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Summary 
 

Many areas at the foot of steep rocks are subject to periodic falls as shown by the presence of 

abundant stone accumulations, called talus. Taluses are relatively common formations that 

may occur at rather different scales: from a few meters to thousands of meters.  Numerous 

field surveys have provided quantitative information on the characteristics of a talus deposit. 

However, much less has been done on the dynamics of a talus evolution.  

In this work, a further effort is made to understand the dynamics of talus formation based on 

experimental studies at the small scale. Firstly, the complexity of the processes forming a 

talus deposit is simplified by studying the interaction of only two kinds of grain sizes. Grains 

of one size class are cast from a certain height down a plate covered by a grain of another size 

class. The plate is inclined with a certain angle. The final distribution of grains as a function 

of the distance from the fall point is then measured and analyzed. In addition, a high-speed 

camera is used to monitor the instant of impact. When small grains fall on large grains, a 

nearly exponential decrease of grain distribution as a function of the distance from the fall 

point is observed. On the other hand, large grains falling on a granular bed formed by smaller 

grains lose much more energy in the impact, but then may roll down slope down the whole 

plate length.  

Because rolling friction appears so important in the dynamics, a  dedicate study was also 

devoted to study the process of rolling on a granular medium, and found that large spheres 

may actually reach a longer run-out, the density being the same. Hence, these experiments in 

conjunction can clarify in a more quantitative manner the distribution of rock size along a 

talus slope.  

In a further study a small-scale talus was created, allowing for many different grain sizes to 

interact among each other. We found that talus evolution is not always reducible to 

elementary processes. Collective processes may occur as well such as creep, grain migration 

through the granular bed, and avalanching.  

Finally, a particular class of relatively uncommon talus slopes was considered: the ones 

formed by flat stones. After measuring the properties of these talus in one field example from 

Southern Norway, a small-scale replica was made. It was found that these taluses are 

dominated by a more uniform rock size distribution along slope, which is a consequence of 

the predominance of sliding versus rolling.  
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Chapter 1 Introduction and objectives 

1.1 Background 

 

A talus is a rock accumulation at the base of a mountain wall, and a very common formation 

in mountainous or hilly areas. It is formed by rock fragments moved by gravity, deriving from 

cliff or steep rocky slope, and ranges in size from small particles to very large boulders. The 

fragments fall from the headwall consequent to weathering (frost-thaw activity in rock joints, 

rain), seismic activity and human action (Turner and Schuster, 1996). Talus deposits are easy 

to identify on air photos as bare slopes in mountainous areas, but the vegetated lower slopes 

are not that easy to spot (Abramson et al., 2002). 

The importance of taluses as geomorphic driving forces is evident when looking at the 

remains of a glacial valley, which is usually filled of detritus along the flanks. Taluses are also 

significant in applied geology, because single boulders detached from the mountain side may 

damage properties and threat human life. Despite the frequency of taluses, the dynamics of 

particles flowage on their surfaces is still not fully understood. The largest boulders in talus 

cones have usually a longer run-out distance, which makes construction at talus foots 

particularly unsafe (Turner and Schuster, 1996). The problem is very important for the 

assessment of safety in mountainous areas, when single boulders detached from the mountain 

side may damage property and threaten human life. It is necessary to have good knowledge of 

rockfall trajectories, and their maximum path length, height and velocity when making hazard 

maps or constructing defence systems.  A falling stone movement is a combination of the 

processes of rolling, bouncing, falling and sliding.  Statham (1975) has studied some 

empirical relationships to describe the sorting effect, suggesting that the apparent friction 

coefficient is inversely proportional to the ratio between the radii of the particles in the bed 

and the radii of the falling stones (Kirkby and Statham, 1975). However, no theoretical basis 

substantiates this purely empirical relationship.  

1.2 Thesis objectives 

 

The purpose of the master thesis is to experimentally investigate the talus evolution, by 

studying the dynamics of a rock fragment falling on a granular bed that is inclined near the 

angle of repose. In addition, the thesis investigates the relationship between the shape of the 

talus cones and the impact energy of particles. The procedure followed is to study by 

laboratory experiments the behaviour of grains moving on top of a granular bed, whereas 



 

 6 

most previous studies have been concentrated on large field scale. Advantages of the 

laboratory experiments are that the processes involved may be controlled, and it is possible to 

reach conclusions by comparing the experiments with field observations and mathematical 

(numerical) modelling.  

First an experimental tilt-table had to be built to study the distribution of grains falling 

independently from different heights down on an inclined table. The study had to include both 

smaller and larger falling grains, compared with the grains covering the bed. The purpose was 

to compare the distribution of grains impacting the inclined ground with different amounts of 

energy.  A high speed camera was necessary for studying the impact phase and to provide a 

deeper understanding of the grains movements and energy.  Because rolling friction is an 

important process in a talus development, we also explored the problem of the rolling friction 

making use of different spheres rolling on granular beds. The run-out distance of the spheres 

was put in relation to their size and density.  

Then a study of the formation and evolution of a talus slope is explored by the use of granular 

of different sizes. In addition a laboratory experiment with the purpose was set up to explore 

the distribution of falling flat grains along a talus consisting of tabular blocks. Two different 

talus slopes of distinct characteristics were mapped for slope angle measurement and grain 

size distribution.  

Chapter 2 Literature review 
 

A talus deposit may range from very coarse fragments with big voids, to more fine-grained 

compacted material. The talus may initially be formed by a mixture of fine and coarse 

material or by larger particles that with time degrade and form smaller particles. Talus 

deposits can be classified into rock-supported, transitional and matrix-supported. In a rock-

supported talus slope, the weight of the deposit is transmitted as point loads between the 

fragments (Turner and Schuster, 1996; Statham, 1976). Sieving of smaller particles within 

voids of larger particles, creates a kind of packing that contribute to make layers underneath 

fairly stable. Movement within the talus slope is according to Pérez more unstable within fine 

debris areas than surfaces covered by large fragments (Pérez, 1985). The rate of talus shift is 

greater towards the top, and is generally limited to individual or small groups of particles 

(Gardner, 1969).  

Large scale avalanche is considered to be rare on talus slopes, because the slope is in dynamic 

equilibrium with the supply. The talus formation is related to energy input by work done on 
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the slope, energy loss by transport of input particles, transport of particles on the slope due to 

collisions, and to friction and low coefficient of restitution. Changes in energy induce changes 

in slope form. When the energy is lost due to moving of fragments down slope, and loss of 

energy are not counterbalanced by the gain due to fall in the gravity field, the fragment will 

stop and contribute to steepening the slope. In the opposite case it will accelerate and decrease 

the slope angle. Larger fragments carry more energy and get a longer run-out, and because of 

the higher moment it takes more for them to stop. Small irregularities of the surface can cause 

small fragments to retard in the depressions, while larger fragments are able to bridge the 

roughness of the surface (Statham, 1979).  

The angle of repose is the angle at which a mass of debris will come to rest after tipping from 

low height of fall. It represent the maximum angle of slope that can be held by a mass of rock 

fragments and is roughly independent of fragment size. The magnitude depends both on the 

surface roughness and the shape of the fragments (Statham, 1976), (Finlayson and Statham, 

1980). Most talus slopes are 5 degrees or more below the angle of repose for the material of 

which they are made of (Statham, 1976).   

 

Figure 2-1 Example of trajectory of  rockfall .  

 

Talus slopes usually consist of a straight upper slope and a concave lower slope segment, with 

fine grains at the top and coarse at the base. Statham proposed that the size grading and the 

balance between the length of straight slope and concavity were due to mechanics of the rock 

fall process. The travel distances are variable due to boulders falling from different heights of 

the cliff, and also because the boulder is exposed to increased frictional resistance when 

travelling down the graded talus slope with increasingly grain size. Statham suggested that the 



 

 8 

boulder first will pass over fine, and then progressively coarser material, and finally stop at 

the slope where the other grains are about the same size. The friction force is both dependent 

on surface characteristics and on the rock shape. The surface roughness can vary a lot within 

short distances, therefore friction force between a rock and slope surface is best characterized 

by the dynamic angle of friction (Finlayson and Statham, 1980; Kirkby and Statham, 1975) 

Different coefficients for the rolling and sliding phase of a block are proposed, when 

considering sliding and rolling friction between block and slope. (Statham, 1979)  

Sliding friction is defined by means of the normal component of the block weight according 

to Coulombôs law of dry friction: 

bm cosÖÖÖ= gmF          Equation 2-1 

where Õ is the dynamic friction coefficient, m block mass, g gravity, ɓ slope gradient. 

The dynamic friction coefficient is depending on the block and the slope. In the rolling phase, 

a differentiation is made between pure rolling and a combination of rolling and slipping in the 

point of contact, using a ñdynamic friction coefficientò typical for rolling in the same equation 

(Statham, 1979). Kirkby and Statham defined the dynamic friction of angle as the relationship 

between the radii of particles in the bed divided by radii of particles falling (Rbed/R) and the 

frictional resistance displayed in Equation 2-2 (Kirkby and Statham, 1975).  
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÷
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+=
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K bed

R 0mm          Equation 2-2 

K=constant 

µR = tan ʌR, and µ0 = tan ʌ0  

Were ʌR is the dynamic angle of friction and ʌ0 is the angle of internal friction 

Rbed is the radii of the grains lying on the slope, and R is the radii of the fragments falling  

(Kirkby and Statham, 1975). 

In this thesis a constant ɖ with the following definition is used 

 

Mass of the falling grain

Mass of the bed grain
h= , with following relationship to dynamic friction angle   
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A fall starts from a steep slope along a surface on which little or no displacement takes place. 

A falling fragment will have an input energy proportional to height of its fall, and descends 
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mainly through the air by falling, bouncing and rolling before it comes to rest. These modes 

of motion depend on the mean slope gradient, and are weld together in an unpredictable way.  

 

Figure 2-2 Basic types of block movement: free fall, bouncing, rolling and sliding (Heidenreich, 2004) 

 

Bouncing occurs when the fragment impacts the surface. To describe the dynamics of 

impacts, one defines the coefficient of restitution, which also sometimes is combined with a 

coefficient of frictional resistance. The coefficient of restitution controls the loss of velocity 

and energy during impact (Heidenreich, 2004).  Its 

energy is resolved into components downslope and 

normal to the slope displayed in figure 2-3. The normal 

component will be absorbed in the talus surface, and 

tend to move other particles. The downslope component 

will tend to move the particle down the slope . The 

measure of the resistance normal to the slope is called 

normal coefficient of restitution, while the measure of 

the resistance to movement parallel to the slope is called 

tangential coefficient of restitution (Heidenreich, 2004). 

Figure 2-3 (Heidenreich, 2004) 

 

Rolling is generally characterised by frequent and low energy impact with the ground, and 

bouncing by more violent but fewer impact. The boulder loses much energy thru bouncing, 

thus the coefficient of restitution is normally much smaller than one. Rolling implies particle 

rotation around an axis not necessarily parallel to the ground. Usually rolling prevails at small 

slope angles (< 45 degrees) (Dorren, 2003). Evans and Hungr demonstrated that large 

boulders in general tend to roll and slide down a slope and stay near the slope surface, rather 

than bounce. Long trajectories on moderate slopes tended to by dominated by rolling, and the  
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Figure 2-4 The behaviour of grain motion at different angles. 

 

kinetic energy is mainly lost in the first impact. Long horizontal reach is achieved when the 

fragments are able to build up sufficient horizontal and rotational momentum by travelling 

over a long inclined segment of talus slope (Hungr and Evans, 1993). Sliding occurs barely in 

the initial and final phase, while it requires a combination of smooth surface and low velocity. 

Thus if the slope gradient increase, the sliding boulder starts bounce or roll, if the gradient 

remains the same the boulder usually stops because of energy loss due to friction.  With 

steeping the gradient to between 45 and 70 degrees, the boulder tends to bounce. When 

increasing the gradient even more, from about 70 degrees, the boulder will tend to fall most of 

its trajectory. When the ground consists of a non-deformable material, the coefficient of 

restitution will be at its maximum. Figure 2-4 shows the range of angles between the ranges 

(Dorren, 2003).  

A well known theory stated by many authors is the particle size distributions along talus 

slopes, with a decrease in grain size upslope taluses (Gardner, 1970), (Statham, 1973), 

Statham, 1976), (Morche and Halle, 2005). Gardner (1970) reports a poorly sorted aggregate 

along the slope, but with a logarithmic decrease in average grain size upslope. Short slopes 

show a faster decrease in sizes than longer slopes. Statham (1973) (1976) found a linear 

relationship in grain size along two studied talus slopes.  In this work I will focus on this issue 

in some detail. 

 

A widely used method to date the stability of talus slopes, is by studying growth of the lichen 

Rhizocarpon and their exposure on block surfaces (Rapp, Nyberg, 1981). The growth rate of 

lichens is primarily dependent on light, moisture, temperature and nutrient supply. Rough 

surfaces are favourable as they stay wet longer, and smooth surfaces could be problematic for 
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lichen growth. Unstable material can sometimes explain anomalously low lichen values on 

steep slopes (Erikstad, L. and Sollid, J., L., 1951).  

Chapter 3 Field case studies 
 

The taluses studied are located in similar sites with respect to topography, elevation, aspects 

and climate. The kinematics at both places was probably initially fall, initiated by 

undercutting of the underlying strata by weathering. The talus slope located in Skådalen 

appeared as straight and steep, with grading of grain sizes. The fragments and boulders at the 

basal part of the talus slope were covered by lichens, which was used to evaluate the slope 

evolution. The talus slope located at Spiralen north of Drammen, appeared as steeper with flat 

tabular blocks and without the grading of grain-size. 

3.1 Field work 

 

The field work was carried out in November 2007. The characteristics of the taluses were 

studied by measuring out grids by the use of a 2 meter long stick. The talus slopes were 

mapped with a compass equipped with an inclinometer for slope angle measurement, and the 

grain sizes by a measuring tape.  

At Skådalen the stability of the slope was estimated by measuring lichens along the slope by 

use of a ruler. According to Erikstad and Sollid it is a better and less sensitive method to 

measure five of the largest lichens within an area, instead of only one which is most common 

(Erikstad and Sollid, 1951). Therefore the mean diameter, which is the idealized diameter if 

the lichen is circular, from the five largest lichens was measured.  From the mean diameter it 

is possible to estimate a value for the lichens age, taken from figure in Appendix A.  The 

figure displays a linear dependency between lichens, measured on different comparable 

locations in Norway. Graph marked A, are measured from sites which can be compared to 

lichens measured at Skådalen (Sørbel, 2007).  

3.2 Talus slope at Skådalen 

3.2.1 Decription of study site 

 

The talus slope at Skådalen is located in the eastern part of southern Norway, straight north of 

Oslo. The location is marked on map displayed in figure 3-1.  
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Figure 3-1 Location of talus slope, Skådalen (Statens kartverk).  

 

The talus is heading towards southwest lying in a rather hilly terrain. The slope extends about 

400 meters, and is 25-30 meter in longitudinal direction, and the slope consists of coarse 

angular grains and boulders with rough surfaces consisting of Nordmakitt with tabular 

feldspar free of plagioclase and ñÞgirinò (a dark green pyroxene mineral) (Geological map, 

1952). The outcrop is estimated to around 15 meter high. The slope appears as straight and 

steep at the top, and more concave at the bottom, with a decrease in grain-sizes upslope the 

talus. The apex of the talus slope had no lichens, which indicates that recent rates of supply or 

redistribution have been high. At the talus foot, surface boulders were older with increasingly 

sizes of lichens. From measuring of lichens, it can be suggested that this site only has received 

a negligible supply of boulders during the last 120 years (Erikstad and Sollid, 1951). 
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Figure 3-2 A. Measure of  lichen exposed on block deposit at the talus foot. B. Overview of the measured 

part of the talus slope and part of outcrop.  

3.2.2 Slope angle and grain size distribution 

 

The measured grid in Skådalen had longitudinal distance and curvature length of about 25 x 

15 meter. The results from the angle measurements are displayed in figure 3-3 and 3-4. The 

figures display the longitudinal profiles Profil A to Profil D, starting from northwest heading 

towards southeast direction.  

. 

 

Figure 3-3 Longitudinal p rofiles of talus located at Skådalen. 

The talus longitudinal profiles refer to the talus deposit in cross section. 
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Figure 3-4 Measured average slope angle along a curvature length of  15 meters displayed above the talus 

profiles, located at Skådalen. 

 

The numbers displayed above points on the graphs in figure 3-4, is the average angle 

measured along the curvature line from the five profiles.  

 

Figure 3-5 Grain size distribution in contour length, downward talus slope at Skådalen. 

In addition the grain size distribution in 4 contour lengths with distances of 4 and 5 meters 

within the grid area was measured. Figure 3-5 displays the grain size distribution in percent 

along the slope. It shows that the apex part of talus slope is mainly covered by smaller 
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particles between 10-40 mm. The grain size in gradually increasing downward, with main part 

of the largest blocks situated at the base.  

3.3 Talus slope at Spiralen, Drammen 

3.3.1 Decription of study site 

The talus slope located about 500 meters from Spiralen near Drammen, is marked on the map 

in figure 3-6.  

 

Figure 3-6 Location of talus slope, Spiralen north of Drammen (Statens kartverk). 

 

The terrain is characterised by unstable talus, with steep terrain inclining towards southwest. 

The slope consists of quartz-porphyry, consisting of dense tabular cracking. Figure 3-7 

displays part of the outcrop of approximately 7 meter high on top of the slope, characterising 

the stratified layers. The cracks are between 5-30 cm, and tabular blocks with cracks up to 1 

meter. The fissures surfaces are covered by small degree of roughness (Grimstad, 2001).  

 


