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ABSTRACT
Incommensurate modulation in ganophyllite crystals was investigated with selected-area electron
diffraction (SAED), high-resolution transmission electron microscopy (HRTEM), analytical electron microscopy (AEM), and single-crystal X-ray diffraction (XRD) techniques. The XRD data were
used to perform a new subcell (a = 5.550 Å, b = 13.539 Å, c = 25.134 Å, β = 93.928°) refinement of
the structure with a higher precision than previous refinements (R = 0.041). Although supercell reflections were too weak for collection with the diffractometer, the supercell was modeled by comparing experimental SAED patterns and HRTEM images to their simulated counterparts. These
simulations indicate that incommensurate modulation arises from offsets in the location of inverted
tetrahedra between adjacent [100] strips. The true supercell of incommensurate crystals involves a
tripling of the subcell a axis and at least a twelvefold increase in the b axis; previously identified
supercell reflections are actually aggregates of extremely closely spaced reflections in incommensurate crystals. Unlike commensurate crystals, the subcell c axis of incommensurate ganophyllite is not
doubled. AEM data suggest that the occurrence of commensurate or incommensurate forms is not
compositionally dependent.

INTRODUCTION
Ganophyllite is a manganese-bearing, modulated layer silicate. As with other minerals in this group (e.g., stilpnomelane,
bannisterite, etc.), modulation arises due to a mismatch between relatively large, Mn-rich octahedral sheets and relatively
small, Si-rich tetrahedral sheets. Eggleton and Guggenheim
(1986) approximated the chemical formula of ganophyllite as
(K,Na,Ca)6(Mg,Fe,Mn)24[Si32.5Al7.5]O96(OH)16·21H2O, Z = 8.
The Na end-member of ganophyllite is known as eggletonite
(Peacor et al. 1984).
Ganophyllite was first described by Hamberg (1890), but
Smith and Frondel (1968) determined that some samples identified as ganophyllite actually contained the previously
undescribed mineral bannisterite. They also noted weak
superlattice reflections that extended a body-centered subcell.
Based upon X-ray precession photographs, they suggested a
supercell (a = 16.60 Å, b = 27.04 Å, c = 50.34 Å, β = 94.3°)
with Aa or A2/a symmetry that involved tripling of the subcell
along a and doubling along both b and c. Smith and Frondel
(1968) also noted that samples had a micaceous cleavage parallel to (001) with secondary cleavages along (100) and (010),
and that this was consistent with a modified layer structure or
a combination of sheet and chain structures.
Jefferson (1978) reported the occurrence of both monoclinic
and triclinic varieties of ganophyllite based upon X-ray pre-
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cession photographs. Cell constants for the monoclinic
supercell were consistent with those of Smith and Frondel
(1968); cell constants for the triclinic form indicated a tripling
of the subcell along a, quadrupling along b, and no increase
along c. Jefferson (1978) used “structural column” models to
examine the supercell. In this technique, columns parallel to
[100] were aligned with different relative displacements along
a. Models for the triclinic and monoclinic forms were proposed,
based upon relative a/6 translations of the columns.
Kato (1980) performed a single-crystal structure refinement
of the subcell. This refinement (R = 0.078) demonstrated that
the lateral misfit between a Mn octahedral sheet and Si tetrahedra was accommodated by a modified layer structure, in
which the tetrahedral sheet was rifted into triple chains along
[100]. It also demonstrated that the octahedral sheet has a sinewave like morphology along [010]. The interlayer cation was
placed between rifts in adjacent sheets, along with associated
water molecules. Modulation was attributed to the ordering of
interlayer cations and water molecules in the interlayer and
site preferences for Al in the tetrahedral sheet.
Eggleton and Guggenheim (1986) used the data of Kato
(1980) to re-refine the subcell structure. This refinement (R =
0.097) identified the presence of inverted tetrahedra near the
rifted area, which extend into the interlayer. These tetrahedra
(Si4 and Si5) share apical O atoms with inverted tetrahedra
from the adjacent sheet. The inverted tetrahedra are similar in
structural function to those of other manganese phyllosilicates,
notably stilpnomelane and bannisterite. The occupancy of inverted tetrahedra was found to be approximately 1/3, whereas
the occupancy of adjacent tetrahedra (T3) at the edge of the
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