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Experimental set-up and methods

Conclusion and continuation

Experimental results

Introduction : a multidisciplinary approach

The aim of this work is to study how to trigger a loss of sediment cohesion, that seems needed to form vermiculations, through experimental investigations coupled with field observations.  Vermiculations are small aggregates made of particles (clay, calcite, minerals, organic matter…) present at the surface of cave walls.

 Vermiculations are caused by the destabilization of the cohesive sediment layer.

 Reproduction of vermiculations in laboratory is awaited to help qualifying degradation factors of cave paintings.

 Hypothesis: Interactions of both hydrodynamics, heat & mass transfer and physico-chemical parameters can lead to mobilization, displacement and aggregation of particles forming vermiculations.

 These sediments, composed of fine particles, are yield stress fluids, with thixotropic properties.  Hypothesis: Decrease of the yield stress will lead to an easier mobilization of these sediments by external forces.  Fast decrease of the yield stress (τ c ) during the first 24h of soaking, followed by a continuous decrease.
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 Salted soaking solutions reduces the decrease of the yield stress.

 pCO 2 increases calcium carbonate dissolution and salt concentration in the soaking solution.

 Existence of a generic trend for this natural sediment and for all soaking conditions : τ c increases with the solid fraction (i.e. decreases with water content). 1 cm rough surface

In the humid environment of a cave, sediments on the walls may be subjected to:

-evaporation/condensation cycles.

-water infiltration coming from the surrounding karstic massif and containing salts.

-changes in surroundings pCO 2 (CO 2 partial pressure).

What impact on sediment cohesion ?

Context:

Methods:

1) Collection of natural sediments in cave.

3) Soaking in solutions varying soaking solution composition, soaking time, pCO 2 . 

Study of scenarios involving a yield stress decrease of the sediment

Fig 2 :

 2 Fig 2: Degradation of wall paintings in the cave of Niaux, France 2,3 .

Fig 1 :

 1 Fig 1: Example of vermiculations. Up: cave wall, Dordogne, France. Down: ramified vermiculation 1 .

Fig 5 :Fig 8 :

 58 Fig 5: Scheme of the soaking experimental set up.

Fig 7 :Fig 9 :

 79 Fig 7: Yield stress (τ c ) of the sediment as a function of the solid massic fraction (W s ). In color, different soaking time with different soaking solutions composition (pure, CaCO 3 saturated, CaCl 2 concentrated). Black dots represent all other soaking experiments, without distinction of colors or symbols. These latter were performed with soaking time varying from 20 min to 2 months, and various solutions composition (pure, NaCl, KCl, CaCl 2 , MgCl 2, CaCO 3 ).

Fig 6 :paintings degradation 2 )

 62 Fig 6: Yield stress (τ c ) of the sediment as a function of soaking time in different soaking solutions composition.

Fig 4 :

 4 Fig 4: Shear rate as a function of time when applying different stresses at the sediment sample prepared at a solid fraction of 62.8%. Rheometer Anthon Paar MCR 50. In this example the measured yield stress τ c is 1200 Pa.
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 We are developing an experimental set-up which reproduce the environment in cave including hydrodynamics aspects (flow rate, composition of solution runoff, temperature, evapo-condenstation, pCO 2 , substrate slope) (Fig. 8).

 We are looking for a more complex scenario leading to a drastic decrease of the yield stress in some specific critical environmental conditions (see Fig. 9).