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abStract

The 2M1-phlogopite from the potassic gabbronorite (Black Hill, Australia) has been studied by 
electron microprobe and single-crystal X-ray diffraction analyses. The crystal-chemical formula was 
(K0.95Na0.01)(Al0.15Mg1.27Fe2+

1.16Fe3+
0.04Ti4+

0.38)(Si2.85Al1.15)O10.76F0.11Cl0.03OH1.10. The structural analysis has 
shown that the crystal has the cell parameters a = 5.352(1), b = 9.268(1), c = 20.168(1) Å, and β 
= 95.10(1)° and exhibits symmetry lowering from the ideal space group C2/c to C1. An octahedral 
cation ordering pattern was revealed from the refined site-scattering powers. Specifically, using the 
scattering species Mg vs. Fe, it was found that the M1 site at z = 0 was occupied principally by Mg 
(~77%) and subordinately by Fe (~23%), whereas that at z = 0.5 was completely occupied by Fe; the 
M2 sites at z = 0 displayed ~88% Mg and ~12% Fe, whereas those at z = 0.5 were occupied by ~86% 
Fe and ~14% Mg. The analysis of geometrical features shows that the Ti uptake in the structure via the 
Ti-oxy mechanism induces structural distortions of different extents on the z = 0 and z = 0.5 layers, 
with stronger effects for the layer at z = 0. Minor chemical and structural differences, instead, affect 
the T sheets at z = 0 and z = 0.5.
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introduction

Trioctahedral micas are principally 1M polytype and only 
subordinately 2M1, 2M2, and 3T (Bailey 1984), whereas di-
octahedral micas are prevalently 2M1 polytypes, although 3T 
and 1M structures have been found (Brigatti and Guggenheim 
2002). For such a reason, polytype 2M1 in trioctahedral micas 
are comparatively less studied than the 1M polytype. The 2M1 
polytype has ideally C2/c symmetry.

The crystal-chemical features of 2M1-biotites with C2/c space 
group have been analyzed by several authors (for a review see 
Scordari et al. 2012 and references therein), whereas the cases 
of 2M1 trioctahedral micas with symmetry lowering have been 
less documented. Specifically, Takeda and Ross (1975) and Ohta 
et al. (1982) studied the coexistence of 1M and 2M1 polytypes in 
Ruiz Peak (New Mexico) oxy-biotite. They found that the unit 
layer of 2M1 polytype is characterized, relative to the unit layer of 
1M polytype, by a shift along ±b of the upper and lower triads of 
octahedral oxygen atoms. As a consequence, the layer symmetry 
is better described in space group C1. Other instances of 2M1 
micas showing symmetry different from C2/c, namely Cc (Lin 
and Guggenheim 1983; Lahti and Saikkonen 1985; Rieder et al. 
1996), C1 (Slade et al. 1987), C1 (Swanson and Bailey 1981), 
Am (Bujnowski et al. 2009) are characterized by remarkably rare 
composition and/or cation ordering.

Lin and Guggenheim (1983) refined in space group Cc the 
structure of a mica specimen with composition intermediate 

between a bityite-2M1 and a margarite-2M1, i.e., a trioctahedral 
and a dioctahedral mica, respectively. The nearly complete tetra-
hedral ordering of Al, Be relative to Si and the pattern that these 
atoms take on resulted in the violation of the center of symmetry 
of the C2/c space group, leading to the final Cc symmetry. The 
authors also reported octahedral cation ordering (Li and vacancy 
partitioned at M1; Al at M2 and M3 octahedral sites, respectively) 
that, however, was not involved in the symmetry lowering. Lahti 
and Saikkonen (1985) document ordering of tetrahedral Si and 
Al+Be in bityite from pegmatites of the Eräjärvi area at Orivesi, 
Finland on the basis of the analysis of infrared absorption bands. 
By contrast, Rieder et al. (1996) analyzed zinnwaldite from mine 
Barbora, Krupka, Czech Republic, and found very low degree 
of tetrahedral ordering but remarkable octahedral ordering: Li 
and Fe2+ prefer Ml (M3) to M2, whereas Al does the opposite. 
Slade et al. (1987) refined the ephesite structure in space group 
C1. In this case, both tetrahedral and octahedral cation order-
ing was revealed. The presence of reflections violating the c 
glide plane and the occurrence of stacking disorder were also 
highlighted. Swanson and Bailey (1981) studying a lepidolite 
from Biskupice, Czech Republic, found the presence of some 
h0l reflection pointing to a small deviation from the monoclinic 
symmetry C2/c and concluded that the most likely space group 
of this mica was C1 not on the basis of structure refinement but 
as a result of a second harmonic generation test.

In the present work, a 2M1-phlogopite from potassic gab-
bronorite plutons of the Black Hills region, south Australia, 
petrologically characterized by Turner (1996) is considered. * E-mail: fernando.scordari@uniba.it 


