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A 94-layer long-period mica polytype: A TEM study
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abstRact

A 94-layer long-period mica polytype was studied by transmission electron microscopy (TEM). 
This is the longest periodicity found up to now in micas (c ≈ 95.9 nm). It was observed in a fragment 
of a Mg-rich annite (biotite) crystal from dacite rocks of Džep, Serbia. The crystal region containing 
it extends about 800 nm along 1/c*.

One-dimensional lattice fringe images obtained by bright-field (BF) illumination allowed identifica-
tion of the very long-period polytype. The latter was characterized by selected-area electron diffraction 
(SAED) and high-resolution transmission electron microscopy (HRTEM). It is an inhomogeneous 
polytype belonging to the subfamily-A, based on the 2M1 structural series. Its 94-layer stacking sequence 
is: [(22)3202(22)322(22)222(22)322(22)202(22)22(22)322(22)222(22)422(22)222(22)322(22)422(22)222]. 
The fringe contrasts of the BF images were correlated to the stacking sequence determined from HR 
images. The correlation verified that the same sequence occurred eight consecutive times. Analytical 
electron microscopy (AEM) revealed that the chemical composition of the 94-layer mica polytype 
is similar to that previously observed in randomly stacked and faulted areas of the same crystal. No 
remarkable chemical variation occurs between the 94-layer polytype and its adjacent crystal regions, 
the latter containing non-periodic stacking faults.
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intRoduction

Micas’ polytypism has been the subject of many investiga-
tions. It arises from structural features [see Ferraris and Ivaldi 
(2002) for a review], i.e., from the ideally hexagonal symmetry 
of the tetrahedral ring, leading to six possible stacking vectors 
rotated 60° apart about c*. All of these stacking vectors may ac-
complish the ±a/3 intralayer stagger, that is, the shift by which 
two adjacent planes of apical O atoms belonging to distinct tetra-
hedral sheets within one TOT unit-layer are stacked. The different 
sequences of the stacking vectors produce different polytypes. 
Mica homogeneous polytypes are those in which the position of 
any layer relative to the others and the transition from one layer to 
another are the same or equivalent for all layers (Zvyagin 1988). 
They were derived by and termed simple polytypes by Smith and 
Yoder (1956) and include 1M, 2M1, 3T, 2M2, 2O, and 6H. The 
former three belong to the subfamily-A and the latter three to 
the subfamily-B of mica polytypes, characterized by sequences 
of stacking vectors with either 2n·60° or (2n+1)·60° successive 
layer rotations, respectively. In the mixed-rotation subfamily 
of polytypes, both the above-mentioned types of rotation occur 
(Backhaus and Ďurovič 1984; Nespolo 1999).

Biotite samples from both igneous and metamorphic regimes 
often consist of several coexisting polytypes. The most com-
mon is 1M, followed by 2M1, as well as inhomogeneous forms. 
Disordered 1Mr-n(120°) layer stacking sequences, with random 
2n·60°successive layer rotations, are also common. On diffrac-
tion patterns, this rotational disorder is identified by continuous 
to semi-continuous streaking parallel to c* along the k ≠ 0(mod3) 

rows. This streaking, especially when accompanied by sharp 
sub-cell spots, may also be due to unresolved periodic stacking 
faults related to long-period inhomogeneous polytypes (Ross et 
al. 1966). Mica inhomogeneous polytypes (Zvyagin 1988) are 
complex forms belonging to the structural series of a homoge-
neous polytype. Their stacking sequence consists of that of a 
homogeneous polytype broken-up by periodic stacking faults. 
Most of them belong to the 1M and 3T structural series. Those 
belonging to the 2M1 structural series, with stacking symbol 
[(22)n22] in Ross-Takeda-Wones (RTW) notation (Ross et al. 
1966), are less common (Takeda and Ross 1995).

The stacking sequences of long-period inhomogeneous mica 
polytypes can be unambiguously determined using high-resolution 
transmission electron microscopy images recorded down two zone 
axes rotated 30° apart about c* (e.g., [010] and [110]). Up to now, 
the longest ordered stacking sequence in micas was that of a 36-layer 
mixed rotation polytype found in a crystal of oxidized biotite from 
the Ruiz Peak rhyodacite rocks (Kogure and Nespolo 1999).

A longer periodicity 94-layer mica polytype was observed 
by transmission electron microscopy (TEM) for the first time in 
this paper. It was found in a fragment (γ1a) of the same biotite 
crystal labeled Bt9568a from dacite rocks of Džep, Serbia, of 
a previous study (Fregola et al. 2009). Bt9568a was previously 
analyzed by means of X-ray diffraction topography (XRDT), 
electron microprobe analyses (EMPA), and secondary-ion mass 
spectrometry (SIMS). Chemical analyses proved that it is a Mg-
rich annite with average composition

(K0.87Na0.05Ca0.01)Σ=0.93(Fe2+
1.36Mg1.25Ti0.22Al0.14Mn0.03Li0.01)Σ=3.01 

(Si2.84Al1.16)Σ=4.00O10[(OH)1.535O0.35F0.095Cl0.02]Σ=2.00.* E-mail: r.fregola@geomin.uniba.it


