34. Secular Deformations of the Base Line Rhombus
at Mitaka in Relation to Seismic
Activities in its Vicinity.”
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In 1916, the Japanese Geodetic Commission laid down a set of five
geodetic base lines in the compound of the Tokyo Astronomical Obser-
vatory, at Mitaka, which are all very nearly 100 m in length and are
so arranged as to form a rhombus consisting of two equal equilateral
triangles (Fig. 1). Measurements of length of the base lines which,
from 1916 up to 1939, inclusive,
have been repeated 25times with ' C‘IIV
utmost care and precision by ex- - N
perts of the Military Land Survey
under the auspices of the Geodetic
Commission revealed that the 7y c
lengths of the base lines do mnot
_remain unchanged, but are subject
to secular variations.” X

Although the variation in S
length of the base lines between Fig. 1.
any two successive measurements is usually no more than a few tenths
of a millimeter, it occasionally amounts to a millimeter or even more.
These large variations in length were observed where strong earth-
quakes have occurred near Mitaka. For example, at the times mentioned,
the lengths of the base line NS were

m mm
1922 Nov. 1004082
1923 Sept. 100 + 4-40,

the difference being as much as 358 mm. It is between these two times

1) A part of this paper was read on Marech 15, 1939, jointly by Dr. S. Yamaguti
and the present writer.

9) MiitArRY LAND SURVEY, Reports of Measurements of the Base Lines at
Mitaka.
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of measurement that the great Tokyo earthquake of Sept. 1, 1923, with
its epicentre approximately 50 km SSW of Mitaka, occurred. Again,
for the line WN, the lengths were

' m mm
1930 Feb. 100+1-12
1931 Oct. 100 +1-86,

the difference being 074 mm. The Idu destructive earthquake of Nov.
26, 1930, with its epicentre 80 km SW of Mitaka, occurred just between
these two measurements.

These outstanding facts call for a careful examination of the secular
deformations of the triangles, NES and N SW, both of which are formed
by the base lines, particularly in their relations to seismic activities
within a reasonable distance from Mitaka, say 150 km.

The present writer, in 1930, calculated from the varijations in length
of the base lines, the variation in area of the triangles that are formed
by the base lines and found a striking relation between the variation
in area and the occurrence of strong earthquakes near Mitaka.” In
1932, T. Terada further found that the areas of the triangles are likely
to vary in parallel rather more closely with the general seismic activi-
ty within a reasonable distance from Mitaka, than with the occurrence
of any particular individual strong earthquake near that place.”

While, in these studies just mentioned, attention was concentrated
on the variation in the area of the base line triangles, it recently occur-
red to the writer that from the variations in length of the base lines,
not only are the variations in the area of the triangles calculable, but
with a few reasonable assumptions, other strain components, such as
shear and principal strains, as well as the relative displacements of the
end points of the base lines are also calculable from the same data.

The object of the present paper is to show how these calculations
were made, and to see if there is any correlation between deformations
of the base line triangles and the general seismic activities near Mitaka.

First, Table I gives the dates and the results of the base line measure-
ments as reported by the Military Land Survey. Since the variations
in length between two successive measurements are mostly a few tenths
of a millimeter, the relative variation /I is of an order not exceeding
10-%. So small are these variations that one may be excused for conclud-

3) C. Tsueot, Proc. Imp. Acad., € (1930), 367; 7 (1931), 155. Bull. Earthq. Res.
Inst., 8 (1930), 334; 13 (1935), 558. Erg. d. los. Plys., IV. (1939), Leipzig.

4) T. TERADA, Proc. Imp. Acad., 8 (1932), 8. Bull. Earthq. Res. Inst., 10 (1932),
402.
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ing that they are due to errors in measurements, with doubts of their
real significance, but the following examination of data will show that
such is not the case.

Since the base lines NE and SW are parallel, the variations in their
length, 4NE and 4SE, if any, must be equal, provided of course that
‘the strain to which the ground at Mitaka is subjected is uniform. The
-extent to which the measured values of 4JNE and 4SW are actually
-equal will therefore serve as basis for judging the accuracy of measure-
‘ments and the uniformity in strain of the ground. The same test may
equally be applied to the other pair of lines, NW and SE. Table II
gives the residual values of (ANE-4SW) and (/NW-4SE), which ought
ito vanish if the measurements are accurate and the strain is perfectly
wniform.

Since, with the few exceptions that are printed in Gothic type in
the table, the residuals are mostly about 01 mm, the measured lengths
-of the base lines may be regarded accurate and the strain of the ground
uniform with this accuracy.

Table II. Residuals of (JNE-4SW) and
(4ES-4WN) (in mm).

INE-4SW | AES-AWN | ANE-4SW | AES-4WN
(1)~(2) 0-03 —0-01 (13)~(14) 0-32 0-19
(2)~(3) 0-01 0-07 (14)~(15) —0-18 —0-01
(3)~(4) —0-13 —0-17 (i5)~(16) —0-03 —0-14
(4)~(5) 0-01 0-16 (16)~(17) 0-05 0-13
(5)~(6) -0-03 0-13 (17)~(18) -0-71 -0-70
(6)~(7) 0:10 —0-13 (18)~(19) 6-51 0-49
(7)~(8) —0-05 —0-08 (19)~(20) —0-08 —0-11
(8)~(9) —0-05 —0-09 (20)~(21) 0-04 0-17
(9)~(10) —0-20 0-05 (21)~(22) 0-14 —0-05
(10)~(11) 0-28 —0-03 (22)~(23) —0-21 0-10
an~(12) 0-35 —0-03 (23)~(29) 0-10 —0-16
12)~@13) —0-44 —0-11 (24)~(25) —0-01 0.08

There is no question of the accuracy of the measured length of
each line. As a matter of fact, the lengths were measured with the
aid of as many as nearly thirty Jaderin wires, which were carefully
calibrated before each measurement, the mean error in each measure-
ment being reported to be as small as a few hundredths of a millimeter.
Yet, such large residuals, as for instance, of 0:70 and 0°71 mm, appear
both in (ANW-4SE) and (4JNE-ISW) between the measurements (17)
and (18), these exceeding the errors of measurement. This can only
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indicate that either point E or point W made a real but accidental dis-
placement of this amount unrelated to and quite apart from the general
deformation of the ground. There is no theoretical basis on which to
decide which of the points E or W made such a large residual dis-
placement. Seeing however from Table I, that 4SW and 4WN are
exceptionally large between measurements (17) and (18), it is very
likely that the large residuals of (JNW-4SE) and (JNE-4SW) are
the results of displacement of point W; and since this displacement of .
point W, although it may have really occurred, has nothing to do with
the general deformation of the ground, so long as the uniformity in
strain of the ground is going to be an assumption to be based upon in
our subsequent calculations, the rational thing to do is to reject the
reported values of ANW and 4SW between (17) and (18). For the same
reason, ANW and 4SW between (18) and (19) will also be rejected.
Now in order to calculate the strain of the ground, we take the
co-ordinate axes as shown in Fig. 1. The co-ordinates of point E are
the solutions of the simultaneous equations '

jx2+y2=SE2 (1)

|22+ (y—NS)2=NEz (2)
Taking the difference of the two equations, we get the y-co-ordinate of
point E,

SE?—NE?+ N§?
Y=""sNs - (3)

The northward displacement of point E between any two measurements,
which shall be denoted by v, is the differential of %, whence

1
"F”FW{
- (SE2—NE2+NSZ)ANS} ) (4)

2(SE - 4SE—NE . ANE+NS . ANS)NS

But since
SE=NE=NS=100m=s,
v reduces to

vE=é(ZASE—2dNE+ANS> .

—
[}
~

Taking the differential of the equation (1), we get
Uz +vy=8E . 48E, (6)

where u; denotes the‘eastward displacement of point E. Since for
point E,
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'L—j/Ts q —ls
="y y Y= ’
and
24SE—2INE + NS
V= ) ’ ( 7 )
U is given by
2JSE +2JNE —JUNS
L= o . (8 )
2v/ 3
Similarly for point W, we get
_ 2JWS+2JWN—JNS 9
U= — 21/¥3* ’ ( )
2JWS —24WN + JNS
Vyp= 5 . (10)

By assumptions,
Us=v;=0, u,=0, vy=4NS.

By means of these expresssions, the relative displacements of the
end points of the base lines were calculated from the variations in their
lengths, with results as in Table III. :

Table III. Displacements of End Points
of the Base-Lines (in mm).

l UE , Sue ' vE j Swz ww } Suw ' v ' >Sow } vy ’ 2vN

(1)

(2) +0-01} +001| —0-04| —0-04 0 0 —0:06| —0:06| —0-05} —0-05
(3) +0-22| +0-23| +0-22| +019| —0-17| —0-17 | -+0-14| .+0:09| +0-30| +0-25
(4) —0-17 | +006| —0-30| —0-11| —0-01] —0-1§| —0-12 —0:03 ‘ —0-37 | —0-12
(5) —0:09{ —0-02| +0-21| +010| +0-19} +0-01| —0-02| —0-05| +0-04} —0-08
(6) +0-23! +0-20{ +0-07{ +017| —0-17| —0-16| +0-21| +016| +0-12| +0:04
(7) 4009 +0-29{ —0:09| +0-08| —0-10| —0-27| +0-08| +0-24| +0-22| +0:26
(8) —0:02| +0-27| +0-06| +0-14| —0-05| —0-32| —0-01} -+0-23| +0-08| +0-34-
(9) =013 "1'0'14 —0-66| +0-09| +0-05| —0-27| —0-10| +0-14| —0-11 | +0-23
(10) —061| —0-48| +1-28| +1-37| +0-53; +0-26| +2:55| +2:69} +3-58| +3:81
1D ~005| —0-53| —0-31| +1-06| +0-20] +0-45| —0-40| +2:29| —0:40| +3-41
a2) +0-08| —0-45| —0-65| +041{ +0-11| +0-56| +0-03| +2:32| —0-24| +3-17
(13) —0'16| —0-62! +0-04| +045{ —0-16! +0-41| —0-05; +2:27| —0-34| +2-83
(14) +0-95| —0-37! +0-18| +0-62| +0-05| +0-46| —0-04} +2:23| +0-27| +3-10
(15) +0-57| +0-20{ +0-12| +0-74| —0-683; —0-22| +0-27| +2:50| +0-22| +3-32

(to be continued.)
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Table III. (Continued.)

’ ur J Sur l vVE [ Svr ] ww [ S * v { >ow I LAY ‘ Y

(15)

(16) =011 | -+0-09| +0-03| +0-77| +0-01: —0-21 =027 | +2:24| —0-13| +3-19
(17) =019 —0-11| —0:05| +0-72| +0:30| -+0-09 —0-07 | +217| —0-19| +3-00
as) —0:09| —0-19| +0-24 +0‘96~ —0-73| +0-64| —0-24 | +1-94| —0-0L| +2-99
(19) +0:06 | —0-14| —0:18 | +0-78| +0'52 —0-12| —0-14| +1:80| —0-29| +2:70
(20) —027| —0-41| —0-30 | +0-49| +0-16| +0-04 +0-10 | +1-90| —0-17| +253
(21) =006, —0-47 | 007 | +0-56| +0-19| +0-23 —0-20 | +1-70| —0-26| +2-27
(22) +0:11| =036 —0-20 | +0:36| —0:06| +017| +0-04 +1-73 ] +0-03] +2-30
(23) —0-08) —0-44| +0-20| +0-56 | +0-02! +0-18| +0-05| +1-78 —0:06| +2-24
(21) —=0-03| —047| +0-03| +0-59| —0-01| +018| —0-29 +1:57; 4007 | +2:31
(25) +0-11| —0-35| +0:09| +0:67| —0-07| +0-10| +0-14 +1-70 | +0-13| +2-44

Now, if this part.of the ground has been subjected to a uniform
strain, then u. and u, must be equal and opposite in sign, since in the
expressions (8) and (9),

ASE=4ANW,
. and v
ANE = 4SW.

The symmetrical relation of u, and u, is clearly shown in Fig. 2,
in which they are compared as curves. Such symmetrical relation, -
however, does not exist between v, and vy, because the elongation of
the ground in NS direction contributes the same amount to both of
them, while the shear of the ground along the same direction contributes
the displacements, equal in amount but opposite in sign.

Dlsplacement of the ground at any point (2y) near the origin is
given in the first approximation by

u(xy)=uo( ) (ay v, (11)
v(xy) %v0+ (g—z)ox+(g—;)o Y, (12)

but since we have chosen the co-ordinate axes as in Fig. 1, (11) and
(12) reduce to

u u
u(zy) ——“-’E+ 2 ) (13)
"v(xy)—%x+32 (14)

ay?
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Fig. 2.
At the east and north vertices of triangle NES, we have then

w3 ou s

’lt,_v=5§;-—§—8+a—y‘—2‘, . (15)
ov v/3 v s
e LCRE 16
V=% 28+8y2’ (16)
u
= . ~ 17
Uy ays 0, @17
ov
vy=ANS=7"s. (18)
From these equations, we get
Su__2 u
oz 1/3s ©’

31_@ _v_)_z_
ox \F 2 1/33’

ou_
oy

o v
y s’

These expressions enable us to calculate the strains of the ground
from- the variation in length of the base lines. Similar calculations can
be made for the other triangle NSW also. But for the reason already
given, it will be rational to take the mean of the strains within the
two triangles NES and NSW as representing the general strain of
the ground. They are given in Table IV.
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Table IV. Simple Strains of the Ground. (in 10-%).
Su cuy | 2u lrevy |/80y I/ ow v cu | 0V ov
(a)ﬂ (E)" Kﬁ)menn (E)L‘ E) {3 k%)meﬂn (@) _15 2(5;) 2(@

(1)

(2)|F0o01] o 0 | =001 +0-04; +0-01 | —0-05 0 +0-01 | ~0-05
(3) | 7025 +020) +0-23 | +0-08|+0-01| +0-05 | +0-30 +0-23 | +0-05 | +0-25
(4) | 7019/ +0-01) —009 | —0-13| —0-08| —0-10 | —0-37| +0-14 | —0-05 | —0-12
(5) | "0 —021] —0-16 | +0-22| +0:05| +0-13 | +0-04| —0-02 | +0-08 | —0-08
(6) | T0:26,+0:19] +0-23 | 4+0-01| —017| —0-08 | +0-12| +0-21 0 +0:04
(7) | TO10) +0-12) +0-11 | —0-23| +0-04] —0-10 | +0-22| +032 | —0-10 | +0-2
(g) | 003 +0-06) +0-02 | +0-02| +0-06| +0-04 | +0-08| +0-33 | —0-06 | +0-32
(9) | 7015/ —0:06| —0-10 0 |+0:05| 4002 | 011 +0-23 | —0-04 | +0-23 -
10y | 071 —061] —0-66 | —0-59| —0-88| —0.73 | +3.58 | —043 | —077 | +3-81
(1) | T906] —0-23) —0-14 | -013 +0:23) +0-05 | —0-40| —0:57 | —0-72 | +3-41
(1g) | T009) —0-13) —0:02 | —0-61 —017) =039 | —0-24| =059 | —111 | +3-17
(13) | ~019| +018 0 |+024 —014) +0:05|—034| —059 | —1.06 | +2-83
J(14) | T0-28) =006 +0-11 | +0:05| +0-20] +0-12 | +0:27 | —048 | —0-94 | -+3-10
5y | 065 +078] +0-72 | +0-01| —0:19| —0-09 | +0-22| +0-24 | —102 | +3-30
(16) | 12| —0:01) —0:07 | +0-10| +0-23) +0:17 | —0-13| 4+0-17 | —0-85 | +3-19
(7) | 7022 —0:34) —0:28 | +0-06| —0-04 Jh00r | —019| —0-11 | —9.84 | +3.00
.(18) | T010(+088) —0-10 | +0-28(+0-27) +0-28 | —0-01| —0-22 | —0-56 | +2-99
(19) | 1006 (—0:60) +0:06 | ~0-04(—0-01) —0:04 | —0-29| —0-15 | —0-60 | +9.70
(20) | 7031 —0:18] —0-25 | —0-24| —0-21| —0-23 | —017 | —0-40 | —0-383 | +2-53
(en | 7007) 021} —0-14 | +023|-+0-08| +0-16 | =0:26 | —0-54 | —0-67 | +2-97
(g9) | TO13) +0:07) +010 | —0-24| —0-02] —0-13 | +0.03| —0-44 | —0-80 | +2-30
(23) | 7009 —0:02) =006 | +0-27| =009 +0-09 | —0-06| —0-50 | —0-7L | +2.24
(24) | 7003 +0:01) ~0-01 | ~0-01|+0-29 ‘+0-14 +0:07 | —0-51 ] —0-58 | +2-31
(g5) | TO13| +0:08| +0-11 | +0:02) —0-08| —0-03 | +0-13| —0-49 | —0-61 | +9-44

Once these simple strains are known, the other strain components,
-such as dilatation, maximum shear, magnitude and direction of the
-principal strains, pure shear.and elongation along various directions, ete.,
-are easily calculated by means of the well known formula in connection
with the theory of plane strain.

Table V gives the strain between two successive measurements, and
‘Table VI those as compared with the first measurement. Table VII
-gives the monthly rate of strain during the interval of two successive
measurements, while Table VIII shows by plus or minus sign whether

-the rate during the interval between any two base line measurements
-has increased or decreased as compared with that during the preceding
‘interval. ‘

Now in order to see if there is any relation between the strain of

‘the ground at Mitaka and the seismic activity within a reasonable dis-
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Table VIII. Increase or Decrease in the Rate of Strain

and in the Mont_hly Seismic Activity.
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tance from this place, it is necessary to begin by arranging the earth-
quake data for this purpose. From the earthquake reports published
monthly by the Central Meteorological Observatory, we selected 230
earthquakes that occurred within a radius of 150 km from Mitaka from
the time of the first base line measurement to that of the last, and
which were strong enough to be classed in the reports as ¢ conspicuous”’
and “rather conspicuous”.

In view of the anticipation that the closeness of the relation to be
sought, if any at all, might eventually depend on the magnitude of the
earthquake as well as on its distance from Mitaka, a suitable weight
must be given to each earthquake in order to obtain a measure of the
general seismic activity that suits the present purpose. Accordingly,
weights. 2 and 1 were given to “ conspicuous ” and “ rather conspicuous ”’
earthquakes respectively and weights 3, 2, and 1 were given to each
of them according as it occurred within 50, 100, or 150 km from Mitaka.
Thus a “ conspicuous” earthquake that occurred within 50 km from
Mitaka was given a weight 6, while a “ rather conspicuous” earthquake
that occurred between 100 and 150 km from the same place was given
a weight 1. No attention was paid to the depths of the earthquakes.
Table IX gives the seismic activities in various directions from Mitaka
in terms of the measure just defined, while Table X gives the mean
monthly seismic activities during various infervals. In Table VIII, the
_ plus or minus sign indicates whether the mean monthly seismic activity
during the interval between any two base line measurements has in-
creased or decreased as compared with that during the one preceding it.

Since the relation between the strain of the ground at Mitaka and
the seismic activity near that place, if it exists at all, is expected to be
a qualitative one, comparison of the increase or decrease of these two
quantities will be sufficient to show the essential feature of the suspect-
ed relation, a detailed quantitative study being scarcely necessary for
the purpose.

If a certain quantity related to deformation of the ground varies
in parallel with the seismic activity in a certain direction from Mitaka,
then the plus and minus signs in the two corresponding rows of Table
VIIT must occur in like sequence. Thus, of the total number of pairs
in which the algebraic signs in the rows can be compared, there will
be more pairs with same signs than those with opposite signs. In the
reverse case in which the two quantities that are compared vary in
opposite sense, there are likely to be more pairs with opposite signs
than those with same signs. The ratio
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the number of pairs with same signs
total number of pairs

may therefore be taken as a measure of the closeness of the suspected
relation. If it is 10, the relation between the two quantities is closely
positive, and if it is 0, then the relation is closely negative.

To illustrate, the increase and decrease in pure shear of the ground
at Mitaka along a NS direction and those of seismic activity in the
eastern octant are: : :

Pure Shear -ttt —F——+—F+——F—++—
Seismic Activity - 0 ++—-0+—4+—4+——+—+——+—F+——.
There are altogether 21 pairs, of which 17 have same signs, giving the

ratio »=081. .
Now if the plus and minus signs in any two rows that are compared

occur with perfect haphazard, then the probability that out of the total
m pairs, n will have same (or opposite) signs is

___m’__(L>’"
‘ P=lm—n)tni\2/"’

and the probability that more than # pairs will have same (or opposite)

signs is
n m! 1N\™
P—,go('m—n)! n!(Z) )

In our present example, the probability that the total 21 pairs will
be grouped into 17 and 4 with respect to sign, as is actually the case, is

p=0003,

while the probability that they will be grouped more unevenly than
this is '

P=0007.
Judging from the smallness of this probability, the relation between the
simple shear along the NS direction and the seismic activity in the E
octant is very likely real.

In Table XI will be found the probabilities P for various pairs of
strains of the ground and the seismic activity. Judging from the small-
ness of the probabilities, the relation between the following pairs of
quantities are too striking to be put aside as merely fortuitous:

(1) Pure shear along the NS direction and the seismic activity
in directions east and west of Mitaka,

(2) Contraction of the ground along the NS direction and the
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seismic activity in direction north of Mitaka,

(3) Elongation of the ground along the NS direction and the
seismic activity in direction south of Mitaka. '

These systematic correlations between the deformation of the ground
and the seismic activity must at any rate be some indication of the
geophysical characteristics of the earth’s crust near Mitaka, or even
more widely, that of the Kwanto district in which Mitaka is situated—
characteristics that may have an important connection with the nature-
of occurrence of the earthquakes that originate in this district.

, On the other hand, the geographical distribution of push ” and

«pull” of the first impulsion of an earthquake has been known to serve
as an important clue to the mechanism of its occurrence. Moreover, it
is generally accepted that the earthquakes originating from one and the
same region are mostly due to the same mechanism of occurrence. In
fact, T. Fukutomi® and F. Kishinouye® were able to divide the Kwanto-
district into a few regions according to the particular ways in which
most of the earthquakes originating in them dlffered the one from the
other.

In connection with this problem, M. Ishimoto® suggested that the
«push” and “pull” of the first impulsion of an earthquake and the
permanent deformation of the ground that accompanies that earthquake
show the same geographical distribution, the ¢ push ” corresponding to-
to the region of upheaval and the “pull” to that of sudsidence.

If the conclusions reached by these investigators are accepted, the
relations that have been pointed out in the present paper to exist bet-
ween the deformation of the ground and seismic activity seem only
very natural consequences, although it does not follow from it that to.
draw a simple picture of the nature of occurrence of earthquakes in the
Kwanto district that would square with all these facts and theories just.
mentioned will be anything like an easy task.

Leaving these discussions to a later opportunity, this paper is merely
an attempt to describe the striking relations that obtain between the:
deformation of the ground at Mitaka and the general seismic activity

near that place.

(5) T. Fukuromi, Disin, 3 (1931), 592. Bull. Earthq. Res. Inst., 9'(1931), 510.
(6) F. KISHINOUYE, Disin, 4 (1932), 18.
(7) M. Ismimoro, Bull. Earthq. Res. Inst., 11 (1933), 254.
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