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The investigation into the problem of determining the subterranean
mass distributions direct from the corresponding gravity anomalies
observed along the earth’s surface, has already been made by Chiiji
Tsuboi and Takato Fuchida,” who give actual examples of the gravity
anomalies near Java and near North America. In this paper, the con-
figurations of the earth’s crust near the Japan Trench, off Sanriku, as
well as near the Inland Sea of Japan,- were calculated by the same
method. The object of our investigation was to ascertain the part of
the crust in which earthquakes are most frequent. '

The gravity anomalies on land near the Toéhoku Districts, near the
Inland Sea of Japan, and near the Japan Trench, off Sanriku, have
already been published eisewhere.”®

1. Near the Japan Trench.

Along the five north parallels of 39°, 39° 30, 40°, 40° 30’, and
" 41°, with equal lengths of 585 km, 14 points on each (70 in all) were
taken with equal intervals beginning from the coast of the Japan Sea
toward the Pacific Ocean, off Sanriku, as shown, in Fig. 1, a.

The values of the gravity anomalies for 70 points were calculated
by interpolation, and the mean values, 14 in number, for each 5 points
having equal longitudes, were obtained and plotted as ordinates against
the distance x, the origin of which was taken at the coast of the
Japan Sea, as shown in Fig. 2, a. The corresponding mean values of
the heights of the land and the depths of the sea bottom +h, were
taken from the map and the bethymetric chart of the sea near Japan,
published by the Land Survey Department of the Imperial Japanese
Army, and the Hydrographic Office of the Imperial Japanese Navy,
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respectively, and plotted as ordinates against x, which in this case
extends from —355 km to 585 km, as shown in Fig. 2, d. The negative
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value of & means the distance from the origin just mentioned to the
Japan Sea side or to the west.

The gravity anomalies used above have no corrections for the
attraction of the water masses of the deep seas of the Pacific Ocean
and of the Japan Sea, so that we tried to add these corrections to the
gravity anomalies before calculating the subterranean mass distribution.

Let g(y) be the gravity at a point P, due to the linear mass
with depth &, and density p, which extends from + o to — o .as. shown
in Fig. 3, we then have

2¢
g(y)=7;)-

Now, the vertical section which is ploited on the same scale as h—
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diagram (in Fig. 2, d) is divided by parallel lines with equal intervals
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Fig. 2. Near Sanriku.

of depths, 500 metres, and also with equal distances of 20 km, namely,
from h=0 to h=6000 metres and from x=0 to x=460km, respectively.
Each elementary rectangle thus divid-
‘ed, with the mass p, was assumed to

be the elementary mass that affects ; P ,

the gravity value. The value of g(x) . h{ ﬁ

at the origin due to each elementary —= e
mass, which is assumed to be concent- B ' Yy dy

rated at the centre of gravity, was Fig. 3.

calculated by the formula

k2p h 20k2h
9(@)= 9 932+h2.‘ ¥ x2+h2= a24h?
where
0=(2"7T—1-03) x5 x 10 x 20 x 105=1-67 x 101,
and

[2=668x10"8

in absolute unit, and allotted to each rectangle. The final values of
g(x) at 14 points were calculated by summing the values on every
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rectangle that is contained in the area between the curve of depth, h
and the axis of « in Fig. 2 d, instead of integrating the whole sub-
marine area, and the correction curve was plotted as shown in Fig. 2
b. When x=460km, the value of g(x) converges to zero, its sum
being considered practically equal to its integrated sum. '

The original curve of the.gravity anomalies added to this correc-
tion curve was called the corrected curve, as shown in Fig. 2 ¢. From
the corrected curve, the values for every 32:5km, of which there are
36 in all, were read off, assuming the curve to be repeated as a
symmetric image with respect to the end point, which is distant from
the origin by 585km. With these 36 values, the gravity anomalies
were expanded into the series

18 17
dg(x) =>"a,cosnx + > b,sinnx.
0 1

The coefficients of the Fourier terms. found, taking 4g¢g in milligal,
were:

Table I. The sine terms are here all zero.

cos l 703 | —31:2 I 907 | —35-2 ‘ -474| 30 |- 41 ]— 16 | 62| 37
n 10 | 1|12 | 13| u ] 5 | 16 | 17 | 18
cos |- 67| 3-0’—2-0]—1-6}—1-5]—1-2‘—1o7| 21| 01|

If we assume that the mass responsible for these gravity anomalies
T

39’ then the Fourier

is at a depth of 15km, which corresponds to
coefficients for
18 17
2k%zp () =S a6 cosna + S b,e"sinn,
. 0 1

and the values of p(x) become:

Table II a.
n [ o | 1 2 | 3 | 4 5 6 ] 7 I 8 9
cos | 707 |-337 | 1070 |—44~7 —655| 45 |— 67 {— 28 | s | 77
n w | w2 | B ]| 6| ‘ 18
cos —150| 70 |- 53 |- 46 [— 47 |— a0 |- 62| 83 [ 04

With these coefficients, the summation for p(z) was carried out,
and its value divided by 0'6, which is the difference of the densities of
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Table IIb.

’ x in
degree
o(x) ~ 0 10 20 30 40 50 60 70 80 90

in km
o(x) 095 2-38’ 3‘40' 4-33 681 4-88 3:00 | —068 | —1:95 | —3-02

' x in
degree
o(x) 100 110 120 130 140 150 160 170 180
. \

n

o(x) |—382|-355| o058| 595| s574| 7as| s11| 82| 59

0L """\ : ‘ Sea Level

0 2 4 6 & 10 12 14 16 18 &

Fig. 4, Near the Japan trench, off Sanriku.
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the crustal (27) and the subcrustal (3:3), so that they could be
expressed in km, as shown in Table IT b, and plotted as ordinate against
- the same axis of = together with the h—curve as shown in Fig. 4.

C. Tsuboi calculated the thickness of the crustal near northeastern
Japan on the basis of K. Wadati’s® observation of seismic waves for
deep-focus earthquakes, as follows: .

If, in Fig. 5, we let the thicknesses of the crustal near western
Japan and northeastern Japan be d’ and d, and the velocitics of seismic
waves in the crustal and subcrustal be v,
and v,, respectively, then we have the 1,
following equation from Wadati’s result d
of observations that, in northeastern Japan,

“the seismic waves are observed earlier than
in western Japan by 1 second,

\£
V2

Ql_[d/"d_‘_il:l_ dl_d=_/1)1£2__. .
v, | v, v Vy— Fig. 5.

For various values of v, and v,, the values of d'—d were calculated
~and tabulated as shown in Table III, from which we have 30 km for the
probable value. Now, from investigations on the propagations of

Table III.
o v 56 57 58 59 60 in km/sec
7+1 2 29 31 33 38
79 .25 27 29 32 36
7:3 24 26 29 30 33
7.4 23 25 27 29 31
7-5 in km/sec 29 24 26 28 30 in km

seismic waves, the thickness of the crustal in western Japan is known to
be nearly 50km, so that we have for the thickness of the crustal
in northeastern Japan, d=50—30=20 km, approximately.

If we take the values of d, as explained above, to be 20 and 30 in
km, then the Fourier coefficients for 27k?o(x) and the values of p(x) .
become respectively as shown in Table IV and in Fig. 6.

The hypocentres of 33 conspicuous earthquakes that occurred in
the same area in Sanriku Districts as that on which the gravity -
anomalies were taken during a period of exactly 15 years, from Oct,

4) K, WADATI, Geophys, Mag., 8 (1935) 303, 325..
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1923 to Sept. 1938, were taken from the Monthly Report of the Central
Meteorological Observatory in Japan, and plotted on the curve of p(x)
as shown in Fig. 4. From this diagram, we can see at a glance that

Table IV a.
n o | 1 \ 2 | s | 4 s | 6 | 7 s | 9
cos \ 95 | —486 | =796 | 51 |— 78 |— 34| 146
deonkm 703 | —346 | 1125 | —4¢ _ : 97
d—siam | 703 =368 | 1251 | =570 =902 | 67 |-108 |— 50| 226 | 159
n 10 11 12 13 14 15 % 16 17 18
cos | 97l 79l gal—67]=¢60|=09 . .
deobkm | ~195| 97 |7 72 |- 64|~ 67 = 60|= 95| 130| 07
cos — o o — . — . — . — . — . . .
d=30 km 336 177 | =138 | —130 | —14:3 | —135 | —224 | 325| 18
Table IV b.
~_ x in
degree
() 0 10 | 20 | 30 | 40 50 60 | 70 80 | 90
in km
gLl | es3| 233 342 495| 75| 497 | 331|-108 | -212 | 332
|
d ;’gﬁm 037 | 143| 414| 363 | 931| 581 | 398 |—147 | —294 | —4.04
~_ & in R Ea— =
Ngree .
0(2) 200 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
in km
d fég‘f{m —492 | —4-98 | 040 | 583 | 573| 743 | 834 875| 542
o) —453|—713| 100 | 680 594 | 821 | 812 1132 | 346
d=30km <

a small number of earthquakes (6 in all, about 20 percent) occurred
in the subcrustal layer just beneath land, and very rarely (only one,
about 3 percent) in the subterranean layer beyond the Japan trench,
and that almost all the earthquakes occurred in the crustal or near
the boundary of the crustal and the subcrustal on the western side of,
and about, the Japan trench. The boundary curve of the crustal and
the subcrustal is nearly parallel to the earth’s surface and the sea
bottom, or h— curve, until a certain point, 150 km off Sanriku, whence
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they are in opposite phase ilp to the Japan trench, so that the thickness
of the crustal becomes very small beyond the trench.
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Fig. 6. Near the Japan trench, off Sanriku.

The fact that most of the conspicuous earthquakes occur in such
a part of the crustal or near the boundary of the crustal and the
subcrustal about the Japan trench, whichever seems to have maximum
stress near it, may supply a clue to the mechanism of earthquake

occurrence, the further working out of which must be reserved for a
future investigations.

2. Near the Inland Sea of Japan.

We drew a curve through the eastern coast of Kylsyfi, across the
Bungo Strait, through the Inland Sea, touching the coast line of the
Province of Okayama. The least values of gravity anomalies lie on
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this cure. To this curve, 5 orthogonal straight lines which pass
through Miho and Muroto, Simane Ota and Koti, Hamada and Matu-
yama, Ube and Uwasima, Kurume and Asiduri, respectively, were
drawn, as shown in Fig. 1, b. On each straight line, 12 points were
taken with equal intervals of 20-2km, the middle points being taken
on the central curve drawn above. The values of the gravity anomalies
were smoothed for each five stations lying on the curve that is parallel
to the central curve, and plotted as shown in Fig. 7, a. With these 12
values, the gravity anomalies were subjected to harmonic analysis.
The coefficients of the Fourier terms found taking 4g in milligal,
were:

Table V.
n 0 \ 1 2 [ 3 ‘ 4 5 6
sin | ~ 660 | — 140 ‘ — 160 | 003 010 |
cos 1965 | 2010 | ves | 067 ’— 0-02 l 0-27 ’— 0-33

If we assume that the mass responsible for these gravity anoma-

. . . T
lies is at depths of 20, 30, and 40 km, which correspond to 5557 370

and respectively, then the Fourier coefficients for 27%k2p (x), taking

_ T
2:78
dg in milligal become:

Table VI.

n ‘ 0 [ 1 2 J 3 4 ‘ 5 6

sin ’ } —116 | — 43 ‘ — 838 | 03 | 17 |
d=20km

cs | 197 ] 354 | 52 | 3.7 1 - 02 ] 46| = 99

sin [ ‘ —154 | — 76 , -205 | 09 ] 70 |
d=30km

cos | 97| ar1| 92| 6| - o6 | 189 | =531

sin ‘ ~204 | —135 | —a7:8 [ 28 | 282
d=40 km

cos 197 l 623 | 162 | 200 ' - 18| 761 ]—294~0

With these coefficients, the .values of p(x) were calculated and
plotted as ordinates, fogether with the values of the heights of the
land, &, against the distance «, similarly treated as. in the case of
Sanriku, as shown in Table VII, and Fig. 7. The values for the sea depths
were multiplied by 062, which is the ratio of the difference of the
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densities of the crustal and water to that of the crustal, and utilised
as the values of k. Here, at first glance, the two curves for % and
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Fig. 7. o/(x)= (=m+cos), near the Inland Sea

p(x) seem to be parallel in the first harmonics, but of opposite phase
in the second harmonics, so that not only the summation for complete
terms, but also the summation for the constant, the first, the second,
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and the third terms, as well as for the constant, the second and the
third terms, were carried out, and denoted by p(z), p’(2), and p" (2),
respectively. These values, thus calculated, and those of h, and dg
. were plotted as shown in Figs. 7, 8. The curve of k and that of »/'(x),

A
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Fig. 8. ¢”(x)=ao+3} (sin+cos), near the Inland Sea of Japan. -

©: Conspicuous earthquakes.

eliminating the first harmonic terms, are rather conspicuously in opposite
phase for the spaces corresponding to the lands of Tydgoku and
Sikoku. : , '

.- With the values of the heights of the lands and the depths of the
sea-bottoms, 7, the configuration of the boundary between the crustal -
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and the subcrustal, was calculated, assuming that at a depth of 30 km,
isostatic compensation is fulfilled. ,

Thus, we get po(x)=—%.—z;h(x). The discrepancy of p'(x) from
po(x) was also calculated and plotted against , together with the value
of h(x) as shown in Fig. 9. ‘
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Fig. 9. n(x) and ¢/ (x) —po(x) when d=30km where pdm):—%%h(w).

©®: Conspicuous earthquakes.

The conspicuous earthquakes that occurred in the regions here in-
vestigated, -during the period of 15 years from Oct. 1923 to Sept. 1938,
were taken, and the approximate positions of their hypocentres plotted
on the diagrams, as shown in Fig. 8 and 9. In this case, the number
of earthquakes being very few (only seven), we can say nothing definite,
but the fact that the five earthquakes out of the seven, occurred in the
submarine area where isostatic compensation is not fulfilled, and only
one occurred in the land area on which the isostatic compensation is
considered to be fulfilled, as shown in Fig. 8 and 9, might provide some
hints on the relation between the conspicuous earthquakes and the
structure of the earth’s crust. For the “rather conspicuous” earthqu-
akes, 29 in number, also, the same relation is to be seen, i.e. the num-
ber of earthquakes that occurred in the land area forms only 30 percent
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of the total. Those that occurred in the same area of submarine space
formed 70 pércent.

“In conclusion, I wish to express my best thanks to Dr. C. Tsuboi,

who has glven me many useful suggeslions in the course of these
studxes :
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