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                                 ABSTRACT
        A magnetic survey was carried eut by the writer in 1923 at 87 points around
     volcanic rnountain Maeyama near the Volcano Unzen, and the magnetic anomalies
     due to the rnountain were examined. Since then, 29 years had passed witheut
     any remarkable volcanic or seismic activity on Simabara Peninsula, until in 1952
     when the writer carried out a second survey in the same district. A careful
     comparison of the results of these two surveys shows that the magnetic anomalies
     have remained almost unchanged, but that the magnetization of the mountain
    block appears to have slightly progressed.

1. IRtroduction

    As magnetic anomalies due to volcanic mounta2ns have had definite infiuence on

the results of general magnetic surveys in several cases in our country, it is practi-

cally necessary to examine the nature of the magnetization of volcanic mountains.

Further, some relations between great earthquakes and geonaagnetic anomalies have

been suspected by geophysicists since eagly times in Japan. If sorne tectonic as well as

volcanic earthquakes were caused by changes in the states of magma underground,

then these changes would definitely be accompanied by a variation in tempez"ature,

which would give ;ise to the time variation of the local magnetic anoinaly. In this re-

spect, time variation observations of the magnetic field have been taken to be a necessary

factor in the study of seisrao}ogy, especially for the purpose of possib}e earthquake

prediction. IR this connexion, Åíhere arise two fuRdamental problems: 1) •Wl at is the

nature of the magnetization of volcanic mountains? and 2) How does the magnetic

anomaly vary with time, not on!y when the earthquake or the volcano is active, imt

also when k ls calm?

    * Contribution to Geophysical Papers dedicated to Prof. M. Hasegawa on his $ixtieth
birthday.

   rk A more detailed description oR the sttrvey will be published in Japanese in "Tikyu
Buturi" Vol. 9 in the near future.
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    As eay}y as 1904, A. Tanakadate suggested in his report (1) " A Magnetic Survey

of Japan" that magnetic anomalies observed at a few points around Mt. Fuji conld

be well explained by assuming that the mountaiR was magnetized alrnost in the direc-

tion of magnetic meridian. In 1923, the present writer performed exact measurments

of 3 magnetic components at 87 points around a volcanic hill, Maeyama, located on

Simabara Penlnsula and concluded that the hill was magnetized by induction almost

in the same direction as that of the magnetic field. (The report(2) was pttblished

in Japanese.) It has now been established by many workers (3) in this field that

the volcanic mountain is induced almost in the same direction as that of the present

magnetic field.

    We now have many reports on the existeRce of anomalous magnetic variations in

cases of volcanic eruptions and of large earthquakes. Among them two reports (the

one by T. Nagata (4) about anoma!ous magnetic variation immediately before aRd after

the formation of a vo!cano, Usu in Hokkaido and the other by T. Rikitake (5) about

the magnetic observations around Mt. Mihara, an active volcano) are of special

importance inasmnch as they elucidate the re!ation between volcanic eruptioR and

time vayiation of the magnetic field.

    A somewhat remarkable earthquake occurred near Simabara Peninsula in December,

1922. But since the magnetic survey around Maeyama Hill, there had been neither

earthquakes nor volcanic eruptions to consider. As it seemed interesting to the writer

to exa!nine how the anomaly of the magnetic fie!d suffeyed from change during this

period, he undertook a survey again in 1952 in the same regioR as before. From the

resu}ts (6) of magnetic observations by the Hydrographic Ofice in Japan in 1922, 1933,

1942 and 1950 at the writer's station No. 3, it can be seeR that there were no remarkable

fiuctuations in the magnetic secttlar variation .in tkis region throughout the period.

    The writer's secend survey was carried out from August 2 to September 8 in

1952 in cooperation with Mr. T. Ogawa and Mr. M. Yasuhara. A magnetometer ef

the Hydrographic Othce type was used and the three elements were measured at as

nearly the same points as those selected in the former case. Among the 58 statiens,

39 were within a few meters, 17 were within ten meters and on!y 2 were about fifty

meters from the former stations. The narne numbers of these stations which sttcceeded

the former ones are expressed in Fig. 5.

2. The correctio"s

    a) Instrumental corrections. Instrumental correctiens were obtained threugh a

comparison carried out on Oct. 7-8,' 1952 at the Kakioka Geomagnetic Observatory,

and were 6'.9e for the declination, -112e for the dip, and none for the horizontal

intensity.

               ,
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    b) Correction of daily variation. For this purpose, the records of daily chaRges

at the AsQ Observatory (7, == 131000'E, q = 32054'N) were utilized, as the Aso

Observatory is situated on nearly the same latitttde as that of Maeyama. The defi-

ciencies of those records were supplied by hour}y values observed at the Kakioka

Observatory (l == l40010'E, op == 36015'N).

    c) Correction of day-to-day variation. As the day-to-day variations at Kakioka

and Aso were very similar, it can be ass"ined that the value at Maeyama may also

be simiiar to them. To apply these corrections the writer takes values at O o'cleck

on August 16 as standard, when it was most quiet. By this correction, the secular

variation and the magnetic disturbances such as magnetic storrns can be eliminated.

    d) Reduction to the central Point (1 =130020'.50E, q=:32046100N). In order

to know• the exact anoma2ies, it is necessary to reduce the values from each point to

those at a standard point. The writer selected it at the nearly centra! point of Maeyama.

According to the Geographical Survey Institute, the distfibutiens of each magnetic

element ln the whole Japan at 1950.0 are as follows (7):

   M'S,O,ZIi",Z3,';P,8k9:,Z';iSi,iJ,9'i2?,(gY,)k8•llg,6Zddi11-,?.1•g7kl,gi),2•l,,,

   I = SOO 43'.9-F72148 dq-9136 dA-O'.744(dq)2-Ol138 dgtiR+O'.066(dA)2 , )

where dq =q-370 dl ==R-1380 (in degree), and west in D, north in ff, and down

in l, aye taken as positive respectively.

    From these, we can take the following rates at the central point:

                 3'2i --- o'.43i, gl{,l = o'.os2,

                 tabH.,,-67.g4, tbiHt =-17,22,

                 Z-il' == 1'•33, Z{= -O',163 (per minute).

These can be reduced to the values at the central point.

    e) Altitude correction. Of the altitude correction, the writer appiies Dr. Tanaka-

date's formula (8). From the above expressions (1), we obtaln the three elements

and the three components at that point as fellows:

                 D -- 50 20t.1, H' = 32182V, I= 460 3510,

                 N == 320437, W h- 29927 , V == -34012V,

where we tal<e north, west and upward as positive for the components respectively.

The obtained rates of the three elements are a$ follews:

,
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                     '
          ilfl=:-o'.2os, Oo--H2 == -isy.s, g-J. :-e'.oss (per km).

Therefore the magnitude of each element will increase as the points will descend.

                                               '
3. The distribution of tke corrected observed values

    The corrected elements and their components are shown in Table I, where the

vertical component is reckoned positive downward.

    The differences of each value from some standard ene are set forth in Figs. 1to

3. At a glance we can see that they are very similar to the corresponding figures

obtained at l923. 50 (9).

    In the first place, the distribution of the declination, as expressed in Fig. 1, may

be divided into four quadrants by two lines drawn in the N-S and E-W directions.

In the NE and SVtr .quadrants they are in general smalier than the mean value,

while in the SE and NW quadrants they are greater. '

    In the distribution of the horizontal intensity as shewn in Fig. 2, in the north-

ern and the souÅíhern parts they are greater than the mean and in the western and

eastern parts they are Smaller. !n the distribution of the inclination or dip as shown

in Fig. 3, at the northern and southern feet of the mountain they are srr}aller than

the mean and in the distant and the eastern parts they are greater. In the case of

          v=,
                           'o ee•i                        l N -e.T                             N-           {l,),,XXs ft'i

                                   ..-. s--.-                    (IIili                                    )'i>'x

                                         Xo Fig. 1. Distribution of the
                      ,e((/ xx.,                                                    declination at 1952. 63.

                r/tt'i'///r//rii///'o.tl/IIIIiiiiili:fi/;.T,Å},:,,isi,,,.,,:imt'"'"'t"

                  -+                  '"'fl'det,., .. "ii, D-s'3s:7+

                     -                      Seate in km.
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inclination, the result seems to be apparently contradictory to the general feature

described by the buried magnetic body underneath the mountain, but it must be

supposed that the poskive anomalic reglon of dip must be enclosed within the inner

beundary of the observed region.

    From these three figures we can suppose that the mountain block of Maeyama

is magnetized almost parallel to the earths' magnetlc field.

4. Tlie magnetic anomalies of the first and $econd order

    Two observations about the general magnetic distributien iR the who!e Japanese

region at 1950.0 have been made, namely, one by the Geographlc Survey Institute

(G.S.I.) and the other by the Hydrographic Othce (H. G.O.) (le). The differences

between the writer's observed values and the results derived from the above general

expressions, may be seen as the anoma!ies of the eart!i mag'netism. They can be

called the magnetic anomalies of the first ofder and they include both the regional

anomalies in the western Kyushu and Iocal ones around Maeyama. The values of each

element at the central point deduced from two general expressions are as follows :

G. S. I.

H.G.O.

D
5e 24'. 2

5e 24. 4

H
32228V

32327

l

46e 38t. 1

460 20. 9

F
469357

46832

N W l V

                                      I

            ;r,l
From this table it will be seen that the values of D are nearly equal, but the values

of ll and I are different, and the three components also are different from each other.

Therefore two different anornalies of the first order will be obtained, but the differ-

ences are common to every point. We cannot distinguish how much of it will
belong to regional and how much to local, so that we eannot judge whick will be

better. While the survey of the H. G. O. included the writer's point No. 3, that of

G. S. I. did not have a point in Simabara Peninsula. Consequently the values in the

expression of H. G. O. 2nclude values in Simabara Peninsula, but those of G. I. S. do

not. Therefore the expressions ef G. I. S. are mere convenient in ascertaining regional

and local anomalies. The differences between the observed values and those ef
G. S. I. are called magnetic anomalies oÅí the first order.

    In these aRomalies we can see that the western components are in general superior

to the eastern ones, so we can understand that the anomalies of the first order contain

both local anomalies due to Maeyama and regional anomalies which include general

western cornponents. The regional anomalies are perhaps due to the great meuntain

block called Unzen, situated to the westward of Maeyama. If this is true, foy obtain-

ing the local anemalies due to Maeyama it is nescessary to get rid of the regional

aRomalies which are also perhaps predominant in the south and upward components.

32085Y

32183

3035V

3046

34122V

33885
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Anomaiy ef the second order.

l Jv I Nv
i

i
i
I

I

}V'1

E
E
 ['

l

E
:

.I

llill'

s

i

l

l

l
l

       bu

I

l

F

iii'

la"il

ll3,  I

i.
'iii

'll'

i
2,il

s

E

Vtl

ii  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 --

,klkiiiii



MAGNETICANOMALIESANDTHEIRSECULARVARIATIONS 109

 dres

x//l'tt,x    NX

1  .  
 tK

lf  /

 lkiiillllLt'slti   <

//kY',""ge

  s'N

e p.! s.o ke
 SenLe in km.

t

pt

.N.

i

<

x

1

x

:

v

"-" 5007

!K

Fig. 4. Horizontal anomaly
 2952. 63
 (The second order)
 Full line: Observed.
 Broken line; Caleulated.

l
    tt
il

ii,,t' se4, k,/io

5tt, \,, tl,

 lt

t'i'

t)

ta

   elv
,,,, L+,,

 iss
1• t'ti

ll

 ' 
ifl "le

14

 ett

t`e L
   rl

e

L

tef

55

Ig

J

Y

11

z
k sa/L,

L
s

- t,O07

l

Le

Fig. 5. Vertical anomaly
 !952. 63
 (The second order)
 Full line: Observed.
 Byeken line: Calculated.

e o.s t,e 1.s
 Settte itt km,



110 W. YODA
But since these components are unknown numerically and moreover their values are

supposed te be near!y equal at all points, they will be overlooked for a while. But

the declination and westward components of tke anomalies due to Maeyama must be

symmetrica} with respect to the magnetic axis whlch nearly runs fyom south to north.

Therefore the regional anomlies due to Unzen block can be avoided by obtaining

differences between the ebserved values and their means. Now, it is not unreasonable

to consider that the differences from their means in D and W, and differences from

G. I. S. in H, J, N, and Y are the anomalies due to Maeyama in general, and they are

called anomalies of the second order and tabulated in Table II. Figs. 4 and 5 represent

their horizontal and veytical vectors respectively in full lines. The horizonta} vectors

denote elegantly the magnetic lines of Maeyama which is magnetized approximately

in the sarne direction as the earth's magnetic field, The vertical anomalies are almost

all directed upward as if they agreed with the direction of the magnetic field due

to Maeyama, supposed to be magnetized by the inductien of the earth field as
explained hereafter.

                       '
5. The loeal aRGmalies due to Maeyaraa

    As stated above, it is very natural that the magnetic anomalies of the second

order should be due to Maeyama, but it is impossible to calculate the.magnetic field

numerically unless the geometrica! form of Maeyama is known. In the pyevious

case, the writer explained the distributions of anomalies through the assumption of

a simple magnet underneath Maeyama. But in this case he considered that it is

more reasonab!e to assume that the form of Maeyama is an oblate spheroid whose

minor axis is vertical. K6nigsberger (11) obtained the formulae to express the magnetic

anomalies due to an oblate spheroid, by the induction of' the field. Taking the x

axis to rnagnetic north, y axis to east and 2 axis to downward, as positlve, the

formulae are as follows :

      dH K                                  X2      H == r:.TKL3Vo tan I,/xr,/ur,grTv(b2+y)

            --i-Ift-M3voL-/'•t-x--•-'1---(-2s"-•i-:-",2)-i-2i,(tan-il-i.,l-l-,)],

      dD=1wwKdiLnv3Vota"f,/Ixi/.-,-Y-+i2.p(b2+,)--lrwKKM4Veitt"tS'?''K"'<'"'t'2'2t'+Yg-"rr.)r2'xy,

                              '      flv-IY = i mKKL 3 yo [J/-nvrmx""('2:"i'-,':'1'Jsg - l ww t,a3nH 'wwi] "' i -KiwwM t3..Vei ,/ :gr,/a'2\i:3J(b2 +.) '

where 2a is the length of the minor axis, 2b the length of the major axis and K

magnetic susceptibiiity, and

                                                                     N'
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                 e ww- i/b2-a2, u == -[i- , l == /ffe,+y, Vo : -il- xab2 ,

                X = (x2 +y2 +22)2+ (b2 ma2) [(b2 r- a2) -2 {22 nd (x2 +y2} ] ,

                 y = ww> (x2 +y2 +22 -a2 -b2 + T/ -X) ,

                         1+u2                           3 (as-tan-iu),                L= -4x
                          u

                M : --4xi:,"2 tahnei,S`tle•

    It is reasonable to obtain the magnitudes and azimuths of a and b, and the

position of the centre of the spheroid by the method of least sqgares, as there are

many observed values. Since, however, the procedure is too complicated, the writer has

used the following metbod.

    In the first place, the writer assumed that the centre of the spheroid coincided

with the geographic ceRtre of Maeyama wh2ch had been taken as the central point in

bR 2. In the second place the writer selected ten of the observed stations which seemed

to be normal, and compared the magnetic suscep-
                                                  lor
tibi}ities K deduced respectively from dH, liD and

dY through varying the major axis b or the minor

axis a and the depth of the centre of the spheroid.

That is, (1) asuming that a is O.7km and the
centre of the spheroid is oR the sea level, the writer

finds that the probable value of b is a.4km in the

case when the three values of K obtained from dH,

dD and dYare nearly equal, (2) assurning that b is

1.4km and the upper surface of the spheroid almost

coincides witk the motmtain surface whose top is

suppesed to be at 700 meters high above the sea }evel,

it seems that the probable value ofais O.7km. One

representative of these considerations is given in

Fig. 6. It was conciuded that the major axis 2b is

equal to 2.8km, minor axis 2a to 1.4km and the

centre of the spheroid is at the sea level.

    With these values, the anemalies of each point

the x-axis is taken to the magnetic north which is

geegraphical north.

the extreme va}ues having been rejected,
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                                               calculated, but in this case

                                            westward by about 5030' to the

Comparing the observed and calculated values, magnetic susceptibilities are obtained,

                               and the means for each element are as follows :

"
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                 from dD KD -- O.O051 C. G. S. E. M. U. (33)

                       dH K. -- O.O062 . <30)
                       dY K. :O.O058 . (26)
The nttmbers in the bracket denote the numbers of stations which were utilized.

The mean value of K is O.O057 C. G. S. E. M. U. and it is supposed to be the probable

valge. The calculated anomalies of each point with this value oÅí K, are represented

in Figs.4 and •5 with dotted lines. But AN and dva in the figures refer to the

geographica} north and west. We can observe a fairly good agreement in both
arrows. That is to say, it seerns that the writer's assumptiens are not incorrect.

6. rrgie secular variaLLiens of the rnagRetic aitoinalies due to Maeyarna

    The writer's principal purpose of the second survey was So study the secular

variations ef the magnetic anomalies during the past twenty-nine years.

    The variatiens of each observed element between 1923. •50 and 1952. 63 are tabul-

ated in Table III, and expressed in Figs. 7, 8, 9 and 10. Their means are obtained

from them excluding six points which have extxeme values.

    What part of them may be attributed to regional and what part of thein may be

attributed to local anomal2es must be ascertained. The writer applied the following

method.

    The magnetic anomalies in both epochs must be due to the mountain block of

Maeyama and other local substances, and any appreciable essential differences of

their features have not been recognised. Therefore there must be a simple relation

beÅíween the deviations of the same element at each point from some standard value$

which may be different at each epock. From this reason the writer takes the second

order anomalies expressed in Table II as abscissa, and tlie corresponding values at

1923.50 as ordinate in Figs. 11,12 and 13. For convenlence, the differences between

the observed vaiues and their mean, expressed in the Table IV (12) in the previous

papey, were used as the latter valttes. The following equations were obtained for

each elernent, but 8points for D or N, 13 points for V whlch have extreme values

have been excluded.

                     For D y = O.94x+ O.'23 lt 2.'48,
                             .1                          I-I y=O.94x-169VÅ}27.75,

                          V y == O.90x+ 246V Å} 44.75 ,

in minute for D and in r fer H and V. The constant terms !n these equations can

be considered as the corrections of the mean values which are taken as ordinates.

Then the corrected mean values or the standard va}ues at 1923.50 are as foliows :
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Table III,. Secular variation of the declination (1923. 5e--1952. 63).
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Table III2• Secular variation of the horizontal intensity.
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Table III3. Secular variation of the inclination (1923. 50-1952. 63).
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Table IV.. The
  i

varlatlons of the aBomalies (D).
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Table IV2. The variations of the anomalies (111).
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Continued

.

No.

i5i4
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iig'
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Table lV3. The variations of the anomalies ( V).

No.

iJ

ll
ill
ii
ikoi2

'si

       l1952.63 l 1923. 50 diff.

 .Z31
-266
 -66
-250
-142

-285
 -44
 342
 - 72
-197

-395
-153
-302
-384
-487

-869
-573
-554
-458
-659

-448
-149
-320
-361
-124

-493
 190
-293
-221
- 15, 2 E

l
  Ii
"t7' i' it'tt tttt-'t

No.

 180
- 34.4

-172
-357
 -70

-163
-125
 227
 -88
-172

-406
 -97
-369
-338
-748

-721
-610
-62{
-43e
-615

-176
-151
-327
-286
-160

-351
-443
-241
-208
-295

l
E

I

j

l

l

-- 49

 78
Z06
107
-72

-122
  81
 115
  16
 -.P.5

 ll
-56
 67
-46
261

i/

 ii'

!

- 148 I
  gg l
 -2s I
 -44 i/,
      '

-272
   2
   7
 -75
  36

-142
 633
 -52
 -13
 i43

l

lgl
ig'l

'8E,i

/ii
g,i
3i

1952. 63 1923. 50 l

       '
diff.

-251
-120
-342
-776
  19

-146
 -84
 -46
-158
- 518

-213
-284
-241
-317
-2k
- 123
-l30
-146
- 156
-372

i,i8Si

  l3
-120
-226

- 324
 -29
-269
-507
-148

-150
 -67
  93
-24!
-364

-293
-267
-170
-201
 -21

 -26
-205
-143
 -82
-238

-137
-346
-52e
-181
 167

   6
 -36
-208

  73
 -91
 -73
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                         D. :40 57.i5 +O.'2 ww- 40 57.i7

                         Hm = 319887 ww 169Y :=- 318197

                                             pt                          V.= 33655V "- 246Y :33901V

MakiRg use of these standards, the preceding equatioRs may be written as fellows :

                             For D y2 =e.94.x2,

                                 ff y, -- O.94 x,,

                                  V pt, == e.90 x,.

y2 must be the second order anomaly at 1923.50, since x2 is the second order
anomaly at l952.63.

    The coeMcients of the above equations have an interesting rrieaning, that is, they

represent the ratios of the second order anomalies at 1923.50 to those at 19' 52.63.

The fact that their values are very near to unity means that these two groups of

anomalies are nearly equal. But their values are a }ittle smaller than unity, and this

means that the anomalies at 1923.50 are srr)aller than those at 1952.63, iRdicating that

the anoinaiies have somewhat increased iR the past twenty-nine years. The rnean value
                                                                             t
of the three coefficients is O.927 and it means that the increment is about one-th2rteenth

of tlie previous value. But, since the probable errors are rather large, as shown in

the above, the increments are not so accurate as the numerica} values express.

    The anomalies at both epochs and their differences are expressed in Table IV.

The coeMcients of the equatiens which express the relations of those differences and

the anomalies at l952.63, are O.06, O.06 and e.le respectively. The distributions of

the differences are very similar to Figs. 1, 2 and 5 respectively This means that these

anomalies have been added in the past twenty-nine years by abogt one-thirteenth of

the previous ones.

    F!nally, it ls noticeable that these relations are perfectly independent of the

distribution of the magnetic bodies beneath Maeyama which the writeer assumed as an

eblate spheroid in expressing tlie magnetic anomalies themselves, and also independent

of the standard values with which the writer obtained the anomalies.

7. Ceftclusion

1. There were almost similar rnagnetic anomalies around Maeyama at 1952,63 as at

   1923.50.

2. To explain these anomalies, the writer assurnes an oblate spheroid whose centre

   is situated at the sea leve} and at nearly the geographycal centre of Maeyama, the

   minor axis of which is vertical and eqgal to 1.4km, and the major axis of which

   is horizontal and equal to 2.8km. The magnetic field around Maeyama seems
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   to be due to magnetic lnduction by the earth's magnetic field. The magnetic

   susceptibility of Maeyama is abeut O.O057 C. G. S. E. M. U. .

3. To deduce the magnetic susceptibility, the position and the dimensions of the

   spheroid are modified in several cases, and the above position and dimensions are

   presented as most probable. Therefore these geomet.ical Åíorms will suggest the

   form of Maeyama as that of a volcano.

4. In a generai view, the magnetic anomalies due to Maeyama have almost not changed

   for the past 29 years.

5. But the tendency of the variation of the rnagnetic anornalies is positive, and the

   incrernent of the magnetic susceptibility is about one-thirteenth for that internal.

6. As Simabara Peninsula has been calm in seismic and in volcacnic aspects fer the

   past 29years, so it has also been calm in its magnetic nature. It rather proceeds

   somewhat in magnetization and, to speak without reserve, the te'mperature of thG

   rock beneath the mountain seems to descend and the stability of it also seems to

   proceed, in some degree.

    In conclusion, the writer wishes to express his sincere thanks to the }ate ProÅí T.

Srda andi ProÅí M. Hasegawa for their guidance. His cordial thanks are also due to

Dr. M. Ota for his well-intended aid in the comparison of the instruments and in other

cases. The writer also wishes to express his hearty thanks to the meml)ers of,

the Kakioka Geomagnetic Observatory and the Aso Volcanic Observatory for placing

their observed records at his disposal.
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