39. Comparison of the Modes of the Vertical Deformations
of the Earth’s Crust in the Same District during
Different Time Intervals.

By Chuji Tsusol,

Earthquake Research Institute,

(Received June 20, 1932.)

If a levelling route in a certain district is covered by precise level-
ling more than thrice in a certain interval of time, we can, by the results
of these surveys, compare the modes of the vertical deformations of the
earth’s crust in the district for at least two different time intervals and
in this way we can get informations regarding whether the deformation
of the earth’s crust in the district is ever going on in one same direc-
tion, or goes forward or backward alternately, or gradually changes in
its mode, etc. In the present paper, the writer is going to give a few
examples of such comparisons, basing solely on the results of measure-
ments obtained recently in our country.

The Case of Positive Correlation.

The case to be men-
tioned first is that in which
the crust deformations
in defferent intervals are
in a positive correlation.
The deformation of the
earth’s crust found in the
Tango district is a typical
example of this. Con-
nected with the Tango
destructive earthquake of
1927, precise levelling has
been repeated five times
after the earthquake over
the Tango district by
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Fig. 1. Overrupping Means of the Change of Height
of the Bench Marks in the Tango District at the
Time of (Upper Curve) and After (Lower Curve)
the Tango Earthquake of 1927.
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the expertsof the Military
Land Survey at the

request of the director o0

of our Institute. The o @ A0 0 . %00 o
results of these surveys — ¢ ; e ohinmm
were given and discussed /

in detail in the writer’s .

previous papers”. The

4ah in mm.

vertical displacements of “
the beuch marks in the 1o
district that were pro-

duced at the time of and T8

after the earthquake are

. . Fig. 2. Correlati ia 2
given in Table 1, toge- z rrelation Diagram for the Measured

. . Change of Height of the Bench Marks in the
ther with their overrup- Tango District at the Time of (Abscissa) and
ping means. They are After (Ordinate) the Tango Farthqake of 1927.

in a very close positive
. ah (n mm
correlation as the curves

in Fig. 1 show. Thisis 20
made still clearer by the ‘ P 0 200 o 400 2 inmm.
correlation diagram for ' - ,

theobserved values which
is given in Fig. 2. The
correlation becomes still

1-40
closer if the overrupping
mean values are taken -[—60

as in Fig. 3. This

positive correlation would Fig. 3. Correlation Diagram for the
Overrupping Means of the Change

seem to indicate that the of Height of the Bench Marks in the
crust deformation at the Tango District at the Time of (Ab-

time of the earthquake scissa) and After (Ordinate) the Tango
did not just match the Tarthquake of 1927.
agency by which it was caused and was somewhat insufficient in its
amount.

Another example of positive correlation is given by the vertical
deformation of the earth’s crust along the levelling route from Okitu

.. 1) C. Tsueor, Bull. Earthq. Res. Inst., 6 (1929), 71; 8 (1930), 153 ; 9 (1931), 423.
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Table I. Change of Height of the Bench Marks in the
Tango District at the Time of and After the
Tango Distructive Earthquake of 1927.

par (e R | Ovempping | Tl Chanee,of | oseuupping
of the Earthquake. ¢ Earthquake :
1206 1970 —377
1307 —1960 -391
1208 --254°2 —257'8 —-46°1 —457
1209 —~266°3 —311'9 —47-2 —-541
1210 —3753 —439-2 588 -—632
1211 ~467°7 —4827 —796 —619
1212 —832-3 —414-3 —-84'9 —60-1
1213 —221+9 —-371°7 -39-7 -55'8
1214 —174-3 3107 -379 -47'9
1215 —1622 —175'5 —370 —39'5
1216 -162'9 —~165'9 —40-1 -41'5
1217 —156-3 -159-3 —42°7 —42'8
1218 —173-8 —165'9 —497 —42:7
1219 —141'5 —1514 —44-3 —462
1220 —1949 —137+0 —51-7 —456
1221 - 906 -113-2 —42'6 ~42°6
1222 — 843 — 844 —39'5 —39-7
1223 — 546 - 891 —-348 -353
1224 + 22 - 09 - 299 —31'6
1225 + 317 + 430 —29-6 —26'5
1226 +100-3 +115°5 —24-2 -202
1227 +1354 + 269 - 141 —~182
1228 +3081 — 300 - 31 -183
1229 —441°0 —~ 6538 ~20-2 ~159
1230 —2528 — 924 —29:9 —131
1231 — 764 —101-4 —12:2 -122
1232 0 + 805 0 — 64
1233 +263-4 +2380 + 14 + 15
1234 +468-2 +232:6 + 85 - 02
1235 +784'8 +177°1 + 96 - 59
1236 —3530 + 82:3 —203 —10'1
1237 —277°7 - 370 - 286 —154
1238 —2107 —219'5 -19°9 —21-0
-1239 —1286 —-179-2 —17-8 -9214
1240 —127-3 —189
1241 —151-8 -21.7
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to Kéhu which is shown in Fig. 4. The change of height of the
bench marks? on the route for different time intervals is given in Table
IT and graphically in Fig. 5.
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Fig. 4. Levelling Route from Okitu to Kohu.

2) Tar IMpERIAL JAPANESE Miritary Laxp Svevey, Bull. Dnp. Farthy. Inv. Comm.,
11 (1980); “Change of Heights of the Bench Marks in the Meizoseismal Area of the Kuwanto
Great Barthquake of 1928 (1930).
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Table TI. Change of Height of the Bench Marks on the Levelling
Route from Okitu to Kéhu, during Different Time Intervals.

Ao . (1925-1895)

B......... ... (1931-1925)

C..... ... {A+2'34n+12-2}
BM. A B c ‘ BM. A B c
93 329 | -148 | -207 | 81 — +26:2 —
92 ~314 — ~169 | 801 | — 188 | 49250 | 4501
911 -837 | —21 | -—168 | 80 - | — 483 | 1936 | 4924
91 —21-9 + 28 - 27 | 791 | — 673 +183 + 57
901 — — — | 79 — 585 | 4188 | +169
90 -298 | + 15 | -~ 54 | 781 | - 638 | +138 | +139
891 ~508 | +108 | —2146 | 78 -804 | +86 | —03
89 - | - — 771 - + 99 —
881 ~ 67 | +140 | +212 | 77 - 909 | +59 | —62
88 +33 | 4172 | 4366 | 761 | — 972 | 4+ 49 | —101
8§71 +90 | +180 | +446 | 76 -1014 | — 07 | —120
87 + 98 | 4236 | 4477 ' 751 | —1028 | + 55 | —105
861 — +307 R -~ 908 | 4108 | + 33
86 ~ 76 | +224 | 4350 | 741 | — 939 | + 88 | + 25
851 £ 69 | 4270 | +519 | 74 — 898 | +80 | + 90
85 +20 | 4981 | 4498 | 781 | — 94 | -+ 61 | + 97
841 +72 | +286 | +568 | 78 951 | — 29 | + 84
84 + 30 +29°5 +550 721 | -1065 | — 383 | - 07
831 +02 | +334 | 4545 | 72 ~1100 | + 36 | - 19
83 —89 | +329 | 4478 | 711 | —1192 | - 83 | - 87
821 - 71 | 426 | 4510 | 71 1145 | - 43 | —17
82 —104 | 4256 | 4509 | 701 | —1118 | — 638 | + 34
81-1 —128 | +204 | +509

The two curves in Fig. 5 are very much similar in their forms
with each other; more precisely, the curve 4 may be regarded as one
which is obtained by the superposition of a linear southward tilting
of the earth’s crust and the variation that is similar to the curve B
Thus the curve 4 can be expressed by the equation,

A=an+b+kB,
where n is the ordinal number of the bench mark counted from the
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Fig. 5. Change of Height of the Bench Marks on the Route from Okitu to Kodhu.

A @ .. ....coviiiinn (1925)-{1895)
B Oivvvviniiiines (1931)~(1925)

north end of the route and a, b
and & are numerical constantsto be b im
determined by the method of least FOM(1937-1925)
square. The result of the calcu-
lation gave '

a=— 234, &
L= 141,

thus we have, '
A=—234n—1224+141 B.

We can thus expect a close

positive  correlation  between

§A44+234n+122} and B, the

values of which being alrea dy Fig. 6. Correlation Diagram for C
. . .- [(1925-1895)+ 234 n~+12:2]

given in Table II. This is actually and B (1981-1925).

the case as the correlation diagram

in Fig. 6 indicates.
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[(1925-7895)+2.34nt12.7)
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The Case of Negative Correlation.

As the complementary phenomena of what was deseribed in the
preceding paragraph, there have been found cases in which the crust
deformations during different intervals are negatively correlated
with each other. Good examples of this are given by the crust
deformation produced at the time of and after the Kwanto
destructive earthquake of 1923 in its meizoseismal area. The negative
correlation is especially clear for the deformation along the levelling
routes along the Sagami Bay coast and around Boso Peninsula. The
change of height of the bench marks® on the route shown in Fig. 7
along the Sagami Bay coast is given in Table III and graphically in

——BAY OF SAGAMI————

4

s—s—— Levelling Route

%}-lusima _—___ =

‘;‘&

) 10 Z 20Km
2 f ;

Fig. 7. Levelling Route from Hudisawa to Atami along the
Sagami Bay Coast.

3) TuHE IMpERIAL JAPANESE Mivitary Laxp Survey, Bull. Tmp. Earthg. Inv. Comm.,
11 (1930); “The Results of Precis: Levellings erecuted in the Interval from Feb. 1930 to
March 1981, (1931).
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Table I1I.  Change of Height of the Bench Marks on the Route
from Hudisawa to Atami at the time of and after the
Kwanto Destructive Earthquake of 1928.

Change of Heig-

Total Change of

BM. bt at theTime of OVSITUPPINE  [Height Atter the Overrupping
the Earthquake. ¢ Earthquake. .
52 + 435 +72:1
511 + 415 +945
51 — + 878 — +839
501 — + 2631 — +639
50 + 1788 + 472'5 +650 +45'7
491 + 5695 + 5391 +62'3 +44°7
49 + 669'8 “+ 5391 - 43899 +447
481 + 7389 + 6594 +414 +37'9
48 — + 8676 — +40'3
471 — + 9665 — +40°7
47 +1194°1 +1098 3 +40'1 +26'9
461 — +11183 — 4269
46 410026 +1207-8 +13:8 + 10
451 +1143°2 +1344'1 — —282
45 +1491°5 +1438'5 ~510 —37'5
441 +1739-2 +1620°3 —47'5 —540
44 +1815°9 +1760°7 — 654 ~546
431 +1911°5 +1862-3 —52:3 —59'5
43 +1945'3 +18784 ~56'8 —-61'2
42-1 +1899-6 +1865°4 -75'5 —56'7
42 +1819'5 +1807'5 558 ~ 546
411 +1751°2 +1688°6 —42'9 —53:0
41 +1622 1 +1546°6 —42-2 461
401 +1350-6 +1355°8 —484 —49'5
40 +1189-7 +1202:6 —-41'1 —51"1
391 + 8655 +1046-2 =727 —48'5
39 + 9850 + 9270 — —428
381 + 8402 + 8323 —-31'9 —-366
38 + 7546 + 8240 —25'5 —246
37:1 + 7163 + 7348 —16'5 — 934
37 _ —
361 + 6261 —19-7
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Fig. 8. Overrupping Means of the Change of
Height of the Bench Marks on the Route from
Hudisawa to Atami at the Time of (Upper
Curve) and After (Lower Curve) the Kwantd
Farthquake of 1923,
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Fig. 8. In Fig. 9 is shown
the correlation diagram for
the overrupping mean
values. As these figures
clearly indicate, the cor-
relation between the crust
deformations in this district
during  different  time
intervals is closely negative.
This indicates that the crust
deformation  after  the
earthquake of 1923 has
been such that to recover
what was produced at the
time of the earthquake,
this being in a remarkable
contrast with the case of
the Tango earthquake.
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Fig. 9. Correlation Diagram for the Overrupping Means of
the Change of Height of the Bench Marks on the Route
from Hudisawa to Atami at the Time of (Abscissa) and
After (Ordinate) the Kwantd Earthquake of 1923,
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The crust deformations in Boso Peninsula at the time of and after
the earthquake of 1923 are also in a close negative correlation, as the curves
in Fig. 10 show. This has already been pointed out by N. Miyabe.”
The correlation diagram in Fig. 11 for the dverrupping means of the

prm) ano} a dof apox

i . e A
Fig. 10. Overrupping Means of the Change of Height
of the Bench Marks on the Route around Boso

Peninsula at the Time of (Upper Curve) and After
(Lower Curve) the Kwantd Earthquake of 1923.
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Fig. 11. Correlation Diagram for the Overrupping
Means of the Change of Height of the Bench
Marks on the Route around Boso Peninsula at
the Time of (Abscissa) and After (Ordinate) the
Kwantd Earthquake of 1923.

4) N. Mivase, Bull. Earthq. Res. Tnst., 1 (1931), 407.
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change of height of the
bench marks in the peninsula,
however, suggests that in
some parts of the peninsula
they are positively correlated
while in other parts negati-
vely. The points in the
figure are arranged on a
numberof segmentsof straight
line which inecline ecither
right hand high or left hand
high corresponding respec-
tively to positive and negative
correlations. The boundaries
of the regions of positive
and negative correlations
seem to be eclosely connected
with the geological structure
of the peninsula.

The Region of Positive and
Negative Correlations
Situated Side by Side.

The remarkable example
of this is seen in the defor-
mation of the earth’s crust
in Noto Peninsula which
projects into the Sea of
Japan.”  The change of
height of the bench marks
on the route shown in Fig,
12 together with their over-
rupping means are given in
Table IV and graphically in
Fig. 13.

5) A, Imamura, Pub. Earthg. Tnv.
TrE IMPERIAL JAPANESE MILITARY

C. Tsusor.
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Fig. 12.

Levelling Route around
Noto Peninsula.

Comm., 25 (1930).

Marks in the Meizoseismal Area of the Tango Earthqualke of 1927, (1929).

Laxp Survev, “Change of Height of the Bench



Part 3.]

Comparison of the Modes of the Vertical Deformations. 581
Table IV. Change of Height of the Bench Marks
in Noto Peninsula.
1919 1928 ' 1917 1928
B | R | o [T o | B | 9170 oML | g | O
nin .
11 + 84 —-400 9249 + 33 —-27'4
— 18 —-240
9292 + 48 —39'4 9250 4+ 84 —22'8
- 30 -21'9
992! + 34 —390 9251 | — 64 ~24'5
- 48 —20'5
9224 | + 09 —460 9252 | —136 ~14'9
- 60 —189
9225 — — 9253 | —11'6 —-14-4
+4-6 -394 — 64 -17-0
go9g | +11°1 —464 9254 | —11'0 —168
+2'2 -388 - 75 —-158
9227 | (—96:0) — 9255 | — 92 -131
+26 —384 —-11'1 —152
9298 | + 83 —339 9256 | — 69 ~14'3
+30 -37°5 -11-8 —-141
9299 | +10°9 -31-2 9257 | — 71 ~116
+34 -360 ~11'6 —14-2
9230 - 10 — 9253 - 98 - 99
+26 —-3856 -12+4 —14'8
9231 | —10'4 —~36°0 9259 | — 76 —156
+27 -337 —-130 ~14-5
‘9232 + 74 —363 9269 —27-8 —-165
+2+5 —334 —-13'8 —14'7
9233 + 75 —32'8 9261 | —18'8 —
+24 —32'5 —156 ~156
9234 + 31 —354 9262 -11-3 —160
+2:0- —31°8 —~15'9 ~160
‘9235 - 39 —-33-2 9263 —-199 —152
+2-8 -31'5 —-16-2 ~16'4
9236 + 27 —-31'1 9264 -164 -184
+36 -31'2 -17'5 —159
0237 + 08 -310 9265 -17-0 -151
+35 --30'7 —164 -172
9238 + 65 —25'3 9266 —24-9 —21'8
+38 -30'7 —16'3 -16'9
‘9239 + 77 —24-9 9267 -109 -157
+38 —30-2 —16-2 —~166
9240 + 6'9 —29'2 9268 -12:8 —-134 | -
+4-4 —30'3 —14'8 —16'5
9241 — 2:8 —-332 9269 —20-3 —11'5
+53 —-299 -140 —-16'8
9242 + 68 —~380'5 9270 | —168 —274
+57 —29'6 -14-7 —-150
9243 +10'6 —336 9271 | —13-1 —14:0
+44 —300 —127 -14-2
9244 + 25 (+04) 9272 -102 —131
440 —30'3 : —120 —139
9245 | + 238 —33-8 9273 | — 60 —141
+4-1 -~29'6 . -117 —141
9246 +11°5 -279 9274 -~ 69 —21'5
+3:8 —286 —- 92 —~14-8
9247 + 46 —27'9 9275 —25'5 + 22
+1°7 —26-9 - 78 —12:5
9248 - 58 —-29-3 7 - 40 -~130
-05 -924-8 - 71 —12'3

(to be continued.)



582 C. Tsupor. [Vol. X,
Table IV. (continued.)
1921 1928 i 1921 1928
Lo0| OM. | 10y | 0N | 9o | oM. | 190, | o
9276 — 41 —_ 9302 +137 =277
—58 —11'5 + 82 —227
9277 - 98 —14-2 9303 +11-1 —208
-59 —10'5 + 79 —-218
9278 + 4-8 —185 9304 + 87 —23'5
—-55 - 94 + 75 —-21'4
9279 - 27 — 66 9305 + 27 -22'3
—-2-3 -10'9 + 78 -21'3
9280 | — 67 —~109 9306 | + 81 —202
-1-2 -107 + 49 - 214
9281 + 28 — 69 9307 + 51 —202
) +0-1 —104 + 43 —206
9282 - 71 — 54 9308 + 70 -16'1
+1:2 —-100 + 41 -206
9283 - 29 -11-5 9309 - 02 —19'8
+1'8 - 90 + 38 -181
9284 + 71 —10'9 9310 —_ —_
+04 —-10'1 + 3 -158
9285 + 63 -11-2 9311 —12:3 - 225
+16 -108 + 34 ~144
9286 + 86 - 78 9312 + 89 —_
+2-1 —10-8 + 25 —137
9287 + 2:2 — 9313 + 87 —_
+ 88 -114 + 24 —-12'9
92838 +10'5 - 99 9314 + 62 - 56
+36 —11-6 + 02 —-11'8
9289 | —17:3 —16'1 9315 | + 83 - 67
+36 -124 0 —125
9200 | + 56 ~134 9316 | + 40 ~101
+4-3 -13'5 — 09 -112
9291 + 7'8 —-10'9 9317 — 381 —-152
+30 -156 - 19 - 118
9292 + 51 -10-5 9318 + 62 -109 i
+39 —162 - 45 —125
9293 + 03 ~14-0 9319 —20'3 —
+38 —177 — 93 -133
9294 + 68 —175 9320 - 20 —16'6
+59 — 185 -12'2 —142
9295 +130 —-21-0 9321 — 28 —-182
+58 —~194 ~14'6 -147
6296 - 438 -27"1 9322 -192 —-16'3
+66 —20-4 —~165 —145
9297 | --110 -21-2 93238 | —192 -17'5
473 —-22-1
9298 + 96 ~25'4 9324 —-399 ~-136
+84 - 228
9299 + 40 —24-0 9325 —25'5 -
+86 —234
9300 | + 46 —922:5 9326 | —198 —
+76 —23'6
9301 | +144 —21°0 12 | - 222 -152
+88 —22:9
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Fig. 13. Overrupping Means of the Change of Height
of the Bench Marks on the Route around Noto
Peninsula during 1917-1900 (Upper Curve) and
1928-1917 (Lower Curve)

The correlation diagrams of the measured values and their over-
rupping means are shown in Figs. 14 and 15 respectively. It is an
interesting fact that the correlation diagram for the former does not
show any clear sign of positive or negative correlation while that for
the latter clearly indicates that there are four separate regions in each
of which the correlation is negative and positive alternately. The
transision from the region of positive correlation to that of negative one
is quite distinet.
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Fig. 14. Correlation Diagram for the Measured Change of
Height of the Bench Marks on the Route around Noto
Peninsula during 1917-1920 (Abscissa) and 1928-1917
(Ordinate).
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Fig. 15. Correlation Diagram for the
Overrupping Means of the Change
of Height of the Bench Marks on
the Route around Noto Peninsula
during 1917-1900 (Abscissa) and 1928-
1917 (Ordinate). I* *#——> Levelling Route
/ % ] 5 0k,

Fig. 16. Levelling Route from Ootu
to Miyake.

The vertical deformation of the earth’s crust” along the route from
Ootu to Miyake which is shown in Fig. 16 also belongs to this cate-
gory. The values of the measurements are given in Table V and
graphically shown in Fig. 17. While the crust deformation in the
southern half of the route during different interval are negatively
correlated, that in the northern half positively. As the curves in Fig.
17 shows, the tilting of land blocks in this district are in opposite

6) A. ImaMmura, loe. eit,
Tae IMPERIAL JAPANESE Miurary Laxp Svrvey, “Change of IHeight of the Beneh
Marks in the Meizoseismal Avea of the Tango Earthquake of 1927, (1929).
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Table V. Change of Height of the Bench Marks on the

N Route from Ootu to Miyake.
- 1918 1927 1918 1927
BM. |00 | oM | Lo 0d | BM. | Tiges | OM. | Tge | OM.
. 213 | +136 —287 1820 | — 67 | - 54 | -9226 | —235
) 1800 | + 93 —297 1821 | —106 | — 60 | —241 | —232
. 1301 | + 67 | +94 | —239 | —277 || 1322 | — 90 | — 72 | —204 | -2I1
1802 | + 57 | 490 | —264 | =267 || 1328 | — 26 | — 74 | =172 | —211
3
1803 | +117 | +87 | —207 | —256 | 1324 | — | —64 | — | —204
g 1804 | +117 | +79 | —289 | —237 | 1825 | — 74 | — 34 | -226 | —197
1305 | + 75 | +69 | —243 | —237 | 1326 | — 64 | — 20 | —21'2 | —197

1306 | + 29 | +66 | -140 | —224 1827 | + 80 | — 20 | =176 | —197
1307 | + 05 | +50 | - 265 | —221 1328 | + 29 | + 33 | =174 | —196

, 1908 | +100 | +44 | —234 | —215 | 1329 | — | +105 | — | —151
' 1309 | + 88 | +45 | —222 | —240 | 1330 | +136 | +158 | —140 | —134

1810 | — | +46 | — | —221 | 1831 | +9226 | +218 | =115 | —119
1811 | + 88 | +08 | -238 | —204 | 1332 | +239 | +213 | =105 | —119

. 1812 |+ 09 | —11 | —189 | —196 | 1333 | +252 | +239 | 114 | —111
1813 | — 49 | —14 | 167 | ~190 | 1334 | — |+25 | — | —111
1814 | - 87 | —26 | —188 | —177 | 1835 | — | 4275 | — | —1I2

S 1815 | — 24 | —35 | —169 | =174 | 1336 | +275 | +279 | =115 | —112

» 1816 |~ 81 | —19 | 170 | —170 | 1337 | +207 | +289 | =108 | —110
1817 | — | —12 | — | —211 | 1338 | +264 114 |
1818 | + 18 | —28 | —187 | —225 | 1339 | +320 —-10'3

g 1819 | — 12 | —42 | —31'8 | —2¢3 |

> ah inmm.

‘ 0 =] Q R 2

Pv 20452 el o el kel

[ ]
W) 20

Fig. 17. Change of Height of the Bench Marks on the Route from Ootu to Miyake.
4 ®........ (1918-1888) O.vennn (1927-1918)
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sense in the southern half of the route while they are in the same sense
in the northern half. This is more clearly indicated by the curves for
the overrupping means in Fig. 19. When the correlation diagram for
the overrupping means is constructed, we have the diagram shown in
Fig. 19. The points in the figure are evidently arranged on two
segments of straight line with opposite inclination. The boundary of
the two regions of positive and negative correlations lies in the neigh-
‘bourhood of B.M. 1313,
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Fig. 18, Overrupping Means of the Change of Height
of the Bench Marks on the Route from Ootu to
Miyake during 1918-1888 (Upper Curve) and 1927-
1918 (Lower Curve).
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Fig. 19. Correlation Diagram for the Overrupping
Means of the Change of Height of the Bench
Marks on the Route from Ootu to Miyake during
1918-1888 (Abseissa) and 1927-1918 (Ordinate).

Alternate Sequence of Positive and Negative Correlations.

There have also been found cases in which the deformations of the
earth’s crust in the same region during different intervals are alter-
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nately positively and negatively correlated. This is the case for the
deformation of the earth’s crust in the Sakurazima volcanic district
caused by the eruption of the Sakurazima voleano in 1914. After the
eruption, the precise levellings were made in 1914, 1915 and 1918, along
the route shown in Fig. 20 in the neighbourhood of the voleano, each
survey being referred to as I, II and IIT hereafter. The results of
these measurements are given in the papers of F. Omori and. A. Ima-
mura.”  We will refer the results of the levelling made in 1892 before the
eruption as P. Then (I-P) and (II-I) are positively correlated while
(ITI-II) are negatively correlated to both of them as the curves in Fig.
21 show. This means that soon after the eruption, the deformation of
the earth’s crust in the district went in the same direction with what
was produced at the time of the eruption while some years afterwards
the crust deformation was such that to restore the deformation produced
before. This is clearly indicated by the correlation diagrams in Figs.
22, 23 and 24.

10

Fig. 20. Levelling Route in the Sakurazima District.

7) F. Omort, Bull. Tmp. Earthq. Inv. Comm., 8 (1914-1922).
A. ImAMURA, loc. cit.
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Fig. 21. Change of Height of the Bench
Marks in the Sakurazima District Before
and After the Eruption of 1914.
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Fig. 22. Correlation Diagram for the
Change of Height of the Bench Marks
in the Sakurazima District during
1914-1892 (Abscissa) and 1915-1914
(Ordinate).
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Fig. 23. Correlation Diagram for the
Change of Height of the Bench Marks
in the Sakurazima District during
1915-1914 (Abscissa) and 1918-1914
(Ordinate).
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For the purpose of making clearer
the variation with time in the mode of
the vertical deformation of the earth’s
crust in this district, the three measured
heights of the bench marks after the
eruption were connected by means of
curves of second order. This was made
by determining three numerical constants
in the equation,

h=at’+bt+c,
where 7 is the height of a bench mark
at time ¢t and @, b and ¢ are numerical con-
gtants. ¢ is measured from June 1914,

one by one for each month. The results
of the calculation are given in Table VI.
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Fig. 24. Correlation Diagram for
the Change of Height of the
Bench Marks in the Sakurazima
District during 1914-1892 (Ab-
scissa) and 1918-1914 (Ordinate).

Table VI.
, ‘ ]

B.M. a b e [ B.M. a b ¢
2468 —-0031 +1-499 0 2479 -+0-103 - 5499 + 5396
2469 +0-007 —0-506 0 2480 +0103 - 5499 + 5396
2470 +0039 —1944 0 2481 +0122 - 6491 + 6369
2471 +0083 —4039 0 2482 +0'156 —8258 + 8102
2472 +0137 ~5468 0 - 2483 +0-158 —8421 + 8263
2473 +0-161 —7-882 + 7721 2484 +0179 —9955 +19194
2474 +0-199 —~9646 +9447 2485 +0173 —9-892 +19092
2475 +0154 —7-527 +7-373 2486 +0-130 —7:804 +15088
2476 +0140 —-6976 +6:836 2487 +0084 —5510 +10'684
2477 +0-124 —6397 |- 46273 2488 +0059 —4085 + 7934
2478 40106 —5666 +5660

From these values, the monthly vertical velocities of the bench marks
in different epochs were calculated according to the relation,

dah
= =2at+0D.
ar e
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These values are arranged in the scheme as shown in Fig. 25 in which
contour lines were drawn for equal velocities. In this way it is made
clear that the depression gradually changed into upheaval with the
lapse of time. As the writer pointed out elsewhere,” the district in the
neighbourhood of Sakurazima is made up of a number of what we
call land blocks and the vertical crust deformation should be expressed
in the terms of the inclination of such land blocks. The tiltings of the

(=g [V S - o |
28§ g 2 g g
S & & & & &

1914

1915
‘ 0—
NS

Fig. 25. Monthly Vertical Velocities of Different Bench Marks in the
Sakurazima District in mm/month.

land block on which lie the bench marks 2474-2482 during different
intervals, for example, were obtained by the Miyabe’s method.” The
tiltings of the land block during (I-P) and (II-1) are naturally of the
same sense while that during (ITI-II) of the opposite sense to both.
This is clearly indicated by three sine curves in Fig. 26 and 27 which
are constructed by the values in Table VII. The zero gradient of
tilting occurs at the azimuth of N 65°E for all three of them but the
phase of the curve (I-P) is just opposite to that of (ITI-II).

8) C. Tsuror, Bull. Earthq. Res. Inst., T (1929), 103.
9) N. Mivasg, Bull. Earthq. Res. Inst., 9 (1931), 256.
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Fig. 26. Sine-Curves Indicating the Tilting of a Land Block in the
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Fig. 27. Sine-Curve indicating the Tilting of a Land Block in the
Sakurazima District during (1915-1914).

W

w

W

591



592 C. Tsuso1. [Vol. X,
Table VII.
Azimuth in Degree Measured Counter-clockwise from E.
\To )
2474 | 2475 | 2476 | 2477 | 2478 | 2479 | 2480 | 2481 | 2482
From\
2474 — +112 |+ 96 | + 92 | +84 | +74 | +65 | + 57 | + 48
2475 | — 68 — | +80 | +8 |+75 |+64 | +55 | +47 | + 88
2476 | — 84 | —100 — | +8 | +72 | +58 |+ 48 | +39 |+ 2
2477 | — 88 — 99 — 98 — + 63 + 46 + 36 + 28 + 18
2478 | — 76 | =105 | —108 | -117 — +2 | +21 |+15 |+ 5
2479 | — 86 | —116 | -122 | —134 | —154 — +17 | +10 | — 2
2480 | —115 | —125 | —182 | —144 | —159 | —163 — + 8 | -12
2481 | —-123 | —133 | —141 | —152 | —-165 | —170 | —177 — | — 98
2482 | —182 | —142 | —151 | —162 | -175 | +178 | +168 | +152 —
Distance in km.
To
2474 | 2475 | 2476 | 2477 | 2478 | 2479 | 2480 | 2481 | 2489
From
2474 — 195 | 875 555 740 | 845 | 955 | 1045 | 1075
2475 195 — 195 380 | 575 705 | 835 950 | 1010
2476 | 375 | 195 — 185 | 380 | 525 | 665 | 800 | 875
2477 555 380 1-85 - 2:05 360 | 595 675 7:80
2478 740 575 3-80 205 — 175 | 850 520 650
2479 845 7:05 52'5 3:60 175 —_ 180 3:50 4-90
2480 955 | 885 665 525 350 1°80 — 175 325
2481 | 10445 | 950 800 675 | 520 350 175 — 165
2482 | 1075 | 10-10 875 780 | 650 | 490 | 325 165 —

A
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Gradient for (I-P) in 107"
'To
2474 | 2475 | 2476 | 2477 | 2478 | 2479 | 2480 | 2481 | 2482
From
2474 — | 4606 | +510 | +516 | +598 | +424 | +8:50 | +304 | +196
2475 | —6.06 | — | +374 | +442 | +4:34 | +340 | +258 | +210 | +092
2476 | =510 | ~374 | — | +514 | +466 | +318 | +2:16 | +158 | +022
27T | —516 | —442 | =514 | — | +4°00 | +2:00 | +0'92 | +046 | —098
2478 | —598 | —4:34 | —466 | —400 | — | 058 | —~0-98 | —098 | —244
2479 | -4'24 | —340 | —3-18 | —2:00 | +058 | — | —068 | —118 | —302
2480 | -850 | ~ 258 | —2'16 | 092 | +098 | +068 | — | —098 | —582
2481 | ~304 | —2:10 | —1-58 | —046 | -+0'98 | +1-18 | +098 | — | —648
2482 | —1°96 | —092 | —022 | —098 | +2:44 | +8:02 | +382 | —648 | —
Gradient for (II-I) in 10~°
To :
2474 | 2475 | 2476 | 2477 | 2478 | 2479 | 2480 | 2481 | 2482
From

2474 — | +062 | —040 | +032 | +0:30 | +0:28 | +0'24 | +0'16 | +006
2475 | =062 | — | —016 | 4016 | +018 | +0'16 | +0'14 | +006 | —0-04
2476 | —040 | =016 | — | +016 | +0-18 | 4016 | +0'12 | 4002 | ~0-10
2477 | =082 | =016 | =016 | — | +020 | +0'14 | +010 | - 002 | —0-14
2478 | —0'80 | —0'18 | =018 | —0:20 | — | +0°06 | +002 | —0'10 | ~0-30
2479 | ~0:28 | ~0'16 | —016 | —0-14 | =006 | — 0 | -018 | —082
2480 | —024 | —0.14 | —0-12 | —0-10 | —002 0 — | -082 | -050
2481 | ~016 | —0°06 | =002 | +0-02 | +0'10 | +0°18 | +084 | — | —060
2482 | - 006 | +004 | 010 | 4014 | +030 | +0:32 | +0:50 | +060 | —
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Gradient for (ITT-II) in 107"

to 2474 2475 | 2476 | 2477 | 2478 2479 2480 | 2481 2482
From ™
2474 — -15¢4 | —1-18 | —1-18 | —1-12 | =098 | ~0.86 | —072 | —0-56
2475 | +1°54 - 074 | ~092 | -090 | —074 | —062 | --0'50 | —028
2476 | +118 | +0'74 - -112 | -098 | -072 | —056 | —0-38 | —0°16
2477 | +1118 | +092 | +1-12 - —082 | —046 | —032 | —0'16 | +0:08
2478 | +1'12 | +0°90 | +0'98 | +0-82 — 0 ~014 | 4006 | +0'34
2479 | +0:98 | +0:74 | +0'72 | +046 0 — =002 | +018 | +046
2480 | +0'86 | +0'62 | +0-56 | +0'32 | 4-0-14 | +0-02 — +040 | +0-70
2481 | 4072 | +050 | +0-38 | +0'16 | - 006 | —0-18 | —~0-40 - +0:98
2482 | 4056 | +0-28 | +0'16 | —008 | —034 | —046 | —0-70 | —0'98 —

Gradual Variation in the Mode of the Crust Deformation.

In all of the above examples, each district seems to have its
inherent mode of deformation. In the case of the crust deformation
in Ito district along the route shown in Fig. 28 on the eastern coast
of Idu Peninsula which is connected with the unusual seismic activity
in 1930 in it, the deformation of the crust gradually changed in its
mode. This fact was already pointed out in the writer's previous
papers'” in which the results of the surveys were given also. For the
purpose of making this circumstance clearer, the successive mean daily
velocities of each bench mark was calculated just in the same manner
as in the case of Sakurazima. The results of the calculation are gra-
phically shown in Fig. 29. As this diagram clearly indicates, the
point at which the vertical velocity is maximum has been migrating north-
ward slowly. It was found on the other hand seismometrically™ that
the epicentre of the earthquakes also migrated northward gradually
with time. Thus it seems that the maximum upheaval is, at least for
this district, intimately connected with the distribution of the origin of
the earthquakes. The maximum vertical velocity itself was also variable,

10) C. Tsusor, Proc. Imp. Acad., T (1931), 153; Bull. Earthg. Res. Inst., 9 (1931), 151.
11) N. Nasy, F. Kisuixo6ve and T. KopAira, Bull. Earthq. Res. Inst., 9 (1931), 22.
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Fig. 28. Levelling Route in the Fig. 29. Daily Vertical Velocities of Different
Ito District. Bench Marks in the Ito Distriet in mm.

being small in summer season of 1930. This is again in good accord
with the smallness of the earthquake numbers in the same season.

In conclusion, the writer expresses his sincere thanks to Professor
Torahiko Trrapa for his interest in this study.
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