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1. Seismology is a special branch of applied science and owes its
essential advancement to the application of our knowledges in almost
every department of pure science, i.e., not only of physical, but also
of chemical and even of biological sciences. Introduction of any new
source of knowledges in the domain of seismology will not fail to shed
some new light under which some problems may obtain a further
elucidation than might be otherwise possible.

2. Among the fundamental knowledges upon which the investiga-
tion of earthquake phenomena are based, the most important are those
related to the mechanical properties of materials constituting the dif-
ferent layers of the earth’s crust, such as elasticity, plasticity, viscosi-
ty, visco-elasticity, etc. In want of exact knowledges about these pro-
perties, any reliable theory of seismic phenomena can scarcely be pro-
pounded. '

3. The materials constituting the earth’s crust are mostly colloid-
al, if we use this word in its widest sense, i.e., in the same sense as
we may call any polycrystalline metallic alloy as such. Especially,
among the materials constituting alluvial deposits there are many which
must be regarded as colloids in the ordinary sense of the word. As
regards such a substance, other mechanical properties come into play
than are usually taken into consideration in dealing with problems con-
cerning the mechanical behaviour of the surface crust.

4. An example near at hand is the alluvial sedimentation deposit-
ed as a river delta. The problems of colloidal sedimentation in such
a case was already investigated from many sides. As regards, how-
ever, to those very problems which are most closely related to seis-
mology, due attention seems to have not yet been paid. From the seis-
mological point of view, the gradual volume change of the deposited
materials subsequents to sedimentation, due to the gradual change in

1) For example see Pierre URBAIN, ‘“Les science géologiques et Ia notion d’
état colloidal’”’, (1933).
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colloidal states of materials, i. e., change in degree of coagulation, swell-
ing, etc., cannot be carelessly put out of consideration, especially in
cases when we are to deal with the mode of vertical movements of
the earth’s crust such as revealed by the results of repeated precise
levelling survey. For instance, if there may occur a linear contrac-
tion or expansion of only 1/10,000 in a layer of 100 m thickness, it
will be observed as a subsidence or upheaval of 10 mm of a bench-mark
situated on such a layer, an amount which may easily be detected by
means of precise levelling, provided that there exists a point of re-
ference or datum station which is not very far from the above said
bench-mark and which is situated upon a substratum not much affect-
ed by such a colloidal change of volume.

5. In considering the physical significance of the vertical displace-
ment of bench-mark situated upon-a layer consisting of mud, sand and
gravels, the following factors must necessarily be considered:

(a) Effect of the change in mode of packing of granular mass, an
effect which was fully treated in O. Reynolds’s classical investigation.

(b) Effect of electrolytes on the apparent volume of fine sand as
was recently investigated by Freundlich and Juliusburger® with pow-
dered slate from Solnhofen.

(c) Effect of the change in degree of swelling due to any change
in electrolytes content of water circulating in the sedimentary layer.

(d) Effect of volume change connected with the change in con-
tent of capillary water due to the capillary force.

6. According to (a), various modes of change in level of the ground
surface may be brought about. If a layer of the substratum consist-
ing of granular mass in state of closest packing be violently disturbed
by severe shocks of such an intensity as is observed in the epicentral
region of destructive earthquake, a sensible dilatation of apparent
volume may be produced. The amount of volume change due to this
cause is known to be quite sensible, as is demonstrated by sudden dry-
ing up of the surface of fine sand layer on a sea shore when trodden
upon. Hence, in the case when the thickness of the layer disturbed
be of several hundred metres or more as is usual with sedimentary
deposit, the total amount of -upheaval of the surface may become quite
sensible. The upheaval due to this cause may tend afterwards to gradu-
ally subside and the subsidence may be accelerated by suitable shocks
or vibrations, as may also be demonstrated by laboratory experiment.

2) Trans. 'arady Soc., 30 (1934), 333; see also ibid., 31 (1935), 769, in which
thixotropic property of ¢“‘quick sand” is discussed.
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In actual cases, therefore, in which a sudden upheaval is observed in
the epicentral region of severe earthquake, accompanied with subse-
quent gradual subsidence, it will be reasonable to inquire whether the
above effect may not be involved, at least partly, in the mechanism
of the change observed. The following alternative is also conceivable:
i. e., the constituent granular matters which were initially in equilibri-
um in state of closest packing may undergo gradual chemical and physi-
cal change and, on account of it, the grains may acquire mechanical
and colloidal properties somewhat different from those formerly pos-
sessed. This may lead to a deformation in the geometrical shape of
grain and consequently to a new mode of closest packing throughout
the layer containing these grains. The transition to the new state of
packing may be facilitated by seismic shocks or vibrations. It may
also be remarked that what is considered above may apply not only
to a loose granular mass but to some kinds of rock mass, though in
comparatively less degree, if we consider that the subterranean rock
layers are run through with numerous joints and fissures.

7. Next, according to (b) and (c), we may consider the follow-
ing points. Alluvial sedimentations, especially those in the case of the
delta of a river discharging into sea, took place in water with a certain
concentration of the constituent electrolytes. Afterwards, the upper
surface of the sedimentation layer had been exposed to atmosphere.
The constant percolation of meteoric precipitation water may have re-
sulted in some change in electrolyte contents of the colloidal matters
contained in the layer by a process similar to dialysis, and thence may
have led to a change in degree of coagulation and swelling. The latter
change may sometimes contribute something to the apparent change
in the level of the ground surface, as it is well known that the me-
chanical stress caused by such a colloidal process may attain enorm-
ous amount under favourable circumstances.

8. As regard to the factor (d) above mentioned, we way point
out a case in which, the increase of plastered area as well as the de-
velopment of sewage system in a city, have brought about a considera-
ble lowering of the ground water level. In this case, if the substrat-
um be of such a nature that its apparent volume is sensitive to its
content of capillary water, we may expect some sensible change in the
height of benchmarks situated on such a ground.”. It is well known
that some kinds of soil are subjected to very conspicuous contraction

3) Mr. N. Miyabe is at present engaged in the investigation regarding this
point and his result will appear in this Bull. in a near future.
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by loss of water content.

9. The actual vertical displacement of the surface of the ground
revealed by the method of repeated precise levelling may be regarded
as the resultant of the displacement of the underlying earth’s crust
proper due to geotectonic causes plus the elastic and plastic deforma-
tion due to some change in surface loading both natural and artificial,
and the displacement due to the colloidal volume changes above con-
sidered. It is therefore of serious importance to carefully discriminate
in what degree the above enumerated colloidal factors are participated
in producing the observed change in the heights of bench-marks, es-
pecially in the case when the substratum consists of loose alluvial de-
posits as in the cases of Osaka and some quarters of Tokyd. Without
such a discrimination of complicated causes it is difficult to say any-
thing definitive about the geodynamic process going on in the deeper
part of the crust such as is closely connected with the origin of earth-
quake.

10. In view of the above considerations, the rapid subsidence ob-
served in the course of the last few years in a certain limited area
in the city of Toky6® and also of Osaka® may be suspected to be con-
nected at least partly with the causes mentioned above. The areas
with the remarkable annual rates of depression are situated on alluvi-
al formations of rather recent origin. Moreover, in the last ten years
the plastered areas of streets have been rapidly increasing and in some
places a remarkable lowering of underground water level is reported.
It is, therefore, premature to conclude from the apparent depression of
levelling routes in these areas that the earth’s crust proper under
these areas are undergoing corresponding rapid deformations and it is
too far fetched to anticipate a coming severe earthquake in these reg-
ions, before a careful analysis of the observed data into their various
components due to the respective causes has been effected.

11. On the other hand, the change in colloidal state is often con-
nected with a change in mechanical stress prevailing in colloidal medi-
um. An example is afforded by enormous pressure exerted by a swell-
ing gel. A change in state of a colloidal alluvial deposit may some-
times give rise to an additional stress upon the surface erust and may
eventually play a role as one of the secondary causes of earthquake,
in the case when the linear dimension of the area covered with such
a layer be comparable with the thickness of the crust in which the
potential energy of earthquake is stored up.

4) N. M1vaBg, Proc. Imp. Acad., 8 (1932), 417.
5) A. IMAMURA, Proc. Imp. Acad., 8 (1932), 378; 11(1935), 186.
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12. Among the other mechanical propoperties of colloids which
may be of special interest for seismologists, we may especially men-
tion the thizotropic property of some class of colloids. An interest-
ing example was recently studied by Freundlich and Juliusburger in
the paper already cited. The present author experimented with a kind
of sand called “aosuna (blue sand)” which is an artificial mixture of
sand with some organic colloid pigment and commonly used for wall
plastering of Japanese houses. A conspicuous stage of thixotropy could
be observed, when the sand is made to deposit slowly in water con-
tained in a cylindrical glass vessel. The sand is first thoroughly shook
with water and made to deposit. When the sedimentation is ended a
slight shock is given to the vessel. The head of the sand column
shrinks down by a certain sensible amount. A second shock causes
the second shrinkage and so on. When the shocks are thus repeated,
a stage is attained when the sand layer is apparently solidified so that
by tilting the vessel no flow or deformation of the surface of the sand
is observed. By giving, however, a violent shock to the vessel, the
solid sand mass is at once transformed into liquid as may be seen from
the oscillating motion of its surface. The surface then falls down slight-
ly and again solidified. The thixotropic state may be once more or
twice observed by repeating strong shocks. Finally, the whole mass

is solidified as far as the present kind of demonstration experiment is
concerned.

13. There seems to exist some class of geophysical phenomena
which may be rightly explained by taking account of the thixotropic
property of earth materials. On the occasion of the Kwanto Earth-
quake of 1923, a striking case was reported of sudden emergence of
buried wooden pillars above the surface of a rice field near the River
Sagami. The pillars once formed the piers of an ancient wooden bridge
and remained long under the soil, being forgotten even by the inhabit-
ants of the locality. It is probable that the severe shocks of the earth-
quake, having its epicentre near this locality, momentarily turned the
earthy materials surrounding the pillars into a state comparable to a
fluid and the wooden pillars were upheaved on account of their own
bouyancy, which is large due to the large density of the ambient “fluid”.

14. 1In the case of landslides which are most frequently induced
by severe earthquakes this very thixotropic property of earthy sub-
stratum may also play some important part, provided that the sub-
stratum to be traversed by the “slip-plane” is especially endowed with
such property. This consideration will suggest some modification in
the usual theory of landslide phenomena.
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15. The present note is written with the mere purpose of draw-
ing the attention of seismologists especially those interested with the
secular movement of the earth’s crust, to those colloidal properties of
some crust materials as are here considered, as these properties seem
to have not yet been duly taken account of, inspite of their probable
- importance in connection with many urgent problems of modern seis-
mology.
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