15. Deformation of the Earth Crust in
Kwansai Districts and its Relation
to the Orographic Feature.

By Torahiko TERADA and Naomi MIYABE.

(Read June 18, 1929.—Received June 20, 1929.)

After the recent destructive earthquake in the Tango district, an ex-
tensive revision of the trigonometriecal survey was executed by the Military
Land Survey Department, not only over the very region severely disturbed
by the earthquake but also over a much wider area including those districts
which may probably be assumed to have been intact from the disturbance
of the earthquake. A part of the results of the survey has already been -
published and the present authorsV inferred from it a rather remarkable
relation between the ‘‘divergence’’ of the surface displacement and the post-
seismic vertical displacement. The rest of the results of the survey works
comprising the entire area revised was published later in Vol. VII of this
Bulletin. This latter provides us with an invaluable material not only for
visualizing the actual mode of deformation in the distriet in question, but
also for subjecting the different theoretical considerations regarding various
geotectonic problems in general to a crucial test, based on the direct measure-
ments of the strain of the erust. The deformation of the erust deduced
from the results of the present survey is probably composed of the two
parts, i.e. one due to the cumulative effect of the secular or chronie deforma-
tion? and the other due to the immediate effect of the earthquake. The
relative magnitudes of the two effects are at present difficult to determine.
For the problem with which we are going to deal in the following, this point
may, however, be put aside as immaterial for the present.

In the present communication, we will confine our attention to the
general essential features of the deformations prevailing over the entire area
covered by the recent triangulations, referring exclusively to the data for the
primary trigonometrical points. The minor details, which may be revealed

1) T. TeraDpA and N. MivABE, Proc. Imp. Acad., 4 (1928), 211, 215, 218.
2) The existence of sensible chronic deformations of the crust was confirmed by

N. YAMASAK], Proc Imp. Acad., 4 (1928), 60 and also by A. IMAMURA, ibid., 4 (1928),
58; 5 (1929), 161
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from the analysis of the data for the secondary points will be reserved for
a future study.

The data published by the Land Survey Department give the horizontal
component of displacement for each of 25 primary and supplementary
trigonometrical points. From these data we can caleulate the horizontal
strain components for each of the triangles, on the assumption that the
strain is uniform within each triangle and thence deduce the magnitudes
and directions of the principal strains and also the divergence, rotation and
shear respectively, if desired.

Let u, v be the component displacements of a trigonometrical point with
respect to an arbitrary system of coordinates x, y and
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The values of the prineipal strains will be given by the roots of the equation,
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and the angle 6, which is made by the axes of the prineipal strains with
z axis, by

'Y.l'y

Assuming the displacement components to be linear funetions of z, y within

each triangle formed by three stations P’, P”, P’”” of which the coordinates
are

” 144 P
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and the displacements

‘We can substitute these values into
U= wr+by+e,
V= aax+bay +co, h

and determine the six constants a’s, b’s and ¢’s respectively. Then
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vi—2a,
to 6, =_2 a2+,
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whence

Divergence A= «a1+Ds,

Rotation =1(a2—"01),

" Shear Haz+0y).
For the actual ealculations, one of P’s may conveniently be taken for the
origin.

The caleulation was carried out only roughly, mainly by means of a
~graphical method, for the present preliminary investigation.> The results
are shown by Figs. 1-4.

Fig. 1 shows the distribution of the triangular nets taken into account.
The value of the divergence for each triangle is inseribed at the centre of
the triangle. Confour lines, corresponding to the supposed lines of equal
divergence, are drawn tentatively to visualize the general feature of the
deformation. It needs not be remarked that these lines may be modified in
details, if we take account of the data for the secondary triangular points.

Fig. 2 shows the magnitudes and directions of the principal axes of the
strain ellipse for each of the triangles taken.

Figs. 3 and 4 show respectively the geographical distributions of the
rotation and shear.

Examining these figures, we may remark the following :

(1) The largest strains are not confined to the region disturbed by the
recent Tango Earthquake, but extended further towards E, i.e. from Oku-
Tango Peninsula to the Lake Biwa and probably further eastwards. It is
interesting to observe that this zone of the maximum deformation, if pro-
longed, seems to pass through the epicentres of Nébi Earthquake of 1891,
Anegawa Earthquake of 1909 and Ooigawa Barthquake of 1917, and still
further to point to the epicentre of the Great Kwantd Earthquake of 1923,
—a conspicuous zone already pointed out by the authors in a previous paper®
on the secular fluctuation in position of the macroseismic zone of the earth.

(2) The strain is generally small in magnitude and mainly similar in
type on the southern side of a line connecting the points A and B in Fig. 1.
The small magnitude may partly be due to the fact that the two stations

3) Mr. Cm. Tsusor made numerieal ealculations for the divergence, the result of
which he kindly placed at our disposal for the verification.

4) T. TeraDA and N. Mivasg, Proc. Imp. dcad., 3 (1927), 275; Bull ERI., 6
(1929), 333.



[Vol. V1T,

T. TrrapA and N. MIvABE.

226

*ISIAYI0]D
*OSTAYIO[IIIFUR0D

200




227

Deformation of the Earth Crust.

Part 2.]




228 T. Terapa and N. MIvABE. ' [Vol. VII,

assumed immovable are situated within this area. Still, the uniformity of
the size and shape of the strain ellipse in this region may be taken as an
evidence of the fact that this region has been comparatively free from any
conspiceuous crustal deformation.”

(3) The magnitude and type of the strain show generally a zonal dis-
tribution parallel to a liﬁe connecting the points A and B in Fig. 1, which
seems to be interrupted along a line connecting C and D. It may be pointed
out that the line CD corresponds to a conspicuous zone on the geological
map of the region, which is marked by the exposure of the parallel bands
of diorite.

(4) In Fig. 2, we may divide the avea of the map into a number of
regions according to the type of the strain ellipse; thus, provisionally as
follows:

Ie: Elongation in N-S direction,

10 ’ , all ” ,

Ic: The same as la.
In short, we may regard Ie, 10 and Ic¢ as a zone with conspicuous N-$
elongations

ITa: Contraction in N-S direction.

IIb: The same in less amount, _

ITI: Strain generally small and mainly elongation in N-S direction.

IV: Liarge contraction in all directions.
It must be remarked that the striking contrast between the two regions I«
and Ila, or between Ic¢ and IV may be brought about by some anomalously
large displacements of a few number of the trigonometrical stations lying
between the two regions. It will be, however, interesting to regard the strain
as continuous as in the case of an ordinary elastic body and compare the
type of the strain with some well known ecases of elastic deformations. For
example, we may point out that the relation between the two regions I and
IT show some qualitative similarity with the case of flexural stretching of
a curved rod.%®

(5) Examining Fig. 3, we may notice that in the above mentioned

5) It may De expected from the theory of fluctuation that the greater the average
strain of a distriet, the greatcr the spatial fluctuation of the strain. On the other hand,
it seems difficult to reduce the distribution of strains on the northern side of AB into such
a state as it is on the southern side, by any choice of the base stations assumed fixed.
The assumption made seems, therefore, npp‘roximutely correct, though we must admit some
margin of error in the values of the specific displacements, divergence, ete.

6) TFor example, see Tir. Wvss, Die Kraftfelder in festen elastischen Korpern,
Tafel 13, Abl. 166.
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zone of maximum disturbance, i.e. on the northern side of the line AB
(Fig. 1), the sense of rotation is alternatively clockwise and counterelock-
wise when we proceed along the E-W direction. Such an alternation of the
sense of rotation in the neighbouring regions was also found by Prof.
Fujiwhara™ in the case of the Kwantd Distriet. On the other hand, it is
interesting to note that the Oku-Tango Peninsula shows apparently a large
counterclockwise rotation with regard to the main land, as the general trend
of the coast line of this peninsula suggests that it might have been formed by
a counterclockwise rotation of the whole peninsula from an initial position, in
which the present NW coast of the block might have formed a prolongation
of the general coast line to the west of it. Assuming a continuous rotation
of 10-% radians per 40 years, which is the observed rate, it will take about
two million years to produce a total rotation of 30 degrees, a quite short
interval of time on the geological point of view.

(6) Drawing, in Fig. 4, the contour lines with the equal magnitudes

7) 8. Fuarwmara and T. Taxavaymy, Bull. ERJI, 6 (1920), 149, Pl 7. The
present ease may prohably he regarded as an example of the ‘“chain of vortices’’ in
Fujiwhara’s sense.

8) According to the estimation from IIe-contents of minerals, the nge of the Pliocene
is given ns 1.5 million years which is considered an under-estimation. An estimation
from Ph-contents gives 35 million years for the late Oligocene in U.S.A. See A. HoLMES,
“¢The Age of the Earth,”? 1927, O. Hamy, ‘“Was lehrt uns die Radioaktivitiit iiber die
‘Geschichte der Erde,’” ete. The presence of fossil remains of some kinds of clephants
and rhinoceros in this country shows that the interruption of the land connection between
the continent and Japan took place in comparatively recent ages. Lately, Prof. . Yabe
inferred from his investigation on the reliefs of the sea-heds in different parts of this
country, that very late in the geological history the connection hetween Formosa and
the continent was broken by a considerable submergence of the econnecting bridge,
(Records of Oceanographic Works in Japan, 1, 1929, 97 and Proc. Imp. dcad. 5, 1929,
179). A similar submergence was also observed in other parts of Japan. It seems possible
that such a remarkable submergence might have been connected with a considerable hori-
zontal straining of the erust and therefore that a loeal differential movement might
have caused a rotation of some marginal land block by a sensible angle. In the present
authors’ opinion, the fact of the submergence is easily reconcilable with the theory of
horizontal drift of the Japancse Are, if we may assume that the submergence was caused
There by the decrease of the thickness of the erust by stretching rather than due to the
change of density which cannot account for a level change of such an order as is here
concerned, unless we resort to some physico-chemical change of crust materials, With
regard to this point, sec p. 235 of the text. It may depend upon the type of the strain
whether the crust is merely decreased in its thickness, or is decreased in density associated
with voleanie activity. On the other hand, if the angular veloeity be fluctuating at
random, its probable amount will he proportional to the square root of time. The above
estimation of time must therefore he regarded as a kind of lowest limit.
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of shear,” we may notice again an interruption of the zone of maximum
shear at its middle part. 1t is rather remarkable that the mountainous
district to the north of Kydto, on the western side of the Lake Biwa, reveals

: Dleep Larthguake Zone.
]

Fig. 5. (Reproduced from Wadati’s paper.)

a conspicuous amount of shear, in spite of the fact that no epicentre of
sensible recent destructive earthquakes has vet been located in this region.
On the other hand, the zone of the maximum shear here revealed seems to
coincide nearly with the “zone of deep-seated earthquakes’” pointed out by
Mr. K. Wadati, Fig. 5.'"  The same zone, as already remarked, eoincides

9) The algebraic sign of the shear depends on the choice of the axes of reference,
which is shown in Fig. 4. The direction of shear may roughly be estimated from the form
of the strain ellipses in Fig. 2. The faet that the direetion of the shear is rather
irregularly distributed among the zone of the maximum shear is rather immaterial for

the present discussions, sinece on account of the ‘‘chain of vortices’’ above mentioned,
the Joeal distribution may be subjected to an irregular fluctuation, as may be illustrated
by the sand grains on the slip plane of a disturbed sand mass. At present, we refrain
from drawing any conclusion on the average sense of the ghear in the zone in question.

10) K. Wapary, Jowrn. Met. Soe. Jap., [ii], 5 (1927), 119; Geophys. Mag., 1,
No. 4 (1928), 162,



Part 2.] Deformation of the Earth Crust. 231
nearly, or with a little inclination, with the line connecting the epicentres
of some recent destructive earthquakes with rather shallow origins. It
seems, therefore, that this very zone forms, as it were, the trace of a slip
plane of the plastic deformation of the crust going on at the present half
century. Our previous investigation'™ on the fluctuation of the position
of the macroseismic zone suggests that this very zone of the maximum shear
may gradually shift its position in the course of two or three centuries.

Our experimental studies!® on the formation of slip planes in sand mass
decidedly speaks in favour of such a conjecture.

(7) A comparison of Fig. 1 with the topographical map of the area
investigated suggests a remarkable relation between the divergence A of the
displacement above obtained and the height of the land above sea level. To
demonstrate this relation, the following procedure was taken. The two lines
EF and GH were drawn (not shown in Fig. 1) such that they run across the
alternate zones with positive and negative A. The values of A along these
lines are shown in Fig. 6 by the échelon curves, as the value of A is assumed
constant within each triangle. The step-like eurve is smoothed by a hypo-
thetical curve to visualize the general feature of the distribution. On the
other hand, the mean profile curve of the three vertical sections EF, E'F’,
E”F” was constructed from a rough topographieal map and compared with
the A-curve. The similar profile curve was also obtained for the section GH.
A glance at this figure will show an infallible resemblance in the general
features of the two curves compared.

Fig. 7 is given to show the above relation between the distribution of
A and the gross topographical feature over the entire area in question.

The above result seems to shed a considerable light on the geophysical
significance of the superficial topography of the earth erust. In our previous
papers, the horizontal divergence in the vieinity of Oku-Tango Peninsula,
obtained from the pre-and post-seismic triangulations, was compared with
the post-seismic vertical movement of the same region. From the result of
this comparison, it was made probable that the vertical movement is due
to the process of the isostatic compensation caused by the change in density
of the crust connected with the horizontal deformation observed. In the
present case, the integral horizontal strain which has been effected during
the recent forty years is compared with the existing topographical feature
of the land, which must have been produced as the result of a complicated

11) loc. cit.

12) T. Terapa and N. Mivasg, Bull. E.R.I., 4 (1928), 33; 6 (1929), 109; 7 (1929),
65.
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geological process continued since the remotest past. It appears, therefore,
that the present topography was built up in the main by the process of the
isostatic compensation determined by the type of deformation of the crust,
and also that the type of the deformation which gave rise to the present
feature of the land is continued even in the recent half century. It must be
admitted that the proeess of deformation must have been subjected to a
sensible fluctnation not only in the magnitude but even in the sense of
motion. Still, it is interesting to observe that (i) the integral effeet since
a certain geological age, (ii) the effect during the recent forty years and
(iii) the post-seismic effect revealed within a few years ave directed largely
-in the same sense. Whether tlre same would hold also in other distriets,
or not, is of course another question which may only be answered after the
similar. thorough revision of the trigonometrical survey has been extended
to a much wider area.

Returning to Fig. 7, we may notice that the agreement between the A-
contours and the topographic feature may become more remarkable, if the
height of Oku-Tango Peninsula be raised by a few hundred metres. Hence,
assuming the correctness of our hypothesis, we may suppose that the hori-
zontal dilatation and the consequent upheaval of the peninsula have been in
progress since a relatively recent past, compared with the other regions,
and the motion of upheaval is still lageing after the inerease of the diver-
gence. According to Mr. F. Tada'® of our Institute, the results of his
investigations of the coastal terraces as well as of the river beds afford us
with the strong evidence of the fact that this region has been rising up
remarkably in the recent geological age, though probably with some occa-
sional fluctuations.

Again, it will not be superfluous to point out that the remarkable
depression of the crust corresponding to the Liake Biwa appears in Fig. 1
associated with the region of a remarkable areal compression. This zone of
compression is probably extended into the heart of the Bay of Wakasa which
was presumably depressed in a recent age. A map!® showing the geo-
graphical distribution of the prehistoric remains in the Province of Walasa
gives two zones corresponding to two kinds of remains. One of these Zolies,
on the sea side, running parallel to the other which is on the land ‘side, is
abruptly interrupted on the coast of the Bay. It may, therefore, be sug-
gested that the depression of the bay might have been completed even in
the time of our remotest ancestors.

13) TF. Tapa, Bull. E.R.I,5 (1928), 111.
14) HBAGE (A Provineial History of Wakasa and Etizen.)




Part 2.] Deformation of the Earth Crust. 255

On the other hand, Prof. Fujiwhara and Mr. Takavama'® caleulated
the ““convergence’’ or the negative divergence of the Kivantd District from
the similar data for this distriet. Glancing at the diagram given in P1. VII
of their paper, it is interesting to observe that the contour line correspond-
ing to the relative number 20 of the convergence coincides very mearly with
the general coast line surrounding the Bay of Sagami. The area with the
larger convergence lies on the sea, whereas the area with the less conver-
gence or negative convergence corresponds to the land area. It must be
remarked that the sense at least of ‘the correlation between the divergence
and the topographical feature is just the same as in the case of the region
here investigated.

In the above we have simply assumed that the divergence of the
horizontal displacement corresponds to the variation of the density of the
crust. It is, however, necessary to discuss this point in more details. In
order to explain the present topography as the result of the density varia-
tion of the crust, we must indeed assume a considerable change of the density.
For example, assuming a crust of 100 k. thickness, the vertical movement
of 1km. will require a density change of 1/1000, even if the Poisson ratio
be zero. Moreover, the deformation is probably mnot elastic but mainly
plastic. Beyond a certain amount of compression or dilatation, the effect
of the divergence will be counteracted by the effect of the lateral elongatiom
or contraction. This is evident, if we consider that, when the density change
is zero, the change of thickness of the crust will vary with —A. Therefore,
in order to account for the required change of density, we must resort to
some other effect than to the purely mechanical one. We may quote here
as a probable factor the change of specifie volume accompanying some allo-
tropic transformation of the crustal substances as brought about by the
change of prevailing pressure, which we may assume as a definite function
of A. ‘

A glance at a geological map of Japan will reveal a very conspicuous
fact that the patches of area coloured brown, marking ‘‘voleanic ash and
mud lava,”’ appear always upon the region coloured yellow denoted as
“Tertiary.”” This simple broad fact may signify that the Tertiary and
post-Tertiary upheaval of the land was coneomitant with an extensive
display of voleanie activity. It seems!® that, in the beginning of the
Tertiary, the Northern Are of Japan which had been largely submerged in
the preceding age, was subjected to an upward motion, meanwhile the

15) S. Fusnwaara and T. TARKAVAMS, loc. cit.

16) AAGBMERRME (9= +=58)
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voleanie activity broke out with an unusual intensity which was continued up
to the beginning of the Quaternary. It seems, therefore, that during the
Tertiary Age the Northern Are was subjected to a considerable divergence.

Similarly, the Palwozoic area richiy spotted with the plutonie rocks,
granite, porphyry, ete. scems to be a facsimile of the relation quite similar to
the above, but referring to a mueh remoter past.

Aceording to Mr. Tsuya'™ of our Institute, who carried out a thorough
geological investigation of Oku-Tango Peninsula in question, a submarine
eruption of andesite took place in the early Tertiary; then after an episode
with a submergence of several hundred metres, the land was upheaved by a
considerable amount to the present height. The upheaval was followed by
conspicuous faulting movements accompanied with voleanic activities.

These considerations may suggest an interesting future problem of
studying the relation between the activity fluctuation of some volcano, such
as Sakurazima or Usu, and the divergence of the surrounding distriet,
which may be obtained by repeated triangulations of a wide area including
the distriet in question.

Thus far, we have tacitly assumed that the horizontal displacement of
a trigonometrical point deduced from the results of the repeated triangula-
tions is actually produced by a purely horizontal translation of the point,
It is, however, necessary to consider the effect of the tilting of the land mass
upon which the point stand, especially because the point is usually situated
upon some mountain peak.

Let 7 be the height of the point above the ecrustal surface, which is
tilted by a small angle 4. Then, the horizontal displacement will be %4.
Assume =1km. in round number. As for the greatest possible amount of
tilting for the present ease we may consult the result of the precision level-
ling published in Vol. III of this Bulletin. Taking the section of the level-
ling route between B.M. 1229 and 1235, we find a level difference of about
L2m. per 8km. distance. This makes §=15x10-* in radian and ho=
‘0.15 m. which is by no means small. - On the other hand, the relative hori-
zontal displacements among the neighbouring itrigonometrical points, as
obtained from the result of the trigonometrieal survey, are generally of the
order of several em. at most. It follows that at least a sensible part of the
observed displacement may be due to the effect of tilting. This may seem
‘to vitiate our present results utterly. The difficulty is, however, apparent,
as will be seen, if we consider the meehanism by which the tilting of the
crustal surface is made possible.

17) H. Tsuva, Bull. E.R.I., 4 (1928), 139..
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8 Referring to Fig. 8, suppose ABCD as a
. w7 s vertical section of a strip of block extending

indefinitely in the direction perpendicular to
to the plane of the figure. Suppose that the
surface AD 1s tilted by 8 and takes a new
position A’B’; while the other boundaries of
: the block are fixed. Such a deformation is
R P 5 < only possible by a compression of the part
""""" S AMNC and an expansion of MBDN. The
average compression or expansion is 16/2H.
On the other hand, if there is mno tilting, but a horizontal displace-
ment of MN by MM’ =¢ towards the left, the amount of compression and
expansion will be &/1.

\

X -

cmemmm—cms e

Fig. 8.

Equating, for a trial, the two values of the specific volume change
with each other, we have
T 19 or H:gil-[[- .
[ 2H Z
In the case of the ordinary block tilting, the depth to which the sensible
change of density is thereby brought about, is quite unknown, but it may
be plausible to assume that H will be of the same order of magnitude as l.

This may be expected from the theories and experiments regarding the

plastic deformation of materials, especially those regarding the hardness test.
Putting 2H =eal, where o=1, we have §=eas/l. Thus, the tilting by an
amount @ is equivalent to a purely horizontal displacement of «:/l, as far
as the compression and expansion of the erust is concerned.

Unfortunately, it is not feasible for the present to analyse the effect of
tilting from that of the pure horizontal displacement, as it is necessary for
this purpose to be able to avail of the ample data of the precise levellings
repeated along a sufficiently dense network of the levelling routes, such that
the complete mozaics of the block structure are covered by the met. The
ambguity, however, is immaterial ay far as the essential points of the
result of the present investigation is concerned, i.e., our inference regarding
the relations between A and topography.

If, however, the effect of tilting be predominating, the meaning of the
strain ellipse, rotation, shear, ete. obtained in the above manner may be
interpreted in a manner more or less different from usual. - For the present,
it will be plausible to take the wirtual horizontal strain as something real,
follow up the inferences to be drawn therefrom and seek after the cruecial
evidences from the other sides.
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It may be remarked in passing that the assumption above made on the
tilting of mountain may be an over-estimation. When the plane surface
AB (Fig. 8) is tilted to such a position as A’B’, the tilted surface can
probably no more remain as a plane, but may be deformed into an échelon
form, as may be abundantly illustrated by similar examples observed in the
case of land-slides or in our model experiments with sand mass.'® This
effect will reduce the apparent horizontal displacement due to the tilting
by more or less amount, depending on the mode of the échelon formation.
For a further inquiry after this problem, however, we must wait until
‘more abundant data has been accumulated.!”

From what we have seen Iin the above discussions, it seems that the
study of the actual mode of strain going on in the earth crust, based on
‘the results of repeated triangulation is the most direct. way of obtaining, if
possible at all, the clue for the so-called earthquake forewarning, though
the present authors are at a loss to realize the exact meaning of this words.

Finally, we must express our most sincere feelings of gratitude for
‘the invaluable contributions to the science of earthquakes made by the
Authorities of the Land Survey Department, in providing seismologists and
geophysieists with such precious data that we are now able on account of
them to study the actual modes of deformation of the earth erust with nearly
-equal ease as we are dealing with a handy test piece of metal in the
laboratory. As a Chino-Japanese adage says, ‘‘Procuring R6 Land, we long
for Syoku.”” Nothing is more desirable on behalf of the Secience of Earth-
quake than a further extension of the similar survey work by the hands of
‘the same Authorities.

SUMMARY.

(1) From the result of the revision of the primary trigonometrical
-survey in the Kwansai Districts, the apparent horizontal strain components
were caleulated, for each mesh of the primary triangulation network, whence
the divergence, rotation and shear as well as the magnitudes and directions
of the principal axes of the strain were deduced for each triangle and the
eeographical distributions of these .quantities were investigated.

(2) A remarkable correlation is found which exists between the
divergence of the horizontal displacements effected during the past forty

18) Loec. cit.

19) Prof. Nacaoka remarked, after this paper was read, that a deformation of the
mountain body itself due to the shoek, may also contribute to the ohserved horizontal
-displacement.
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vears and the present topographical relief of the districts, the positive
divergence corresponding to the mountainous region. This result taken
together with that of a previous investieation of the authors seems to throw
a new light on the geophysical significance of the topographical feature of
the surface crust at large.

(3) The zone of maximum strains revealed by the present analysis
coineides, on one hand, nearly with a zone of macroseismic activity for the
recent half century and, on the other hand, with a remarkable zone of deep-
seated earthqualkes, recently pointed out by K. Wadati.

(4) The effect is discussed of the tilting of a land block on the
apparent horizontal displacement of the trigonometrical station which is
situated on a mountain peak lying on the block, and it is shown that the
tilting and a horizontal tilting may be regarded as equivalent when the
compression and dilatation of the crust is in question.

(5) Some suggestions are given under the light of the present result,
regarding the genetical factors which might have been essential in deter-
mining the present topographical and geological structures of Japan.

In conclusion, the present authors wish to express their best thanks to
Prof. S. Tsuboi, Dr. F. Tada and Dr. H. Tsuya for many valuable informa-
tions and also to Assist. Prof. Ch. Tsuboi for his kindness in checking our
calculation.
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