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The horizontal deformation of the earth’s crust which is going on in
present days, whether chronic or acute, often has sufficiently large
amount to be detected by means of precise triangulations. We have a
number of such examples in this country, most of which were produced
connected with earthquakes® These unique data have been much
discussed in this country from several points of view. It has been
attempted by T. Terada, S. Fujiwhara, N. Miyabe and the writer to treat
these data by means of analytical method® From the observed
horizontal displacements of the triangulation points in the district in
question, they calculated the following quantities, viz. divergence,
rotation and shear of the horizontal displacements and the directions and
magnitudes of the axes of strain ellipses. They discussed the distribu-
tions of these quantities, compared them with those of other geophysical
quantities, or interpreted them from geological point of view, and so on.
The most fundamental assumption, implicitly taken as granted, under-
lying these investigations was that these calculated quantities are really
exsisting ones but are not produced as a result of mere geometrical cffect
due to the accidental displacements to which the triangulation points
were subjected. For the purpose of making these circumstances clear, we
will reconsider for an example the process of calculation of the divergence
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of the horizontal displacement within a triangle with triangulation
points at its vertices. The method of calculation initiated by T. Terada®
was as follows.  Let 0 0, 2.y», and zqu; be the rectangular co-ordinates of
the three triangulation points and ww, s, and uzw, be the respective
components of the displacements ay, 65, o5 of the triangulation points
in x and y directions. It is assumed that w and v of any point within
the triangle is a linear function of ¥ and y such that

u = U +ax+ by,

v = v +ax+ by
Thus we have

ﬁ:a @: 2
afl} 1 ay 2
dive = ﬁ-*wai = a; + by,
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where
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In this calculation, div ¢ naturally comes out to be constant throughout
the triangle.

The method adopted by the writer” consists of, first, drawing
contour lines of equal uand v over the region in question, and secondly
%v_ for every point in the region and lastly taking

Y ‘ '
ou ov I - . s
and = which is the divergence of horizontal dispiace-
z oy :
ment of that point.

It is clear that both methods involve the assumption that v and v
within the triangle and whence the divergence are produced as a result
of general deformation of the earth’s crust, but are not produced by a
merely accidental disturbances of the triangulation points. If the earth’s

crust underwent other kinds of deformation than is assumed in the

caleulating -gli and
i

the sum of
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above calculation, there will be no physical significances in them.
Some of the remarkable examples of such cases will be shown in
the following figure. In the first example, the real divergence of
the horizontal displacement in the triangle is a large positive value

(1) (2) (3)
Fig. 1.

though the calculated divergence will be zero. In the second example
the real divergence in the traiangle is practically zero though the
calculated divergence will be of a large positive value. Still in the third
example, the real divergence is a large negative value though the
calculated divergence will be of a large positive value. In such
cases, the calculated quantity has no physical significance being merely
produced as a geometrical effect.

Though the assumptions made in the methods of the above
mentioned.authors seem to be plausible, yet it is of importance to make
some check on the validity of these assumptions for developing any
further discussion in this line.

Now we have an excellent case in which this crucial test is to be
made. After the great Kwanto earthquake of 1923, the Military Land
Survey Department® made revisions of triangulations of the first, second
and third orders over the southern part of the Kwanto district where the
damages caused by the earthquake were large. Still we have a standard
rhombus base lines remeasured in the compound of the Tokyo Astrono-
mical Observatory at Mitaka. They are a special set of base lines forming
a rhombus which consists of two equilateral triangles. The successive
changes of the lengths of the sides of the rhombus have been repeatedly
measured. Then, if we can compare the divergence of Mitake region by
four different sets of data, i.e. the results of the rhombus measurements
and those of the triangulation of the first, second and third orders, we
will get some informations regarding the validity of the assumptions
made in the calculation of the divergence.

5) Bull. Farthq. Inv. Comm., 11 (1930), 1.
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The first order triangle, which contains in it Mitaka rhombus is
composed of three points, Renkozi, Kaminumabe and Tokumaru.
The co-ordinates and the displaceinents of these points are given in

table 1. Tokumary
Table 1.
== X
Mitaka

z y u v

m m m m
Renkozi 0 0 ~0-187 | —1.438
Kaminumabe 18400 | —4000 | —0-053 | —1-332 . Kaminumabe

ale  for Map
Tokumarua 17600 | 15600 | —0-206 | —0-793 [ J:
Scale .for  Displacrment

v '
n

Fig. 2.

The divergence of horizontal displacements in this triangle was
calculated after Terada’s method. The value obtained was 3-4 x 1075,

The second order triangle which contains in it Mitaka rhombus is
composed of three points, Hitomi, Mure and Hosoyama. 'The  co-
ordinates and the displacements of these points are given in table 2.

Mure

Table II. s —

G831

x Yy - v &
!
m m ‘f m m
Hitomi 0 0 | +0088 | —-0851
Mure 7300 950 | —0-128 | —0-841
Hosoyama  j——g—+ km
Hosoyama 1500 | —6750 | +0-035 | ~1-322 . Sl for Diphicanent

Fig. 3.

The divergence of horizontal displacements in this triangle was
calculated similarly as in the case of the first order triangle. The value
obtained was 3-8 x 105, ‘

The smallest triangle which contains in it Mituka rhombus is
composed of Hitomi, Mure which are secondary points and Hazawa
which is a tertiary triangulation point. The co-ordinates and the
displacements of these points are given in table 3. )
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Table III.

z K u v
Hitomi 0 0 +0088 | —0.851
Mure 7300 950 . —~0-128 —0-841
Hazawa 3400 —~1300 +0-328 —0-925

The divergence of horizontal displacements in this triangle was
calculated similarly, and the value obtained was 4.5 x 10-°.

The standard rhombus in the compound of the Tokyo Astronomical
Observatory at Mitaka is composed of four base lines, each with the length
of L00m. The diagonals of this rhombus ‘
have the direction of EW and NS. N
The lengths of these sides have been
measured fifteen times by the experts
of the Military Land Survey Depart- VW E
ment under the supervision of the
Imperial Japanese Geodetic Com-
mission. The results obtained are

shown in the following table. S
Fig. 4
Table IV.
Date NE | ANE| ES AES | SW | ASW | WN |AWN| NS | ANS
m m m . m m
100+ 100 100+ 100+ 100+

mm mm mm mm
1916 June | +0-92 o |06 —0-01
1917 Feb. | +092 +023 | +0-25

mm mm mm mm mm mm
+072 | _ foel #0781 M Ledsg|
L1 10.60 +078 | O 1 o5 | =0
1917 | Ocs. | +015| ¥ | {o55| +080 +091 +022 +001 o2 +084 +os0
1918 | Feb. |+097| Z0aq | +0:26) TOA) 4066 | 7081 1000 | Z082| 407 | —037
1918 | Oct. | +031| 7090 +027 | TOOL | 4069 | £998| Lo76 | +067) L1 | +004
19 | Now. | +1:03) 773 +052 | TOF0 | +094 | TO2 | Lo.86 | T010) L o.65 +012
1920 | Nov. | +126) X8 4055 | 100|107 | £007| 4 102| +016| Yogs | 022
1921 | Nov. |+125 “o9h | +056| FOVL 11| +004| Sy +0.93 | +008
1922 | Nov. | +111| To% | +042| 7O 4102 7008 | 1 106] 7003 ) oo | ~011
1923 | Sept. | +173| T008 + 053 | TOU 4134 | T8 1 1ap) H006) Lo 80
1928 | Qct. | +164) 7007 | +083 | Z020 147 | F018 1 40,95 | ~0171 g0 | ~040
1924 | Jan. | +191| TR0 4007 | Z0% 4180 7008|070 | —028) (g —024
1924 | Aug | +198) 7008 —005| TOAE) 150 | FOUL | o7y | 70O | ggo | —084

1925 | Dec. |+184| 0200 005 +080) 13001 —0061 7 s | +0-11 ) 7ol
1927 | Dec. |+288 T'"54| 40.80 | ¥095| Loyp| +072| Tigg| +056| T5gr | +0-29
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By these data, we can calculate the increase of areas of triangles
NWS and NSE both of which are equilateral. If we denote by S the

arca of a triangle whose sides are @, b and ¢, and if s = % (@+b+c), we

have

S=Vsis—a)is—bG—c),

hence i S LA +
s—a s—b s—c¢

dS 1 (ds ,ds—da , ds—db +ds—do}

(@)
(8]
—_—
>3

If @ = b = ¢ as in the present case,
de+db+ de = 2ds,

so that a1 2—a

=2 7 s,
S 2 ls(s—a)f s

In the present case, s = 150 m and ¢ = 100 m,

ds ds

therefore =
S 75000

ds being measured in mm.

In this way, we can calculate easily the increase of arcas of the triangles
NWS and NSE. The results are shown in the following table and
figure.

Table V.
A(NE+ . A(SW + . .
Date ESANY div. (NES) W+ NS div. (SWK)
Integrated Integrated
mm mm
1916 June | _Gg | —0:04x10-9 ~0:04x10-9  —008 | ~0:05x10-F ~0:05x10-5
1917 0(:13' +0-83 +0-55 +0-51 +0-75 +0-50 +0-45
1918 Feb. —~0-84 —0-566 —0-05 ~—1-64 —1-03 —0-58
1918 Oct‘ —0-61 —041 —0:46 +0-73 +0-49 —0-09
1919 NOV. +1-09 +0-73 + 0-?7 + 047 +0-31 +0.22
1920 NOV. +0-48 +0:32 +0-59 +0b61 +0-34 +0-§6
1;3,)1 Nov. +0-08 +0-05 +0-64 +0-21 +0-14 +0- 10
1952 N OV' —0-39 —0-26 + 0~3§ —0-25 —0:17 +0-53
1923 Sept,' +4-:31 +2:87 +3:25 4396 +2:64 +3-17
19‘2'3 Oct * ~0-69 —0-46 +2:79 —0-44 —0-29 +2-88
1994 Jan. ~0:23 —0'}5 +2:65 —0:55 —0-37 +?-51
1924 Auv‘ —0-79 —-0-:31_3_» + 212 —0-24 —016 +2:35
1995 De(a:. +0-83 +0:55 +2'§Z +0-32 +0-21 +2:56
1927 Dec: +1-31 +0-87 +3:56 +1:50 +1-00 +3-56
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8x10-8

For o NES
— —- - For « SWN

Divergence.
Great Kwanto Earthquake

251
26

.
[} Iag] H
[ TS SR

19171'
27
19281

Fig. 5.

Two curves in Fig. 5 which represent the divergence of triangles
NES and SWN respectively are alomost exactly similar in their forms.
This seems to be a sufficient proof that the measurements of the variations
in the lengths of the rhombus sides were precise enough and the deform-
ation of the triangles were produced as the effect of the general deform-
ation of the neighbouring earth’s crust but not as the effect of the accidental
displacements of one or some of the base stones. At the time of the great
Kwanto earthquake of 1923, both triangles expanded in area and the
divergences of the horizontal displacement in both triangles were,

2.9 x 10-° for NES.
2:6 x107° for SWN.
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Now we have calculated the divergence of horizontal displacements
of the neighbouring region of Mitake in four difference ways. The
results are :— '

(1) 84x1075...for Ist order triangle.
(2) 388x » ---for 2nd order triangle.
(8) 45x » -.-for 3rd order triangle.
4) 29x» ---for NES.

2.6x » ---for SWN.

As Prof. T, Terada kindly remarked the writer, the results (1), (2)
and (3) must not be regarded as entirely independent, the displacements
of the second order triangulation points having been calculated using
the data of the displacements of the first order triangulation points.
The results for rhombus are on the other hand entriely independent
from those obtained from the results of triangulations. The values of
divergence as calculated from these different date are seen to be of the
same sign and their magnitudes are approximatey equal. This is a proof
that the assumptions made in analytical treatments on the horizontal
deformation of the earth’s crust are to be justified.

One important point to be remarked in the above is that the
divergence calculated from the data of the triangulations is that in the
interval between the former and the later triangulations, which is some
thirty years long. On the other hand, the divergence calculated from the
data of the rhombus is that in the interval of about one year. As we
can see from Fig. 5, the eartl’s crust in the neighbourhood of Mitaka
has been generally expanding even when there was no remarkable

“earthquuake. Thus we have no reason to expect that the divergence as

caleulated in different periods must come out to be exactly equal. It
is rather plausible that the divergence calculated from the data of the
triangulations comes out larger than that calculated from the data of the
rhombus at the time of the earthquake of 1923.

In Fig. 5, the areas of the triangles of the rhombus are seen to have
been subjected to gradual expansion. This expansion of the areas seems
to have been disturbed in 1922 and suddenly came the earthquake of
1923 and after the earthquake the triangles decreased in their areas for
one year and after that they again took their general course of expansion.
In this respect the great earthquake of 1923 seems to have been an
accidental event in the course of the expansion of the general area. It is



392 Analytical Treatments of the Horizontal Deformation, efe.  [Vol. VIII,

of special interest to note that a similar curve is obtained with other
quantities such as the relative height of the mean sea level at Aburatubo
which is the nearest mareo-.
graphic station to the epicentre
of the great Kwanto earthquake. 350
This curve. is shown in Fig. 6. o
Height of a Fixed Point
The similarity in the forms of - at Aburatubo above the
the curves in Fig. 5 and 6
suggests that there was some
connections in the mechanisms of
producing the divergence in
Mitaka on the one hand and 250
the vertical displacements at
Aburatubo on the other hand.
In conclusion, the writer
wishes to express his deep

300

Great Kwanto Earthquake

IR SN2 SN dR R S
thanks to Professor T. Terada for oo gaaaaasa

— — —
his interests and advices in this Fig. 6.

work.
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