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1. On the Vertical Earth Movement in Kwanto Districts.
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Earthquake Research Inmstitute.

(Read Jan. 20, 1931.—Received Jan. 20, 1931.)

Introduction.

The secondary and tertiary triangulations in Kwantd Districts have
been carried out and now completed by the authorities of the Military
Land Suvery Department.”® From the result of these extensive sur-
veys, the vertical displacements of the triangulation points are found
which we may assume to have occurred during the time interval
of 1889-1925. In the present paper, we tried, in the first place, to
discuss the geographical distribution of these vertical displacements.”
On the other hand, we have already made a preliminary investigation
of the horizontal deformation of the earth’s crust in the same districts,®
referring to the result of the primary triangulation which had been
completed by the same authorities. In the present paper, the relation
between the horizontal divergence and the vertical earth movement
will be discussed in the second place.

In the present investigation, however, we leave out the problem
whether these displacements of triangulation points represent the true
movement of the earth’s crust in their neighbourhood or the movement
more or less affected by the local disturbances such as the accidental
displacements of the triangulation points etc., and simply assume that
the displacements of the triangulation points are mainly due to the
average crustal movement in their neighbourhood. Even if the
components due to other local disturbance existed, their amounts may
be more or less reduced by the process of smoothing the values of the
vertical displacements. It may be also considered that those com-

1) Bull. I E. I C, 11 (1930}, No. 4.
2) An abstract is appeared in Proc. Imp. Acad., 6 (1930), 405.
3) T.Terapa and N: Mivasg, Proc. Imp. Acad., 6 (1930), 49.
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ponents due to the local disturbances, if they exist, are the secondary
effect resulting from some irregular local deformation of minor scale,
i. e., of less extent than the primary block movement. These minor
local disturbances are discussed as the distribution of D (the value that
represents the grade of disturbance). It may also be remarked that
these vertical displacements include both chronic and acute com-
ponents, the acute components being the direct effect of the earthquake,
as we have already remarked in the previous paper with regard to the
horizontal displacements.

The Process of Smoothing.

To see the general mode of distribution of the vertical movement
of the earth’s crust, the values of the vertical displacements of the
triangulation points are subjected to a process of smoothing which
will be described as follows. For this purpose, the topographical maps
in 1/50000 scale of Kwantd Districts are taken, and the area of every
sheet of these maps are divided into 16 minor meshes of equal areas,
so that-an unit mesh has the area of (42 =15/4") x (d¢ = 10/4’). The
values of vertical displacements of triangulation points which fall in
a major mesh of the area of (41 = 15/2") x (d¢ = 10/2'), that is, four
adjacent minor meshes, are averaged. This process of Smoothing is
performed all over the districts where the triangulation points, with
their vertical displacements measured, are distributed.

The number of triangulation points which fall in a major mesh is
approximately the same for each mesh without much deviation, except
for those which are located in the marginal region of the districts.
The mean number of the triangulation points in a major mesh amounts
to about 10, the triangulation points which are situated on the boundary
of the two adjacent meshes being counted twice in both meshes. In
the following table, the first column contains the number of triangula-
tion points in a major mesh, the second column the number of
the major meshes with the corresponding number of triangulation
points therein included and the third column is the percentage of the
number of major meshes corresponding to the various number of
triangulation points.
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Table 1.
Tt b i i .
1193 ;:ggsl peel;‘(;;g(x)a;‘n]%télsifjlon The number of major mesh. %
2-5 29 9.8
6—7 44 149
8—9 61 20-6
10 — 11 87 29-5
12-13 52 176
14 —15 22 75
295

The density of distribution of triangulation points is thus approxi-
mately uniform in this district, and the number of points in each
major mesh is not much different from each other, as mentioned above
and seen in the table. Hence, the mean values of vertical displace-
ments obtained in the above may be regarded as equally weighted.
Thus the equi-dh lines® of Fig. 1 are drawn, showing the general mode
of distribution of the vertical earth movement in this district.

The Irregular Distribution of the Values of D and the
Slope of the Vertical Movement.

First we consider the quantity
D= |oh—3h)
where — denotes the mean value, i.e.,, 0h is the mean value of di’s (the
vertical displacements of triangulation points) in a major mesh, and
| | is'the usual notation for the absolute value.

The quantity D is determined by two factors. The value of D
may turn out large when the general slope of vertical movement is very
steep and when the values of ok have a wide range of irregular variation
in the mesh. In our actual case, however, the values of mean slope of
the vertical movement are never so large as the most values of D
obtained. The fact that the relation between the slope and D is not
expressed in a simple form, which will later be referred to, may also
mean that the values of D are not determined by the mere geometrical
effect of the slope. :

The values of the slope of the vertical movement in various por-
tions are obtained in the following way: circles with radii of 3000m.
in actual scale are drawn having their centres at the net-points of the

4) Equi-<7h lines are drawn with the interval of 64 =10cm.
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Fig. 2a. The Relation between D and the Slope of Vertical Displacements
in SW. Kwantb District.
minor meshes, mentioned in the preceding chapter, and the number
of contour lines of the map of Fig. 1 (for this purpose, contour lines
are drawn with the interval of §h = 5cm.) crossing each circular area is
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counted to represent the 40
slope in that very portion. v
To see the relation between

D and and the slope, the

values of D are plotted in

ordinates, taking the slope g,
of the corresponding por- 8
tion in abscissae. The result ®
is shown in Fig. 2a and b.
Fig. 2a shows the relation -]
between D and the slopein p h i
SW. Kwanto District and
Fig. 2b is the similar rela-
tion in Boso Peninsula.

The points showing
the relation between D and
the slope are distributed in
more or less wide range in
TFig. 2, and yet the mean
values of D’s for various
slopes are somewhat syste-
matically distributed which

g
are shown in Fig 2a, b, 0 1 2
by the symbols x  and ) —=> Slope
the i ti th Fig. 2b. The Relation between D and the Slope of
© lfle connecting (?m. Vertical Displacements in Bdsd Peninsula.
In Fig. 3, Pl 1, showing

the portions of relative maxima of D and those of the slope, we notice
that those portions with two sorts of relative maxima are found to
stand in some association. In other words, it may be suggested that some
portions of the crust with large angle of slope of vertical movement
frequently coincide with those portions with large local disturbance.

N/
FAN

3 4 b}

Geological Faults.

The deformation of the ecrust is seen, in the preceding chapter,
concentrated in some finite portions. It may be suspected that the
geological faults may also be associated in some manner with these
portions with large D or slope. Under such considerations, the geolo-
gical faults which are traced in the geological map compiled by Mr. S.
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Shimizu of Tohoku University, under Prof. Yabe’s guidance, are repro-
duced in Fig. 4, which shows the regions where the values of D and
the slope show relative maxima compared with the surrounding regions.
At a glance on the figure, we notice the fact that there are some regions
which is traversed by many geological faults and, at the same time,
covered by the regions where the values of D show relative maxima.
Such regions are found to the west of SW. Kwanto District marked by
A and to the north of Boso Peninsula marked by B in Fig. 4.

So far as our present investigation is concerned, we cannot know
whether every individual fault is significant for the process producing
the present mode of the deformation of the earl’s crust. From the
result obtained, we can draw only a tentative conclusion that a swarm
of faults, if it were permitted to use such a terminology, may be signifi-
cant with regard to the crustal deformation.

Comparison with the Result of the Levelings.

Leveling surveys” were also carried out by ‘the authorities of the
Military Land Survey Department, along the routes covering the Kwanto
Districts, some of them being revised for several times after the Great
Kwanto Earthquake of 1923. Fig. 5 shows these leveling routes and
the arrows in the figure mark the points where the slope of the vertical
displacements along the routes is suddenly changed. The coincidence
of these arrows with the regions of greater disturbance and steeper
slopes are examined and several cases are found in which the arrows
and the regions of greater D and slope are nearly coincident. Out of
these cases of coincidence, two cases are remarkable in which these two
sorts of discontinuities in oh, i. e, the discontinuity of 6k in the
triangulations and that found in the levelings, are fairly coincident.
One of them is seen to the east of Odawara, marked by Arrow 1 in
Fig. 5, where the western edge of Prof. Yamasaki’s® Yurugi Land Block
passes. The other is seen at the mouth of the Sagamigawa, Arrow 2,
where a fault line is marked in the map compiled by Mr. Shimizu.

In some cases, however, the discontinuities in ok along the leveling
routes and those obtained from the vertical displacements of triangula-
tion points are not coincident. This discordance may partly be due

6) The results of the leveling surveys in this district are published by A. Imamura,
Publ. 1. E. 1. C., 25 (1930), etc.
6) N. Yamasaxy, Bull. 1. E. 1. C., 100-B (1925).
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to the fact that the discontinuities deduced from the vertical displacements
of triangulation points are those of the averaged movement of the surface
of the earth, while, the discontinuities along the routes are due
to the minor fluctuations in k. Hence, in the portions where the
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crast was disturbed remarkably, the discontinuities found in the
triangulation and those obtained from the levelings are found coin-
cident as in the case of the western edge of Yurugi Land Block and that
at the mouth of the Sagamigawa. It should be also remarked that a
bench-mark near the SW. End of Bosd Peninsula, B. M. 3884, is abnor-
mally upheaved, as shown in TFig. 6, and this B.M. is situated in
the region where the value of D is relatively greater than the surround-
ing regions.

We have another cause for the discor dance between the two sorts of
discontinuities mentioned above. It is a well known fact that the
fluctuations in ¢% along the leveling routes are much affected by the
configuration of the routes. Hence, the apparent discontinuities in ok
along the routes do not always denote the discontinuities in crustal
deformation.”

Distribution of Divergence, Rotation,
Shear and Strain Ellipses,

From the data of horizontal displacements of primary triangulation
points, we have calculated the areal divergence, rotation and shear, and
also directions and magnitudes of principal axes of strain ellipses in
various portions in Kwantdo Districts, The distributions of fhese
quantities are shown in Figs. 7-10.

As to the distributions of divergence and the principal axes of
strain ellipses, we have already made a preliminary discussion in the
paper above cited.”

Examining the distribution of rotation ¢, Fig. 8, we notice that a
zonal region with counter-clockwise rotation extends from the mountain-
ous region lying towards W. of Kwanto Plain to Bosd Peninsula
through the middle part of SW. Kwanto District. This zone lies
inserted between northern and the southern regions with clockwise
rotation, ¢ of the northern region being of less magritude.

On drawing the contour lines on the map showing the distribution
of shear S, the signs are disregarded, their magnitudes only being taken
into consideration. Examining the distribution of §, Fig. 9, it may be

7) This point will later be discussed in detail.
8) T.TeErapa and N. MnABE, loc. cit. 3).
In the maps given in the previous paper mted some errors were found which,

though not so serious as to affect the general conclusion, are corrected and shown revised
in Figs. 7 and 10 of the present paper.
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Fig. 7. Distribution of Divergence (10-5).
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remarked that the regions with the maximum values of S are found in
the west of SW. Kwantd District and in Boso Peninsula. The region
of maximum § in the west of SW. Kwanto District is approximately
coincident with the region of maximam slope and consequently with
that of D, which is mentioned in the preceding chapter. It is also seen
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Fig. 9. Distribution of Shear S.
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Fig.10. Distribution of Principal Axes of Strain Ellipses.
Full Lines—Contraction, Broken Lines—Elongation.
Lengths of Axes denote Approximate Magnitudes.

to be coincident with the western edge of Prof. Yamasaki’s Yurugi
Land Block.

A region of relative maximum of § is extended in a zonal form
over the middle part of Bosd Peninsula from N. to S. Somewhat
similar zonal distributions have been recognized in the distribution of the
slope and that of D, but any close coincidence in position of these zones
for the slope and D with the region for maximum § is not clearly seen, for
the position of the latter cannot be determined with the same accuracy
as the former. In this zonal region, however, conspicuous geological
faults have not yet been found corresponding to this physical fault.?

9) The term “physical fault” is used for the discontinuities found from the data
of the geodetic surveys.
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The general mode of horizontal deformation of the earth’s crust
may be more easily appreciated, when the principal axes of elongation
and contraction are connected respectively so as to build up the
orthogonal trajectories of lines of elongation and contraction. Fig. 11

\
/

SW K

/"
P

Fig. 11. Lines of Elongation (Broken Lines) and Lines of Contraction (Full Lines).

shows the general features of the system of the orthogonal trajectories
of lines of elongation and contraction. We notice in that figure, that
there is a region in the mneighbourhood of Miura Peninsula which
seems to have been instrumental in disturbing the uniform development
of the deformation over the districts under consideration.

The Relation between the Vertical Movement and
Horizontal Divergence of the Earth’s Crust.'?

As we have mentioned, horizontal divergé}lce 4 for each triangle,
the vertices of which are the primary triangulation points, was cal-
culated. The mean vertical movement 64 for each triangle is now

10) An abstract is appeared in Proc. Imp. Acad., 6 (1930), 409.



16 N. MivaBE. [Vol. IX,

calculated from the data of vertical displacements of secondary and
tertiary triangulation points which are situated in the corresponding
triangle. The table below shows the numerical values of 4 and o7 for
each triangle.

Table II.

Yoo |Gronp.| Py tmgndon pointe W are |y (10-455 (om)
1 Misotai-Yama; Asitaka-Yama; Kamurigatake. -379 1 - 196
2 Kamurigatake; Sengen-Yama; Tanzawa-Yama. 6-06 35-4
3 Tanzawa-yama; Misotai-Yama; Kamurigatake. - 606 | - 560
4 A Tanzawa-Yama; Misotai-Yama; Koganesawa-Yama.| — 414 | - 46.7
7 Tanzawa-Yama ; Simomizo; Segen-Yama. 473 27-8
8 Tanzawa-Yama; Tobinoo-Yama; Sengen-Yama. 10-05 40-9
9 Sengen-Yama; Tobinoo-Yama; Zama. 314 17.2

10 Sengen-Yarma; Zama ; Hutako-Yama. 0-14 46-9

11 Zama; Hutako-Yama; Kami-Numabe. 1-92 167 -
5 Tanzawa-Yama; Koganasawa-Yama; Takane. - 010 | ~ 398
6 Tanzawa-Yama; Takane; Simomizo. 2:.86 | - 42.3

12 Kami-Numabe; Renkdzi; Nagatuda. - 033 | - 207

13 Renkdzi; Takane; Simomizo. - 169 | - 21.2

14 B | Takane; Hongd; Renkduzi. 4.33-| - 23.7

15 Renkozi; Tokumaru; Hongd. 151 | - 343

i6 Renkdzi; Tokumaru; Hongd Kami-Numabe. 0-83 | ~ 193

17 Tokumaru; Kami-Numabe; Tékyd. - 358 | - 161

18 Tokumaru; Héten; Tokyd. - 065 | - 191

28 Renkdzi; Simomizo; Nagatuda. 1-62 | - 27.3

19 Kuranami; Rokudizo; Otani. - 291 23-3

20 Otani; Rok11di26; Itinomiya. 0-46 13.0

21 Otani; Itinomiya; Nonotuka. 297 160

22 Otani; Nonotuka; Mineoka. 0-02 64-0

23 C Otani; Mineoka; Kandsan. - 582 | 1022

24 Otani; Kandsan; Kuranami. 1-38 57:0

25 Kand:an; Nokogiri-Yama; Mineoka. - 407 | 1266

26 Nokogiri-Yama; Mineoka; Bdtaisan. -10-21 | 1296

27 Mineoka; B8taisan; Okawa. -10-10 | 1278

In Fig. 12, the relation between 4 and &k is plotted, taking the
values of 4 in ordinates and those of 6/ in abscissae. Fig. 13 shows the
location of the triangles, the vertices of which are the primary triangu-
lation points. The geographical positions of the triangles represented
by the sets of values of 4 and d% in Fig. 12 may be found by iden-
tifying the numbers of the pointsin Fig. 12 and those of triangles in
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Fig. 12. The Relation between 4 and oh.
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Fig. 18. These plotted points in Fig. 12 may be classified into three

groups, A, Band C. The triangles corresponding to the points belon-
ging to Group A are in the southern part and those belonging to
Group B are in the northern part of SW. Kwantd District. The
triangles corresponding to the points belonging to Group C are situated

in Boso Peninsula.

For the relation between 4 and dh, we will tentatively ‘assume an
approximate linear one:

4= o + Boh,

where « and 8 are constants.



[Vol. 1X,

N. MivAse.

18

mw\

Ursgu vy

o

N

(*sa[SutLLy, Jo uonnquysiy revrjdeaSosn))
'sj9N uonBnSueLLy, L1emng g1 “Suy

v Sc\ﬁ,

2pepsy

“pesyy




Part 1.] On the Vertical Earth Movement in Kwantd Districts. 19

First we consider the groups A and C. In Group A, the constant
B of the above equation is positive, while, in Group C, it is negative.
For these simplified relations represented by straight lines which may
be drawn as major axes of elliptic areas in which the points for
corrresponding groups are distributed, two different processes of
deformation may be suggested. The one is such that the principal
deformation is a flexure and the horizontal deformation occurs in such
a way that the region of upheaval is forced to diverge and that of the
depression is forced to to converge. Thus the relation of Group A may
be produced. In the case of the deformation of Sakurazima, as we
have investigated,’ this relation is shown more or less remarkably.
The other process of deformation is such that the principal deformation
consists in the horizontal contraction and the vertical movement. In this
case, however, the vertical deformation is possible either in upward or
in downward directions. By this mode of deformation, for which the
vertical deformation results in an upward movement, the relation for
Group C, that is, the deformation in Bosd Peninsula, may be produced.

The relation between 4 and éh in Group B, that is the deforma-
tion of the crust in the northern part of SW. Kwanto District may be
mainly due to the secondary effect of the deformation in the southern
part. The vertical movement in that region is comparatively smaller
and not much different from each other, while 4 are varied widely.
Moreover, there is an exceptional case, i. e., the relation between 4 and
6h of the triangle No. 10, in which the value of 4 is much less than
what will be calculated from the value of ¢% through the equation.
This fact will be explained by the assumption that there might be some
disturbance preventing the development of the horizontal deformation
in this region. '

Summary and Conclusion.

In the preceding pages, we have dealt with the vertical movement
and its relation with the horizontal deformation of the earth’s crust in
Kwantd Districts. The results are summarized as follows :

1. Vertical displacements of triangulation points are smoothed so
as to sec the general mode of the vertical earth movement in this dis-
trict, from which the mean slope of the vertical displacements is calecula-
ted in various places.

11) T. Terapa and N. Mivagg, Proc. Imp. Acad., 5 (1929), 322.
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2. The quantity D = [6h—4h| is calculated for each major mesh.
The distribution of this quantity is compared with that of the slope and
the coincidence of these two sorts of distributions is discussed.

3. The geological faults are traced and several regions of relative

- maxima of D and the slope are found to be coincident with those where
the geological faults are more densely located. '

4. In comparing the distribution of horizontal deformation with
that of the vertical one, some regions with maximum horizontal shear
are found in the regions of maximum values of D and the slope.

5. The relation between 4 (horizontal divergence) and mean
vertical displacement 6k is plotted and two different processes of
deformation are suggested to serve for the explanation of the simplified
relation between 4 and oh. . :

In conclusion, the writer wishes to express his sincere thanks to
Professor Torahiko Terada for his kind advices and guidance. The
writer’s thanks are also due to the authorities of the Military Land
Survey Department for placing the valuable data at the writer’s
disposal. ‘
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