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ABSTRACT
The crystal structure and M-site populations of a series of micas-1M from miarolitic pegmatites
that formed within host granitic rocks of the Precambrian, anorogenic Pikes Peak batholith, central
Colorado, were determined by single-crystal X-ray diffraction data. Crystals fall in the polylithionitesiderophyllite-annite field, being 0 ≤ Li ≤ 2.82, 0.90 ≤ Fetotal ≤ 5.00, 0.26 ≤ [6]Al ≤ 2.23 apfu. Ordering
of trivalent cations (mainly Al3+) is revealed in a cis-octahedral site (M2 or M3), which leads to a
lowering of the layer symmetry from C12/m(1) (siderophyllite and annite crystals) to C12(1) diperiodic
group (lithian siderophyllite and ferroan polylithionite crystals). On the basis of mean bond length,
the ordering scheme of octahedral cations is mostly meso-octahedral, whereas the mean electron
count at each M site suggests both meso- and hetero-octahedral ordering, the calculated mean atomic
numbers being M1 = M3 ≠ M2, M2 = M3 ≠ M1 and M1 ≠ M2 ≠ M3. As the siderophyllite content
increases, so do the a, b, and c unit-cell parameters, as well as the refractive indices, primarily nβ.
The tetrahedral rotation angle, α, is generally small (1.51 ≤ α ≤ 5.04°) and roughly increases with
polylithionite content, whereas the basal oxygen out-of-plane tilting, ∆z, is sensitive both to octahedral composition and degree of order (0.0 ≤ ∆z ≤ 0.009 Å for siderophyllite and annite, 0.058 ≤ ∆z ≤
0.144 Å for lithian siderophyllite and ferroan polylithionite crystals).

INTRODUCTION
This study concerns the crystal chemistry of trioctahedral
micas from pegmatites associated with granitic units of the
anorogenic Pikes Peak batholith (PPB), central Colorado. The
PPB is a result of a complex magmatic history of crystallization and crustal assimilation, beginning with a mantle-derived
basaltic magma and culminating with the miarolitic cavity stage
of pegmatite evolution that represents the final product of crystallization (Simmons et al. 1987; Wobus and Hutchinson 1988;
Černý, 1991; Foord et al. 1995; Kile and Foord 1998). Micas
widely vary in composition, from annite in the host granite
through siderophyllite and ferroan phlogopite in graphic
pegmatites, and finally to lithian siderophyllite and ferroan
polylithionite in miarolitic cavities (Foord et al. 1995; Kile and
Foord 1998). In miarolitic pegmatites, micas, which are frequently Li- and Fe-enriched, have been used as markers of
chemical fractionation and as petrogenetic indicators, as well
as for characterizing relative HF, HCl, O2, and H2O fugacities
in fluids (Foord et al. 1995; Kile and Foord 1998). Therefore,
the knowledge of crystal structure and chemistry, as well as of
octahedral cation partitioning, can further our understanding
of pegmatite evolution and conditions of crystallization.
The crystal structure of micas in the siderophyllitepolylithionite join was studied, for example, by Takeda et al.
(1971), Sartori et al. (1973), Sartori (1976, 1977), Guggenheim
and Bailey (1977), Brown (1978), Guggenheim (1981),
Swanson and Bailey (1981), Backhaus (1983), Weiss et al.
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(1993), and Rieder et al. (1996). An interesting feature of these
trioctahedral micas is the octahedral ordering pattern. The ideal
layer symmetry reduces from C2/m to C2 space group, more
precisely, referring to diperiodic groups, from C12/m(1) to
C12(1) (Dornberger-Schiff et al. 1982), as the result of a different cation ordering in cis-octahedral sites.
Depending on the cation distribution of octahedral sites,
Ďurovič (1994) subdivided micas in: (1) homo-octahedral (all
three octahedral sites are occupied by the same kind of ions),
(2) meso-octahedral (one site is occupied by a cation different
from that in the other two sites), (3) hetero-octahedral (each of
the three sites is differently occupied). The location of the origin of the octahedral sheet corresponds: (1) to the M1 site for
homo-octahedral micas, (2) to the site with different occupation for meso-octahedral micas, and (3) to the site with the
lowest electron density in hetero-octahedral micas (Ďurovič et
al. 1984). Consequently, two kinds of layers exist (Zvyagin
1997; Nespolo et al. 1999): the M1 layer has an origin of the
octahedral sheet in M1 site, whereas the M2 layer originates in
either M2 or M3 site. The M1 layer is far more common. Mesotrioctahedral crystals along the trilithionite-polylithionite join,
solved in the space group C2/m for 1M [Takeda and Burnham
1969, Guggenheim 1981 (lepidolite-1M from Radkovice)] and
C2/c for 2M1 (Swanson and Bailey 1981) or 2M2 polytypes
[Guggenheim 1981 (lepidolite-2M2 from Radkovice)], suggest
the presence of M1 layers. Hetero-trioctahedral Li-rich micas1M (zinnwaldite-1M) refined by Guggenheim and Bailey (1977)
and by Backhaus (1983) (lepidolite-1M) in C2 subgroup were
built up of M2 layers and M1 layers, respectively. Furthermore,
the refinement of a 2M1 polytype (zinnwaldite-2M1), in the space
group Cc (Rieder et al. 1996) indicates an octahedral cation
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