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It is attempted to study the arrangement of micro-cerystals of calci-
um carbonate in the fossil shells of Glycymeris yessoensis SOWERBY
by means of X-rays. These fossil shells can be found in Japanese
Islands in each of the successive geological formations beginning with
Miocene up to the recent. Following seven specimens from different
geological formations were examined; (1) Recent, (2) Upper Pleisto-
cence, Susui, Tiba, (3) Lower Pleistocene, Honda, Tiba, (4) Upper
Pliocene, Sanukimati, Tiba, (5) Lower Pliocene, Yasuda, Akita, (6)
Lower Pliocene, Nagaya, Kanazawa, and (7) Miocene, Kenomaigawa,
Hidaka.

- Lxperimental.

It is revealed under microscope that these shells consist of three
layers @, b and b’ generally, each comprising fine stratifications, as
shown in Tig. 1 and the relative thickness of the layers is modified
to some extent for different parts of the shell.

A fine beam of X-rays is sent in the direction perpendicular to
the specimen cut in the plane perpendicular to the shell surface through
its central axis and the diffraction pattern is obtained on the photo-
graphic plate placed behind the specimen. The pattern is also obtained
in the same way with the specimen cut in the plane parallel to the
surface of the shell.

For producing X-rays, a metal tube equipped with copper-anti-
cathode is used. Besides Cu~K radiation, a certain amount of W-L
radiation is contained in the X-rays which is due to tungsten sputtered
on the anticathode. In the present experiment, however, there is no
difficulty in determining whether a certain diffraction ring or spot
is due to Cu-K or to W-L. :

The degree of dispersion of fibrous arrangement.
It is ascertained from the examination of the X-ray diffraction
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figures thus obtained that calcium carbonate in the shell of Glycymeris
yessoensis SOWERBY is in the form of micro-crystals of aragonite and
also that they are arranged in fibrous structure, the axis of which
being in the direction perpendicular to the stratifications for each layer
a, b or b’ respectively, while the c-axis of the orthorhombic lattice
of aragonite agrees in average with the axis of the fibre. It is to
be noticed here that each diffraction spot is elongated along the circu-
lar arc with respect to the centre of the diffraction figure as shown
in Fig. 11, which is a schematical sketch of the most prominent dif-
fraction pattern due to (021) planes of aragonite lattice. This elonga-
tion indicates that a certain amount of fluctuations exists in the orienta-
tions of the c-axis of the aragonite lattice in the fossil shells. Thus,
the degree of dispersion of these fibrous arrangement, i.e., the range
of angle @, which the c-axes of aragonite crystals subtend with the
axis of fibre (Fig. 12), is estimated for each fossils shells examined
and are tabulated in the accompanying table.
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Fig. 11. Fig. 12.
Z: Direction of the normal Z: Axis of fibrous structure.
to the stratification. C: C-axis of aragonite.
Table I.

- - fli)l:gree of dispersion of I

. e rous arrangement, 0 e
Geological epqchs and localities Tnner Middle | Outer (B]I;dgie)

- layer layer- layer ¥

Recent St. 645. 9° 8-5° s

Upper pleistocenc Du I, Susui, Tiba. 15 7-5 s
Lower pleistocene Honda, Tiba. 15-8 23 w
Upper pliocene Sanuki, Tiba. 22:5 11-5 o ms
Lower pliocene Yasuda, Akita. 13- . 28° - m
Lower pliocene Nagaya, Kanazawa. 22 31-5 w
 Miocene Kenomaigawa, Hidaka. 33 35 w

I: Intensities of the diffractions with smaller angles.
s, strong; m; medium; w, weak.
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It is clearly seen that & becomes larger as the shell becomes older
in geological age. The specimen from Honda which has an extraordi-
nary large value of @ may be looked upon as exceptional.

The diffraction figure of the shell of Miocene, Hidaka, shows quite
different features in comparison with those of -other ones (Fig. 9, Fig.
10). A number of discrete Laue-spots are superposed which are due
to single crystals of comparatively .large dimensions, the largest one
of which observed under nicol-microscope being as large as 0'5mm
in diameter. It is also remarkable that some traces of stratifications
are kept still distinctly in this Miocene shell (Fig.3, Fig.4).

Diffractions with smaller angles.

There are some prominent diffractions with smaller diffraction
angles, especially for the middle layer of the shell. They correspond
to the molecular periodicity of about 8:4 A in the direction perpendicu-
lar to (021) plane of aragonite crystal, and may probably be due to
some biocolloidal matter deposited on the grain boundary of micro-
crystals of aragonite in the course of growth of the shells. These
diffractions with the smaller angles diminish in intensitiy as the shell
becomes older as shown in the last column of the TableI. '

Discussion.

In connection with the results described above, the following al-
ternative explanations may be proposed.

First, it may be considered that the degree of dispersion of
fibrous arrangement in Glycymeris yessoensis SOWERBY from different
geological formations had been different in their original living states,
or in other words, these fossil shells had not suffered any serious
change so far as the arrangement of micro-crystals are concerned in
spite of the long geological aging. Dr. Jinzo Tsutsumi® examined
the arrangements of calcium carbonate for a number of different
species of living moluscan shells by means of X-rays and showed
that the micro-crystals of calcite or aragonite are in fibrous arrange-
ment, the degree of dispersion of which being a characteristic property
for each species. In the present case, therefore, it may not be quite
absurd to make such an assumption described above, although without
any positive proof.

If we assumie next, that the structure of the shells had been the
same initially, then the observed changes in the diffraction figures may
be looked upon as the effect of aging which the shells had suffered.

1) J. Tsursumi: Memoirs Coll. Sci., Kyoto Imp. Univ., [4], 12 (1929), 199.



Pat3.] Arrangement of Micro-Crystals of Calcium Carbonate. 663

The shell has not an isotropic structure, but has distinct strati-
fications as shown above and the elastic properties should, accordingly,
be different for different directions. Thus, if the shell with such a
structure be put under external stresses, the heterogeneous strain will
be developed within it even if the stress be hydrostatical. It is well
known that when some polycrystalline metal sheet such as one of almi-
nium is rolled, rearrangements of micro-crystals take place, with the
result that a certain axis of the crystal lattice is arranged fibrously in
the- direction parallel to that of rolling. In the course of aging of
fossil shells, nearly the same process of rearrangement of micro-
crystals may take place. -

There is still another possibility for explaining the rearrangement
of micro-crystals in the shells even if any sensible effect of external
stress had not existed; namely, if some reagent existing in the bound-
aries of micro-crystals that is capable of restricting the orientation
of each of the micro-crystals to assume the fibrous arrangement, be
lost gradually with time, then some disturbances may be expected to
occeur in the initial fibrous structure. The diminution in intensity of
the diffraction with smaller angles described above may be in good
accordance with these views. Recrystalizations may also be taken into
account, such as seen in the shell of Miocene. '

At any rate, it seems to be interesting that, at least with the shells
examined in this paper, the age of the geological formations from which
they are collected can be roughly estimated by means of some physical
method. ' ' '

The authors express their sincere thanks to Professor T. Terada
for his kind suggestions and criticisms on this work, and also to Dr.
Y. Otuka who placed the specimens of the fossils examined at our
disposals.
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Fig, 1. Structure of the shell of recent, Fig. 9. The shell of lower pliocene,

Between crossed nicols,

Between crossed nicols,
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Fig. 3. The shell of miocene. FFig, 4. Single crystals developed in the shell

of miocene, Between crossed nicols,
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Fig, 5, Specimen 1. Inner layer,
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Fig, 7. Specimen 6, Inner layer,

.Y, Specimen 7, Inner layer,

[Bull. Earthq. Res. Inst., Vol XIII, PI. XXXVII.]
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Iig, 6. Specimen 1, Middle layer,
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Fig, 8. Specimen 6. Outer layer,




