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In a previous paper,” one of the authors pointed out a probable rela-
tion which seems to exist between the horizontal divergence d=g%+%)
of the earth’s crust, obtained from the result of repeated triangula-
tions, and the frequency of occurrence of hot and mineral springs in
the corresponding district® A discussion was also made to the effect
that such a relation might well be expected from some physical con-
sideration. As, on the other hand, there exists a certain correlation
between 4 and the vertical displacement of the earth’s crust as re-
vealed by repeated precise levellings, except in the districts recently
disturbed by severe earthquakes, we may expect that the frequency
of occurrence of hot and mineral springs in a district may also show
some relation with the secular vertical movements of bench-marks situ-

ated in that district. An example of such a relation was shown in
the previous paper with regard to the levelling route from Nagaoka
to Okitu. In the following, the results of similar investigations made
with regard to the other routes (Fig.1) will be briefly described.

" The localities of hot and mineral springs® were marked on 1/200000
maps of Land Survey Department, those with the temperature greater
and less than 100°F being distinguished by different marks respective-
ly. Taking the levelling route along which the relation now in ques-
tion is to be investigated, a zone of 20 km breadth was taken on each
side of the route parallel to it. From the site of each spring situated
within this zone a straight line was drawn which meets the route near-
ly orthogonally. The point of intersection of this line with the line
of route was marked and allotted as belonging to that spring. On the
other hand, a diagram (Figs. 2~9) was drawn of which the abscissa re-
presents the route, taking the distance between successive bench-marks,

1) T. TERADA, Proc. Imp. Acad., 10 (1934), 410.

2) Literatures regarding this point are given in the previous paper cited.

3) Data for the geographical distribution of springs were mainly taken from
“Nihon-Kosensi” ([ Ag}i%), (1886) and R. IsHIZU, “The Mineral Spring of Japan”,
(1915). :



Part 3.]

Geographical Distribution of Hot and Mineral Springs.

SCALE FOR MAP.

0

50 100 15 200KM.

LEVELUNG  ROUTE

/a/"

SEA

OF JAPAN

3 1}
2 /
¢

=

i, J=——=0 Sibata
7 Virgata

Wazimafs &

> ? Sirakawa
.

Gihu(Kand)
Nagoya
I:Eigg"efn:; ; =
= ; 7
ff - }‘
ISk
| =
OCEAN = ] -
- === = =
= ——— = : ‘
Tig. 1. Distribution of levelling routes.
3 8 T3 x 3 a 3 £y
s z g 3 I 7 9
3 5 S tTR £ 8 3 g &
s §
ERR i
N T
a : - L%y
£ Lo e
1 T AL : <, . e mfs, a
R EA ] ﬁ'} ,"\ms"-, ;.'I:' e l‘l T . 4
3 . . ’ LY . A §a
3 . Y ] ;\ R A
> . . N o . 3 %
3 -10F . . H . i) ",\' . ot e
]
“20% . 5 o 3 4 3 s :‘m ¢ & sse e A idn 4 & & LLIL Y .‘% 3;.: %
g % 3 3 5 FR
3 S Y H Y
3 b4 2 8
® & g g B
g x s .

577



T. TERADA and N. MIYABE. [Vol. X111,

578

Sirghowa

Utunomiya

Takasakt

Simosuwa

Gihu(Kond}

Kyoto
Osaka

Kobe

Okayamo

o
l&A&&ﬂ.
wangsy Sobora

29
pes

% b

w53 Asama

333
233

9

L
o
<

R
o
' Spring

4 . ]
Tokyo Cepe ®
e .
¥ I
- o« .
o r
. 93932333348
* e, . . 63999 Hahane
.
499
2
Siduoka
2
2
© o)
o
o
=
. 2
Nagoya .
L4 .
42
Issinden
.
.
Kl
Sakai
MJ T 1 J
: O
Vertical displacement in cm. Spring

Fig. 4.



579

Geographical Distribution of Hot and Mineral Springs.

Part 3.]

Miyako

Kamalsl

Isinomakl

Sendal Zawb-zan

&

@

E A
>

o lalra 39 yumoto

& ‘”4%353&

Mito

No-\o

1
e
g

)

o

~
"

©
=
v

Wl

Vertical displacement in cm. Spring

Fig. 5.

Wazima

Kanozaws

“Hukui

Osaha

Wokayoma

Kusimoto

Bob
b3

BOB L Sobw

w

.
)

33
29 -
]

3

Nw‘u Kanayama

29

Verticol displacement in cr.

e 333
o
W

Spring

Fig. 6.



[Vol. X111,

T. TERADA and N. MIYABE.

580

Kamaisi

Tono

Kurosawaziri

Yokote

Akita. , ot

$ibare o

Nugata

znwns.s

] -

Nagano

&
Fig. 7.

293

5 n.u : I

Vertical EMEDRSnR in em.,

30L

[21]

[ .
833 Sehi;Tubame
LITEY )

sl
.
e

¢3333% Simosuwa
9

3
23

2398
933999 Kehu

33
43
0

9

Spring Ohetu

100
4
-1o}

Vernical displacement in ¢m

-20L

Sonng

Fig. 8.



Pait 3.1 Geographical Distribution of Hot and Mineral Springs. 581

@ x 2 S
& 13 ) =
13 X = &
- a2 2 o
g = g
a o
2
o .
«® .®
10}~ ase e %
0 .® ..'“". ©®, o
- ‘.f.
-
« Q@ < -
®
DAY . 'd A
Se ¢ s
o -
o o0
.
s.‘ ° 0‘.. 4 ..
- s .
o - ...'...
.
. e’
h - - *
- -
g o
& -
8 >
hnd -
o
o~
©»n
‘§
3
)
3
=
=10
-
> -
. -
s .
.
H © VY YO ©
mwd’d)i@ & %‘:b&q,:b @ wg& rOd AN
o O ﬁ
I
5 <&
©
-20b
Fig. 9.

supposed all equal, as unit, and the ordinates the vertical displacements
of the bench-marks. The positions of the springs on the route, con-
ventionally allotted as in the above described manner, were marked on
the axis of abscissa (J$> << 100°F; ¢ > 100°F). Next, the mean ver-
tical displacement ok, for each segment of the route comprising 25
consecutive bench-marks, i.e.,, a segment about 50 km in length, was
calculated. The number N’ of the hot and mineral springs falling in
each segment was counted. For the second process of smoothing, the
overlapping means 6k, and N over successive three segments were
respectively taken.® Plotting then N against 6h,, for the successive
segments, we obtain diagrams as shown in Figs. 10~17. If there
exists a simple relation between the two quantities, the points plotted
will show a more or less systematic arrangement according to more
or less close correlation. '

4) In the abstract of this paper given in Proc. Imp. Acad., 11 (1935) 99, the
description of this second process of smoothing was dropped.
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In the following, brief explanations will be given of the results
1) Route from Hamada in Iwami to Sibata in Etigo, along the

of investigation with reference to the different levelling routes.

Figs.2 and 10. .
The relation between N and 6k, for this route is shown in Fig.

10 by the points marked e. These points are arranged within a

belt between the two straight lines, say,
"N=N,—koh,, and N=N;—koh,, .
This is in good agreement with our expectation.
Fig.2, it is interesting to remark that in the part of the route be-

Referring to
tween Miyadu and Hukui, for which 6h,, is generally positive, no hot
or mineral spring is met with at all.

2) Route from Okayama in Bizen to Sirakawa in Iwaki, along
the central line of Honsyd. Figs.3,10 and 11.
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The vertical displacement along this route (Fig.3) shows a re-
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markable discontinuity in general level near Kané in the middle part
of the route. Hence, the route was divided into two parts respective-
ly extending on the two sides of Kand. Taking the part W of Kano,
N-0k,, relation falls in with the belt named in Fig. 10 as shown by
the points plotted with the mark x. The other part, £ of Kano,
seems to form another group of points as plotted in Fig. 11.

3) Route from Sakai near Osaka to Tokyo, via Nara, Yokkaiti,
Nagoya, Hamamatu, Numadu and Atami. Figs.4 and 12.

Along this route, the springs are generally rare except in the pro-
vince of Idu and neighbouring districts, where conspicuous hot springs
are abundunt. This latter region was, however, considerably disturbed
by the recent destructive earthquakes of 1923 and 1930, so that we
could scarcely expect a simple relation between N and 6k, . On the
other hand, it was shown in the previous paper cited, that some of
the remarkable groups of spas of this region fall within the areas
with negative values of divergence 4. It may therefore be suggested
that this region belongs to those portions of the earth’s crust which
are subjected to secular subsidence interrupted by occasional abrupt
upheavals. .

4) Route from Hunabasi near Tokyo to Miyako in Rikuty{i, via
Mito, Sendai and Kamaisi, along the Pacific coast. Tigs.5 and 13.

Along this route, the mineral springs are almost concentrated in
the region between Mito and Tomioka. It is just this region where
a very conspicuous V-shaped depression of the route is observed.”

5) Route from Kusimoto in Kii to Wazimazaki in Noto, across
the central part of Honsyli. Figs.6 and 14.
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Along this route the correlation between N and dh, is not very
conspicuous. Still we may observe that most of the hot and mineral
springs in this route fall in with the region with 6, < —20 mm.

5) T.TeErADA and N. M1vABE, Proc. Imp. Acad., 10 (1934), 557; ibid., 11 (1935), 99. '



584 T. TERADA and N. MIYABE. [Vol. X111,

6) Route from Akita, Ugo, on the Japan Sea coast to Kamaisi,
Rikuty{, on the Pacific coast, via Yokote, Kurosawaziri and Téno. Figs.
7 and 15.

Along this route the correlation is not conspicuous, but we may
observe that the springs with the temperature higher than 100°T are
found all near the minimum of éh-curve (Fig. 7).

7) Route from Okitu, Suruga, on the Pacific coast to Sibata,
Etigo on the Japan Sea coast, via K6hu, Matumoto, Nagano and Nii-
gata. Figs.8 and 16.

This route which was already dealt with in the previous prelimina-
ry report, was revised by means of the same method as used here for
the other routes. The result is rather complicated, but we may ob-
serve firstly that the general tendency of the negative correlation be-
tween N and 6h,, may still be traced, except some irregularities, and
secondly that very conspicuous swarms of hot springs are mostly met
with at or near the minima of dh-curve (Fig. 8).
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8) Route from Sibata in Etigo to Akita in Ugo along the Japan
Sea coast. Figs. 9 and 17.

This route was recently revised and it wants some scrutiny before
we may bring the dh-curve obtained in connection with the curve for
the route (1) above named, as the dates of the surveys are different
for the two routes though they form two consecutive parts of the same
continuous route along the Japan Sea. It will be seen that the
springs are relatively abundant in regicn with relatively less value of
oh.® :
From the above results, the existence of some correlation between
N and oh, can scarcely be doubted, though the relation is not quite
simple. A simple relation can, however, not be expected from the first
outset, firstly because we are here comparing N with ok, instead of

6) The gh-curve along the route from Sibata to Akita is reproduced from the
data given in Prof. A. Imamura’s paper: A. IMAMURA, Disin, 7 (1935), 185.
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d directly. The displacement 6k, and divergence 4 are not always
positively correlated, especially in the regions disturbed by recent
earthquakes. Secondly, even the relation between N and 4 cannot be
so simple that we may express N as a simple linear function of 4.
It may well be possible that N depends on the mean value of 4 over
a very wide region, as well as on the relative value of 4 within a

rather narrow locality. Thirdly, the above results may be modified in

some measure, if we take the breadth of the zone parallel to the route,
which was chosen here as 20km on either side of the route, as 10
or 30 km, or if we prefer some other method of allotting each spring
to a point on the route.

It seems, however, that the new line of investigation here taken
up promises to throw some unexpected light on the studies of crust
movement if duly pursued with more sufficient data and more elaborate
methods. At the present stage, we may suggest already (i) that a
segment of the route within which the negative correlation between
N and ¢h,, is very conspicuous is situated on a region which is free
from the disturbance due to recent severe earthquakes and (ii) that
at a locality which forms a junction between two segments of a route
such that the two segments if taken separately show good correlation
within themselves, but if taken together show no apparent correlation,
we may suspect a real tectonic discontinuity which is active in the
present geological age.

It seems highly desirable to investigate the similar relation for
the other parts of the worlds. '

.
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