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INTRODUCTION

Illite refers to a mineral series which occupies a relatively 
large volume in compositional space deÞ ned by the limits VIR+2/ 
(VIR+2+ VIR+3) ≤ 0.25 and VIAl+2/( VIAl + VIFe+3) ≥ 0.6 (Rieder et 
al. 1998). A regular sequence of polytypic transitions in illite, 
similar to dioctahedral micas, from 1Md through 1M to 2M1 
polytypes with increasing temperature is widely accepted (e.g., 
Velde 1965; Maxwell and Hower 1967; Walker and Thompson 
1990; Grathoff and Moore 1996). It has been found that 1Md and 
1M illite are the predominant form in sedimentary and low-grade 
metamorphic rocks, but 2M1 is the only stable polymorph at low 
and moderate temperatures, consistent with the transformation 
to the 2M1 polytype with increasing K+ and IVAl+3 content in 
illite (Grubb et al. 1991). Some researchers (Grubb et al. 1991; 
Zöller and Brockamp 1997; Peacor et al. 2002) suggested that 
illite varieties are not polytypes in a strict sense because of their 
changes in composition accompanied with changes in stacking 
sequence. Nevertheless, we will still use the term polytype to 
describe the different stacking sequences in this paper.

In contrast to XRD studies, some TEM researchers have re-
cently doubted the transition in intermediate 1M polytype, even 
the occurrence of 1M illite. Grubb et al. (1991) proposed that a 
2-layer polytype of illite could be directly changed from 1Md illite 
after they examined dioctahedral aluminous illite from a variety 
of localities, geological ages and environments. Dong and Peacor 
(1996) proposed that the prograde sequences of illite polytype 
may involve increasing perfection of stable 2M1 sequences rather 
than the transition from 1M to 2M1. Bauluz et al. (2000) observed 

that there is no 1M polytype in any sequence of interstratiÞ ed 
illite-smectite and illite. Peacor et al. (2002) studied high-Mg 1M 
illite and explained the absence of 1M polytype in the prograde 
diagenetic sequence of pelitic rocks.

It is well known that XRD methods generally provide insight 
only into average stacking sequences and reß ect the signiÞ cant 
dominant polytype, thus they are not suitable for studying 
microstructure, e.g., the disordered stacking sequences within 
one or a few unit cells. On the other hand, HRTEM is useful 
in distinguishing intralayer staggers and interlayer rotations 
between successive layers as well as different polytypic crystals 
or domains. For example, Iijima and Buseck (1978) observed 
intimate intergrowth of different polytypes in mica on a scale 
of several nanometers by one-dimensional lattice fringe and 
structure images of corresponding crystals. Baronnet et al. (1993) 
investigated a single crystal of biotite by HRTEM and AEM and 
found that the 1M, 2M1, faulted 3T and semi-random 1Mr-n(120) 
coexist as coherent intergrowths. Kogure and Nespolo (1999) 
determined mica polytypes with long periodicity by atomic 
resolution images and thought that a longer mixed-rotation 
polytype is formed through polytypic transformation from a 
shorter layer polytype. 

However, most of these near atomic-resolution images of 
HRTEM on phyllosilicates (e.g., chlorite, biotite, muscovite) 
are obtained from Þ ne-grained, macroscopic, or detachable 
single crystals (e.g., Bons and Schryvers 1989; Baronnet et al. 
1993; Amouric and Baronnet 1983; Kogure and Nespolo 1999, 
2001). The incipient natural process of polytypic transformation 
is not well-recorded in these macroscopic crystals. In contrast, 
because illite is poor crystalline and less than 2 μm in size, it 
provides a good record of the natural process. Thus, it is really * E-mail: hjwang@pku.edu.cn
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ABSTRACT

A detailed investigation of microstructures of authigenic illite has been carried out using high-
resolution TEM. Near-atomic images of 1M and 2M1 polytypes of illite with incidence [100] and [110] 
were observed. We unambiguously determine 1M illite in both individual particles and microtwinned 
domains. Newly formed 2M1 domains are surrounded by former packets of 1Md or 1M illite. Such 
intergrowth of different illite-polytypic domains on a scale of several layers suggests that they are 
metastable. The lateral-coherent 1M and 2M1 illite domains are aligned along the same orientation and 
crystallographically continuous normal to [001]*. This is a new phenomenon observed for polytypic 
intergrowth and transition. The intralayer-stepwise change of stagger direction in a series of succes-
sive layers and consequently the interlayer-stacking angle change resulting in polytypic transition are 
hypothesized as an �intralayer-stepwise transition� model. It explains the process of illite polytypic 
transition in the solid state. 
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