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Chemical control of 3T stacking order in a Li-poor biotite mica
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abstRaCt

The microstructural features of a biotite (Mg-rich annite) crystal from dacite rocks of Džep, Serbia, 
were studied by X-ray diffraction topography (XRDT) and high-resolution and analytical transmission 
electron microscopy (HRTEM and ATEM, respectively). The average chemical composition, obtained 
by electron microprobe analysis (EMPA) and secondary-ion mass spectrometry (SIMS) data, is 

(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)1.53O0.35F0.10Cl0.02]Σ=2.00.

Inhomogeneous regions from either different polytypes or twins were mapped by XRDT, and these 
images were used to guide sampling for TEM analysis. Three stacking arrangements, each belonging 
to subfamily-A of mica polytypes, were identified by selected area electron diffraction (SAED) pat-
terns and HRTEM images: (1) dominant semi-random 1Mr-n(120°), including an occasional repetition 
of long-period inhomogeneous stacking sequences belonging to the 3T structural series; (2) highly 
faulted 2M1, sometimes with short-range-ordered long-period inhomogeneous sequences based on the 
2M1 structural series; and (3) perfectly ordered 3T stacking repeating over long distances (several mi-
crometers). ATEM data revealed that the microchemical composition of 3T differs from that of the host 
matrix. The 3T is enriched in interlayer cations (K and Na), and depleted in Si and octahedral cations. 
No evidence of Li was detected. Compositional control on the stability of 3T stacking is suggested.
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intRoduCtion

Micas are major rock-forming minerals of the Earth’s crust 
and have been the subject of many investigations. Special atten-
tion has been paid to their propensity to form polytypic structures 
(Baronnet 1992 and references therein).

One concern about mica polytypism (and polytypism in gen-
eral) relates to whether polytypes are genuine equilibrium phases 
or phases controlled by kinetic growth factors. The understanding 
of the factors responsible for various polytypes in micas is im-
portant for field and experimental studies insofar as polytypism 
is an indicator of the conditions prevailing during petrogenesis. 
For example, phengitic muscovite favors 3T stacking over 2M1 
stacking at high pressure (Sassi et al. 1994; Amisano-Canesi et 
al. 1994; Pavese et al. 1997, 1999, 2000).

Unlike stoichiometric compounds (e.g., SiC), micas are 
compositionally complex and the probability that many factors 
are involved in mica polytype formation is high. The most likely 
factors (Amouric and Baronnet 1983) are (1) composition of 
the crystallizing melt/fluid; (2) temperature and (H2O) pressure 
of formation; (3) crystal-chemistry-induced distortions; (4) 
stacking-scheme-induced distortions; and (5) growth mecha-
nisms. Whereas the first four are primarily related to equilibrium 
thermodynamics, the last factor is not and may be able to operate 
independently. These two general factors account for the mica 

literature on polytypism in the past 70 years.
Pandey et al. (1982) demonstrated how all inhomogeneous 

and long-period stacking sequences could be explained by a 
spiral growth mechanism, owing to screw dislocations created in 
a faulted matrix of the basic 1M, 2M1, and 3T structures. In this 
case, no structural control is required because the spiral growth 
has its own memory. However, the faulted matrix model may 
not satisfactorily account for the common simple polytypes, 
for which structural control should prevail (Smith and Yoder 
1956).

On the other hand, Güven (1971) and others used the deriva-
tive crystal structure theory of Buerger (1947) to study variations 
in the crystal structure of micas as a function of compositional 
substitutions, cation ordering, and polyhedra distortions to 
explain mica polytypism. Similarly, structural control for the 
formation of regular stacking of the simple polytypes 1M and 
2M1 was proposed for volcanic (hydrogenated) oxybiotites from 
Ruiz Peak, New Mexico (Takeda and Ross 1975), and extended 
also to plutonic biotites (Bigi and Brigatti 1994). Takeda and 
Ross (1975) found dissimilarities in the unit-layer structure 
of the two polytypes, owing to different atomic and geometric 
constraints that each unit-layer exerts over adjacent layers, as a 
function of their relative orientation (stacking angle). The authors 
designated these constraints as the cause, once a platelet with 
1M or 2M1 stacking is formed, for subsequent structural control 
for an ordered sequence.

Although some authors maintained that chemical composi-* E-mail: r.fregola@geomin.uniba.it


