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~ Abstract

" Below 107°C meteoritic tridymite transforms reversibly to the low-tridymite structure, a

superstructure with a cell volu

me six times the volume of the orthorhombic high-tridymite

cell. Low tridymite is monoclinic, space group Cc, with cell dimensions:. a=18.524(4),

© 5=5.0032(15), ¢=23810(8)A, f=105.62(2)°. The crystal

structure has been determined

~ through computer modeling and refined using 1260 MoKa reflections (R=0.069). The asym-

~ metric unit contains 12 Si atoms and 2
margin of error (mean Si

4 O atoms. The SiO, tetrahedra are regular within the
-0: 1.601A). Twenty-three of the 24 Si-O-Si angles fall in the range

142° to 159°, while one is linear (178.5°). The characteristic six-membered rings of the ideal

tridymite structure are distorted into two d

ifferent configurations: two-thirds have a ditrigonal

shape (similar to the shape of the rings found ir: micas and in stuffed derivative structures of

tridymite) while one-third have an oval shape (simil

" structure).

e 5 ‘;'Introductionw : e
_ In spite of its simple chemical formula, SiO, is

structurally a remarkably complex material. At least
~ten polymorphs have been recognized, but the crystal
~ structures of several of these are unknown or only

_incompletely known. One of the unknown SiO, struc-
tures is that of meteoritic low tridymite. Tridymite is
~ tne stable phase of SiO, at low pressure and temper-
atures between 867 and 1470°C (Boyd and England,
 1960). Its stability field is rapidly reduced with in-
~ creasing pressure. The atomic arrangement has not
been studied with modern methods at equilibrium
conditions, but it is thought to be closely similar to

the ideal hexagonal high-tridymite structure (Gibbs,

~ 1926). Due to the reconstructive nature of transfor-

~ mations to other polymorphs, tridymite tends to per-

sist metastably upon rapid cooling. The crystal struc-

- ture at 220° has been determined using a sample from .
" the Steinbach meteorite (Dollase, 1967). This struc-
" ture is orthothombic, C222,, with an atomic arrange-
_ ment slightly distorted from the ideal hexagonal
' structure. Below about 107°C this tridyrhite under-
: =971

ar to those found in the low-cristobalite

goes a reversible displacive transformation to the

‘low-tridymite structure. The structural relaxationoc- =

curring at the transformation results in the formation
of a superstructure with a cell volume six times the
volume of the orthorhombic cell. =~ e

The meteoritic low tridymite is different from ter-
restrial low tridymite, which has the diffraction as-
pectEX 2, orthorhombic (Gardner and Appleman,
1974). The structure of one such terrestrial tridymite
has been solved by Konnert and Appleman (1975)in =
a triclinic F1 cell. Ry G

To date no systematic method has been presented
for the solution of superstructures, although many
different techniques have been applied with varying
degrees of success. Most of the methods employed
the diffraction evidence itself, although this presents a

problem, as superstructures are .characterized by a e
small set of intense substructure peaks (containing. e

primarily information on the average structure)anda
larger set of much weaker superstructure reflections &
which contain information about the deviations be-
tween the vrrious sub-cells comprising the true cell. -
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