American Mineralogist, Volume 87, pages 103–107, 2002

The nature, formation, and stability of end-member illite: A hypothesis
PHILIP E. ROSENBERG *
Department of Geology, Washington State University, Pullman, Washington 99164, U.S.A.

ABSTRACT
The nature and stability of end-member illite (I), K0.88±0.01/O10(OH)2, a K-deficient mica, has been
a subject of much controversy. Evidence for the metastability of “illite” with respect to ideal muscovite (Ms) + pyrophyllite (Py) has been discussed in the literature but conflicting evidence from
studies of natural and synthetic systems point to the stability of K-deficient micas with respect to Ms
below ~360 °C. Py coexists with K-deficient micas in natural assemblages thought to have formed
between 300 and ~360 °C.
Available evidence suggests that end-member illite (I) has an ordered, domain structure. Structural strain due to K-deficiency in micas may be accommodated by the creation of Py domains. The
resulting structure could be stable with respect to Ms + Py at low temperatures only if the domains
are ordered. Recent FTIR studies have established the presence of local Py domains and molecular
water in Al-rich illite. Py stability (~360 °C at 1 kbar) limits the stability of the domain structure; Ms
coexists with andalusite + water at 400 °C.
The prograde, stepwise transformation of S (smectite) → I-S → I probably leads to a metastable,
compositional end-member (Iw) containing “excess,” interlayer water. Dehydration of Iw results in
the formation of a metastable, disordered K-deficient mica (Id) that may recrystallize to form a
stable, ordered, Py domain structure (Io). Iw may persist metastably but solid-state alteration of Ms
can only yield Io. Fine-scale, Py domains have not been observed in K-deficient micas by TEM as
yet, but available evidence suggests that end-member illite (Io) is a distinct, ordered, domain structure, stable below ~360 °C.

INTRODUCTION
Many dioctahedral K-micas exhibit apparent deficiencies
in interlayer (alkali) cations (Guidotti and Sassi 1998). Although
some of these deficiencies may be accounted for by analyses
that neglect the possible presence of cations that may substitute for K (Guidotti and Sassi 1998), interlayer cation deficiencies are commonly interpreted as vacancies, implying at
least partial solid solution from muscovite toward pyrophyllite
(e.g., Rosenberg 1987; Wang and Banno 1987). Alkali-site deficiencies have also been attributed to the presence of “excess”
water in interlayer sites either in the form of H3O+ or H2O (see
Guidotti and Sassi 1998), but the nature and effects of these
apparent deficiencies have not been resolved.
According to the recent IMA report on the nomenclature of
the micas (Rieder et al. 1998), dioctahedral K-micas with 0.85–
1.0 total interlayer cations per half cell should be termed muscovite, illite being defined as a “series” with 0.6–0.85 interlayer
cations per half cell. However, this definition of muscovite includes the composition of the apparent end-member of the illite series, widely regarded as having 0.88 ± 0.01 interlayer
cations per half cell (e.g., Yates and Rosenberg 1997, 1998;
Środoń et al. 1992; Meunier and Velde 1989; Ylagan et al.
2000). It is premature, perhaps, to define this composition as
either muscovite or illite because little is known about its nature or stability. The general term K-deficient mica may be pref* E-mail: rosenberg@wsu.edu
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erable for dioctahedral micas with compositions close to the
system K2O-Al2O3-SiO2-H2O until the relationship between illite and muscovite is resolved. Inasmuch as an extensive literature bearing on this problem already exists, a synthesis may
provide some insight into its possible solution.

THE COMPOSITION AND STABILITY OF K-DEFICIENT
MICAS

The nature and stability of K-deficient micas have been
debated for many years. The prograde series from smectite
through a mixed-layer illite-smectite (I-S) to end-member illite (Yates and Rosenberg 1997; S´ rodoń et al. 1992), a
nonexpandable, K-deficient mica with a composition approximating K0.88Al2(Si3.12Al0.88)O10(OH)2, has been well-documented
both from experimental investigations (Yates and Rosenberg
1996, 1997, 1998) and from studies of natural materials (Inoue
et al. 1987; Środoń et al. 1992). Direct evidence of the stability
of K-deficient micas with respect to muscovite based on experimental investigations (Yates and Rosenberg 1996, 1997,
1998) and studies of natural mineral assemblages (Perry and
Hower 1970; McDowell and Elders 1980, 1983) has also been
reported in the literature.
In the Salton Sea geothermal field, detrital muscovite reacts directly to form “illite with considerable interlayer vacancies” at temperatures above 275 °C (McDowell and Elders
1980) suggesting the stability of an alkali-deficient mica with
respect to ideal muscovite at relatively low temperatures. At
temperatures below 200 °C, alteration of muscovite and ka-

