vi in the same direction as explained before (see Fig. 16). It is interesting to 

point out that in this toppling of rock layers, the subhorizontal faults system is also subject to the 
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movement, adopting thus a configuration parallel to the slope. This configuration makes some 

of these scarps potential surfaces of rupture, leading to some rocksliding. 

 

b) Rocksliding : 

 

Due to the deep bending and dislocation of the rock mass, the folded rock slabs adopt a 

configuration parallel to the slope and a process of rocksliding can be triggered. It is a case of 

rocksliding without clearly determined rupture surface. 

 

This process of rocksliding or potential rocksliding affects the top of the slope zone at an altitude 

of some 2400 m in a volume of around 500,000 m3. 

 

 

Rate of displacements 

In general, the annual rate of movements during the last 30 years is ranging between 10 and 20 

cm/year in most of the rock mass. The largest rate of displacements has been measured at the 

top of Cuolm da Vi (2458 m) with average rates of 25 cm/year. 

In lower parts, the speed decreases with altitude, having insignificant values (almost zero) at 

1700 m, as well as in the western slope (Val Strem), where the movements are also quite small. 

 

The orientation of the displacement vectors is quite homogeneus with a major trend to the 

South, particularly influenced by the local orientation of the slope.  

 

 

4.3 Landslide morphology 

 

In the processes of instability already described, some features have appeared in the mass rock 

of Cuolm da Vi, being a direct consequence of this mechanisms of instability. These features 

are briefly described below, classifying them into three different groups : faults, rockslides and 

uphill facing scarps. 

 

 

Faults in Cuolm da Vi 

Apart from the three different sistems of faults that disect the rock mass of Cuolm da Vi, there 

are other much larger faults which occur at particular places of the rock mass.  
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At the altitude of 2404 m appears a very recent large fault (1995) with direction NS, transversal 

to the ancient fault already discovered in 1957 in the same location (orientation NW-SE). This 

old fault limits the unstable zone in  movement to the East.  It is due to the coexistence of two 

systems of fractures in the rock mass, having a longitude of 120 m and a width of 15 m (see 

Fig. 11). 

 

At the terrace with a fairly horizontal profile that extends at an altitude of 2200 m, there are 

some cracks, filled with morainic material, with some compression bulges. The orientation of 

these faults follows one of the family of fractures in the rock mass. These faults disappear 

towards the West in Val Strem, and to the East in Drun Tobel. 

 

 

Rockslide 

In the West side, along the Val Strem, there are some processes of rock sliding, most of all at 

the top of the slope. In the East side along the slopes of Drun Tobel, this phenomenon is even 

larger, with some rockslide and rockfall. All these phenomena are a consequence of a first 

mechanism of toppling in the upper rock layers.This toppling produces movements that are 

concentred on the main tectonic joints, where rock is less strong (schistosity, faults and systems 

of faults). This effect produces a dislocation of the rock mass, making a process of sliding to 

occur, but without a clear surface of rupture. It could be considered, in fact, as a phenomenon of 

deep rock creep.  

 

The area in which these processes are more intensive is located at the top of the slope, 

affecting a rock volume of around 500,000 m3. Another area, with less intense cases, is the 

Drun Tobel side of Cuolm da Vi, where the unstable rock volume likely to slide is assumed to be 

about 100,000 m3 (see Fig 12). 

 

As far the evolution of this mechanism in time is concerned, the area has been actively unstable 

since it was first measured and controlled (from 1942 on). However, special landslide processes 

seem to have taken place in 1983 and 1991.  

 

 

Uphill facing main scarps 

Due to the mechanism of toppling in the upper rock layers, some uphill facing scarps appear 

near the top of the slope. They are consequence of the bending of rock layers with initially 

subvertical schistosity on top of Cuolm da Vi. This toppling produces movements that are 
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concentrated  on the main tectonic joints, where rock is less strong (schistosity, faults and 

systems of faults). This effect produces a dislocation of the rock mass, leading to the apparition 

of some scarps or uphill facing scarps (see Fig. 16). 

 

The area in which these scarps are more intense is located near the top, affecting a rock 

volume of around 500,000 m3. Another area, with minor intense similar phenomena, is the Drun 

Tobel side of Cuolm da Vi. As far its temporal origin is concerned, there is no recorded data. 

However, some scarps are said to have their origin in 1950. 

 

 

4.4 Landslide history 

 

Displacement history 

The temporal origin of the movements in the unstable zone is not easy to know. Due to the late 

implantation of the Swiss triangulation network in 1942 and due to the lack of a new 

determination until the year 1973, the information about the evolution of movements is quite 

limited. However a very remarkable evolution has been recently observed (see Fig. 14). 

 

The landmark number 514 (placed in the North-West part of the rock mass shows a 

displacement of 1.83 m between 1942 and 1983 (around 4.4 cm/year), that is three times less 

important in speed than the values measured after 1983 (12.2 cm/year of 1983 to 1989 and 

13.6 cm/year from 1989 to 1993). It is not sure that the movements were developping already in 

1942, and it is possible that they began to take place afterwards. Anyway, it is thought that the 

main fault of Cuolm da Vi existed already in 1957, according to a local survey, but much 

smaller. 

 

Another significant point of the rock mass (see Fig. 14) is the landmark number 26, on the 

summit of Cuolm da Vi (altitude 2458 m). It has been installed in 1983 and shows an anual 

displacement of 42.2 cm/year from 1983 to 1998, increasing to 63.7 cm/year between 1988 and 

1989 and then slightly decreasing during the next years (see Fig. 18). By comparison with the 

displacements of some points obtained by photogrammetry (see paragraph 5.1), the 

displacements of the point 26 for the period 1973-1983 can be estimated as ten times smaller 

than those recorded in the period 1983-1988 (see Fig. 19). The acceleration in the movements 

of the summit, phenomenon that took place after 1983, seems now to have decreased, and 

does not appear to be related with the rainfall.  
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Fig. 18 : Comparison of annual rainfall (in mm) and movement velocites (in cm/year) of several points 

 

For the rest of points installed in the unstable area, there is also a clear tendence to an 

acceleration from 1983 to 1993, but to a quite lesser extend. 

 

In general, all the morphological manifestations of movements can be already seen on the 

aerial photos taken in 1973, but with less accuracy than in the photos taken in 1990 (see Fig. 

17) ; the comparison of both air photographs allows a precise determination of the movements 

of several natural points.  

 

Thus it can be said that there has not been a clear tendency in the evolution of the long term 

movements, and no appeared relation with the rain figures has been found to explain the short 

term acceleration. This general evolution of movements has two special moments: The years 

after 1983 and after 1991, in which a great acceleration in speed movements took place, 

leading to the apparition of great faults, cracks and bulges of compression. No relation of this 

behaviour with any meteorological agents have been found for the moment, but it may be 

caused by several factors. 
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Fig. 19 : Variation of average annual displacements between 1942 and 1993 for points no 26 and 514, 

using all available data and showing in particular a very clear acceleration of the first point during the 

period 1983-1990, which does not correspond to an increase of rainfall (see Fig. 9) 

 

On the other hand, the rocksliding in toppled areas appears to be much more linked to rainy 

periods, but displays a special local behaviour. 

 

 

Damage history 

No damage or special catastrofic events have taken place in Cuolm da Vi itself, as no buildings 

or infrastructures exist in the zone. 
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5. LANDSLIDE INVESTIGATION, MONITORING AND MODELLING 

 

5.1 Survey and monitoring of landslide activity 

 

The only monitoring systems that have been used in Cuolm da Vi have consisted of measuring 

the horizontal and vertical surface movements by means of different methods. Summing up the 

different measurements taken in Cuolm da Vi, the following campaigns can be mentioned: 

 

MEASURES CARRIED OUT BY ETHZ (Swiss Federal Institute of Technology of Zürich) 

 

- Measurements carried out to redetermine the coordinates of the 3rd and 4th order 

triangulation points around Cuolm da Vi. 

- Local measures in 1989 and 1990 to determine the opening of some faults, by MM. 

Schwendimann, MM. Fluss, Mark and Lautenschlager. 

 

The first geodetic measurements took place in 1983, when the ETHZ began to redetermine the 

coordinates of the  3rd and 4th order triangulation net around Cuolm da Vi.  The purpose of this 

campaign  was to analyse the movemets due to sliding processes and not those related to 

active faults already described in the zone for a research project for the National Science 

Foundation, by Eckardt, Funk and Labhart (1980). This was the reason that led to focus the 

study on the zone of Cuolm da Vi, where a series of complementary points were set. During 

these measurements, the movements of the triangulation points of the 4th order : Number 514, 

516 and 615 were  verified. Measures were taken again in 1988, 1989 and 1990, in particular 

for points 6 and 26 (see Fig. 18). 

[Bovay-Huguenin surveyors, 1992] 

 

 

MEASURES CARRIED OUT BY THE PROJECT VERSINCLIM OF EPFL (Swiss Federal 

Institute of Technology of Lausanne) 

 

- Redetermination by means of GPS measures of the position of the 4th order triangulation 

points and of points installed by  ETHZ. It was made by the bureau Bovay-Huguenin, official 

surveyors (Epalinges/Lausanne) in 1993. 
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- Determination of movements by photogrammetric measurements for the period 1973-1990 

(Institute of photogrammetry of EPFL). 

 

- Synthesis of movement measurements between 1943 and 1993. 

 

- Field survey and interpretation of the mechanism and causes of movements related to 

geological context. 

 

In 1993, within the VERSINCLIM project, a campaign of GPS and classic geodetic 

measurements where carried out by the Bureau Bovay-Huguenin, with the participation of two 

members of the Bureau Grünenfelder und Partner, of Domat-Ems. This campaign allowed a 

redetermination of the triangulation net, and also of the majority of the points that had been laid 

out in 1993 by the ETHZ.  

 

At the same time, a photogrammetric determination of movements based on the comparison of 

photos taken in 1973 and 1990 was made by the Institute of Photogrammetry of EPFL, 

controlling some 60 points in the slope of Cuolm da Vi.  

 

Thus, the periods of time for which a control by a computation of the displacements was made 

is as follows: 

1942-1983    1983-1988     1988-1989    1989-1990    1990-1993, as well as 1973-1990   and, 

by deduction of neighbouring points: 1942-1973  and 1973-1983. 

 

The total displacements that were obtained by means of GPS measures for the period 1942-

1993 were approximately 3.2m, 0.5m and 0.45m respectively for the points number 514, 516 

and 615 of the 4th order triangulation net. They vary between 1 and 5.18 m for 10 out of 27  

ETHZ points between 1983 and 1993. The most important displacement (5.18 m in 10 years) is 

the one measured at the summit of Cuolm da Vi (see Fig. 14 and 18). 

 

The displacements obtained by means of photogrammetry between 1973 and 1990 give a more 

complete image of the repartition of movements, showing the more or less clear uniformity in its 

distribution within the unstable mass (see Fig. 17).  

[Noverraz et al. 1998] 
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5.2 Monitoring of meteorological and hydraulic conditions 

 

As far the monitoring of meteorological data in the zone of Cuolm da Vi is concerned, only the 

rainfall data have been recorded at Sedrun. 

 

This ISM station, on duty since 1930, has recorded the rainfall without reaching a clear trend in 

its long term evolution. IIn this study, some very humid and dry years are pointed out, without an 

appeared relation with main instability phenomenon (see Fig. 9). 

 

 

6. MODELLING 

 

In the area, no mechanical modelling activities have been carried out, but the geological and the 

kinematic models can be built on the basis of the data gathered in the field and by geodetic 

campaigns, in particular as regards the inclination of the displacement vectors. 

 

 

7. STABILIZATION/PROTECTION WORKS AND LEGAL FRAMEWORK 

 

No activities of this kind have been carried out in the unstable area. However, some protection 

works have been built in the river Drum to avoid the possible consequences of debris flow in the 

Drun Tobel. As far as the local plan of Sedrun is concerned, no specific danger zone is foreseen 

where restrictive conditions would be imposed on construction schemes. 

 

 

8. LAND USE AND RISK ASSESSMENT/MANAGEMENT 

 

8.1 Land use 

 

The unstable zone consists completely on a rocky area without any use. At some distance of 

the toe of the unstable mass, two villages, Sedrun and Camischolas (see Fig. 20) which are 

gathered in the same commune of Tujetsch, may be exposed to the consequence of 

movements of Sedrun Landslide, especially if the Drun Tobel is partially blocked, which could 
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induce several debris flow.  There is also a national road which links the central part of the 

canton of Graubünden to the Oberalp pass, and a regional railway line that links Furka and 

Oberalp. Some forest surface at the East of the unstable mass is also present, but it would not 

be affected by any reactivation of the movements. 

 

Fig. 20: Aerial photograph of the toe of the landslide showing the danger that induces the Drun Tobel 

gully on the villages of Sedrun (to the East) and Camischolas (to the West). 

 

There is no agricultural use in the unstable zone itself, but cattle uses the meadows below the 

Drun Tobel. No industry has been settled in the area, but an important touristic activity has 

recently developed, especially in the winter season. 
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8.2 Elements at risk 

 

The information available at the commune of Tujetsch refers to the whole communal territory, 

which extends over an area of 134 km2 ; out of this area 118 km2 are unproductive alpine land 

and 

pasture land, as it is met in the area of Cuolm da Vi. Only 7 km2 are occupied by meadows. 

 

The commune of Tujetsch gathers 9 settlements, out of which the main village of Sedrun and 

the hamlet of Camischolas are most exposed to the hazard induced by the landslide (see Fig. 

20). The population that was stable between 1703 and 1950, growing in 150 years from 900 to 

1100 inhabitants, has experienced an important development as it reached 1860 inhabitants in 

2000. This is mainly due to the touristic activity, in summer and above all in winter : the 

commune includes 10 hotels, 800 residential apartments, 18 settlements for young people and 

22 restaurants and cafés, offering a total capacity of 5400 holiday beds. On the contrary, the 

agricultural activity decreases and now only 35 farms are exploited (144 in 1939). 

 

Up to now, the risk situation due to Sedrun/Cuolm da Vi Landslide is little considered by the 

population as the major dangers in the past were due to snow avalanches. In less than a 

century, some settlements of the commune were hit three times by snow avalanches, in 1749, 

1808 and 1817, causing more than 100 deaths. On the other hand, several fires in the last 

centuries explain why only few historical buildings are met in these villages.  

 

 

9. FIRST HYPOTHESIS OF SCENARIOS 

 

As a consequence of Cuolm da Vi unstable rock mass, different types of scenarios could be 

pointed out, having each of them different probabilities to occur, and having different 

consequences. 

 

 

9.1 First scenario:  Sudden rupture of the whole unstable rock mass 

 

Current situation of Cuolm da Vi 

The rock layers in the zone of Cuolm da Vi that are very exposed to a toppling mechanism and 

are affected by several families of faults induce a potential situation of global failure, despite of 



IMIRILAND – Impact of Large Landslides in the Mountain Environment: Identification and Mitigation of Risk 
Sedrun Landslide                                                                                                                                                                        D2-WP1 

 

 

35

the absence of rupture surface, as it occurred in several zones of the Alps (La Clapière and Le 

Billan in France, for instance) 

 

Evolution of the instability 

It could be established that the amplitude of the movements measured since 1983 has been 

spectacular for the type of mechanism of instability that takes place in Cuolm da Vi, inducing the 

opening of two large faults, as well as fractures and compression bulges between the altitudes 

of 2200 and 2300 m.  

 

In the same way, the progression of the movements rate has been quite important in the last 

years, which has caused some alarm and polemic discussion in the region without technical 

background. 

 

Possibility of critical scenario 

The current state and the past evolution of the instability in the zone instifies why a scenario 

based on a sudden rupture of the whole mass rock (around 100 or 150·106 m3) could be 

assumed in the area. However, this case has been excluded within reasonable values of 

probability, as it is not possible to detect a plausible cause inducing such catastrophe.  Even the 

most unstable area (the top of Cuolm da Vi, at 2458 m) does not seem to have a danger of 

sudden rupture with direct effects on the exposed objects. 

 

As a conclusion, this first scenario, which of course would have catastrophic consequences 

(villages of Sedrun, Camischolas, the national road and regional railway line) has not to be 

assumed as its probability is far too low and its mechanisms too uncertain. 

 

 

9.2 Second scenario:  Rocksliding of moderate volume 

 

Rocksliding could happen as a consequence of a first mechanism of toppling in the upper rock 

layers. This toppling produces movements that are concentrated mostly on the main tectonic 

joints, where rock is less strong if we consider the schistosity, faults and systems of faults. This 

effect produces a dislocation of the rock mass, making possible the process of sliding to occur, 

but without clear surface of rupture unique and well defined. It could be considered, in fact, as a 

phenomenon of deep rock creep, with some minor slide phenomenon. 
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In the West side (Val Strem) there are some processes of rock sliding, most of all at an altitude 

of some 2400m, which might affect a rock volume of around 500,000 m3.  

 

In the East side (Drun Tobel), this phenomenon is also important, with some rockslide and 

rockfall due to the intense erosion caused by Drun Tobel temporary stream, the potential 

volume of which could be assessed to 100,000 m3. 

 

As far the evolution of this mechanism in time is concerned, it can be said that the area has 

been actively unstable since it was first measured and controlled. However, most of the 

measured movements are oriented south and not in the direction of Val Strem; in the direction 

of the Drun Tobel some movements have been determined between 1973 and 1990, but no 

critical event has caused a major new scarp. 

 

So the second scenario would consist of rocksliding happening in the eastern part of Cuolm da 

Vi, producing a damlike effect in Drun Tobel. 

 

This scenario would produce a natural dam in this temporary stream, causing probably major 

disasters in the villages of Sedrun and Camischolas in case of a sudden rupture after a heavy 

rainy period following a debris flow. In this case, the village of Camischolas would be the most 

affected, as the village of Sedrun is placed to the East of the dejection cone, and as the current 

stream of the Drun running there following an artificial course would not be respected in case of 

large water flow and would spill on the dejection cone. In this case, the national road and 

regional railway line that also lie in the zone would be destroyed. 

 

This second scenario has got a probability to occur much larger that the first one, since a minor 

rocksliding occurring in the Drun Tobel (as a consequence of some local reactivation, some 

high rainfall and even some seismic situation) would be a reasonable issue.  

 

Therefore, the same rain that could trigger the localized rocksliding could produce a larger 

amount of water stored behind a possible natural dam in Drun Tobel, leading to major disasters 

in the zones downstream in case of sudden rupture. This scenario is even more reliable if the 

considered rockslide has a very limited volume, but induces nevertheless a small debris flow, 

which will not cause the destruction of many houses, but will severely damage the 

infrastructure, as it occurred in several places in Switzerland in 1987. 
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