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abstract

The hydrothermal reactivity of the <1 µm fraction, K-saturated SWy-2 Wyoming low-charge 
montmorillonite was studied in the 250–400 °C temperature range with reactions lasting between 
5 and 120 days, with a solid/solution mass ratio of 1:10, and in 1 mol/L KCl solution. From X-ray 
diffraction (XRD) profile modeling results on K-saturated and ethylene-glycol solvated samples the 
illitization process appears to occur as a progressive replacement of expandable layers by layers with 
illitic behavior, in a single illite-smectite phase. However this treatment overestimates the amount of 
illite layers because of the presence of smectitic non-expandable layers. This was revealed by calcium 
exchange of the products, which causes re-expansion of the apparent illite layers. The illitization model 
then obtained consists of four phases with increasing illite content: discrete smectite, a randomly 
interstratified mixed-layered mineral (MLM) and two ordered MLMs that progressively replace the 
phases with less illite content. This polyphase model is consistent with results from transmission 
electron microscopy and chemical microanalysis, which show several types of particle morphology 
with different interlayer K content and Al-for-Si substitution that seem to correspond to the several 
phases detected by XRD. Thus, the actual illitization mechanism of smectite in our experiments is not 
a progressive reaction but a dissolution-precipitation process following the Ostwald step rule in which 
metastable smectite transforms into illite through a series of metastable illite-smectite phases. 
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intrOductiOn

The conversion of smectite to illite-smectite (I-S) and then 
to illite commonly occurs as a response to burial and is mainly 
controlled by temperature, pressure, time, and some chemical 
variables. The depth-dependent evolution typically shows essen-
tially smectitic and randomly interstratified (R0) mixed-layered 
minerals (MLM) in the top part of diagenetic series, whereas the 
deeper part is characterized by a more illitic, ordered (R1 or R > 
1) MLMs (Weaver 1960; Burst 1969; Shutov et al. 1969; Perry 
and Hower 1970, 1972; Hower et al. 1976; Środoń 1978, 1984; 
Boles and Francks 1979; Velde et al. 1986; Velde and Vasseur 
1992, among others). A similar progression is found in hydro-
thermally active localities from low to high temperature areas 
(Inoue et al. 1988, 2005; Ylagan et al. 2000). This conversion is 
thus potentially important to understand the thermal history of 
rocks in active and fossil geothermal fields. The characterization 
of I-S MLMs has also proved of interest to better understand fault 
tip propagation in crustal fault-zones or in subduction regions, 
because the mechanical weakness of smectite-rich strata reduces 

the normal stress threshold to trigger failure (Shimamoto and 
Logan 1981; Bird 1984; Bruce 1984; Rutter et al. 1986; Brown 
and Westbrook 1987; Vrolijk 1990; Brown and Ransom 1996; 
Deng and Underwood 2001, among others), and because the 
breakdown of smectite is accompanied by a large release of free 
water (Vidal and Dubacq 2009; Dubacq et al. 2010) that can have 
a strong impact on rock rheology.

The mechanism of smectite illitization appears to be multiple 
and three main types of transformation have been proposed 
(Altaner and Ylagan 1997): (1) solid-state transformation (SST, 
Shutov et al. 1969; Hower et al. 1976; Roberson and Lahann 
1981; Bell 1986; Altaner et al. 1988; Elliot et al. 1991; Lindgreen 
and Hansen 1991; Cuadros and Altaner 1998a, 1998b, among 
others), (2) dissolution and crystallization (DC, Nadeau et al. 
1985; Bethke and Altaner 1986; Nadeau and Bain 1986; Eberl 
and Środoń 1988; Whitney and Northrop 1988; Eberl et al. 1990; 
Buatier et al. 1992; Whitney 1992; Whitney and Velde 1993; 
Pusch and Madsen 1995; Mosser-Ruck et al. 1999, 2001; Ylagan 
et al. 2000; Tillick et al. 2001; Lanson et al. 2009; McCarty et al. 
2009, among others), and (3) Ostwald ripening (OR, Inoue et al. 
1988); although the latter has been later discarded (Środoń et al. 
2000; Dudek and Środoń 2003). The above studies include data * E-mail: eric.ferrage@univ-poitiers.fr


