40. On Different Types of Time-variation in the Rate
of Vertical Displacement of Bench-marks
in Tokyo and its Vicinity.

By Naomi MIYABE,

Earthquake Research Institute.
(Read May 17, 1932.—Received June 20 1932.)

1. There are more than 60 bench-marks distributed in Tékyd and
its vicinity. These bench-marks are connected by levelling routes as
shown in IMig. 1. The levelling surveys along these routes were carried
out 11 or 12 times since the year 1892, except for the route from Hukagawa-
Koéen (B. M. 9831) to Hunabasi (B. M. J-3828 (Fig. 1) which was
surveyed & times, since the bench-marks along this route was installed
in 1918. The dates of these levelling surveys with the times elapsed

Table 1.
No. of Survey Dates of Survey Year:uii};siga:iré;iﬁz%e (fggmer

1 1892-I1—1IV *** —_

2 1894-1--1V 20

3 1895-XII—1896-111 1-9

4 1899-1—1V 31

5 1902-III—1V 34

6 1909-XI1—1910-111 79

7 1914.IV—VII 4-2

8 1918 IX—XII 43

9 1923-X—1924-11 52 *
10 1925-X1—1926-1V 2:0
11 1930-1I- III 42
12 1981-VII 1-:8 **

* The data of the vertical displacements of B. M.s 9831, 9832, 9833, 9834, 9835, 9836,
9837, 9838, 9839, 9840, 9841, 9842 and 9843 are obtained first in the result of this survey.
This survey was carried out along the routes.

i) From the Standard Datum Point to Kasukabe (B. M. 2014) via Senzyu ;

ii) From Nippori (B. M. 24) to Omiya (B. M. 482) via Itabasi;

iii) From Bakuro-tyd (B.M. J-5) to Kameido (B. M. 3379) ;

iv) From Sin-hunamatu-tyd (B. M. J-0) to Suna-mati (B. M. 9834).
*** Numerical figures in roman type denote the month.
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between successive surveys are shown in Table I.

The present writer intended to investigate the modes of the time
variations of the vertical movement of the earth’s crust in the vicinity of
Tokyé by utilizing the above data. For this purpose, the time rate of
the vertical displacements of each bench-mark for different time intervals
were calculated. As the time intervals during which the vertical dis-
placements measured had taken place are not the same for different epochs,
the discussions on the time variations of the modes of vertical movements
should be based on the time-rates thus obtained.

The data of vertical displacements of the bench-marks employed in
the present investigation were taken from Messrs K. Mut6 and K.
Atumi’s paper,” the Report on the Results of the Levelling Surveys of
1930* and that of 1981.%

2. The rate of vertical displacement of each bench-mark is obtained
by dividing the vertical displacement AH through the corresponding
time interval At during which the vertical displacement AH occurred.
Thus, the rates of vertical displacements, AH|At, were calculated and
represented numerically in mm.[year for each bench-mark with respect to
different time intervals and the results are given in Table II. The
modes of time variations of vertical displacements of several bench-marks

are shown by the curves in Fig. 2.

' In Table II or Fig. 2, we notice that there are several different
types with regard to the time variations of AH[At. According to the
types of curves for AH|At, the bench-marks may conveniently be classi-
fied into five different groups. It may also be a remarkable fact that
the bench-marks respectively belonging to different groups, above classi-
fied, are also distributed in respective groups in different regions. The
general characters of modes of time variations of AH|A¢ for the different
groups of bench-marks are pointed out as follows:

i) Type I. As shown in Fig. 2a, the vertical displacements which
may be considered as the direct effect of the Kwantd Earthquake of
1928, seem to be generally upward. The rates of the vertical displace-
ments, especially those of depressions, of these bench-marks were dis-
continuously increased after the Kwantd Earthquake. The bench-marks
of which the time variations of AH|At are of this type are distributed
mainly in NE suburb of Tékyd. Those are B. M. 0 (Yokoami) B. M.

1) K. Murd and K. Arusrt, Bull. Farthq. Res. Inst., T (1929), 495.
2) The Report published by the Authorities of the Military Land Survey, (1931).
3) . Bull.. Earthq. Res. Inst., 9 (1931), 508.
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Table 1. 2 of the Bench-marks in mm.|year.
Locality of the A 1892- 1894 - (1895~ (1898~ (1902~ |1910- 1914~ | 19181923~ 1926~ 1930~
Bench-mark  [Yo.of\ " | 1894) 1895 1898 1902 1910 1914 1918/ 1923 1926 1930 1931
mark
Aoi-tyd | osi-20) 00| — | 18]-00)-114 -29, 20/ -88
Kioi-tyd J2 | 16l 27| -20]-06] —| 01| 06, -21, 01, 07,
Huzimi-tyd 3 29| 04, 48] -04| — | -09| 03] -30|-40| 01
Surugadai 4 17| 1'1]-30| -02] — | 00, -0.3,' 08| =54, -22
Bakuro-tyd J-5 | 11| 12]-24]-08| 08l -06] — | -24, 74, -56,| -2:4
Hama-tyd 6 05| =53, 52| -10| -2:2| 52, ~4'8, -8 |-21-3 -20-4 |-302
f;g'l‘lumm““' J0 | — | -08) 84| o1, 01, -1-3,] -05, -06,| -4.2,| -0-9,/ =30
Tukidi J7 | 01| 004 ~08]-18 — | 07 -08,-01, -08| — |-38,
Ta-mati 8 | -96| 11'4| -77| -3:0,| 04, 09| -0.5, ~0'2,| 18 [-10-1
Takanawakita-| 59 | 05| 25| 26]-32| — |-01| 00, -12] 39, 04
Simo-Osaki 10 | 08| 05 04 25| -1-4| 13, -1, -38| 89| 19,
Kirigaya I 05y 08 25|-21,]-04] 12 10| -32| 52| 21,
Himonya 11 08 13| 14, -1-7|-08,| 07| 08, -59, 51,/ 18
Kamiuma 12 | 05) 17 04 20| 05| — | 10] -95] 48! 21
Daita 13 | 09 11|-I'1| 15| 06| 17, 08-101, 25, 23
Hatagaya J-14 | 07, 24, -201 25| — | 12 10]-1000| 14| 19
Hatagaya 15 05| 25, 27| 18] — | -0:8,] 01| -884 -02, -1'8
Asahi-mati J-16 | — | -204 -0l 01|-04] 04| 04,)-108] 40| -4-2,
Nakano J-17 | =085 866 -3'1| 28| 09! 1-0, 08, -92]|-38 086,
Kasiwagi I | 03] 29)-30) 1:8]-08] 00, 07, 74| -6, 11,
Arai 18 | -15] 52| -38| 29| -12] 12 10,-106|-40/ 04,
Otiai 19 | -17| 46/ -38| 06| -08| 02| 08/-92/-60| 10
Nagasaki 20 | -1'8 40, -37|-06| 05| — | 05, -83|-75] 09,
Simo-Itabasi 21 | =05, 48| 46 -1-8] -11,| 04, 01, 77 -94| 06,
Simo-Itabasi I | 07, 50|51 ~16] <09, 02| 01, =67 -92 05,
Simo-Itabasi J-22 | 00 30| -45( -1-5| -1'1, =05, 00, -56, 95| 00, 95
Wozi 23 | 07| 28] -39, 30| -05] — |-03,] -1'4 140, -0-2, -8'8
Nippori 24 | -03| 88|41 29| 06| — |-04| 1:5-130, 24, -59
Senzgu Mina- | g5 | -0.6| 8| 78| 26| <12 45| -§6,-11'0|-57'1 |-45'8 258
Sybdden-tyd 26 | 01| 19| ~4.6| 16| -08 | ~4'3| ~4-4,| -4'4 |-25-4,] 14:2|-19'6
Sﬁlgiy“ Naka- | 3365 | 04| -4-4| 87| 24| 06| 41| -3, 0,283 | 145 |-254
Senzyu 1-tydme | J-IV 1-2| 32| -94|-28|-02| -46,| -58,] -85,~39-7 |-30-0 |-37-4

(to be continued.)
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Table II. (continued.)

~_ Time
Locality of the Inter 1892~ 1894-‘1895~ 1898-‘1902- 1910~ (1914~ [1918- 1923~ [1926- 1930~
Bench-mark ~ |No.of\ "\ 1894/ 1895 1898 1902 1910 1914) 1918 1923 1926 1930 1931

mark, .
Kosuge gSég 03| 52-10:1| -2°8| -0-2| 4.3 | — [-10-45-29'3 |-21-2
Kameari 3367 | -00; 49| -92|-26] 04]-43| — | 4:0,-21'56-19°0
Kameari 3368 11} 09| — | 31| -04y -49| ~3'2,| -1'7,~28-1 |-22°6
Sinzyuku 0 06 24} -82| -41|-02, -64| -4'6,] -0'1 [-25:2 |~17-8
Kanamati 3369 04 27| ~60|-33| 06, 43| -33| 57~193| -3'3
Kanamati . 3370 01| 39| — [-11°6| -4'1| -7°4| =36, 9°8;/-12:9 |~11-0
Kanamati 0 -1-4
Matudo 3371 | -0°5|-15:8| 56 ~1'2| — | =32/ 10| 10°95| -84 | -2'7
Matudo V | -05[-167| 69| -1'1| 05| -27,| ~1'4s| 114 | -8:05| -3.4,
Itikawa 3372 | -2:2|-158| 58| -1-3| -0-1| -2:8| -1'3,| 11'2 | 76 | -39,
Itikawa J-3378 | -04|-16'3 | 66| -3:0| 07, 28, -1'4 | 11'5, -81 | 24,
Koiwa 0 |-42-184|-27| — | -02 -2:7| -1'8 | 11'3 |-11'9,] 4'7
Simo-Koiwa 3374 | 14| -7°0| 30| -1'4| -0'6, -24| -1'8| 7'7|-12'9,| -33,
E:ﬁ;‘;igugawa 3375 | 22| 42| 05| —1'5| -0'6,| 31, 26, 04 |-42'9 |-39-2
Ei(f;amgaw 3376 | -2'5| =36 | =81 | 21| -2'8,) 90y — |-34'9 |-677 |-47-2
Kameido 3377 05| ~6'71 -4'8| -3'3 | -4'6 |-212;|~26"2 |-472 |-88'8,/-58'8 | _58-5
Kayaba-ty6 3378 | -3:0,/ -9°1| =92 |-11'3 | -5'8 |-18°3 |-27"1 |-22'0 |-52°5 |~133'5 |.184-0
Koidumi-tyd 3379 03| -47| =69 -6:8| -2:2,| -665-17"5 |-29°9,|-47-0,-37-8 | _48-3
Yokoami 0 18 10| =48 | -01| -02| -29| -1.5| 2:55-1815~11"54 _10-7
Hukagawa- 9851 -318 |-371,-45-04 815
giggﬁyé 9832 729 |-93-8 912 L1155
Suna-mati 9833 -20°1 |-45-6,-38-0 | -39-2
Suna-mati 9834 -530 |-85'0 ~55'9 | ~54-1
Matue-mati 9895 -10-4 |-44-5 |-29:6
Kasai 9836 0°1,[-23'6 |-29-0
Kasai 9837 0'6 -205 |-11-8
Urayasu 9838 0+34/-22:3 |-10°5
MinamiGydtoku| 9839 107 | 68| -2+4
MinamiGyotoku| 9840 98 |-11.2 | -56°2
Gyotoku 9841 108 | ~-87 | 29
Katusika 9842 134 | -6:8| -1"4
Katusika 9843 138 -6:7| -1'1
Hunabasi J-3826 16:6 | -5'5| -0-9
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BM. 0 (SinzyuKu-mati)

BM. 3370 ( Kana-mat{)

(¢]

[ ]

X BM. V (Matudo)

A BM.3:72 (Itikawa)
. ® B.M. 3375 (Higasi-Komatugawa)
401
20F % -% §

Fig. 2a. The time variation of AA—[f: Type I. O

Points marked by asterisks represent %, during the corresponding

time interval, the Kwantd Earthquake occurred.

(o] B.M. T (Kirigaya)

[ ] B.M. 11 (Himonya) -

A B.M. J-1'7T (Nakano)

X BM. T (Kas'iwg,gi)
i ® BM. 18 (Arai)

Fig. 2b. The time variation of %- Type 1L
The asterisks mean as in the case -of Fig. 2a.
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AH O BM. 3 (Huzimi-tyd)
At . .
(mm.) ol A BM. 21 (Simo-jtabasi)
year ® BM. M (Simo-Itabasi)
[ X  B.M. J-22 (Simo-Ttabasi)
ST e
o o o [
S s & &
0\0 L
-5F \* AN
A
o
-10F
Fig. 2c. The time variation of 2ot : Type III ¢
g. 2¢. e time variation of —=-: Typ . @
The asterisks mean as in the case of Fig. 2a.
AH .
At 0 BM I (oi-tyd)
(mm) 10 f ® BM. 8§ (Ta-mati)
year
I
0
-5 -
o
1or e}

Fig. 2d. The time variation of A—A];—[ : Type IV.

The asterisks mean as in the case of Fig. 2a.
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O B.M. 3377 (Kameido)
® B.M 3379 (Koidumi-tyd)
6or A BM. 9831 (Hukagawa-Kben)
AH _
At ® B.M. 9834 (Suna-mali)
mm.) 4or X B.M. 9832 (Higasi-Hiraity8)
year
I 20}
g s g 2
0
-20F
-40F
- 60
-901
-100fF N,
Fig. 2e. The time variation of %: Type V. 3
The asterisks mean as in the case of Fig. 2a. -
mn,
50
1800 1910 19)20 19130
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i .
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<
-5 \\/.
® | BM.1§ (Arai) ey T ey
o B.M. V (Matudo) Gy e ]
-10
Fig. 2f.

Vertical displacement integrated.
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3379, B. M. 3378, B. M. 3377, B. M. 3376, B. M. 3375, B. M. 3368, B. M.
3367 B. M. 0 (Sinzyuku-mati), B. M. 3370, B. M. 3366, B. M. 26 etc.
and they are represented by the mark @ in TIig. 1.

ii) Type 1I. As shown in Fig. 2b, the vertical displacements which
are considered as due to the direct effect of the Kwantd Earthquake are,
for this type, distinctly shown by abrupt increases in the rate of depres-
sion. After the earthquake, however, the movements subsided gradually.
The bench-marks belonging to this 2nd type are distributed generally
in W or SW of Tékyo, i. e, B. M. 10, B. M. I, B. M. 11, B. M. 12,
B. M. 13, B. M. II, B. M. 18, B. M. 19 etc., shown by marks @ in Fig. 1.

iii» Type III. As the curves in Fig. 2c¢ show, the vertical displace-
ments of B. M. 21, B. M. IlI and B. M. J-22, which are situated at Ita-
basi, are such that the components which may be due to the acute
movement at the time of the Kwanté Earthquake are so remarkable as
described in ii). Depression of the earth’s crust shown by the result of
the levelling survey of 1923 were again shown in the results of the
survey of 1926, corresponding to the vertical displacements during 1923~
1926. In the result of the survey of 1930, the vertical displacements of
these bench-marks are much smaller, i. e, the vertical movement repre-
sented by displacements of these bench-marks seems to have ceased. A
similar variation is also shown by that of AH[A¢ of B.M. 8, situated at
Huzimi-ty6. TFor this bench-mark, however, the movement which may
be considered to be due to the acute mevement at the time of the Kwantd
Earthquake is not clearly noticeable and an elevation during 1926-
1930 is more or less remarkable. These bench-marks belonging to this
3rd type are represented by marks @ in Fig. 1.

iv) Type IV. The curves in Fig. 2d show the time variations of
AH [At of B. M. 1, situated at Aio-tyd, and B. M. 8, situated at Ta-mati.
As shown in the figure, the movement during 1918-1923, including the
effect of acute movement at the time the Kwanto Earthquake, was depres-
sion, the movement during 1923-1926 was evidently upward and that
during 1926-1930 was again depression. These bench-marks of Type
IV are represented by marks & in Fig. 1.

As for the bench-marks belonging to Groups iii) and iv), the type of
time variation of A H|At may be regarded as some modifications of type 1I.

v) Type V. The variation of AH/[A{ of other bench-marks (Fig. 2)
are such that the effect of the Kwanté Earthquake, even if it existed,
is not evident. The post-seismic rates of depression of these bench-
marks, however, are so remarkable in Honzyo, Hukagawa and its vicinity
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that even the least value of them amounts to 40 mm. per year in round
number, :

The bench-marks of which the variations of AH|At are in such a
manuner as. mentioned above are B. M. J-5, B. M. 6, B. M. J-0, B. M.
J=7, B. M. 26, B. M. 3365 etc., represented by marks @ in TFig. 1. As
for B. M.’s 9831, 9832, 9338 and 9834, the pre-seismic dala of the vertical
displacements are not sufficient.in number for the comparison with the
post-seismic series of data, as in the case of the other bench-marks.
Hence, these bench-marks are included in Group v, for convenience’s
sake, as the post-seismic variations of their AH|At are similar to those
of other bench-marks belonging to this group.

The difference in modes of vertical movements of the bench-marks
belonging to the different groups are also shown by the curves repre-
senting the integrated values of vertical displacements from the time of
the first survey. Fig. 2f shows the curves of YV =2AH plotted as
ordinates taking the time as abscissa, where AH means the vertical
displacements of the bench-marks during each time interval of the
successive surveys. The curves in Fig. 2f show variation of ¥ of B.M.

V, situated at Kana-mati, and B. M. 18, situated at Arai, of which the -

modes of variations of AH|At are typical of those of the bench-marks
belonging to Group I) and Group 1I) respectively.

It may be remarked that the types III), IV) and V) of the variations
of AH [At may be regarded as intermediate between the two extreme
types I) and II), of which the variations of AH|At are approximately in
negative correlation with each other. For the types I11), IV) and V),
amounts of AH|At are generally smaller than those of A |At of Types
I) and II), and the bench-marks belonging to Groups iii), iv) and v) are
distributed in the region situated between the two regions where the
- bench-marks belonging to Groups i) and ii) are respectively distri-
buted. ,

3. The distribution of the bench-marks and their types of the time
variations of AH[At suggest us the following mode of deformation of
the earth’s crust which prevailed in Tékyd and the environs in the
recent years: The crust was first tilted toward SW during 1918-1923,
including the effect of the Kwanté Earthquake, if any, and then was
tilted in the approximately reversed sense during 1928-1926. According
to the results of the surveys carried out after the survey of 1926, i. e.,
_the surveys of 1930 and 1931, the tilting of the earth’s crust in this
region is generally not remarkable, and yet the conspicuous local depres-

Ny v 4
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sion in Honzyd and Hukagawa” has maitained its activity.

4. A similar mode of deformation of the earth’s crust is also obseved
in the secular variation of the area of rhombus enclosed by a special
set of geodetic base-line which is installed in the compound of the
Tokyd Astronomical Observatory at Mitaka.

All of the lateral sides and one of the diagonals of the rhombus
are arranged in the manner as shown in Fig. 8. Since the year 1916
up to 1931, the measurements of the
lengths of lateral sides and the diagonal
NS with the accuracy up to 0.01 mm have N
been repeated 18 times. From the results
of the measurement, the areal change per
unit area of each of the equilateral triangles W £
NES and NWS was calculated for the time
intervals corresponding to those of two suc-

cessive levelling surveys carried out along S
the routes which contain the bench-marks Fie. 3

. O
mentioned in the preceding paragraphs. The Rhombs of a Special Set of

The calculation of dS_/S, the areal Base-line at Mitaka. NE, ES, §W,
change per unit area, is made as Mr. C.  WN and N8 being very mnearly
Tsuboi” shows, by using the relation 100 m.

dS_ ds
8 75000

Table III. d;S of Each Triangle of the Rombus at Mitaka.

Time interval Triangle NES Triangle NWS Average
1916-IV-1918-11 - 0083%10-3 0:1783%10-3 2-8x10-7 per year
1918-11-1924-1 5387 4-867 87
1924-1-1925-X1I 0°053 0-107 4-2
1925-X11-1930-11 . 0413 ' 0°640 1-2
1930-11-1931-X ) - 0227 1-640 42

4) As for the local depression in Honzyd and Hukagawa Prof. A IMAMURA discussed,
in his investigation, the tilting of Ko6t0 Block in association with the recent seismic
activity in this region. A. InamuRra, Jap. Journ. Astro. Geophys., 8 (1931), 177.

The present author has dealt with the same problem and the result-will be informed
later in this Bulletin.

5) C. Tsusot, Proc. Imp. Acad., § (1930), 867 ; ibid., 7 (1931), 155.
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where ds is half the change in perlphery of the triangle measured in

mm. The calculated values of dS[S for each of the two triangles and

their mean values for different time intervals are shown in Table III,

and the variation of

averaged values of d8JS  § <157 19120 L
with respect to time is 5 12 w
. & S
shown by the curve in =~ =
. Z|m <
Fig. 4a. © 8t =
The curves in Fig. I 3
2f representing t.he tot'al ol / g
amounts of vertical dis- g

placements for B. M.V 0

- and B. M. 18, are secen,
' at a glance, to be posi-
tively correlated with the

Fig. 4a.
das .
g per year of the Area of the Rhombus at Mitaka.

curve representing the g

integrated values of dS[S & 5 19120 W 19150

of the area of the rhom- ¥ 0l =

bus at Mitaka, shown in & g p__o/c/)
. Fig. 4b. %l %"

As for the rhom- I “or o

bus at Mitaka, the ver- | =

tical ~displacements of 20 g

Points E, S and W re-

lative to Point N are 0

also measured 8 times Fig. 4b. dyed )

since the year 1916. f—fg of the Area of the Rhombus at Mitaka.

From these data, the
directions and magnitudes of tilting of each triangle are calculated for
the different time intervals corresponding to those between two suc-
cessive surveys along the levelling routes in Tokys and the environs.
The vector diagram of the tilting of each triangle is shown in Fig.
5, and numerical values of the magnitudes and azimuths of them are
given in Table IV. In this figure, we notice that the tilts of the earth’s
crust in this region was directed towards SW during 1921 XI-1923 X.
If we take the time interval from 1918 X to 1923 X, the tilt of the
crust was directed approximately towards W. This tilt of the crust was
nearly recovered by the tilt in the reversed sense of the same azimuth
during 1923 X-1925 XII. Since then the crust was again tilted to NW.
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2ag? . N
. (/ —
2 / )
I 1./
w Ot 1E
E 3 = 0 i
-’>3<10'5 K S
Fig. 5. .

Vector Diagram indicating the Tilting of the Area of the Rhombus at Mitaka.
O Tilting of the Triangle NES
(] . - ” NWS.
The numerical ficures are representing the dates when the vertical displacement
of the points E, S, and W are measured.

1: 1981.X . 5: 1927-X1II
2: 1920-XI 6: 1929-111
3: 1921-XI 7: 193011
4: 1923.X 8: 1931.X

Table IV. Tilting of the Rombus at Mitaka.

Tilting of NES Tilting of NWS
Time Interval . . N
Magnitude | AZIUEN efer- | ypoonipnge | Azimuth xefer-
1918-X-1920-XI 0'32%10-3 250° 0:12x10-5 210°
1920-X1-1921-X1 1:33 353 1-92 319
1921-X1-1923-X 1-83 252 060 210
1923-X1927-X 11 1-62 110 1-86 110
1927-X 11-1929-111 162 310 117 820
1929-111-1930-1I 0-12 90 012 90 -
1930-11-1931-X 075 314 0-52 : 340

The fact that the sense of the direction of the tilt of the earth’s crust

during 1923-1927 was reversed in comparison with the tilt during 1921~
\ 1928 or that during 1918-1928, is coincident in sense with the general
! mode of the time variation of AH|At of the bench-marks in Tékyo and
- the environs.
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! It may be suggested from the facts mentioned above that there may
exist a general crust movements in Tékyé and the environs including
| Mitaka, which may be represented by the general mode of time varia-

I tions of AH|At of the bench-marks and those of dS|[8 and tiltings of the
vearth’s crust at Mitaka.

5. Recently Prof. T. Terada® pointed out that there is a probable
correlation between dS[S of the area of the rhombus at Mitaka and the
frequency of conspicuous earthquakes in Kwants District. Since the
time variation of AH /At of the bench-marks is parallel with that of
dS|S of the rhombus at Mitaka, it may be expected that the former will
also be correlated with the frequency of occurrence of eftrthquakes in
Kwantd District. : )

“The number of conspicuous earthquakes Whlch occurred in Kwanto
District was counted since the year 1911, and the mean values of the
numbers of these earthqudakes per year were obtained for the time
intervals corresponding to those between the successive levelling surveys
during which the vertical displacements of the bench-marks were mea-
sured had taken place. The
result is shown in Fig. 6. It 90
may be remarked that relatively
frequent occurrence of conspi-
cuous earthquakes in 1911-1915
compared with the later epoch
may partly be due to the differ- |,
ence of the scale of intensity
adopted for classifying the
earthquakes. Hence, several 0
per cents of the number of Fig. 6. )
earthquakes in  1911-1915  Frequency of Conspicuous earthquakes in

might be discounted. What- I;waiitgugilrslglic;ﬁe conspicuous earthquakes
ever the matter, the time vari- of which the epicentres are located in
ation of the frequency of oc- Kasima-nada.
currence of earthquakes is O Kasima-nada Earthquakes are excluded.
noticed to be similar in its general feature with that of AH /At of the
bench-marks.

This statistical relation between AI/[At¢ of the bench-marks and the
number of occurrence of conspicuous earthquakes, of course, does not
lead. to a conclusion that the deformation of the earth’s crust precedes

6) T. TeraDA, Proc. Imp. Acad., T (1932), 8.
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or follows the occurrence of the earthquake, but it may at least show
that the deformation of the earth’s crust is: sometlmes)assocmted with:
the occurrence of earthquake.” Hence, the verfical displacement of the
bench-mark, AH during the time interval At may consist of A.H, the-
the vertical displacement due to chronic movement, and A.H, the verti-
cal displacement due to acute movement such as assoGiated with the
occurrence of the earthquake. Moreover, A,H may in its turn consist.
of A, Aly,....Ahs, where Ah, is the vertical displacement associated
with a single earthquake, » being the number of earthquakes during:
the time interval At.] If Ah, of a certain bench-mark is constant for:
any conspicuous earthquake occurred in Kwanté District while the
earthquakes of minor scales contribute nothing to the values of Ahy,
A.H will be linearly proportional to the number of conspicuous earth- -
quakes occurred during the same time interval. Consequently a linear:
relation between AH|At of the bench-marks and the frequency of oc-
currence of the earthquakes may be expected, when A.H is small] Such
a consideration, however, wants verification by evidences rom many
other sides, which are at present lacking, but for the statistical relation
pointed out above.

6. The results of the present investigation are summarized as
follows :

a) Five different types in the time variations of AH|At of the.
bench-marks in Tékyd and the environs are pointed out. The majority
of the bench-marks show the time variations of types I) and I1T), of which.
the modes of the time variations are in approximately opposite senses.

b) Trom the distribution of the bench-marks having different types.
of the time variations of AH|Atf, the general mode of movement or
tilting of the earth’s crust in this district is suggested, i. e., it might
have taken place in such a manner that the crust was tilted to W or
SW during 1918=1923, including the effect of acute movement at the
time of ‘the Kwantd Earthquake. Then, it was tilted back during 1923~
1926, and since that time the general moveméﬁt‘ is not noticeable, while
the local depression in Honzyd and Hukagawa became remarkable.

¢) The general mode of the time variations of AH [At of the
bench-marks in this region is similar to those of the time variation of
dS[S and also of tiltings of the area of the rhombus at Mitaka. It is

7) In his investigation, Prof. A. Intovura discussed the tiltine of K6td Block in
association with the occurrence of the earthquake. A. IMAMURA, Jap. Journ. Astr.
Genphys., loc. cit., (4).
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also similar to the time variation of fluctuations in frequency of occur-
rence of conspicuous earthquakes in Kwanté District.

In conclusion, the present writer wishes to express his sincere thanks
to Professor Torahiko Terada for his kind advices and guidance. Cordeal
thanks are also due to Professor Sakuhei Fujiwhara for his kindness in
placing the valuable data at the writer’s disposal.
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iz 2 OB R AFEE L 27 TR EFLH VERIEHLBUETHZ, 228 (6) &
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BIRciy EEIE 3 TP il & . SRl Z 2 B L TR Ic i TE 2o il RIBMI
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