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In two catchments with contrasted 
geology, the Torrent de Lourtier 
and Le Merdenson de Vollèges, the 
physical, mineralogical and chemical 
properties of the fine earth (< 2mm 
fraction) of soils, debris flow deposits, 
and parent materials were compared. 
The clay minerals (clay and silt size) 
were extracted and characterized 
for mineralogy and cation exchange 
capacity (CEC). Bulk density in 
place was measured and their critical 
coagulation concentrations (CCC) 
were determined in laboratory experi-
ments. The soil and surface solutions 
were sampled for chemical composi-
tion, which were compared to the 
experimental CCCs. The chemical 
equilibration time between soil solu-
tion and solid phase was tested on 
saturated paste extracts.

It was observed that the matrix of 
the debris flow deposits was not com-
parable to the one found in initiation 
area in terms of fabric, density, par-
ticle size, particle shape and mineral-
ogy. Results show that the particles 
were rounded, crushed and segregated 
rapidly after the initiation of the flow. 
The parent materials were composed 
of platy particles with a small bulk 
density suggesting an edge-to edge 
fabric. It contained phyllosilicates of 
silt and clay size, coated with trans-
formed organic matter. The deposits 

were composed of rounded particles 
with a large bulk density suggesting 
a close-packed fabric. Compared to 
the parent materials, the deposits con-
tained a larger amount of large mono-
crystalline particles of either quartz 
or calcite with round shape, and less 
small platy particles of phyllosili-
cates. The CEC of the fine earth and 
of the clay-size and silt-size particles 
was consequently about two times 
higher in the parent materials than in 
the deposits. This was interpreted as 
the results of two main phenomena, 
namely (i) the leaching of the sus-
pended colloidal particles out of the 
deposits during the depositional stage, 
and (ii) the crushing of the larger non-
colloidal particles during the flow.

The CCCs of the extracted clay 
minerals were close to CCC values 
reported in the literature for similar 
minerals. The solutions reached equi-
librium with the solid phases within 
20min of equilibration time in the 
laboratory. The field solid phases and 
surface waters were at equilibrium 
with the solid phases. There concen-
trations were only slightly higher than 
the CCCs, i.e. that in the conditions 
found in the field we are near the 
boundary between the flocculated/dis-
persed state. However, it is most prob-
able that the concentrations of the soil 
and surface waters drop largely below 

the CCC values at some period of the 
year e.g. during snow-melt or heavy 
rainfall.

These results lead to conclusions 
and perspectives on both the trigger-
ing conditions and the flow. First, the 
deposits largely differ from parent 
materials in terms of fabric, particle 
size distribution and colloidal proper-
ties. A small change in the amount of 
colloidal particles sharply changes the 
rheological properties of the materials 
(see Bardou et al., this session). It fol-
lows that the rheological experiments 
should carefully consider the colloidal 
composition of parent materials and 
the chemical equilibration time with 
water. Second, due to the fabric of 
the fine earth in parent materials, the 
soil plasma which contains the clay 
particles will make bounds between 
the larger skeleton particles. During 
snow-melt or heavy rain, the clays 
are likely to disperse, thus promoting 
the initial collapse and failure of the 
materials, which in turn are likely to 
increase the interstitial pore pressure. 
This should be further investigated to-
gether with the role of organic matter, 
which was surprisingly represented in 
well-transformed forms for the inves-
tigated parent materials, and may thus 
sharply influence the colloidal proper-
ties of the clay minerals.
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