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Summary

In connection with the seismic activity that occurred beneath
the central cones of Hakone Volcano since the beginning of Septem-
ber, 1959, a magnetic survey with a proton magnetometer was carried
out from Oct. 26 to 29, 1959.

It is made clear that the central area in the caldera can be
divided magnetically into several areas. They are Kamiyama lavas,
Komagatake lavas, Futagoyama lavas and the basalt lapilli and ash
called Kanto ash. The differences in anomaly between these areas
are obviously caused by the magnetization contrast of the formations.
The intensity of magnetization of the central cone, Mt. Kamiyama,
for example, seems unexpectedly large for an andesitic volcano, even
though the topographic effect is taken into account.

Now that the distribution of the present magnetic field in the
caldera has been obtained, repetition of a magnetic survey of this
kind would elucidate the volcanic activity in relation to the change
in the earth’s magnetic field.

1. Introduction

A seismic activity with felt shocks of small magnitude started un-
derneath the central cones of Hakone Volcano in the beginning of
September, 1959. The activity lasted a few months. Seismographs in-
stalled by Prof. Minakami around the seismic area recorded a few hun-
dred shocks every day during the most active period. In the hope of
detecting changes in the earth’s magnetic field, which might be accom-

*) Communicated by T. RIKITAKE.
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panied by the activity, the writers undertook a magnetic work over the
volcano.

It has been established that the magnetic method is very useful
for studying volcanoes. Local magnetic anomalies that are closely re-
lated to the structure of volcanoes have been found on many volcanoes.
The local anomalous changes in the earth’s magnetic field as have been
observed on Ooshima Island are even more important. Repeated mag-
netic surveys and continuous observations with variometers made there
revealed geomagnetic changes which were likely caused by demagneti-
zation and magnetization associated with rise and fall of the activities
of Miharayama Volcano”. Since then, observation of changes in the
geomagnetic field on volcanoes has been regarded as one of the most
promising methods of foretelling the activity.

The first magnetic survey was carried out within the caldera sur-
rounded by the old somma of Hakone Voleano with a portable proton
magnetometer from Oct. 26 to Oct. 29. The magnetometer, all transis-
torized, was specially designed for field-use by the Research Group for
Proton Magnetometer. The details of the magnetometer are reported
elsewhere?.

The portable proton magnetometer enables us to make absolute
measurements of total geomagnetic force quite easily. A good many
measurements can be performed in a short time. Preceding this survey,
the writers calibrated the magnetometer at Aburatsubo station. Ac-
cording to the results of the comparison with the variometers, the
instrumental error never exceeded 5 7, which assured sufficient accuracy
for the present survey.

In the northern part of Mt. Kamiyama, one of the central cones,
there are engraved valleys with many sulphurous fumaroles, Oowakidani
and Sounzan valleys. In the latter there occurred a great landslide on
July 26, 1953. It was reported” that the end of the slid area reached
as far as 2km from its source. As can be seen in Fig. 1, measuring
points of this time are distributed, in the main, around Mt. Kamiyama,
where the seismic activity was inferred to be most marked from the
seismometric observations.

1) For instance,
T. RIKITAKE and I. YOKOYAMA, Jour. Geophys. Res., 60 (1955), 165.
1. YOKOYAMA, Bull. Earthq. Res. Inst., 33 (1955), 251.
I. YOKOYAMA, Bull. Earthq. Res. Inst., 35 (1957), 567.
2) The RESEARCH GROUP for PROTON MMAGNETOMETER, Bull. Earthq. Res. Inst., in
press.
3) F. KISHINOUYE and J. OSSAKA, Bull. Earthg. Res. Inst., 33 (1955), 153.
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2. Distribution of the total force intensity

Since three components of geomagnetic field or dip have been usually
measured over volcanoes, no general representation of geomagnetic a-
nomalies in the total force intensity has been obtained yet. In order to
have an idea of the distribution of total force, we may study a some-
what idealized case in the following. When a circular cone with a
radius of 5km and a height of 0.8 km,
which may well represent the mean
topography of Ooshima Island, is
uniformly magnetized in the direction
of the geomagnetic field, the magnetic
field caused by the natural remanent
magnetization of rocks has been cal-
culated by Rikitake?. As the results
were expressed in the way of the dis-
tributions of three geomagnetic com-
ponents, the writers have calculated the
distribution of the total force intensity
from them. Fig. 2 shows this result
when the intensity of magnetization is

Fig. 2. The total force intensity of taken to be unity and the normal dip
the magnetic field on the surface of the at the cone is assumed to be 48°. It
cone, when J=1 e.m.u./cc. (unit in . . .
gauss). is noticeable that the maximum anomaly

of the total force intensity is found at
a point slightly south of the summit and that the regions of small anomaly
appear on the east-west line, which results in the depression of the
iso-anomaly lines towards the summit on that line.

3. Results of the survey

The results of the survey are shown in Table 1 together with the
height above sea level of the measuring points. Surroundings of the
stations are sketched for the future measurements in Fig. 8. Correc-
tions for the diurnal variations in the magnetic field have been made by
adopting Aburatsubo station as the standard one, where the normal
value of the total force intensity is taken to be 45707 «, the value at
0"00™(J.S.T.) on Oct. 30, 1959. Thus corrected values are also shown

4) T. RIKITAKE, Bull. Earthq. Res. Inst., 29 (1951), 161.
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in Table 1. On.the basis of these data, isodynamic lines are drawn as
can be seen in Fig. 3.

The normal values of the total force intensity in the neighbourhood
of Hakone Volcano is obtained to be 46040 v from the magnetic chart
for 1950.0. Therefore the area surveyed this time has anomalies more
than 500 v as a whole. Besides this large scale anomaly, local anomalies
of narrow extent are remarkable. We can see, from Fig. 3, several
foci of large intensity are scattered within the caldera corresponding to
the distribution of central cones. The region around Mt. Kamiyama is
specified by a large anomaly of the total force intensity, while anomalies

[Hﬂ]mﬂ] Kum!ycma lava

> BB 1325m Peck lava
E=3 Komogatake lava

] - Futagoyama lava
Y Avalanche debris
[772] Basalt lapliliand ash f

Fig. 4. The geologxcal map in the central parts of the caldera. (After H Kuno)

in the vicinity of Mt. Futagoyama seem rather small. Measurements on
Mt. Komagatake have shown that the cone is magnetized with an inter-
mediate intensity between Mt. Kamiyama’s and Mt. Futagoyama’s. In
these territories bounded by central cones, there exist a few patches of
great intensity that seem to have no apparent correspondence to the
topography. This suggests that the magnetic field on the ground is
more seriously affected by the magnetic properties of materials near the
surface of the earth than by the togography. A geological chart® that
is shown in Fig. 4 will ascertain it more clearly. The above stated
anomaly characterized by every central cone can be illustrated by the
difference in the magnetization of lavas mainly composed of andesite that

5) H. KuNo, Explanetory Text Geol. Map in Japan, Atami (1952).
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flowed out from these cones. Although the distribution of the patches
of great intensity does not seem to depend on the topography, it may be
understood from Fig. 4 that these extraordinarily anomalous regions are
formed by sedimentation of basalt lapilli and ash from Huzi Volcano.

4. Magnetization of Mt. Kamiyama

In this section, the anomalous distribution of magnetic field around
Mt. Kamiyama, which is the largest among the central cones, will be
studied in detail. We see that the total force intensity increases in

FE
48000 -

47000

46000

45000 | ! L
o 500 1000 1500 m H

Fig. 5. Changes in the total force intensity with the altitude
on Mt. Kamiyama.

general as the height above sea level increases. Fig. 5 shows how the
magnetic field increases with the height.

It is also of interest to note that there exists an area of remarkably
small anomaly in the north-western part of Mt. Kamiyama, whose
topography shows as if the slope were engraved away just along the
small anomalous region. The cross section along this valley is shown in
Fig. 6. After Kuno”, an explosion occurred in this part and the pyro-
crastics due to this destruction were scattered widely over the north-
western area of Mt. Kamiyama. The results of our magnetic survey
seem to support the statement, because firstly it should be natural to
consider that the small anomaly in that particular region may be caused
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by the defect of magnetized materials which should have composed an
ideal circular cone and secondly by the weakening effect of the magneti-
zation due to the random orientation of magnetization of pyrocrastics.
If the cone retained its com-
plete form, judging from the |400n2
present magnetic field, the 1200-
distribution of total force 1000~
intensity would be quite Al
alike as that in Fig. 2. 5
When the 700 m height © 2000m

above the sea level, which is Fig. 6. Profile of Mt. Kamiyama along the line
the approximate height at A-B in Fig. 3.
the bottom of the caldera, is taken
to be the base plane of Mt. Kami- T
yama, it may be allowed to ap-
proximate itself by a simple cone
of 740 m in height and with a
radius of 8km. Assuming the
values on the foot of the mountain
to be 46000 v, the anomaly of total
force intensity on the top amounts
to about 1500v. This anomaly is
much larger than that of Mt.
Asama, which is also an andesitic
volcano as Mt. Kamiyama is. The
anomaly related to Mt. Asama, o
however, amounts to a few hundred

Fig. 7. The mean dependence of the total

ammas at most”. . . . .
g t . force intensity on the height, when a circular
If the mountain shape Were (one is uniformly magnetized. The intensity

regarded as the same as in the of magnetization J (in the unit of e.m.u.) is
case of Fig. 2, where the altitude taken as a parameter. The broken line curve
and radius are 800m and 5km is obtained from measurements on Mt. Kami-
. yama.

respectively, the mean dependence

of total force intensity upon the height would be shown as in Tig. 7,
taking the intensity of magnetization J as a parameter. The result
obtained by this survey is shown together by a broken line in Fig. 7.
We cannot apply the results of the calculation to the case of Mt. Kami-
yama as it is, because the mountain shape used in the calculation does not

500 H(m)

6) T. MINAKAMI, Bull. Earthq. Res. Inst., 18 (1940), 178.
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agree with that of Mt. Kamiyama. If the calculation with regard to
the mountain of the same shape as Mt. Kamiyama is carried out, the
anomaly will become more marked than that in Fig. 7. Therefore it may
be said from Fig. 7 that the magnetization of Mt. Kamiyama will never
exceed J=0.02 e.m.u./cc. On the other hand if J=0.001 e.m.u./cc” as
is usual with the andesitic rocks, the anomaly at the top does not
attain even to a hundred gammas. Even if the correction for the topo-
graphy is taken into consideration, it seems unlikely that the anomaly
reaches such a high value as one thousand gammas, as far as J=0.001
e.m.u.[cc is assumed. It might be said that the magnetization of Mt.
Kamiyama is unexpectedly strong for an andesitic voleano.

In order to find geomagnetic changes that might be accompanied by
the seismic activity of Hakone Volcano, it is of necessity to repeat the
magnetic measurements over Hakone Voleano and to compare the results
with that of the survey this time.
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Fig. 8-4. Station No. 4. Fig. 8-5. Station No. 5.
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Fig. 8-25. Station No. 25. Fig. 8-26, Station No. 26. Fig. 8-27. Station No. 27.
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Fig. 8-28. Station No. 28.
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Fig. 8-34. Station No. 34.
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Fig. 8-35. Station No. 35.
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Fig. 8-30. Station No. 30.
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Fig. 8-36. Station No. 36.

Fig. 8-37. Station No. 37.

Fig. 8-38. Station No. 38.
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4. o v UREFIERNC X B FIAR KL ORI

WEWET M W ik

1959 42, 9 A bk, ikl kn EodURTe, AriEibhiiatk 5 Hhiinhh oG & /s
iz, IREKIC Lo THNT 7 NDOE A JUCi TS kil 32 5k, STy, HE 200~
3004 DIBIEATER L, TERIBHALIKE 3 A B0 Th, FREOHER AT iou, e,
KILFETheAE > TS I R B IR E 2R B L X 5 &, FilRAKWUA A FFNT, 10 J 26 Hab
29 HETo 4 HEZ » b vyBIEFZAWT, 5 1 @B oMK N> T2k,

KLk, KIUORECBR LT, REREIE % IR, REBZRINC 1) 5 IbRER A
DML b, TIETE, KIUTED) L RSO B O #HAMF0L 2 Z LXHEES T
W5, RSTEZ BT, fiRKUIERWTh, Afoz 3 iifFEhsbidTths.

WHLT v b VYREIENT, SR BT 98 FE O MR in 5 O T, o BIIETE
ERAOLDY, VI VvISAZ—EHWCUNIMLL, HHCERCLzdoThHS, WERENIE
FEb5h52, M7 e P vRAHOIEI X b, WS ETNERNF LAY, 8
FINIEES < OUA T ET 2 2 LMAT gieinote. SR W, sz oC, il
B CHIRAGE B LR o G E LIK L, 57 BAEofizsinn o LR S i,

WEOHKEIL, # 1 %, ff 3 I TINRTWS, JERO R B ey, M e ik
Yz LD THIE L7, KL fE23, il 45165.37 2By 47851.3r itds X .Sam ol
WESETIR RIS, i, RIabWbnAL 3, #1477 0dhdeiliy, K&y ORI
WMeMF B eRTE S, Tihbd, MURZORERRSIEC IO TUREIT TS hais, K
TN e RO o TN B BT, £ ORl @ By 2 dhl 2358, chbhik
KA I Y O CTRE IR, NS i3T5, £DTK & L% RI N sUROH
R, BEET S, b ORI, ZoMROMTHEENHO W LTI D THBT &P,
WK & 0 B iin e hb, Rk n Bic X o T B ha R ik, Ththokn
D LA RS OUREDEI Lo TR SR b0TH S L, HARES T BHlkok WA
SR, AU B I OKILKOHRKIC X 50 L {EEI R 5.

700 m OKHEEMEHEIEE LT, oKW 2 258, MilomEy, 700m ofpXT
1500 7 { oMM EFL TS, ZORME, MU AU X35 eBUETOKILTH 5 BRELTHES
NiflOREr LT 5, WEOPHL2ELLTY, MUOWHROBIITLBCAXWEELILR
%.

5 1 [mE ORI, WM Lol THBH, 4D X 5 Rty BT e ko, #i
ket unTh, FEHOWHRCH S MEEE AL ks o Lififfans.,

SO Y DC, #£4h, TR & X2 TV, TR EST2 L 2 b, fixo
MRV, LN THER S 2D, KESRCES e Eb TR TH S, ks, B
Hco I L, MEINLF DOt /M B AR o K oMiFs, fRhefid ez
LMEDDTLH W LR LT, BRSOl L B




