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INTRODUCTION

Kaolinite, Al2Si2O5(OH)4, is among the most abundant clay 
minerals and is an important industrial resource. In addition, the 
mineral is of interest to clay mineralogists because it shows diverse 
structural variations related to stacking defects. In X-ray powder 
diffraction, these defects or stacking disorders are mainly evaluated 
by the diffraction proÞ les with k ≠ 3n. However, these stacking 
defects have not been well understood and have been the subject of 
debate since the 1940s (e.g., Brindley and Robinson 1946). Until 
now the most plausible models for the defect structures are (1) 
disorder of interlayer displacements with t1 (approximately −a/3) 
and t2 (�a/3 + b/3) and (2) coexistence of C layers (C site vacant) 
within B layers (B site is vacant), as suggested by Bookin et al. 
(1989). The two interlayer displacements, t1 and t2, are related by 
a pseudo-mirror plane coincident with the diagonal of the unit 
cell base and passing through vacant B sites. The second type of 
defect structure is regarded as incorporation of dickite-like stacking 
in kaolinite, because the structure of dickite involves alternation 
of B and C layers. Both types of defect affect and broaden 
reß ections with k ≠ 3n in X-ray diffraction patterns. Plançon et 
al. (1989) investigated several kaolinite samples and concluded 
that disorder of the interlayer displacements is more dominant than 
the existence of C layers in most of these kaolinite samples. This 
conclusion was arrived by Þ tting calculated diffraction patterns 
to the observed ones. 

These defect structures are not only important to the crystal 
chemistry and applications of kaolinite, but also suggestive of the 
stability relationships between the kaolin polytypes (kaolinite, 
dickite, and nacrite). The kaolinite-to-dickite transformation 
in particular is widely observed during burial diagenesis and 

its transformation mechanism is an unanswered subject (e.g., 
Shutov et al. 1970; Ehrenberg et al. 1993; Ruiz Cruz et al. 1993; 
Beaufort et al. 1998). 

Beside X-ray diffraction, high-resolution transmission elec-
tron microscopy (HRTEM) has contributed to the investigation 
of stacking structures in phyllosilicates. HRTEM imaging with 
the electron beam parallel to layers enables direct determination 
of the stacking sequence for individual layers, which is neces-
sary to analyze non-periodic structures, i.e., stacking disorders 
or faults. After several pioneering works (e.g., Iijima and Buseck 
1978), numerous HRTEM studies have revealed the stacking 
structures of various phyllosilicates. However, few studies ana-
lyzed the stacking in kaolin minerals (Ma and Eggleton 1999; 
Buatier et al. 2000) and signiÞ cant HRTEM study of the defect 
structures in kaolinite has not yet been done. This may be due to 
the fact that kaolin minerals are easily vitriÞ ed by the electron 
dose necessary to record images with high enough resolution to 
determine the stacking sequences of individual layers (Robertson 
and Eggleton 1991). In other words, HRTEM investigation of 
the defect structures in kaolinite is still a challenging topic for 
skilled electron microscopists. 

In the present paper we report the Þ rst HRTEM imaging of 
kaolinite and dickite with sufÞ cient resolution to determine their 
defect structures. The obtained results are conclusive with respect 
to the discussion of defects in kaolinite which has continued for 
almost 50 years.

SAMPLES AND METHODS

The specimen studied is kaolin separated from core samples of Rotliegend 
sandstone for the Broad Fourteens Basin in the North Sea, kindly donated by D. 
Beaufort of the Université de Poitiers (Beaufort et al. 1998). The burial depth 
is about 3500 m (estimated temperature 120�130 °C). X-ray powder diffraction 
indicated that the kaolin is a mixture of kaolinite and dickite, with the latter being * E-mail: kogure@eps.s.u-tokyo.ac.jp
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ABSTRACT

Near-atomic resolution TEM imaging has been successfully applied to determine the stacking de-
fect structures in kaolin minerals, especially kaolinite. The specimen studied is from the middle stage 
of the depth-related kaolinite-to-dickite transformation in a sandstone reservoir. Several high-quality 
images were recorded on Þ lms in which the tetrahedral and octahedral positions in the kaolinite unit 
layers are clearly resolved, despite the obstacle of electron radiation damage. Electron diffraction and 
high-resolution imaging of dickite showed that few stacking defects exist in this polytype. On the other 
hand, kaolinite crystals contain a high density of stacking defects. These defects or stacking disorders 
are formed by a mixture of two kinds of lateral interlayer shifts, t1 (approximately −a/3) and t2 (�a/3 + 
b/3), between adjacent layers. Disorder due to the coexistence of B and C layers (dickite-like stacking 
sequence) was never observed. These results provide not only an unambiguous settlement for the long 
-standing controversy of the defect structures in kaolinite, but also a new clue to understanding the 
kaolinite-to-dickite transformation mechanism.


