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C. Tsuboi® has already studied the deformation of the earth’s crust
in the regions that were severely disturbed by the Idu destructive
earthquake of Nov. 26, 1930. Since, at the time of his study, horizontal
displacements caused by the earthquake of only 13 second-order trigomo-
metrical points in the regions were available, detailed discussion was
impossible. The object of the present paper is to discuss the same
problem in greater detail using as data the horizontal and vertical dis-
placements of 71 third-order trigonometrical points in this region which
have been measured and placed at our disposal recently by the Military
Land Survey. It is hoped to find some physical relationship between
the vertical and horizontal displacements of the earth’s crust.

The displacements of the trigonometrical points to be discussed
were derived from comparisons of their geographical positions after the
Idu earthquake and those after the great Kwanté earthquake of 1923.
With 71 observed values of eastward (%) and northward (v) com-
ponents of the displacements, two diagrams indicating «- and v-contours
were drawn. On each of these diagrams, two series of parallel lines
were drawn with intervals of 2km., of which the one in EW and the
other in NS directions. The values of u anr v at intersections of the
lines were estimated by interpolation. In Fig. 1, the displacements of
each of the mesh-points are shown by arrows, the heads of which are
consecutively connected by straight lines in order that one may visua-
lise the horizontal deformation of the earth’s crust. A seismic fault,
called the Tanna Fault, appeared at the time of the earthquake of 1930.

Referring to axes x and ¥, which were taken towards E and N,
respectively, the values of —aﬂ, ﬂ, —62, and v were calculated in the

cx oy ox ey
following way. Referring to the square shown in Fig. 2, which is one

1) C. TsuBol, Bull. Earthq. Res. Inst., 10 (1932), 435.
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of a number of squares formed by two series of parallel lines, the
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Fig. 1. The Horizontal Displacements of the Mesh-points.

mean of “2=% and “—%  was taken to 7
2km 2km u u
be the value of %EL— at the centre of the 2Em
x

square. From the values of these and cther 2Em
horizontal gradients of horizontal displace-
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quantities are shown in Figs. 3t09. In a of each figure, the existence
of the Tanna Seismic Fault, which is a line of discontinuity of dis-
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Fig. 3 a. Lines of Equal Dilatation,
_ouw  Ov . .
J—_—ax +_6y in 10-5.

Arrows show the horizontal displacements of the Triangulation Points.

placement, was taken into consideration, while in b it is entirely ignored.
The numerals in bracket in Fg. 8, @, correspond to the station numbers
in Table 1. .

Comparing the dilatation with wvertical displacements, we see that
regions of upheaval roughly agree in position with those of contraction,
while regions of subsidence agree with those of dilatation. Since it
seems from the geological structure of the regions that vertical dis-

ou

placement w may be more closely correlated with «, or Py than with
@
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Table 1.
S&i}ll)%r; Name of Station Eﬁ?ﬁ)%?‘ Name of Station
2 Kamurigatake 7 & 43 Nisisawata (LA |
3 Asitakayama g O W 44 Okamiya ! we
5 Kamiyama il ] 45 Kunimiisi |21 R o
6 Isibasi ya 1% 46 Kuwabara 2 T
7 Sano 1 ¥ o 47 Idusan 1L =R 1}
8 Miyakami " * 48 Misimasiku = 8 &=
9 Manaduru ik 0 49 Matunaga 7 .=
10 Negoya & B 50 Ooka S Tl
11 Oba x 4y H 51 Hatamura i 3y
12 Kurodake kA 5 3 52 Hirai B Ik
13 Tokukurayama ## & I 53 Numadu bred be iy
14 Hasima 7 B 4 54 Atami, B -
15 Kosaka 7N o 55 Dbniwa e LE
16 Enasi L o0 56 Atami, h W=
17 Sukumo . it 254 .57 Kasuya i} Ve
22 Otial % A 58 Simokanuki T F 0
2 Kinesaka A MO 59 Nakoya i
24 Wadanosumi HEZH 60 Kamitaga t 2 1T
25 Mikunitdge = B ok i 61 Himori 5] g
2 Simoaido T & B | 62 Yokkamati |25 S S 1)
27 Minamiyama 4] | 63 Nirayama Eld i}
28 Mihora 5 b} 64 Aziro Fer] riv
29 Yamasitairi i T A 65 Simotaga T 2 B
30 Osawayama KOOl 66 Ukihasi, B B
31 Umidaira i R 67 Tozawa B e
32 Minamiyosiwara # & [F{ | 68 Usami, 52 %
33 Minamigd ] | 69 Ukihasi, # fB=
34 Hatibudai A w B | 70 Usami, 4 =
35 Takayama = i 71 Kuryd A *
36 Uyeno X B | 72 Hirasawa T e
37 Suwadai Mog ‘ 73 Takyd ] i
38 Karesugi 5 2 74 Sigesu i 4t
39 Siroyama w1l 75 Gno K 53
40 Nagasakadai B OB OE 78 - Kou & 3
41 Kamohora HOJE W 79 Sizenzi s % %
42 Tatigakubo ;o ® 81 Okamura il Ty
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the dilatation, the contours of -2—%, were compared with w, the contour
x

of which last was drawn by the Military Land Survey, and shown in
Fig. 10, a.

Fig. 3 b. Lines of Equal Dilatation,
A= ouw  ov

+-— in 1077,
ox  ov
The existence of the Tanna Fault is entirely ignored.

The relation between u and w is shown in Fig. 10, b, in which the
stations situated west of the Tanna Fault are indicated by O. The
correlation coefficient between % and w is —038%0-10 if we take all
points, and —0-57+0-10 if we take points only west of the fault. Thus
correlation between % and w is especially close for points west of the
Tanna Fault. Although nothing definite can be said for the points
east of the Tanna Fault, a slight positive correlation seems to exist
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between # and . The correlation between % and w may be accounted
for by the existence of a system of step-faults, along which parts of
the earth’s crust had slid as shown in Fig 11.
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and shown in Figs. 12, 18 respectively.

In order to ascertain the rate at which the magnitudes of the
horizontal displacements % and v, and also those of dilatation, shear,
rotation, and maximum shear, vary with distance from the Tanna IFault,
the mean of their absolute values in zones parallel to the fault, which
were-taken every 2km from it, were calculated. The values are plotted
in Fig. 14, a, b, ¢, d, e, f, respectively.
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Fig. 4 b. Lines of Ecual Shear,
1 ou L ov Y . B
o= 2(—011 -ra_m> in 10-%.
The existence of the Tanna Fault is entirely ignored.
All the quantities here calculated are largest near the Tanna Fault,
and decrease in magnitudes with distance from the fault, except, how-
ever, rotation and shear, which have conspicuous maxima at a distance

of 6km from the fault. As a rule, not only the horisontal displace-



906 S. YAMAGUTI. [vol. xv,

ments % and v, but also dilatation, shear, rotation, and maximum shear
too vague are all discontinuous across the fault line, and neither sym-
metry nor antisymmetry is to be seen east and west of the fault line.
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A similar study was made of deformations of the earth’s crust in
Idu Peninsula, which are believed to have been connected in some way
with the Great Kwanté Earthquake of Sept. 1, 1923. The results are

shown in Figs. 15~24. ;

In this case, no distinet indication of the Tanna Fault can be
seen, the large deformations of the earth’s crust having mostly occurred
in the vicinity of the epicentral region, i.e., about the northern coast
of Sagami Bay. Thereas in the case of the Idu Destructive Earth-
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quake, the vertical displacement w is negatively correlated with the
eastward horizontal displacement u, in that of the Great Kwant6 Earth-
quake we could see no definite correlation between them (the ww—dia-
gram is omitted here). _

Comparing the deformations of the earth’s crust connected with
(a) the Great Kwanté Earthquake and (b) the Idu Earthquake, we
might say that
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The existence of the Tanna Fault is entirely ignored.

1. Horizontal displacements.
Case (¢). In the NE part of Idu Peninsula, which is situated
near the epicentre of the Great Kwanté Earthquake, the dis-
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placements which are fairly large, become small with distance
from the NE coast above mentioned towards the western region.
(see Fig. 1, 15).

Case (D). The horizontal displacements, which are generally large
on the wide area of these districts, are extremely large in the
neighbourhood of the Tanna Fault.
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2. Dilatation.

Case (a). Near Atami, and also near Ueno and Isibasi, in the
northern regions of Manaduru, as well as near Hasima, there
are four conspicuous negative maxima of dilatation. Near the
coast, in the middle of Atami and Manaduru, there is a positive
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maximum. Near Suwadai and Kamohafa, in the SW region of
Asinoko, there is a large positive dilatation (see Fig. 3, 16).
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Fig. 6 b. Lines of Equal Eastward Gradient of Eastward Displacement,

[a)
%%, in 105 The existence of the Tanna Fault is entirely ignored.

Case (D). There are two regions of maximum dilatation at both
extremities of the Tanna Fault, the northern one near Asinoko
and the southern near Mt. Isigami. Near Ukihasi west of the
fault, and also in the middle part on east of the fault, there
are second maximum dilatations. On the east side of the
northern part of tn‘é fault, near Miyakami, Karesugi, Minamigd
and Ueno, there is a region of negative dilatation.

3. Shear.
Case (a). Near Manaduru and in its northern region, there are
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positive maxima of shear. From the west of this positive
region, above cited, to the region near Atami, there is a large

value of negative shear (see Fig. 17).

It

9 —t—gn ——2c ——oqT 1o

)
o/

*
>
9
o
/
o
g
o
g
&
)
>
s.v
|
: I !
5
|
5
N\
I
.
-
-
.
=4

Z

Tig. 7a. Lines of Equal Northward Gradient of Eastward Displace-

ment, %Z— in 10-".

Case (b). In Fig. 4, a, we see that the maximum regions of posi-
tive shear on both extremities are in the east side of the fault,
and of negative shear in the middle part of the same side of
the fault. In the west side, the maximum value of positive
shear is in the middle region, and those of negative shear, on
both extremities of the fault, which are on a quite opposite
course compared with the east side of the fault.

From Fig. 4, b, we see that the shear has its positive
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value in the zonal area along the fault, and negative value on
both sides of the positive zone. Positively maximum regions
exist in the middle and on both extremities of the fault, similar
to the preceding case.
4. Rotation.
Case (a¢). Near Atami there exists a positive maximum of rota-
tion, and near Simoaido a negative one. Except this negative
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in 10-%. The existence of the Tanna Fault is entirely ignored.

maximum region and the negative region of small magnitude
near Numatu, the other regions in Idu Peninsula are all of
positive rotation (see Fig. 18).

Case (b). From Fig. b, a, we see that there are two regions of
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maximum positive votation on each side at about the middle of
the fault, and that the area of Idu Peninsula is mostly of posi-
tive rotation, except a small area near the northern extremity
of the fault, near Asinoko, Kamurigatake, and Isibasi, all of
which are of negative rotation.
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Fig. 5, b, shows that the zonal area along the fault is of
negative rotation, while on both sides of the zone, we see
regions of positive rotation. We also meet with two maximum
regions of positive rotation on both sides in the middle part of
the fault, similar to the case of Fig. 5, a.

5. Maximum Shear.
Case (a). Near Minamigd, in the northern region of Manaduru,



Part 4.1 Deformotion of the Earth’s Crust in Idu Peninsula. 913

and near Atami, as well as near Kamiyama and Suwadai, in
the western region of Asinoko, there are large values of maxi-
mum shear. Near Hasima also, there is a large value of
maximum shear. The northern region of Enasi has a rather
large value of maximum shear (see Fig. 19).
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%% in 10-5. The existence of the Tanna Fault is entirely ignored.

Case (b). From Fig. 12, a, b, we see that there are three regions
of large values of maximum shear on both extremities, and in
the middle part east of the fault, and a region of small value

" in the middle part west of the fault.- These values increase
towards the south along the fault.
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6.. Principal Strain.
Case (a). Similar to the case of the horizontal displacements,
large values of principal strains exist in the NE region of the
Idu Peninsula, their values gradually diminishing with distance
from this region towards the west. Most directions of the
principal strains along the NE coast of the Idu Peninsula are
inclined about 45° to the coast line (see Fig. 20).
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Case (b). In the southern half cf the west side along the fault,
contraction of the earth’s crust took place in direction parallel
to the fault, and elongation perpendicular to the fault, approxi-
mately. The relation between elongation and contraction against
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the fault line is contrary in the northern half of the west side
zone compared with the southern half. East of the fault, the
principal strains are maximum at both cxtremities of the fault.
In the middle part of the fault, a zone with relatively large
strains extends from the fault to the coast of Atami.

(see Fig. 13, a).
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The existence of the Tanna Fault is entirely ignored.

From Fig. 13, b, it will be seen that the axes of principal
strains are inclined about 45° to the fault line, and that the
magnitude of strain increases towards the south from the middle
to the southern end of the zone. The amount of strain is usual-
ly very small in regions far from the fault.
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7. Eastward Gradient of Eastward Displacement %—
x

Case (a). A positive maximum of ?Tu exists near Simoaido, situat-
x

ed not very far from the epicentral region of the Great Kwantd
Earthquake, and negative maximum near Isibasi in the neigh-

bourhood of Simoaido. A negative maximum of ? exists also
. ) x

Fig. 10 a. Lines of Equal Vertical Displacement, w, in metre, connected
with the Idu Destructive Earthquake.

near Atami, facing, near Hatamura, the positive maximum.

Generally speaking, large values of (’;‘_u exist along the coast
x

line in the N E fegion of the Idu Peninsula (see Fig. 21).
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Case (b). About both extremities of the fault, i.e., near Asinoko,
Karesugi, and Kunimiisi, as well as about the S W part of the
Mt. Sukumo, there are maxima of zu Near Kuwabara and

x
Hirae, and also near Takyd and Kosaka, there are maxima of

ou (see Fig. 6).
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The existence of the Tanna Fault is entirely ignored.
8. Northward Gradient of Eastward Displacement 2”
y

Case (a). In the neighbourhood of' Simoaido and in the south-
ward region next to it, a conspicuous negative maximum of
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23 exists. In the region near Atami there are positive maxima
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Case (D). About the northern extremity of the fault, i.e., near
Karesugi, as well as in the middle part west of the fault, near

Konaya, there are positive maxima of -ZEL (see Fig. 7, and 22).
Y

9. Eastward Gradient of Northward Displacement ?
¢



920 S. YAMAGUTI. [Vol. XV,

Case (@¢). Only the regions near Minamiyosiwara, Nirayama, and

Takayama have positive values of —gﬁ, nearly all the remainder
x

being regions of negative values. There are negative maxima

of %1 along the zonal area running from the northern region
x

to the southern, through the cozst of Atami.
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Fig. 13 b. Principal Strains,
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The existence of the Tanna TFault is entirely ignored.

Case (b). About both extremities of the fault and east of it are

. oL . 0 .
conspicuous positive maxima of —az. In the other regions nega-
x
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tive values predominate over a wide area, théir maxima being
along the fault and also in the region near Atami (see Fig. 8,

23).
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Fig. 14. Absolute (full line), and Algebraic
(dotted line) mean of the Quantities.
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Fig. 14 b. Northward Displacement, v in cm.

10. Northward Gradiont of Northward Displacement g”
y

Case (¢). In the N E region of Idu Penidsula, along Sagami

ov

oy
In the western part of Idu Peninsula a positive maximum of

0 . . .
—83)— exists near Tokukurayama, and near Hasima a negative
Y

maximum.

Bay, are 3 positive and 3 negative maxima of

, alternatively.
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Case (b).

Fig. 14 d. Shear in 10-5.

About the extremities of the fault are positive maxima

of —a}i On the east side along the fault are some negatively

Y

large values of 2—7) (see Fig. 9, 24).
. y ‘
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Fig. 14 ¢. Rotation in 10-5.
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Fig. 14 f. Maximum Shear in 10-°.
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Fig. 16. Lines of Equal Dilatation, =%¢_ +~g; ©in 10-%, connected

with the Great Kwantd Earthquake. Arrows show the horizontal dis-
placements of the Triangulation Points.
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Fig. 18. * Lines of Equal thatio,n, w;%(i%f—fg%) in 10-%, connected

with the Great Kwanté Earthquake.
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r in 10-%, connected with the Great Kwantd Earthquake.
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i

Fig.24. Lines of Equal Northwar(i Gradient of Northward Displacement,

-g% in 10-5, connected with the Great Kwanté Earthquake.
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In conclusion, I wish to express may best Ehanks to Dr. Chiji,
Tsuboi, who has given me many useful suggestions in the course of
these studies.
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