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1. Introduction
A remarkable characteristics of molten rocks is their radical 
changes in physical properties during crystallization or 
melting. This is the subject of an abundant literature, and 
some aspects of this physical evolution are still debated, like 
the values (melt volume fractions) of the thresholds that 
corresponds to changes in the magma rheology and/or 
deformation mechanisms. The major change corresponds to 
the full connection of the solid, crystalline phase, generally 
referred to as "critical melt fraction" (CMF). The rigid, solid 
backbone being locked, the deformation of the magmatic 
mush may continue only by deforming the crystals; true 
suspension flow is not possible anymore. Whatever the 
involved deformation mechanism, such a change will be 
recorded by the rock microstructures. In spite of the relatively 
simple definition of this threshold, its value remains poorly 
constrained (proposed values range from 20 to 70% melt. 
Fig. 1), and the concept itself of the MCF is still debated (e.g. 
Rushmer, 1996; Bagdassarov and Dorfmann, 1998).
We present preliminary results of analogue experiments on 
compaction and shearing of wet granular media, designed to 
re-examine this threshold and its variations with i) the particle 
size and shape, and ii) the deformation regime.
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Fig. 1 - Strength of partially molten rocks. Proposed 
values of the critical melt fraction range from 20 
to 70% volume melt. Recent experimental data do 
not match the classical experimental curve of Van 
der Molen & Paterson (1979).

2. Experimental device
The apparatus was specifically designed for these experiments. It is very simple : 
suspensions of rigid particles (PVC cylinders, glass beads, ...) are placed in a glass 
tube (diameter 15 cm), and compressed and/or sheared by a piston (Fig. 2a and b). 
Compression is induced by the weight of the piston, rotation is induced by a small 
motor (Fig. 2b and c). As the piston goes down, the fluid is progressively expelled at 
the edges of the model. The maximum compaction (particle locking threshold) is 
attained when the piston cannot go down anymore. The displacement and the rotation 
of the piston are continuously recorded by transducers (Fig. 2b and c), and the 
experimental set-up also allows one to capture series of video images of the model 
during the experiments.

Fig. 2 - Experimental device
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Fig. 3 - Some examples of experimental curves
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Fig. 4 - Experimental thresholds

3. Summary of experimental results
Three distinct thresholds are attained depending on the deformation regime (Figs 3 &4).
1 • The piston does not rotate: The liquid fraction remains > 45 % in all cases. It varies a lot (Fig. 4a) as it depends strongly on the 
heterogeneous distribution of the particle population at the beginning of the experiments.
2 • Continuous, one-sense shearing is applied: In all experiments, this results in a significant decrease of the liquid fraction (Fig. 3a, 
b & d); the threshold decreases to a minimum of 38% (Fig. 4b) for experiments with population of particles of similar sizes, and to a 
minimum of 32 % for experiments with a bimodal size distribution  (Fig. 3d and 4b).
3 • Maximum compaction is achieved by applying alternate rotation increments to the piston (Fig. 3b, c & d). The threshold 
decreases to a minimum of 35% (Fig. 4c) for experiments with population of particles of similar sizes, and to a minimum of 30 % for 
experiments with a bimodal size distribution  (Fig. 3d and 4c). The same results is obtained when the piston rotation is blocked 
(particle locking) : the motor transmission belt periodically jumps to the next gear tooth, resulting in a sudden release of the stress 
and a small, rapid reverse rotation increment.
Shape preferred orientations are calculated from projected images of experiments (Fig. 5c & d). The fabric ellipse is calculated 
using the 2D orientation tensor defined by Harvey & Laxton (1980). The developed fabric is significantly stronger with long rods 
(average n=3.37) than with short ones (n=2) (Fig. 5a). In both cases, the fabric orientation is similar; it always remains oblique to 
the shear plane, with the same relative orientation (ranges from 0 to 15°. Fig. 5b).
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4. (some elements for a) Discussion and Conclusion
• Continuous shearing is not the best way to reduce the locking threshold in a 
concentrated suspension. This is explained by the dilatance that occurs in any 
granular medium when sheared (e.g. Evesque & Lanos, 1997). 
• The lower possible thresholds are achieved when conducting alternate rotation of 
the piston. This process is similar to shaking, which classically improves compaction 
of granular media. although it is difficult to imagine this type of oscillating regime of 
deformation in nature, we suggest that earthquakes may have the same effect on 
the CMF of a magmatic mush in a seismogenic environment (i.e. magma chambers 
at oceanic spreading ridges).
• There is a significance decrease of the observed threshold when increasing the 
volume of particles (Fig. 4). This is clearly a bias inherent to our experimental 
device. However, we cannot use very thick models because of the strong vertical 
shear gradient (shearing is applied only at the upper boundary).
• There is only a minor effect, if any, of the shape of the particles (Fig. 4) on the 
threshold. Beads and rods give similar results. However, these two shapes are more 
efficient to reduce the threshold than more complicated ones (plaster rectangular 
prisms, rice, lentils. Fig. 4b & c). Surprisingly, the better fabric in the experiments 
with longer rods (Fig. 5) seems to have no effect on the threshold value.
• The most important effect on reducing the locking threshold is the variation in grain 
size (experiments with two sizes of glass beads, Ø 2 & 5 mm. Fig. 3d, 4b & c). This 
effect now needs to be further investigated with a new series of experiments.
In most of our experiments (nearly mono-size particle populations), the CMF was 
not lower than 35%. In any case, the minimum possible value was 30% (maximum 
compaction, bimodal particle size population). 

Fig. 5 - comparative fabric analysis of experiments with long and short rods
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