An Interpretation of the Results of the Repeated
Precise Levellings in the Tango District after
the Tango Earthquake in 1927.

By Chaji TSUBOL

Earthquake Research Institute.
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1. 111 the eountry of Japan, from which a world-shhking earthquake
oumnates not rarely, the scope of seismology natumlb goes further beyond
the study of the propagation of purely elastic seismic waves. and is ex-
tended to'the Investigation of those geophysical phenomena that are charac-
teristic to the localities of the earthquake origin. Thorough studies of these
phenomena ave of prime importance tor the earthquake research, as by means
of those &tudles some informations are likely to be obtained concerning
the cause and the mechanism of the occurrence of an earthquake. A change

in the topographic features often observed in the case of a severe earthquake
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dn Interpretation of the Results of the Repeated Precisc Levellings, ete. 73

in the neighbourhood of its origin, such as the formation of a remarkable
fault, the warping of the ground, ete, is one of the most remarkable of
these phenomena. Such topographic changes are sometimes too remarkable
to- be overlooked in passing observations, but they are often only to be
detected by a series of delicate instrumental measurements. Thus, for
instance, they are revealed by the comparison of the results of triangulations
or precise levellings carried out before and after an earthquake over the
disturbed area. During the past 40 years, 9 earthquakes have been re-
ported‘™ in this country with which some topographice changes were revealed
to have accompanied, and it was also the case with the Tango great earth-
quake of 1927.

2. The Tango earthquake of which 2908 persons fell victims took
place on Mareh 7th, 1927, with its epicentral position p=135°1’E,

A=35° 39’ XN as determined by Prof. A. Imamura.® In this earthqualke,

Fig. 1. Shades....Mecizoseismal Area.
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(1) A, Imamura, Proc. I]lll!.‘:\(’:ld., 14 (1928), 56.
(2) A. Imamura, Bull. Earthq. Res. Inst,, 4 (1928), 179..
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two remarkable faults were formed in accordance with the old dislocation
lines, namely the Gomura fault and the Yamada fault which run nearly
perpendicular to each other as shown in Fig. 1.

All the geologists who visited the disturbed area and tried to trace back
the history of the geological development of this district agree in saying
that this earthquake is nothing but an episode in the course of geological
development of this district.

3. Immediately after this earthquake, the Japanese Land Survey
Department undertook the revision of triangulations and precise levellings
over the disturbed area. One levelling route runs across.the meizoseismal
area along which precise levellings were once carried out 40 vears before the
earthquake. In" addition to this, a number of benech marks were newly
installed after the earthquake along the main roads in this district so that
a net of the levelling routes thus laid out covers closely the disturbed area.

These levelling routes are shown by dotted lines in Fig. 2.
(=] © "
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E,‘

Sea of Japan’

eAmino !

. i .
Mineyurnagy

~eKumilana [N plhaka
i IS ’Ku,[p(}nu
. Pl
F -
/
;
oL ziri ';' .
‘T Maddliieu
6 5 10 15 20 25 K

(1) Taken from N. Yamasaki and F. Tada, Proc. Imp. Acad., 3 (1927), 223.
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The postseismic levellings were repeatedly carried out along these
routes in view of getting, if possible, some informations regarding the mode
in which the ground in this distriet settles after being greatly disturbed
by the catastrophe. The first of the postseismic levellings was carried out
from April 12 to June 16, 1927, the second from June 1 to July 31, 1927,
and the third from March 3 to April 20, 1928. The results of these level:
lings were already published in the Bulletin of this Institute.’ These
results are extremely interesting and have already been subjected to muech
discussions.®

In the present paper will be given the results of a comparative study
made upon the results of the three series of the postseismic precise level-
lings, by which a very peculiar mode in the settling movements of the erust
in this region was found.

4. The vertical displacements of the beneh marks in the Tango distriet
in the interval between two successive levellings are given in the following
tables. The data in the tables were taken from the series of reports by the
Land Survey Department and were rearranged into a form to be con-
venlently referred to. The geographical positions of the beneh marks may

be identified by the reference to the map in Fie. 2.

TasLz I

I....Height in the first levelling.
II....Height in the second levelling.
IIT....Height in the third levelling.

Beneh Mark IT-I ‘ IIT-1II

. ; . mm

1263 —-174
1364 ~18.0
1265 +8.5 i —-17.3
1366 +6.2 —19.1
1367 - +3.0 ] —19.3
1368 L 449 | -5

(1) The Land Survey Department, Bull. Earthq. Res. Inst., 3 (1927), 167; 4
{1928), 225; 5 (1928), 165.
(2) . Terada and N. Miyabe, Proc. Tmp. Acad., 4 (1928), 211.



1369
1370
1371
1372
1373
1374
1375
1376
1241 (J Miyadu)
1240
1239
1238
1237
1226
1235 (H)
1234

1233

1232 (¥ Kutiéno)
1231

1230

1229 (Mineyama)
1228

1227

1226 (C)

1225

1224

1228

1229

Najpal

1221

1220

1219

1218 (B Kumihama)
1217

1216

1215

1214

1213

1212

1211

1219

1209

1208

1207

1206 (A Eziri)

—5.8
-35.2
-3.1
+2.5
-2
-8.0
—-9.0
~7.0
=25
—a.6
—7.8
—-6.0
—-a.1
—8.5
-7.1
—3.6
—3.5

+0.4

-3.0
—2:4
~-1.2
-1.8
—-0.2
-0.1

~1.1

+ 4+t

i

—-16.1
=147
~15.0
—14.2
—14.6
—15.6
—13.0
—13.0
—11.0

Q7
- O

- 87
~10.2

~15.8
—-11.1
+ 12
+ 2.8
13
0.0
2.2
6.3
2.4
7.6
5.0
1.6

o
Z.3

1.0
0.5

1
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4.3
4.0
2.2
0.2
1.9
2.6
2.4

I+ + ++ + + + o+

i

7.3
—23.5
—22.2"
~16.9
—17.7
—20.9
—22.7

—92.4

0.4
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10479 (D Amino)

TABLE TI,
Beneh Mark I—T TII—11
1256 +3.0 —38.8
10446 +4.7 —38.0
10447 +5.7 —39.3
10448 +9.2 —41.0.
10449 +9.2 —37.7
10450 +10.7 ~33.7
10451 +5.8 —22,7
10452 +4.4 —33.5
10453 +6.1 —-35.8
10454 -a.1 —31.0.
10455 —5.2 —953"
10456 —4.0 -19.7
10457 (I) +0.8 —17.8
10458 -0.8 -18.1
10459 +0.2 —14.0
10460 —2.4 —1L6
10461 —2.6 ~23.8
10462 —3. + 6.8
10463 -1.1 — 5.0
10464 +9.5 + 6.4
1232 (F Kutisno) 0.0 0.0
10465 —0.8 — 4.9
10466 —14 - 3.3
10467 —92.4 !
10468 (G Tkaka) —1.6 — 1.4
TasLe ITI.
Bench Mark II-1 JIT—-1IT
1218 (B Kumihamn) —-5.4 +0.2
10489 ~6.8 +0.9
10488 —-6.8 -0.1
10487 -3.5 -1.6
10486 —2.9 -0.3
10485 —29 -1.5
10484 -1.3 —2.6
10483 -1.3 +4.1
10482 +9.7 +6.6
+5.1 +12.4
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TaBLE IV,

Bench Mark II—-I III—-I1
10481 +3.9
10480 -0.5
10479 (D Amino) +5.1 +12.4
10478 +3.7 +10.0
10477 ’ —-2.2 + 4.7
1229 (Mineyama) =31 — 2.4
10469 ‘ -7 - 25
10470 —2.0 - 3.0
10471 -0.5 — 4.7
10472 +0.1 - 0.1
10473 +2.1 - 1.9
10474 +2.0 — 2.5
10475 ' +3.8 - 2.8
10476 (E Taiza) +3.2 - 1.4

5. These results were subjected to an examination in the following
manner. Every turning points of the lévelling routes with a sharp bent
was marked by A. B. C. ete., as is shown in Fig. 2, every adjacent two
of which were connected by a segment of straight line. The position of
every bench mark between the two points is normally projected upon the
segment which connect the two. Taking these projections along the hori-
zontal axis, the vertical displacement of a bench mark is represented by a
point with its height from its foot taken proportional to »h. A few
examples of the diagrams thus obtained are shown in Fig. 3, in which the
mark @ corresponds to the displacement of a bench mark during the interval
between the first and séeond levellings while O to that between the seecond
and the third.

Tn making these diagrams, the Kutiono beneh mark (No. 1232) was
assumed as fixed in height throughout the three levellihgs to which the
vertical displacements of all the other beneh marks were referred. No loss
in generality is, of course, introduced by this assumption.

6. Two remarkable features will be recognised in the manner of dis-
tribution of the points in the diagrams; the one is that the points lie

on a number of segments of straight lines, and the other is that the joints

-\
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of these segments occur at the same abscisse for both series of graphs which
correspond to different epochs of the levellings. The latter two facts are
well elucidated by assuming that the ground in this distriet is made up
of a number of discrete structural units, each of which behaves as a rigid
body as a whole, being bordered with its neighbours by boundary lines
emrespondmg to the joints of senments in the above figures.

The positions of the boundaries of these units as revealed by the above

analysis are shown by thick lines in Fig. 4, cach shaded part between two

Fig. 4.
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of these lines corresponding to a unit of structure of the ground. The
bench marks lying on one and the same unit are rigidly connected to each
other, being. only subjected to the common tilting, upheaval, depression,
ete., of the unit as a whole. In Fig. 3, the inclination of some of the
structural units is seen to be inverted in sense for different epochs of the
levellings. HEach structural unit must have been able to move compara-
tively easily at least after the 01eat earthquake.

7. After the structure of the Tango earthquake district has been ex-

«
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plored by a physical method and a remarkable structural feature has been
found, the geological data concerning the structure of this distriet will now
be referred to, so as to get, if possible, a geological interpretation of the
above feature. The geological structure of this district were investigated
by many workers” who made visits to the district immediately after the
earthquake. Through the efforts of these geologists, a number of young
faults as well as geologically weak lines are found to run in different

directions as shown in Fig. 3.
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]

The levelling routes cross with several of these lines at the points:
marked by black dots as shown in Fie. 5. When the positions of these
points are compared with those of boundary lines between the structural

units in Fig. 4, a very close coincidence is found to exist between them.

(1) B. Koté, Journ. Fac. Sei Tok. Tmp. Univ., See. II, Vol. II, Part 6, (1928).
H. Tsuya, Bull. Earthq. Res. Inst.,, 4 (1928), 139.
K. Watanabe and . Satd, Rep. Imp. Geol. Survey, No, 110 (1928).
F. Tada, .Bull. Earthq. Res. Inst., 5 (1928), 111, ete.
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What is inferred from this faet is that these young faults are still in their
phase -of activity and the intervening ground between any two of them
behaves approximately as a block of rigid body. It is quite a remarkable
fact that the tectonie structure of the erust still maintains its significance
in such a momentary movement as is here dealt with.

8 The movements of the ground at the boundaries of the structural
units may be classified into following types, of which the numbers of the
case actually observed in the present study are shown in the second row

1inder the corresponding entries.

Fig. 6.
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9. A peculiar’ mode of the 1‘ﬁ0v‘ements of the crust is found in the
case illustrated in Fig. 3b. The existing two structhral units were sub-
jected to a common tilting in the earlier stag’é of the inovements, before
their respective and differential movements began in the later'étage. -

On the other hand, the geographieal distribution of the epicenters of
the after-shocks connected with the Tango earthquake was investigated by
A. Tmamura and N. Nasu.® According to their results, no earthquake
was recorded whose epicentre lay near or along the boundary line between
the two struetural units now under consideration in the ‘epoeh when these
two units began their respective movements. This is quite an important
fact from which much may be suggested concerning the mechanism of
occurence of an earthquake in speeial connection with the movements of
the crust, though it will be premature to draw any definite eonclusions out
of this single datum.

10. Whether or not the activity of the young faults in the Tango

(1) A. Imamura and N. Nasu, Proc. Imp. Acad., 3 (1927), 227.
N. Nasu, Ibid., 4 (1928), 378.
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-distriet has been accelerated by the carthquake is not certain. There are,
-on the other hand, good many reasons to expeet that the earth crust,
especially in Japan, is in a state of perpetual movement. The rate of
movement is often so rapid as to be well detected by a measurement with
delicate instrument in an interval of several ten vears.™ Tt seems to be
not improbable that when some subterranean geophysical agencies, if there
-are such things at all, onece begin their activities in some localities, the
block movements in the same localities may be accelerated as one of their
results and at the same time an earthquake may oceur in the same localities
as another of their results. The latter two phenomena are then not causally
connected with each other, but rather are the different manifestations of
the action of the same subterranean agencies.

Aftr all, a literally mosaic structure of the earth erust was found in
the Tango carthquake district and the movement of each of its struetural
-elements was traced in some detail. The present writer was thus finally
led to Delieve, with most geologists, that the earth crust with its discrete
structural constituents is as ever in a state of perpetual movement and
the phenomena of earthquake is nothing but an aecidental manifestation
-of the activity of some subterranean agencies then prevailing in the earth-
~quake distriet. ‘

In the course of this study, the writer had much oeceasions to
have talks about the present problem with Professors T. Terada, M. Ishi-
moto, 5. Tsuboi, Messrs. F. Tada and II. Tsuyva which were very useful
for him. The writer wishes to express his best thanks and indebtness to
‘these gentlemen for their kind advices and instructions. Finally he highly
appreciates the elaborate works of the Land Survey Department of the
Tmperial Army which have made so ereat a contribution to the development

-of Seismology hardly to be overestimated.

October 1928.

L TRme—

(1) A, Imamura, Proe. ITmp. Acad., 4 (1928), 56, 109.
N. Yamasaki, Ihid., 4 (1928), 60.



