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Abstract

In the beginning of the 19th century, Brewster began to observe minerals using the polarized microscopy, and first
found the sectors showing optically uniaxial and biaxial symmetries in a thin section of a morphologically tetragonal
apophyllite in 1819. When the symmetry observed by polarized microscope was lower than a morphological or X-
ray analytical symmetry, this optical property had been thought to be anomalous, and it has been termed an “optical
anomaly” since the 19th century.

The objective of this study explains the origin of optical property termed an “optical anomaly” of some crystals,
which is an interested problem since the 19th century. Based on the results from the optical observations and
structural analyses, the origin of optical property was discussed from a structural viewpoint. In the first chapter, the
significance of the mineralogical phenomenon termed an  “optical anomaly” was discussed from the results of this
and recent studies, and in the appendix, how to describe the crystal with growth sectors showing different symmetry
was noted on the basis of the nomenclature proposed by International Mineralogical Association (IMA) and
International Union of Crystallography (IUCr).

In the second chapter, the crystal structures of vesuvianite, which was from Bellecombe, Aosta, Italy, were studied
by means of single crystal X-ray and P-FTIR analyses, and the origins of optical property and internal texture were
discussed. The specimens showed triclinic property with optical observation, though the triclinicity was low, and
therefore the crystal structure refinements were carried out in monoclinic symmetry. From P-FTIR analyses, OH
dipole is randomly orientated in the sectors. The crystal structure refinement in monoclinic symmetry (space group
PZ/n) suggests that site occupancies are slightly different among the Al(2) series. A relationship between the surface
and internal textures suggests that these sectored structures with different symmetry were produced during crystal
growth, not by phase transition.

In the third chapter, the crystal structure of sectored mimetite, which was from Hay Yai, Thailand, was studied by
single crystal X-ray methods, and the origin of the dilution of the symmetry from hexagonal to monoclinic was
discussed. The {0001} sector consists of some fine domains between crossed nicols. From the observations of the
crystal morphology and surface texture, these textures are considered to be produced during crystal growth with fine

irregular domains on the (0001) surface. The {1010} sector is optically monoclinic, and its X-ray diffraction pattern
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suggests the possible space group P2J/m. The results of refinement of site occupancy, thermal parameter, and bond
length indicated the existence of a small degree of ordering of As and P at the As sites, which is considered to be the
cause of the dilution of the symmetry from hexagonal to monoclinic.

Since the 19th century, the phenomenon termed an  “optical anomaly” is explained, as the optical property does
not correspond with the symmetry expected from the crystal form and X-ray diffraction. However this explanation
is not suitable because the origin of the phenomenon termed an “optical anomaly” is atomic ordering, and this
result is analyzed by X-ray methods. That is, opﬁcal property corresponds to X-ray analytical symmetry, and
therefore this phenomenon termed an “optical anomaly” since the 19th century is not anomalous.

The primarily expected symmetry of vesuvianite is tetragonal, though the optical symmetry is monoclinic or
triclinic in the second chapter, and therefore the true structure is also monoclinic or triclinic. The sectors with
different crystal structures coexist in one crystal. In mineralogy, the substances, which have same chemical
compositions and other structures, is regarded as other phases and given other mineral names. In thermal experiment
of vesuvianite, the 2V value of the biaxial sector became small by heating, and the crystal structure changed toward
tetragonal symmetry. It is suggested that the stable phase under ambient condition is triclinic, and tetragonal
structure is stable under high temperature condition. Furthermore, the monoclinic and triclinic vesuvianite crystals
have Al*-Fe* ordered structure. In general, ordered structure is regarded as low temperature phase than disordered
structure, and therefore monoclinic and triclinic vesuvianite is considered low temperature phase than tetragonal
vesuvianite, whereas it is considered that there is no significant difference of stability among the phases because the
structures of these crystals are very similar. Since these phases are considered to have other crystal structures and
other growth conditions, other mineral names can be mineralogically given to these phases. In the appendix, thus,
how to describe the crystal with growth sectors showing other symmetry is noted, and it is proposed in the appendix
that the crystal class is expressed by adjectival modifiers, and therefore, for example, the crystal in triclinic sector of
vesuvianite is expressed as triclinic vesuvianite.

The phenomenon termed an  “optical anomaly”  since the 19th century is not anomalous, because it is shown in
this study that the structural symmetry corresponds with the optical symmetry, and therefore the terms such
“optical anomaly” is not suitable. Since the phenomenon is not mineralogically anomalous, this phenomenon need

not made an exception.
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