
American Mineralogist, Volume 92, pages 1731�1743, 2007

0003-004X/07/0010�1731$05.00/DOI: 10.2138/am.2007.2273     1731 

INTRODUCTION

Bentonite, a rock containing mostly smectite, is a promising 
buffer material for engineered barriers for nuclear waste disposal. 
This potential results from its mechanical self-healing ability, its 
low hydraulic conductivity, and its high sorption capacity. This 
combination is expected to prevent or delay possible radionuclide 
migration. However, the properties of smectite can be altered by 
storage-induced conditions such as the thermal pulse resulting 
from the waste package. By analogy with burial diagenesis of 
clay-rich sediments (Weaver 1960; Hower and Mowatt 1966; 
Burst 1969; Shutov et al. 1969; Perry and Hower 1972; Hower et 
al. 1976; among many others), smectite is expected to transform 
to illite by way of intermediate interstratiÞ ed structures with 

increasing temperature. This transition was originally conceived 
as following smectite dehydration (Burst 1969; Shutov et al. 
1969; Perry and Hower 1972). More recently, structural changes 
affecting smectite during the early stages of transformation have 
been shown to impact essentially the location and amount of 
layer charge (Sato et al. 1996; Drits et al. 1997; Beaufort et al. 
2001), the initial smectite being a low-charge montmorillonite 
with dominant octahedral charge. Sato et al. (1996) proposed 
that beidellite-like layers (with dominant tetrahedral charge) 
initially form from montmorillonite in addition to an increase in 
layer charge. Then, these beidellite-like layers transform to illite. 
This proposal has been supported by hydrothermal alteration 
experiments conducted at moderate temperatures (<200 °C, see 
Beaufort et al. 2001) leading to beidellitic layers from alteration 
of montmorillonite.

ModiÞ cation of layer charge and charge location can possibly 
affect smectite hydration ability. Crystalline swelling of 2:1 phyl-
losilicates is controlled indeed by the balance between repulsive 
forces between adjacent 2:1 layers and attractive forces between 
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ABSTRACT

Hydration of the <1 μm size fraction of a high-charge montmorillonite (Clay Minerals Society 
Source Clay SAz-1), and of low- and high-charge beidellites (Source Clays SbId-1 and SbCa-1, 
respectively) was studied by modeling of X-ray diffraction patterns recorded under controlled rela-
tive humidity (RH) for Sr- and/or Ca-saturated specimens. The inß uence of layer charge and charge 
location on smectite hydration was studied. Distribution of layers with different hydration states (de-
hydrated�0W, monohydrated�1W, bihydrated�2W, or tri-hydrated�3W) within smectite crystals often 
leads to two distinct contributions to the X-ray diffraction pattern, each contribution having different 
layer types randomly interstratiÞ ed. Structure models are more heterogeneous for beidellite than for 
montmorillonite. For beidellite, two distinct populations of particles with different coherent scattering 
domain sizes account for the heterogeneity. Increased hydration heterogeneity in beidellite originates 
also from the presence of 0W (non-expandable) and of 1W layers under high relative humidity (RH) 
conditions. Similarly, after ethylene-glycol (EG) solvation, some beidellite layers incorporate only 
one plane of EG molecules whereas homogeneous swelling was observed for montmorillonite with 
the systematic presence of two planes of EG molecules.

For montmorillonite and beidellite, the increase of layer charge shifts the 2W-to-1W and the 1W-
to-0W transitions toward lower RH values. For all samples, layer thickness of 0, 1, and 2W layer types 
was similar to that determined for low-charge SWy-1 montmorillonite (Source Clay SWy-1), and no 
change of layer thickness was observed as a function of the amount or of the location of layer charge. 
However, layer thickness increased with increasing RH conditions.
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