
1. Long Runout Debris Avalanches - Background

• Debris avalanches are large landslide events 
characterised by long runouts and high mobility that 
poses a great hazard.

• Many theories have been proposed to explain the 
excessive runout phenomenon but the mechanisms 
enabling the mobility remain unresolved and poorly 
constrained. 

• The lack of explanation results from the difficulty of 
models and theoretical concepts to encompass the 
field observations of sedimentology and structure of 
debris avalanche deposits (Perinotto et al., 2015). 

Understanding the mechanisms of propagation
and emplacement of debris avalanches is vital
from the hazard assessment perspective.

Modified from Makris et al., 2020

H/L = height fallen/length propagated 
= measure of mobility 

Hítardalur landslide, Iceland, photo by Sumarliði Ásgeirsson, 2018 
Elíasson and Sæmundsson, 2021
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2. Debris Avalanches Vs Lahars: the role of water
Rationale

To evaluate the role of water we compare the

sedimentology of 9 volcanic debris avalanche deposits

and 8 lahars with data that has been published in the

literature. All the events considered are therefore from

volcanic settings for consistency.

(Makris et al., 2020)

Wikipedia commons, U.S. Forest Service-
Pacific Northwest Region

Wikipedia commons
USGS geologist Jeff Marso

Events considered in this study:
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2. Debris Avalanches Vs Lahars: the role of water
Results 1/3

• Lahars: progressive preferential removal of the 

coarsest range of the GSD.

• Debris avalanches: A bimodality in the grain size 

distribution is preserved during propagation. This is 

because of the preferential progressive comminution 

of finer particles and preservation of the coarser 

particles that require more energy to be broken.
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2. Debris Avalanches Vs Lahars: the role of water
Results 2/3

• The deposition of the fine end of the histogram in 

lahars leads to an improvement of their sorting as 

the remaining  material covers a smaller range of 

sizes. 
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2. Debris Avalanches Vs Lahars: the role of water
Results 3/3

• In volcanic debris avalanches the preservation of the 

fine end of the grain size distribution progressively 

develops and enhances a negative skewness. This is 

because progressive fining adds to the fine-size ‘tail’ 

in the distribution while the coarsest particles are 

also preserved.
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2. Debris Avalanches Vs Lahars: the role of water
Discussion

• Preferential comminution of finer particles due to 
particle-particle interactions in volcanic debris 
avalanches, and preservation of the coarse particles. 

• Instead, preferential deposition of the coarsest 
particles and improved sorting suggest that the 
decrease in grain size of lahars is the result of 
debulking. Debulking is enabled because pore spaces 
are filled with water, which acts as the transportation 
medium for the sediment.

The findings support previous studies suggesting that debris avalanches can be

considered as dense granular flows where the effect of inertial collisions of solid

fragments are more important than fluid effects (= ideal granular avalanches).

DEBRIS AVALANCHES
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3. Analogue experiments
Introduction

• Ideal granular avalanches can be modelled in the lab.

• Controlled granular flows were performed where 
variables where varied to examine their impact on 
energy dissipation, propagation mechanisms and 
mobility.

• Photogrammetry was used to create 3D models of 
the deposits to examine the location and the 
displacement of the centre of mass of the flows. This 
is very important when considering energy 
dissipation (Legros, 2002).

Laboratory experiments have the potential to contribute to the
understanding of debris avalanches, the mechanisms that
characterise propagation, their velocity and energy dissipation.
Parameters can be systematically varied for their effect to be
evaluated.
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3. Analogue experiments
Bimodality effect on mobility

• Bimodal grain size distributions identified at least 
locally in areas of high shear (Dufresne and Dunning 
2017).

• Experimental findings suggest bimodal distributions 
generated with increased shear/confining pressures 
(Caballero et al., 2014; Iverson et al., 1996). 

• Fine particles act to reduce frictional areas between 
coarse, and between particles and the base. It has 
been suggested by experimental studies as well as 
numerical simulations that they act as ‘rollers’ to 
enhance rolling over sliding contacts. This behaviour 
limits frictional losses (Phillips et al., 2006; Linares-
Guerrero et al., 2007). 

Our experimental findings support that bimodality in
the grain size distribution is capable of increasing
runout and the displacement of the centre of mass of
granular flows.

Dufresne and Dunning, 
2017

modified after 
Roverato et al. (2015); Dufresne et al. (2016)
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3. Analogue experiments
Bimodality effect combined with other parameters

• The effect of bimodality on the mobility of the 
granular flow is further complicated when combined 
with other variables.

• Comparing the mobility of granular flows propagated 
at slope inclinations of 35o, 40o and 45o, lower 
inclinations yield higher mobilities.

• However, the spreading of the granular material is 
affected by the combination of fine particle content 
and inclination. At high inclinations there is high 
variability between the degree of spreading achieved 
at different fine particle contents. At lower 
inclinations that result in more mobile flows, the 
spreading is not as sensitive to the amount of fine 
particles in the granular material.

At higher inclinations, at the break of slope there is higher disturbance 
of the material. This results in higher momentum transfer between the 
front and the back. This energy dissipation inhibits the mobility of flows 

at higher inclinations even though it increases the spreading of the 
mass more at low fine particle content ratios.
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Conclusion

1. Comparison of the sedimentology of saturated lahars and unsaturated volcanic debris avalanches  supports previous 
studies suggesting that debris avalanches can be considered as ideal granular avalanches.

2. Our analogue granular flow experiments have focused on the bimodality that is observed in the grain size 
distribution of debris avalanches at least locally:

• Bimodality develops in shear zones where shear accommodation is focused and magnified.

• Bimodal distributions have been suggested by experimental findings as more efficient at accommodating shear 
and therefore conserving frictional energy. 

3. Our findings support that the bimodality combined with other variables has the potential of affecting the energy 
dissipation and enhancing the mobility of debris avalanches.

symeonmakris@plymouth.ac.uk
@simosmakris
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