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The town of It6 and neighbourhoéd on the -

east coast of the Idu peninsula were visited
in 1930 by an unusually large number of
small earthquakes, the sensible ones of which
were reported to have been more than 4321
in number. In order to ascertain whether
the earth’s crust of this seismic region was
deformed or mnot in connection with these
seismic activities, precise levels were run three
times in 1930 in the region along the route
shown in Fig. 1. These surveys showed that
the earth’s crust here upheaved in the form of
an inverted V since the earlier surveys were
made in 1923-1924. At the end of 1930 the
largest upheaval amounted to as much as 220

mm., or more, with no sign of abatement. -

These crustal deformations were already dis-
cussed in the writer’s earlier papers.”

It being now two years since the last
survey of 1930, urgent need was felt for run-
ning a line of levels once more over the same
ground in order to measure the amount of
vertical crustal displacement that must have
occurred in the interval. Thanks to the gene-
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Part 81 Pertical Crustal Displacement in, the Seismic Region of It. 489

Tous grant given the writer by the Hattori Hoké-kwai Foundation, he
was enabled to arrange with the Military Land Survey for the work
of levelling. The survey, which was begun on Dee, 25, 1982, was finished
on March 16, 1938. The changes of height of the bench marks since
the earlier survey are given in Table I, together with those during the
former intervals,

Table I. Changes of Height of Bench Marks
in the Tt6 Seismic Region.

I....1923-1924.

II....March 15—April 14, 1930.
III....Nov. 9—Dec. 3, 1930.
IV....Dec. 19, 1930—Jan. 3, 1931.

V....Dec. 25, 1932—March 16, 1933,

BM. [II-1|11-n 1 V—IIIIV—]| V—IV | B. M. 1I-I| III—11 |IV—T11 IV—] V—I1v

50 — 43 — 63/933 | +938 +1181| + 68 +127-2

50.1 + 63 — 679337 | +969 +1221 + 43 +116:3

51 +154 — 9519338 | +748 + 881] — 25 +105'8

511 +225 — 1549339 | +475 + 561 — 07 + 934

52 T2 — 17119340 | +215] + 318| —45 + 775

52.2 37 - 138) 9341 | + 57| + 60| — 80 + 639
9327 —110] — 134|/9342| — 73 — 115 — 80 + 506
BB |+ 00+ 00| + 00 |x 00+ 00 9343 | —118 - 17:8] —101 + 394
9329 | - 36/+ 63| —216 + 1969344 | - 265 — 214 —145 + 837
9330 |- 49+ 56| + 91 + 272) 9345 ' + 226
9331 |~105|+ 215 | +17-4 + 616/ 9346 + 194
9332 |+ 17 + 356 | +269 + 9679347 + 172
9333 | +106| + 594 | 4279 +1234 1 9348 | + 112
9334 | +339 + 810 | +250 +137-0 | 9349 + 103
9335 | +726| +102:3 | +136 +135:8

The values in Table I are graphically shown in Fig. 2. It will
be seen from the figure that although the ‘seismicity in the It6 region,
in the two years that have elapsed since the last survey of 1930, has
been quite inactive ‘compared with that in 1980, the crustal deformation
still goes on as. before. It should be noted therefore that in the present
case there is no apparent connection between the seismic activity and
the rate of crustal deformation, : o

Seeing that we have now the results of four series of precise level-
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ling, all executed in the course
of three years, it is possible by
simple interpolation to find the
approximate height of any bench
mark in the region at any time
during the interval. In making
this calculation, however, the fol-
lowing considerations should be
borne in mind.

First of all, it must be em-
phasised that what we are mea-
suring by means of precise level-
ling is the difference in the
heights of two consecutive bench
marks and not their individual
heights. Consequently the level-
ling is nothing but an aid to
determine the form of the curve
of a land profile by integrating
the differential equation

dh
W) )

into the form .
e (e 4 Fig 2. Changes of height of bench
L= fo S (@) dz, marks in the Itd seismic region.

where h is the relative height of a bench mark at z=x with respect
dh

to the height of the reference bench mark at z=0. If Is is indepen-
@

dent of time ¢ as is generally assumed, the above method of integration

is quite rigid. Strictly speaking however it is a function of ¢ and in-
stead of the differential equation (1), we should have

or

It is not possible to integrate this equation from 2=0 to x=«x unless
it is known how ¢t is involved in F(z,¢), but this is beyond the scope
of a levelling survey. What is observed as the curve of land profile
by the ordinary method is, therefore, in some Cases only an apparent
one which may be sensibly different from the true profile at a parti-
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cular time.

By the following examples, it will be seen how, in some cases,

false results are obtained if we neglect the change of % with time.

X
Suppose first that a straight line of length S is levelled, one end of
which is fixed and the other is uniformly upheaving according to the
relation

Yy=at. ... (3

If 7' is the time required for the levelling to cover the whole length
of S, we have

L2
N
The differential equation of the profile to be determined is therefore
dh _at_ ol
dz 8 &7
and integrating this equation with respect to x, we have
1 al ,
h=—==2% ... . .. .. ... ...
. ¢ 2 52 ( )

The line S will appear, therefore, as if it were parabolic instead of
. straight. At t=7, x=S8, we have according to (4)

1
y_—z—aT,
but the true y, according to (3), is y=aT, which is twice as large as
the apparent g.
Suppose next that a line in levelled, one end of which is fixed
and the other is subjected to a motion

.
=S8IM—f L 5
y=sing, ®)
Then we have as before
dh 1 . 7
——:=—sin—g,
e S 8"
and integrating this equation with respect to x, we have
= l(1 - coszq:> .................. (6)
T S

The line will appear as if it were of the form shown in Fig. 8 instead
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of straight. At =1, =5, we have according to (6)

Yy=—

m

but the true g is O according to (5).
For the purpose of investigating the vertical crustal displace-
ment, we calculate the difference of
two series of old and new levellings
along the same route. Our next pro-
blem then is to examine how the

=

difference is affected if we neglect the 0 = s
change of —ZIL with time during each Fig. 3.
X

of the surveys. Suppose a straight line is levelled, one end of which
is fixed and the other is subjected to a motion

y=at
during the first levelling, and then to
y=a(7—1)
during the second, which is supposed to have begun the moement the
first was finished. Then, for the former survey, integrating the equation.

dh _ T,
de  S*
we have h.:l&g—’.»“’,
2 85
while for the latter, integrating the
equation ar
A
dh _ a(T—t) :aT_aT'x
dz S s 87
T 1 aTl.
we have =0ty = Dot
S T oS
The differcnce of these two curves is
T _al ° S
A=y 2y Fig. 4.

S R

the form of which is shown in Fig. 4. Although the true crustal dis-
placement is merely an alternate tilting, the apparent ome is an up-

heaval with the form of an inverted U with its maximum (—14—.
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Suppose in the second example, a line is levelled, one end of which
is fixed and the other is subject to a motion

e
Y =sIn—¢
T
during the former survey and to a motion
— inT .
B Y= —SIHF(,

during the latter. Then, for the former survey, integrating the equation

dh 1 .
— = —sin g,
dx S T

we have
1 T
7.:"—(1—008—.’1:), T
l T S
while for the latter, integrating the equation

ﬁ—_——isinzm’ 0 . v .

dz S S

=0

we have

h=— l<1~cos£.fc>. ‘
T S
The difference of these two curves is
4

2 T :
Ah:—;<l—cos§x), ‘  Fig. 5.
the form of which is shown is Fig. 5.

As is apparent in the preceding examples, we are in some cases
led to false result if we do not take the change of ji with time into

T .-
consideration. For the purpose of eliminating these effects, the follow-
ing procedure is necessary. .

. Suppose we are making a levelling survey along a route on which
lie bench marks by, b,, -+ -bn, and we find by the survey that the height
difference of b, and bysq at by, ds h, p+1(tp,p+1). From these data alone,
we cannot obtain the value of I, ,(T) because buey 5. . gy, are all
different. By expanding h,, ,..(f) into Taylor’s series, we have,:

hl,Z(t)zhl,ﬂ(t1,2)+(t—t1,2)dh:+(tl’2)+ .
rd

.......................
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hp,p+1(t) = hp, p+1(fp,p+1) + (t““ tp,p+l) d’h%—”:‘i’lfw + e

Therefore, we have

n-1

' n—-1 MM
hl,n(t)=z hp,p+1(fp,1?+1)—’_z (t—tp'p“) dt T
o1

p=1

If by another series of levelling, we find & oo(t1e), hes(tes)y - - - Tnms, altn-1,1)s
then in the first approximation, we have

Dy, 2(8) =Py, ots,2) + ——;—-:—t]’t—z— { ]I],‘E(t?,l, ) =T, o, 2}

1,2 11,2

hIJx 21+1(t) = hf’, I"“l(ti’v 11“'1) + G t= iﬂ”; s {hp,p—l-l(t;), P*l) - h]’) 27+1(t1’1 17+1) }

Tpy pel ™ tp, p+1

Therefore we have,

n-1 n-1 .
I, ()= ; hy, zz+1(tp,p+1) + ;:2—1: ?ﬁ%:’;ﬁ{hm ,,+1(t;,, 1)+1) —hy, p+1(tp m—l)} .
These are the expressions that give the heights of the bench marks at
any particular time. The effect of the second term, which is generally
assumed negligible, becomes sensible if (f—ippe1) 18 comparable in
length with (fy, ps1— ty,p1), and if By, pei(tpupr1) AN By pailtn pr1) 8T different
to some extent. : :

This is found to be the case with the levelling over the Itd region.
The second levelling in 1930 was begun on Nov. 9 and finished on
Dec. 3, while the third was begun on Dec. 19 and finished on Jan. 15
of the year following. The interval between the two surveys is only
16 days—shorter than the time required for the surveys themselves.
In caleulating the successive heights of the bench marks in the region,
therefore, the necessary reductions chould be made for the effect of the
second term in the above expressions. -

Trom the values given in Table I, we know that the changes of
height difference of two consecutive bench marks between two consecu-
tive levellings were as follows; ‘
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Table II. Changes of Height Differences of Consecutive Bench
Marks in the It6 Seismic Region.

B. M. II—1I III—I11 IV—III v—vVv
9328 min

9329 — 36 + 6.3 —21'6 +196
9330 - 13 — 07 +307 + 76
8331 — 56 +15'9 + 83 +34:4
9332 +12:2 +14-1 + 95 +385'1
9333 + 89 +23-8 + 03 +26'7
9334 +233 4216 — 22 +18.6
9335 +387 +21.3 —11'4 - 12
9336 +212 +15'8 - — 68 — 86
9337 + 81 + 46 - 25 —109
9338 —-2211 —140 — 68 -10'5
9339 —27:3 —32:0 + 18 —12+4
9340 - 260 —24-3 — 38 -159
9341 —158 —258 — 35 —136
9342 —130 —175 0 —133
9343 — 45 — 63 - 21 -112
9344 —147 — 36 — 44 — 57

The successive height differences of two consecutive bench marks are
therefore as follows ;

Table III. Successive Height Differences of Consecutive
Bench Makrs in the 1t6 Seismic Region.

B. M. II—I II1—I V—I vV—I
9328 m

9329 — 36 193) + 27 (314) —189 (354) + 07 (1116)
9330 - 13 (93) — 20 (315) +28.7 (354) +36'3 (1120)
9331 — 56 (81) +10'3 (318) +186 (357) +53:0 (1120)
9332 +122 (76) +263 (318) +35'8 (357) +709 (1120)
9333 + 89 (76) +327 (322) +83:0 (361) +597 (1115)
9334 +283 (78) +449 (322) +427 (361) +56'3 (1115)
9335 +387 (82) +60°0 (322) +486 (361) +47-4 (1114)
9336 +212 (83) +37°0 (325) +80'2 (365) +21°6 (1113)
9337 + 31 (83) + 71 (325) + 46 (364) — 63 (1112)
9338 —221 (86) —361 (326) —42:9 (365) —534 (1111)
9339 —273 (88) —59'3 (330) —57'5 (374) —699 (1110)
9340 —26:0 (89) —50'3 (330) —541 (374) —700 (1109)
9341 —158 (97) —416 (381) —45'1 (375) —587 (1090)
9342 1 —180 (97) ~305 (885). ~305 (374) —43'8 (1094)
9343 — 45 (100) —10'8 (335) —12'9 (874) —24'1 (1093)
9344 —14'7 (104) —183 (835) —92'7 (376) —284 (1097)
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The numbers in brackets are the number of days that elapsed since
Jan. 1, 1930 to the day on which the survey was made.
From these values we can, by linear interpolation, find the height
differences of two consecutive bench marks at any particular time, and
v

by summing them tip into th_l, oT), we obtain 1, ,(T), which is the

relative height of the bencph_1 mark b, at time 7' with respect to the
referred bench mark. In Table IV are given the relative heights of the
bench marks on specified days with respect to the reference bench mark
B. M. 9828. The successive land profiles which were obtained in this
manner are shown in Fig. 6.

mm.
400+

300

200

100

9344

N
0 1923 - 1924

T April 10,1930
11 Jan. 5, 1933

Fig. 6. Successive Heights of Bench Marks in the Itd Seismic
Region at Every 100 Days Beginning with April 10, 1930.

The mean vertical velocities of the bench marks can be obtained
from their successive heights given in Table IV and are given in

Table V.
If the velocities are set down in parallel columns, arranged side
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Table IV. Heights of Bench Marks in the 1td Seismic
Region as Referred to B. M. 9328.
BIM.| 100 | 200 | 300 | 850 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100
mm
9328 0 0 0 0 0 1] 0 0 0 0 0 0
9329 |— 34— 06+ 22— 166/— 177|— 151|— 125|— 99— 74— 48— 23+ 03
0330 |— 48— 23|+ 02+ 89|+ 114+ 150+ 186+ 228+ 257+ 203+ 328+ 364
9331 |— 992+ o1+ 98+ 226/+ 310+ 4001+ 481+ 568+ 642+ 723+ 804+ 885
9332 |+ 48|+ 195+ 845+ 599|+ 697+ 824+ 95141068 +120-3|+1331|+1458 +1585
9333 |+ 155+ 40-4/+ 650+ 92°8+1061|+120:3|+136:6|+151-8|+ 1689 +1852| + 2014 +215'6
0334 |+ 408+ 75:0|4+108:8|+136:4]+149'5|+165°5|+183:6|+200°6|+219°5| +237-6| +255.6/ +273°6
9335 |+ 81-1|+124'6|+167-7|+ 1885+ 1980 +213:9|-+ 231°9|+248:8|+267-5| +285:5|+303-3| + 3211
9336 |4-103-3|+153-4| 2030, +221-8|+227-8 +242-6|+ 2594 +-275-2| +2927 +309:6|4326:2|+343'1
9337 |+106°7|+ 1584 +209°7| +226:8| + 231:9) +245:2| +- 2606\ +274:9 +291°0| + 364 + 3216/ + 3568
0338 |+ 838 +129:7|+ 17592+ 186:6|-+1885|--200'5|+ 2145 -+ 227°5| + 242°2 +256:2| +270'1| + 2840
0339 |+ 548+ 87-6/+119:9|+128'1+130 5{+140'9|+ 158-2|+ 1645+ 177-6 + 1896+ 2021 +214'3
9340 |+ 285+ 504+ 726+ 761+ 7594+ 842+ 943|+1034+ 1143 +1245|+ 1345 +1445
0341 |+ 123+ 283+ 844+ 330/+ 30:C|+ 851|+ 419+ 477|+ 553+ 622+ 688+ 754
9342 |— 10+ 28+ 66+ 25— 10+ 28+ 78+ 112+ 17:(|+ 220+ 268+ 316
0343 |— 55— 44— 38— 91— 143— 125|— 90— 66— 24+ I+ L4+ 77
9344 |- 20°1|— 206 — 21'1|— 29°0|— 372|— 36:2|— 33— 318 — °84/— 256 — 232— 208
Table V. Mean Daily Vertical Velocities of Bench
Marks in the It6 Seismic Region in 0°001 mm.

B. M. 100 250 325 350 375 450

9328 0 0 0 0 0 0

9329 28 28 —376 ~199 — 22 26

9330 25 25 +174 112 + 50 36

9331 93 92 266 226 186 81

9332 152 150 508 352 196 127

9333 249 246 556 411 266 142 ¢

09334 342 338 552 " 407 262 160 £

9335 435 431 416 303 190 159 3

9336 501 496 366 248 180 148 - &

0337 517 513 342 292 102 133 £

9338 459 455 228 133 38 120 £

9339 328 323 164 106 48 104 &

9340 219 222 70 33 - 4 83

9341 110 112 — 30 — 45 — 60 51

9342 38 38 - 82 — 76 — 70 33

9343 11 11 —116 —110 —104 18

9344 - 5 - 5 —158 —161 —164 10
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by side in the order of time, and the same values in the different
columns are joined by contour lines, we get a system of curves as shown
in Fig. 7. From this figure, it is apparent that the point of largest

1932

1930 1931
0 0

9328
9330 005
01 : 01
9332| ., (ﬂ
03 015
9334/ %3
015
9336 05 :
)
9338 2
03 01
9340| o3 2
: %
04 / 2%
9342 ) 008
: 72.%7
7 %4;
9344| © 201 <010

Fig. 7. Daily Vertical Velocities of Bench Marks in the Ttd
Seismic Region in mm.

upheaval velocity has not remained always in the same place, but has
migrated northward with a monthly velocity of 1km. until the oceur-
rence of the North Idu destructive earthquake of Nov. 26, 1930. After
that, the point suddenly moved down southward to a new position where
it remained up to the time of the last survey.  After the Idu earth-
quake, the upheaval velocity reduced to one-half of the former values.
These facts may be regarded as evidences that the equilibrium of the
earth’s crust at a certain place is sensibly affected even by an earth-
quake whose epicentre may be situated some distance away from it.

The writer wishes to express his sincere thanks to Professor
Torahiko Terada for his interest in this study and for his kindness in
recommending the writer to the Hattori Hoké-kwai for the grant. He
wishes also to express his gratitude to the council of the Hattori Hoko-
kwai for the gencrous aid by means of which the survey was made
possible.
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