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The true structure of wonesite, an interlayer-deÞcient trioctahedral sodium mica
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ABSTRACT
Wonesite, an interlayer-deÞcient trioctahedral sodium mica, has been investigated mainly by highresolution transmission electron microscopy (HRTEM) and X-ray diffraction (XRD) using a GandolÞ
camera. The true structure of wonesite is triclinic with a large layer offset, i.e., displacement between
the two tetrahedral sheets across the interlayer region, which is partially occupied by sodium ions.
–
The direction and amount of the layer offset is approximately [110] and 1.25 Å respectively, with
unit-cell dimensions of a = 5.31, b = 9.18, and c = 9.75 Å, α = 96.2, β = 96.5, γ = 89.9°. This interlayer
structure, which is similar to that in talc, explains well the exsolution lamellae of talc in wonesite
with continuous 2:1 layers. The volume ratio of wonesite and exsolved talc is estimated to be 4:1 to
5:1 from the XRD patterns. Disorder in the directions of the layer offset is occasionally observed in
TEM. The interlayer in sodium micas (preiswerkite, paragonite, aspidolite, wonesite, etc.) possesses
various amounts of layer offset, depending on the cavity space in the tetrahedral sheet that is primarily
determined by the ditrigonal rotation angle.

INTRODUCTION
Wonesite is a rock-forming phyllosilicate discovered Þrst by
Spear et al. (1981) from the Post Pond volcanics in Vermont.
They reported that the mineral consists of a trioctahedral 2:1 layer
and sodium-dominant interlayer cations. Occupancy of cations
at the interlayer sites or layer charge is less than but close to 0.5.
Although this value does not satisfy the recent deÞnition of mica
in which the layer charge must be greater than 0.6, wonesite
exceptionally belongs to the mica group (an interlayer-deÞcient
trioctahedral mica) because it does not have swelling or expanding capabilities (Spear et al. 1981; Rieder et al. 1998). The crystal
structure of wonesite was reported as monoclinic (C2/m) with
one-layer periodicity. However, the reported β angle is 103.18°,
signiÞcantly larger than that (ca. 100°) for normal one-layer micas. Single-crystal structure analysis was not completed owing to
a Þne intergrowth with other phyllosilicates (phlogopite and/or
talc), and the origin of this large β angle is not yet clear.
Veblen (1983a, 1983b) investigated the microstructure of
wonesite from the same locality using transmission electron
microscopy (TEM). His outstanding discovery was Þne exsolution lamellae of talc in wonesite. He indicated that wonesite
has a greater interlayer occupancy than that calculated from
bulk chemical analysis. Interestingly, the boundaries of the two
phases are inclined and cross the basal planes of wonesite and
talc (Veblen 1983a). Moreover, the 2:1 layers in wonesite and
talc appear continuous across the boundaries in his HRTEM
image. It is well known that adjacent 2:1 layers in normal micas
are interlocked by the presence of the interlayer cations at the
cavity space formed by the oxygen hexagonal rings in the tetrahedral sheets. On the other hand, the two adjacent layers are
displaced by almost a/3 at the interlayer region in talc where no
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interlayer cations exist (Evans and Guggenheim 1988). Hence
continuity of the 2:1 layers across the mica-talc boundaries seems
difÞcult, if the different interlayer structures of the two minerals
are preserved.
Recently Kogure et al. (2004) investigated the structure of
aspidolite, the Na analogue of phlogopite (previously called
sodium-phlogopite), mainly by using HRTEM. They found that
the interlayer structure in aspidolite (precisely aluminian aspidolite from its composition) is not the same as that in phlogopite.
A large layer offset of about a/6, i.e., displacement between
the two tetrahedral sheets across the interlayer region (Bailey
1984), is found in aspidolite, which results in a triclinic unit cell
(aspidolite-1A) and a monoclinic cell (aspidolite-1M) depending
on the direction of the layer offset relative to that of intralayer
shift in the 2:1 layer. Such a large layer offset is ascribed to the
small ionic radius of sodium compared to the cavity space in
the tetrahedral sheet. Prompted by this result and questions on
the reported structure of wonesite as mentioned above, we have
investigated the structure of wonesite by HRTEM and XRD.
The obtained results indicate that this interlayer-deÞcient sodium
mica also contains a large layer offset, more resembling talc than
normal potassium micas.

SAMPLES AND METHODS
Rock fragments containing wonesite from the Post Pond volcanics, Vermont,
were obtained from the National Museum of Natural History, Washington, D.C.
(catalog no. NMNH 145724) and from Dr. S. Guggenheim, University of Illinois
at Chicago. Electron microprobe analyses of wonesite indicated almost the same
composition as reported by Spear et al. (1981). Specimens for TEM examination
along [hk0] directions were prepared by using the method described in Kogure
(2002). Platy wonesite crystals obtained from the rock were embedded with epoxy
resin between two glass slides. After hardening, the glass slides were cut using a
diamond wheel to laths of about 1 mm thickness. The laths were thinned to about
50 μm by mechanical grinding and Þnal thinning was by argon ion milling. HRTEM
examination was performed at 200 kV using a JEOL JEM-2010 with a nominal

