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The fundamental features of the Callovo Oxfordian argillite, namely the structure and the pore size
distribution are considered to propose a model consistent with its mechanical behavior. The model deals
with the main mechanisms selected: damage, plasticity and swelling.

Structure of Argillites as fundamental base of mechanical behavior

Callovian-Oxfordian argillites present specific characteristics:

• a strong mineralogical heterogeneity made up from 23% to 25% of quartz, 20% to 27% of carbonate,
40% to 50% of argillaceous minerals and 5% to 10% various mineral;

• a low porosity comprised between 12 to 15%, associated with the following pore size distribution: 14%
of nanopores, majority 81% of mesopores and 5% of macropores;

• a low Biot coefficient, around 0.6;

• no cementing (within the meaning of a concrete).

Four basic mechanisms are considered likely to explain the structure of argillite in place:

– mechanical consolidation obtained by increasing external stress,

– chemical consolidation by reduction in dielectrical constant (leaching of chlorides),

– thermal consolidation,

– filling of the macroporosity by precipitation of a carbonated phase (calcite).

Experimental tests were performed to evaluate the weight of these mechanisms. Results show that
mechanic and thermal consolidations, in the fields of stress and temperature encountered in situ by argillite
during geological history, and chemical consolidation could not alone explain the state the high density
without macro porosity. An assumption
advanced to explain is the filling of macro
porosity by non argillaceous mineral
precipitation, in particular calcite that would
confer to in situ argillite an apparent over-
consolidation from a mechanical point of view.
This assumption is partially validated by some
experiments:

• Percolation tests were made with chlorhydric
acid on bulky and sound argillite to remove
the carbonates in the macroporosity; they
show an increase of porosity from 12% up to
20% associated with the creation of macro-
pores (mercury intrusion porosimetry).

Figure 1: Evolution of the porosity distribution under
the thermal cycle 20˚C-100˚C-20˚C of Callovian-
Oxfordian argillite.
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• X ray micro tomography observations and pictures analysis made on successive sections of sample
argillite and 3D rebuilding of calcite organisation.

Mechanical conceptual model of argillite

Independently of its origin, the strong density associated with some inclusions like calcite, quartz grains
and fibres shaped calcite resulting of the filling of the macro porosity is considered to explain: (i) localized
damage occurring on extension paths and/or (ii) diffuse and localized damage, on compression path.
Damage is characterized by creation of localized and/or diffuse macro-porosity that confers plasticity to
argillite and allows development of classical hydro-chemo-mechanical mechanisms of clays, hydro-
mechanical consolidation, swelling, and viscosity (creep) that are responsible of long term deformations.

Irreversible strains and weak macro porosity observed on the tests with cored samples could be a
consequence of the mechanical and hydraulic discharges. Laboratory tests after a controlled damage
(increase in the macro porosity and reduction of the meso porosity to preserve constant volume cf.
Figure 1) produced by a thermal cycle at constant volume highlighted the existence of some mechanisms:

• swelling of the argillite samples cf. Figure 2a (attributed to smectite swelling),

• increase of the swelling potential with the proportion of macro pores cf. Figure 2a,

• decrease of the oedometric modulus with the proportion of macro pores cf. Figure 2b.

The existence of a transient phase after damage induced by the brutal creation of a macro porosity partially
saturated (cavitations phenomenon) because of low permeability of argillite is due to the water resaturation
of the macro pores.

Different mechanical laboratory tests conducted on Bure argillite, for instance drained and undrained
triaxial tests, are compared to numerical simulation. The simulation of the behaviour of the galleries and
shafts in the Callovian-Oxfordian formation have been realised with the previous model integrated in the
CLEO FEM code. The results show the influence of the damaged zone on the delayed effects.
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Figure 2: Evolution of the swelling potential (a) and oedometric modulus (b) with the ratio of macro pores.


