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INTRODUCTION

Illite crystallinity, measured as full-width at half-maximum
(FWHM) of the 10 Å X-ray diffraction (XRD) peak of illitic ma-
terials, is an empirical index used to characterize the grade of di-
agenesis or very low-grade metamorphism (VLGM) in terranes
where index minerals and diagnostic mineralogical assemblages
are not available. Because of the simplicity of measurements of
illite crystallinity (hereafter, IC), this property has been widely
used over the last 40 years, generally in conjunction with other
parameters of maturity such as organic-matter reflectance, to es-
tablish diagenetic and very low-grade metamorphic (VLGM) con-
ditions. Yet, interpretations of the physical meaning of the FWHM
of the 10 Å reflection of illite in anchizonal and higher-grade rocks
have concentrated on the effects of crystal size and stacking faults
and paid little attention to the presence of expandable phases.

The present study aims to assess qualitatively the presence
of such phases in high-grade diagenetic to VLGM samples and
the impact of their presence on illite crystallinity measurements.
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ABSTRACT

In mixed-layer illite/smectite containing >80% illite, the presence of an expandable component
and changes in its abundance are difficult or impossible to detect with the X-ray diffraction (XRD)
method using conventional polar interstratification compounds, e.g., solvation with ethylene glycol.
Although high-grade diagenetic and very low-grade metamorphic (VLGM) samples do not expand
in response to ethylene glycol treatment, the illite crystallinity (IC) improves significantly with in-
creasing diagenetic/metamorphic grade. Improvement of IC in anchizonal to epizonal samples pre-
viously was thought to be related primarily to increase in crystallite thickness and decrease in the
number of stacking faults. The present study reexamines the contribution of expandable components
to IC in shale and slate samples from the Gaspé Peninsula for both the <2 mm and <0.1 mm size
fractions in the high-grade diagenetic and VLGM zone. As tools, we have used XRD patterns and
high-resolution transmission electron microscopy (HRTEM) lattice-fringe images of samples treated
with n-alkylammonium cations. These studies reveal the presence of expandable components in-
cluding R1- and R3-ordered structures and “expandable illite.” Expandable 2:1 clay minerals de-
crease in abundance with increasing metamorphic grade. The improvement of IC with grade is due
to the decrease in expandable layers and also to the decrease in the number of lattice defects and an
increase in crystallite size. Stacking faults may be the main source of lattice distortion only when
phyllosilicates consist of thick non-expandable layer silicates.

During late diagenesis, the chlorites become ordered and are stabilized. They are the dominant
phyllosilicate minerals present together with illites in the illite-chlorite facies of the anchizone. Lat-
tice fringe images and XRD patterns document the presence of a short-range, corrensite-like R1
ordered phase and thick chlorite packets.

FACTORS AFFECTING ILLITE CRYSTALLINITY

Variations in the illite crystallinity index may be related to
several crystal-chemical and analytical factors. According to
Klug and Alexander (1974), the profile of an XRD peak pro-
duced by a crystalline powder is a function of four main fac-
tors: (1) methods of sample preparation; (2) X-ray
diffractometer settings; (3) crystallite size (mean size of the
domains that coherently scatter X-rays, measured perpendicu-
lar to the diffracting plane) and domain-size distribution; and
(4) “lattice strain” (various kinds of lattice imperfections, e.g.,
local heterogeneity of chemical composition and lattice struc-
ture, see below and Figs. 1d, 1e, and 1f).

The basic difficulty in drawing definite correlations among
results of IC studies made in various laboratories is the lack of
sufficient standardization of analytical procedures and instru-
ments (Kisch 1990). Warr and Rice (1994) proposed a stan-
dardized scale of illite crystallinity, the crystallinity index
standard (CIS), by calibrating the IC measurements according
to Kisch (1991) using a set of rock-chip standards. Drits et al.
(1998) summarized the findings about the importance of crys-
tallite size. Shata (2000) reviewed the crystallite size measure-
ments and their relation to IC and emphasized the importance
of the instrumental factor for IC-measurements and extended




