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Abstract

Testing the shells of more than 60 species of Japanese Molluscs by means of the X-
ray method, it is proved that there exist various degrees of fibrous arrangement of the
micro crystals of calcimn carbonate in the molluscan shells. In all of them the axes of
the fibrous arrangement are in a direction nearly perpendicular to the surface of the shell,
coinciding with the principal axis of calcite or with the orthorhombic ¢ axis of aragonite
respectively.

The form and arrangement of the micro-crystals of calcium carbonate
in Atrina, Avicula, etc. were examined by Ebner, Biedermann and others'
nearly thirty years ago with the microscope or by passing a plainly polariz-
ed light through the shells. Such optical methods, however, are only
available in a few kinds of shells which are composed of sufficiently large
micro-crystals of calcium carbonate. TFor the majority of the shells they
are inefficient for that purpose, whereas, the X-ray method involves no
such restriction, and is good for any kinds of shells, As was stated in his
previous papers®, the writer utilized the monochromatic X-rays from the
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Mo-target in the examination of the micro-crystals of calcium carbonate in
the shell of Afrina japonica Recve, and was able to determine their
crystal-forms as well as their arrangement very casily.  The same method
was applied now to examine various shell specimens of more than 60
different species of Molluscs.  The results thus obtained are as described
below.

A diagram of the X-ray diffraction patterns obtainel with the
prismatic and the nacreous layers respectively of the shell of Afrina
Japonrca Reeve, by a parallel incidence of the X-rays to the surface of the
layer, arc shown here again in Text-figs.1 and 2. Fig.1' illustrates the

Fig. 1 Fig. 2

The prismatic layer The nacreous layer

X-ray diffraction pattern of the prismatic layer, most parts of which are
composed of micro-crystals of calcite, while Fig. 2° shows that of the
nacreous layer, most parts of which are composed of micro-crystals of
aragonite. The revelation of the diffraction patterns as shown in these
figures indicates that the micro-crystals of calcium carbonate in both thesc
layers arc arranged fibrously, and also that the axis of such fibrous arrange-
ment is nearly parallel to a direction perpendicular to the surface of the
layer coinciding with the principal axis of calcite or the orthorhombic ¢ axis
of aragonite respectively.

First the diffraction photographs with X-rays were taken of about 10
different shells belonging to the order of Lamecllibranchia, by sending the
X-rays in a direction parallel to the surface of the layer of the shells, and
some of them have been reproduced in Plate I, Figs. 1, 2, 3 and 3 as
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typical ones. Tigs. 1 and 2 in Plate T are diffraction figures obtained with
a shell of Mylelis crassitesta Lischke, This shell consists of two layers,
cach of which is stratiform. In the outer layer of the shell the calcium
carbonate is in the form of calcite, while that in the inner layer is in the
form of aragonite. By comparing these photographs with the foregoing
Text-figs. 1 and 2, we see that the micro-crystals of calcium catbonate in
the shell are arranged fibrously in the direction nearly perpendicular to the
surfaces of the layers, and that the principal axis of calcitc as well as the
orthorhombic ¢ axis of aragonite are arranged as the axis of the fibre, as
was the case in the prismatic or in the nacresus layers of Afrina japonica
Re:zve. The diffraction patterns obtained with Anomra lLschker Dawtzen-
berg et Fischer and Prnclada martensi Dunker, which also belong to the
order of I.amellibranchia, are reproduced in Plate I, Figs. 3 and 4. The
distribution of radiating bands and the dispersal of intensc spots on these
bands perceived in these photographs are essentially the same as in Ifigs.
1 and 2 in Plate I respectively. This fact indicates that the crystal-forms
and the arrangement of the micro-crystals of calcium carbonate in the shell
of Anomia and Pinctada are identical respectively with those of the micro-
crystals in the prismatic and in the nacreous layers of the shell of Afrina
Japontca Reeve, Next the writer examined the shell of 8 more different
species in the same order and was able to ascertain that the crystal-forms
and the arrangement in question are the same as those in the nacreous
layer of Atrina japonica Reeve. Then the writer tried different shells of
ca. 30 species of Eulamellibranchia, 4 species of Aspidobranchia, 6 species
of Pectimibranchia, 2 species of Streptoneura, 1 species of Placophora, and
1 species of Dibranchia. The diffraction patierns obtained with the shells
of Sunetta excava’a Hanley, Gomplina melanaegets Roemer, Turbo corru-
tus Solander, Fusinus perplexus A. Adams, Haliolis asining Linne, Car-
draimn mutticum Rezve, Dentaliomn hexagonum Gould are shown, as typical
ones, in Figs. 5, 6, 7, 8, 9, 10 and 11 of Plates I and II. All these
photographs were taken by setting the surface layer of the shells parallel to
the X-ray b=am. The results thus obtained with most of the shells are
again essentially the same as in the case of the nacreous layer of Afrina
japonica Reeve. There are, however, some exceptional cases ; in fussnus
perplexus A. Adams, Dentalium hexagonum Gould, most of the micro-
crystals are not arraged fibrously, Moreover in Cardzunz muticum Reeve
the micro-crystals are arranged quite irregularly as seen in Plate II, Fig.10,
which is a photograph taken by setting the shell of Cardizrz in various
orientations ; 1. e. to be cxposed to the incident X- ray beam.
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Up to now the writer has examined the shells of more than 6o
different species belonging to various orders, arriving at the following
general conclusion, Calcium carbnate in the porcelaneous and the nacre-
ous layer of the molluscan shells is in the form of aragonite while that in
the prismatic layer of them is usually in the form of calcite, but in a few
cases in the form of aragonite. As to the constitution of the micro-crystals
of calcium carbonate, there are various degcees of the fibrous arrangement,
but the axis of the fibrous arrangement is always in a direciion nearly
perpendicular to the outer surface of the shell, aad coincides with the
principal axis of calcite or the orthorhombic ¢ axis of aragonite respec-
tively. So far as the writer’s experiment goes, it seems that the more
perfect the appearance of the strata, the more perfect the fibrous arrange-
ment of the micro-crystals of calcium carbonate. Since the shell matesials
for this test was so selected as to cover as evenly as possible all ordeis of
Molluscs, it seems to the writer reasonable that the general conclusions
state] above are also good for the other shells not yet examined.

This study was carried out under the supervision of Prof. T. Kawa-
mura and Prof, U. Yoshida, to whom the write:’s sincere thanks are here
expressed. He is also indebted to Mr. T. Kuroda who was so kind as to
assist him in the preseat investigation.
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Plate 1

Fig.1 IFig.2

The outer layer of The inner layer of
Avtilus crassitesta Lischke AMytilus crassitesta Iischke

Tig.

Anomia lischker The inner layer of
Dautzenberg et Fischer Prnctada martensi Dunker
PO o
Fig.5 Lig.6

Sunetta excarata Hanley Gomphina melanaegss Roemer
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Plate 1I
Fig.7 Fig.8

The inner layer of Liustnus perplexus A. Adams
Zurubo cornutus Solander

Fig.g Fig.10

Halioti's asinina Iinne “ Cardium muticumn Reeve

TFig.ir

Dentalinm hexagonum Gould



