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1. Introduction.

It is a well known fact that geomagnetic anomalies of particular
distribution are found out in the neighborhood of voleanoes as clarified,
for examples, by the magnetic surveys of Voleano Mihara®®, Volcano
Stromboli®, Voleano Miyake-sima®® Voleano Omuro®, Voleano Usu®,
Voleano Asama®, Voleano Fuji (Huji or Fuzi)® Voleano Sakura-jima!®»
and others. These anomalies are all interpreted as due to the magneti-
zation of the voleanoes, the direction of the magnetization being roughly
the same with the geomagnetic force there. In order to determine the
intensity of magnetization, for example, we take, as T. Minakami® 1
did, one or two rotational ellipsoids of suitable dimension having uniform
magnetization in the direction of the present geomagnetic force. Then,
by comparing the magnetic field caused by the ellipsoids with the
observed anomaly, the intensity of magnetization is determined. Thoug
the intensity thus determined is thought to bs reasonable from the
results of the experimental study™ on the intensity of natural remanent
magnetization and induced one, we should pay attention to the fact that
the dimension of the magnetic mass is chosen rather arbitrarily. From
the theoretical standpoint, it is desirable to determine simultaneously both
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the intensity of magnetization and the extent of magnetic mass that is
effective to the anomaly. The effective region of volcano thus determined
may have some geophysical significances for the structure of voleano.
The writer will attempt here to analyse the anomalies near voleanoes
from the standpoint stated above.

2. Theory.

As studied by T. Terada™, a voleano is more or less a conical heap
of rocky mass, the essential tendency of the geometrical form of it
being expressible by a mean profile curve. For the sake of mathematical
simplicity, the writer also deals with the mean topography of a voleano
which is obtained after Terada’s method.

As already studied in the writer’s earlier paper'”, the components
of the magnetic field due to a uniformly magnetized circular cone
having the radius a, at the bottom and the height A is obtained as
follows;

4X=J { cos 0(% cos 2¢—G cos’ <;b)~Hsin 0 cos ¢} ,

_ in2p(E—S)—Hsinosin o} 1
AY—J{cosﬁsm&p(_; 5) Hsinfsing{, (1)
47 = J {H cos 0 cos ¢+ G sin ¢},
where
k z
F=S aIldzl+S al/dz
z 0
h z
G =S aIzdzl-}-S al,dz, (2)
H— S" aldz ’SZ ol dz
and

i } - Swex“""” Ji (ar) J («q) da ,
0
R R ACORACOLT (3)
2 0

I } = Swae“(’l"’ J, (ar) J; (aa) da .
0
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Here, we assume that the cone is magnetized in a direction in zz-plane
with inclination 6. J and a denote respectively the intensity of magneti-
zation and the radius at z=12. The origin of the cylindrical coordinate
r, ¢ and z is taken at the centre of the base plane of the cone.

At a point on the central axis of the cone where »=0 and z=A+d,
we have

2F S" (ay—Fkz)’
— =G= , H=0,
7 o {(ap—kz )+ (h+d—z) }*" dz (4)

where
k=cot2, (5)
4 denoting the slope of the cone. In that case, it becomes simply that
. 4X=—aJGcosl ,
4Y=0 , (6)
4Z=2zJGsin0 ,
where, after integrating (4), G iz given by

Ge_. ™ Jog atmBitmi+l +Vm'+ 1V (1+af +(m+B)
(m? +1)** a+mB+Vm+1Vd+F

m—1—(a—mf)) , a—mfi } (7)

B ol W
w1 WV (L af + (B Vet
and where _

m=1/k, a=cmlh, PF=dmlk. (8)

¢, denotes the radius of the top plane of the cone.

With (6) and (7), it is possible to calculate the magnetic anomaly
on the central axis due to the cone if the form of the cone and J are .
given. Corresponding to dip anomaly 4I, if 4I is small, we define a
function f(4I) which is given by

S(4I) = {tan (I, + 4I)—tan I,} [tan I,
=42 Z,—4X| X, - (10)

= 2JC (ﬁlzlolﬂ + ,9%20_) ,

where I,, Z, and X, denote respectively the normal value of I, Z and
X there. ‘

Since we have a good number of geomagnetic dip surveys in the
neighborhood of various voleanoes, the writer would like to deal with
the dip anomaly in the main.
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Theoretically speaking, we can calculate G just on the top of the
cone from the shape of the cone for any 2. Henee, it i3 possible to
determine %2 by comparing the observed f on the top with the one
calculated from (10) where we take certain value of J from the experi-
ment of rocks composing the volecano. According to the experimental
results, however, J is considerably scattered even in case of samples
taken from the same lava flow. And, moreover, a voleano is not composed
of a sort of lava but is usually eomposed of lava and pyroclastic ejecta
whose magnetic properties are by no means the same. Thus it is im-
possible in practice to determine the effective height of the cone by
taking a value of J from experiment.

In order to avoid this difficulty, the writer calculates f for various
heights on the central axis of the cone from the distribution of dip
anomaly. By taking the ratio of f to that just on the top, the effect
of J will be almost approximately eliminated. From the potential

theory, the components of the anomaly on a plane can be expressed by
4X = 3> e™ (Ap, €03 nd + By, sin ng) J(kr), }
4z = 3.3 e (C,, co3 nd+ Dy, sin nd) J,(kr),
K n

where the anomaly is assumed to occur from the source beneath z=0.
f(4I) at z=d is calculated from (11) as follows;

fll) =335 e {( C”’ - A‘”)cos n
(- ’?{':On)om np | Juer).  (12)
Thus it is easily obtained from (12) that
fema = S e (13)
at =0 and z=d, while we have on 2= 20
foco = E};%“ (@ cO3 np + Py Sin nd) J, (k). 14)

Since the distribution of dip anomaly on a conical voleano is roughly
circular symmetric, we can, to a fair degree of approximation, express
the distribution by

S = ::: axe oy (kr) , (15)

where the terms for n>0 are all ignored. Hence, we can obtain f at
a height z=d through (18). However, it should be borne in mind that
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we assume that the dip anomaly is given on a plane notwithstanding the
fact that we measure the anomaly on the slope of the voleano. The
influence of this treatment will be discussed in the following section.

In the next place, we compare §fi‘i thus obtained from the obser-

z=0

vation with the calculated one or Giea that is readily given by (10).

z=0

As Gi-a is of course a function of %, we easily determine % from the

z=0 .
Gz=d

curve Giea vs h 80 as to make Soma equal to Since the effec-

z=0 2=0 2z=0

tive height of the voleano is thus obtained, the mean intensity of
magnetization J is readily determined from (10) where @ is assumed to
agree with the inclination of the present geomagnetic force as approxi-
mately proved in the previous investigations.

As mentioned above, it is possible to determine simultaneously both
the effective height and mean intensity of magnetization while the shape
of voleano is idealized by preferring its mean topography.

3. Examination of the method.

In order to examine and test the method described in the former
section, the dip anomaly near Voleano Mihara in Ooshima Island will b
analysed in the following. According to the writter’s survey' in 1950,
the dip-angle increases with the
height above sea level as re- |
produced in Fig. 1, the general
tendency of increase being ex-
pressed by the curve in the figure Al
where the curve being determined
as a quadratic expression of the
height by means of the least

O Ny By 0P
[ ]
L |

square method. On the other hand, e,
the height above sea level is read . 200 400 600 800m
off at every 500m on the map of ' H

1/50,000 scale along the eight  Fig. 1. The relation between dip-anomaly
azimuthal lines radiating from the and height on Voleano Mihara.

centre of the voleano. By averaging the height thus read off, we get
the mean profile as shown in Fig. 2. Asseenin the figure, the idealized
form of Voleano Mihara is fairly expressed by a circular cone, the slope of
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000" |
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Fig. 2. Mean profile of Voleano Mihara. Ordinate: Height
above sea level, absecissa: Distance from the centre
of the voleano.

which amounts to about 9°, while the radius of the top plane amounts to
almost 500m. Combining, then, the relation between the dip anomaly
and height with the mean topography,

the relation between f(4I) and the 0-4
horizontal distance from the centre is 0-3
obtained as shown in Fig. 8. fa1y 0-2

From the relation shown in Fig. 0-1
3, the coefficients a5, @, oceee- in (5) AT ,
are determined by solving certain 1 2345 6km
simultaneous equations. Asfully studied r
by E. H. Vestine and H. Davids™, we  Fig. 3. The relation between f(47)
select a value r =1, sufficiently large and the horizontal distance
so that f becomes negligibly small. from the centre of the voleans.
From f at r=0, %rl , %rl, ceey .65—73 , it is possible to determine a,,
Agpy sovae , ap. With these coeflicients, f at any height on the central

axis of the cone is obtained from (13) as shown in Fig. 4.
Meanwhile, G, Giciims Gacizm @Nd Gaosim for the various value of

h are calculated by (7) and (8) froni which ﬁi‘i”‘—r, I‘—’ﬂ—kﬂ, and Sazsin.

d=0 fd=o fd:o
07 ¢ '
06| d= 1km
05! .
03 Fooalf
§ 0.2 j.o 03l d=4Km
0.1 0 /d:SKm
I 2 34_5Km 0.1
d 1234 5kn
4
Fig. 4. Fig. b

15) E.H. VESTINE and N. DAvips, Terr. Magn., 50 (1945), 1.
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are obtained as shown in Fig. 5. On the curves in the figure, the '

actually determined value of M, fd:—‘?ﬁff'—, and Sacsin are respecti-
d=0 Sa=o Sa-o

vely shown with small circles. Thus we graphically get, as the effective

height of the volcano, 2=0.58, 0.73 and 0.75km respectively for d=1,

4, and 5km. .

- Now we must examine to what extent the determination of % is
affected by the assumption that the anomaly is treated as a distribution
on a plane. Since the height above sea level of Voleano Mihara reaches
as high as 750m, it would be seriously influenced by the fact that the
anomaly is given on the slope if we should adopt a small value of d
such as 1%km. The effect, however, would become small as d increases.
As obtained above, % for d =1km seems rather small, while the values
for d =4 and 5km nearly agree with each other. Hence, it may be
said that the said effect is almost avoided by adopting d several times
larger than the topographical height of the volcano. ‘It is not possible,
however, to take a very large d because f at such great height becomes
practically zero.

Next, we calculate G,., for 2 =750m by (7) and, taking 0=47.°9,
X,=0.305 and Z, = 0.337 emu, J is determined to be 0.037 emu.

After all, it is concluded here that the magnetization of a conical
body, from the summit to just the sea level, is responsible for the dip
anomaly in the neighborhood of Voleano Mihara, while the mean inten-
sity obtained is 0.037 emu. The conclusion is just the same with the one
obtained in the writer’s previous paper!®.

4. Magnetization of various volcanoes in Japan.

Since the method is applicable to conical volecano as tested in section
3, we will examine the magnetization of various volcanoes here. In so
far as the writer collect the magnetic data, the results of the magnetic
surveys in the neighborhood of Voleano Miyake-sima®, Volecano Asama®,
and Voleano Sakura-jima'® surveyed by Minakami, Voleano Omuro by
Nagata®, and Voleano Akagi surveyed by the writer are available, these
voleanoes being famous because of their beautiful conical forms. The
changes in geomagnetic dip on these volcanoes with the height above
sea level or base plane'® are respectively shown in Figs. 6-10 where

16) The base plane of a voleano is defined from the mean profile curve. It is taken

at the height where topography becomes almost flat. As to the voleanic island, the
height above sea level is adopted as did in section 3.



8 ; T. RIKITAKE. - [Vol. XXX,

the general tendency of increase in dip angle is also shown by the
curves in the figures, the curves being determined as quadratic expres-
sions of height as in szction 8. The mean profiles of topography are
also calculated by the same method as in section 8. The relations
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Fig. 6. The relation between dip-anomaly and height on Voleano -
Miyake-sima. ‘
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Fig. 7. The relation between dip-anomaly and height on Voleano
Asama.
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200 400m
H

Fig. 9. The relation between dip-anomaly
and height on Volecano Omuro.
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Fig. 10. The relation between dip-anomaly and height
on Volcano Akagi.
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Fig. 11. The relations between and horizontal distance
on various volcanoes. 1 Mihara, 2 Miyake-sima,
3 Omuro, 4 Asama, 5 Sakura-jima, 6 Akagi.

between f(4I) and horizontal distance from the centre of the volcano
are shown in Fig. 11. From these data the height %2 of the conical
mass that is effective to the dip anomaly and the mean intensity of
magnetization J are both determined for respective voleanoes as tabulated
in Table I where the specific intensity of natural remanent magnetiza-
tion J, experimentally measured and J previously obtained by another
investigator are also shown.



80 T. RIKITAKE. [Vol. XXX,

Table I. The magnetization of various voleances.'”

J by another

Voleano | Rock |Max. height Survey | h | J J, |7 by anot
Mihara basalt 765 m %{gg\oltl,;\ke | 750m O‘szm 281?3?“ 0.0giegrgngy
Misakesima basat | ma | 0N wo oo 2000, 000002
SRR SO R PV SNCE o e -8 I
Asama andesite| 232 ll\f[’fgaf’gml 600 | 0.0012 [0-908 | 00022 by
Sakara-jima | andesite | 1230 i??}?a}égn;’ 1250 | 0.0009 U-0%5 | 00018 by
Akagi andesite | 1828 - 1961 by 400 0001 | — | —

As revealed in the table, the values of the mean intensity of
magnetization J differ considerably from each other for the respectiv
voleanoes, while, taking into account the specific intensity of natural
remanent magnetization J, of the rocks composing the volcanoes, we ‘
see in general that the larger J, is the larger J. According to Nagata®,
however, J of the central cone of Voleano Mihara was determined to be
0.0058 emu from the anomalous distribution of geomagnetic declination
around the crater and J/p (o denotes the density) of the whole volcano
to be 0.027 from the results of the magnetic and torsion balance
surveys. The former seems to be too small and the latter, from which
we get J = 0.068 emu by assuming p = 2.5, too large compared with the
writer’s value. According to Minakami®, J of Voleano Miyake-sima-
amounted to 0.015~0.020 emu as obtained from his dip survey. As to
Voleano Asama, Minakami® got 0.0022 emu for J where the anomaly is
replaced- by the field caused by a rotational ellipsoid of suitable dimen-
sion. He™ also obtained J = 0.0018 emu for Voleano Sakura-jima. Sum-
ming up these earlier studies, we may say that the writer’s values of
J agree roughly in their order with the ones previously obtained.

As has been pointed out by Nagata®, the order of J obtained here
cannot be explained by the induced magnetism of volcano in geomagnetic
field as clarified by the measurements of the magnetic susceptibility of
rocks composing these voleanoes,

17) Voleano Mihara, Miyake-sima, Asama and Sakura-jima were active at ‘the time
of the surveys, while Omuro and Akagi are Quarternary volcanoes and now are dormant.
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The scales of effective mass of voleano as expressed by the values
of h are different for respective voleanoes, especially % of Asama is as
small as 600 while, on the contrary, h amounts to more than 1200m
in the case of Sakura-jima. As seen in Figs. 8 and 9, there spreads an
extensive area of negative anomaly in dip-angle at the foot of Mt. Asama
while we find only the positive anomaly on Volcano Sakura-jima though
we eannot measure the anomaly in the sea that surrounds the voleano.
The difference in the distribution of anomaly may probably correspond
to that in the scale of effective mass determined. However, it is not
clear why these differences occur. Since we do not expect, as tested
in section 8, any great error of determination, the difference should be
ascribed to the structure of voleano though no marked geological evidence
for such differences is to be found.

5. Conclusion.

A method of determining simultaneously the mean intensity of
magnetization and effective scale of magnetic mass of a volecano from
the distribution of anomaly in the earth’s magnetic field observed at the
place. Applying the method to the results of the magnetic surveys of
various volcanoes in Japan, the mean intensity of magnetization is
determined, the values agreeing roughly with the experiments on the
natural remanent magnetization of rocks composing the volecanoes and
the results previously obtained by the analyses of magnetic survey. The
effective scales of magnetic mass are also found to differ markedly for
respective voleanoes, the difference being probably due to the one in
the structure of “he volcanoes though we find no marked geological
evidences for such differences.

In conclusion, the writer wishes to express his sincere thanks to
Miss Y. Hishiyama for her kind assistance. The study was done with
the financial aid of the research grant from the Department of Educa-
tion, and the writer wishes to express his cordial thanks for the grant
repeived.
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