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                               Abstract

   ln this paper are given the results of measurements and their interpretations of the verti-
cal and horizontal components of the geomagnetic field on and areund I<abutoyama tholoide
(andesite) situated in the northern part of Nishinomiya city, Hy6go prefecture, Japan. The
direction and iRtensity of magnetization of the rnountain assumed from those of nine rock
samples from different places at the mountain surface produce, by computation, vertical and
horizontal magnetic fields which are near!y in good agreement with the observed.

                             Introduction

   In the northem part of Niskinomiya city, Hy6go prefecture, there exists
a beautiful volcanic tholoide (assumed to be erupted in later Tertiary stage)
in a perfectly helmet-lil<e shape; the mountain name "Kabuto" means he!met.
Rock facies composing the tholoide is rhombicpyroxene andesitea) or sanukitoid2)
which is the principal rock constituting the Seto-uchi volcanic zone and have
fairly strong remanent magnetism. Interpretation of magnetic anomalies due
to such a body with known skape is, therefore, very simple. Tke calculation
would be much more easy when intensity and direction of the vo}canic rocl<
can be measured, since the iRtensity of magnetization might be greater than
that of the surrounding rocks, and a simpie calculation is available. On the
other hand, magnetic properties of rocks, such as the natural remanent magne-
tism, the susceptibi}ity, Curie point and crystal}ographic structure of ferromagne-
tic minerals are determinable by using a series of equipments which have been
built for the study on rock magnetism in Kyoto University.
   Thus, comprehensive interpretations for the anomalies can be obtained
as shown in the followiBg sections.

(1) Magnetie anomalies at Mt. Kabuto.
   For the purpose of obtaining magnetic anornaiies due to the volcanic tholoide,
the magnetic survey by means of verSica! and horizontal Schmidt's type magne-
tometers has been carried out.
   The area covered is about 1000mÅ~900m of wkich the center is that of the
volcano and in which 69 sÅíations of the measurements were taken. Fig.i and
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Fig2 show the dlstrlbution ln the vertical and horizontal components of the
anomalies,•respectively. Corrections were made for the diurnal v.ariations of
geomagnetism and for the temperature variations of the instruments during
measurements. Fer the determinatlon of the temperature coeMcients of the
instruments which have been adjusted for the sake of the measurements .a.t Mt.
Kabnto, the followlng formgla has beeR empioyed.

            D-D, == a(e-6,)-f-B(DA-DA,) (1)
    where D-Do == Observed value of the relative diurnal variation at

         a definite station, Mt. Kabute (lat. =:34e46'N, long.
          -- 135020'E ),

DA-DAe== Observed value of the relative diurnal variation at Aso
          Magnetic Observatory, Mt. Aso (an active volcano) (lat.
          - 32054'N, long. == 13200'E),
e- e, == Relatlve observed temperature of the instrumeRt,
     ev == Temperature coefficient of the instrument,
     3 = Ratio of the amplitude of the dim'nal variation at Mt.
         Kabuto divided by that of Mt. Aso,
     o == The initial time of the observatioit, 9h40m, December 25,
          1958.

Table I.

  (A)

Time of observation

 9h43m

lo oe

10 34

11 01

11 31

12 01

12 3e

13 02

13 31

14 01

24 31

15 el

15 30

 Relntive temperature I
of vertical instrument t
      (e-e) l                    l          g

Z-Ze
I
i
i
I

:"ww

ZAmaZAO

l
:
I
i

e
l
l
i

i

i
l

o.ooc

2.0

6.e

6.5

7.0

6.8

7.3

8.9

8.9

7.6

6.7

3.5

2.4

l
f

i

l
I
i

i
1
1
l
g

  O.0 gamma

- 28.5

- 74.9

- 78.3

- 85.2

- 76.0

- 80.5

- 99.8

- 99.0

- 76.6

- 74.1

- 31.3

- 24.6

I

I

  O.0 gamma

- lo.e

- 14.9

- 19.8

- 2e.7

- 21.6

- 19.2

- 17.9

- 14.9

- 11.9

- 7.9

-  4.0

-  3.3

Remarks : Z = the observed value of vertical
    at Mt. I<abuto,
ZA = the observed value of vertical
    at Aso Magnetic Observatory,
O =: the initial time of observation.

component of diurnal varlation

component of diurnal variatien
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                  (B)
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Time of observation
I Relative temperature
i of horizontal instrunent

• (e-ee)
HunHo

 9h42m
 9 59

10 33

10 59

11 29

12 OO

12 28

13 OO

13 29

l3 59

14 29

14 59

15 29

'

o.oec

1.9

6.4

7.1

7.4

6.8

7D
8S
9.4

8.3

7.7

3.8

2.5

i

   o.0 gamma i

- 22.9

-  82.4

-  90.7

- 96.1

- 83.3

- 89.0

-  99.3

- 115.2

- le3.3

- 85.1

- 48.8

- 19.1

HA-HAo

l

l

{

 O.e gammaa

- 1.8

- 5.6

- 9.1

- 8.9

- 8.8

- 6.6

- 4.4

- 3.0

- 1.6

 0.8
 3.2
 6.9

Remarks : K == the observed value of horizontal component
    variation at Mt. Kabuto,
Ha-- the observed value of horizontal component
    variatien at Aso Magnetic Observatory,
0 =: the initial time ef observation.

ef diurnal

of diurnal

   Assuming in the first approximation that the diurnal variations at Mt.
Kabuto and those at Mt. Aso take place nearly at the same time, we adopt
in the formula (1) the DA and DAo values at times 17 minutes (longitude dif-
ference) earlier than tkose at which the D and Do values are considered.
Putting the observed values (shown in Tab}e I) of D, e and DA during 6 hours
(9h40m-15h3em, Dec. 25, 1958) into the formttla (1), and have been determined
by the method of the least squares, giving the fo}lowing results.
   cr. = 9.3 LY O.7r/.C, B. === 1 .1 i: 0.1 (for vertical ) ,

   crh=11.6:thL08r/OC, g9h=ttl.0:gi 0.1 (for horizontal),

where the annexed errors are the probable errors. Thus, the adjusted values
of B. and Sk suggest that the amplitudes of diurnal variations of the vertical
and the horizontai components of the geomagnetic fieid at Me. Kabgto and
Mt. Aso are practlcally the same.
   As can be seen in Fig. 1 and Fig. 2, the positive anomalies (vertical aRd
horizon.tal) appear at southern slope and the negative at the northern siope
of the tholoide. Although tke negative minirnum of -500r (Fig. 2) at the
north-west slope attracts our aStention, it can hardly be regarded as of impor-
tance because of a single observation point. If we disrega.rd tlzis negative
minimum, the $traight liRes connecting the positi've maxima (both the vertical
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aRd horizontal anomalies) to the negative minima appear to have westward
deviation$ of about 70"-w80 from the geographical meridlan. From the present
geomagnetic declination 6.20 W calculated at Mt. Kabute in the epoch of 19583>
and by being added by the observation errors, it is piausible that the magneti-
zation of the rock composing the tholoide is in the direction of the presenÅí
geomagnetic field.

<2) Experimaental determination oÅí magRetizatiom of roek samples composing
    Mt. Kabuto.
    It is geiterally acceptedL that rocks in the geomagnetic field possess per-
manent or remaRent magnetism`)S) which was acquired in the direction of the
ambient geomagnetic field at the time of solidification of the rocks;this may
be, as generally taken for granted, different from that of the present. Beside
the yemanent magnetism, the rocks possess induced magnetlsm due to the
present geomagnetic field. Gen.erally speakin"g, the induced mcagnetism is much
weal<er than the remanent.
                                               -ence, the next thing to do

                    i is te experimentally determine
     directions and intensities of rema-
     nent magnetization of rock sam-
     pies taken from the tholoide.  The determinations were done by     making use of an astatic magneto-
     meter with sensitlvities of 0.5 Å~ 10ij`
     -2.e Å~ le-6 Oe./s.d.. Sampling sites
     were chosen at two places lylng
     on the above-mentioned straight
     line connecting the position of
     the maximum vertical component
     anomaly and that of minimurn, one
     being situated at the northern     side of the maximum aRomaly,     and tbHe other the southern slde
                                           of the miniraum. Five samples
                                  . were tal{en from the former site
    Fig. 3. Direction of re:ahne93 1Iiagnetil and four from the latter, separa`
       ZafgiaOnpSro?elcOttitoe.d, Oii CMi tS eqUa Åíion of sampling polnts being

                                           from 50 to leO cm along the moun-
       Å~: The direction of the preSent tain slope.
       [] l8eM.mZ:fZ?`ec2eeg`g2dgs%cBlzg ,,..[r,2egfigwwS`\ZseZIMgk%'

           obtained by disregarding the 3 Fig•3. The errors annexed to the
           samples oMarge deviations. five mean values in the table are
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their meaR errors ; the mean values have been obtained by employing the in-
tensky of remaneRt magnetization as weight. The mean valttes obtained for
declinatioR and lnclination by disregarding the three data having large devi-
ations, NW 7.00 and 49.3eN, are in good agreement witlk Shose of the present
geomagnetic field, NW 6.20 and 48.60N at Mt. Kabuto. In Table II are shown
that the mean values of the intensity of remaRent magnetization are (a) 0.48
Å~10-3. (b) 0.50Å~10-3 CGS emu/gr and those of tlke induced magnetization (a)
O.051Å~lerm3, (b) O.053Å~10-3, CGS emu/gr. The Iatter intensities are only 10 9o!
of the former. This suggests that in the tholoide, whick were assumed to be
uniformly equal to the above obtained mean values of intensity of remanent
magnetization for the case(b), the effect of the indttced magnetization may be
approximately neglected.

         Tabele II. Magnetic properties of the recks sampled Åírom Mt. Kabuto.

 No. of

speclmen

1

2

3

4

5

6

7

8

9

  **Mean
a

b

  Intensity ef
   remanent
 magnetization
(J.:CGS emu/gr)

E

0.56Å~10-3

0.58Å~10-3

0.43Å~10-3

0.76Å~10-3

0.31Å~10--3

0.27Å~10-3

0.37Å~10--3

0.62Å~10-3

0.45Å~10-3

  Intensity of
    induced
 magnetization
(Ji:CGS emu/gr)

I

o.o6oÅ~le--3

O.059Å~10--3

O.052Å~10"3

O.062Å~10-3

O.041Å~10-3

o.e4oxlo-3
O.042x10-3
O.055 Å~ 10 -- 3

O.04sklo-3

  Intensity of
   saturated
 magnetization
(J.:CGS emu/gr)

I

I
,

(0.48Å}0.23) Å~ 10-3 l

(0.50Å}0.13)Å~10--3

(o.oslÅ}o.o7)Å~le-3

Eo.os3 f. o.o7ne5vae-3

5.9Å~10-i

5.6Å~10-i

3.5Å~10-i

3.9Å~10-i

2.2xle-i
4.5Å~10-i

3.6Å~10-i

3.9xlO-i
4.8Å~10-i

(4.4Å}0.9)Å~10-i

Direction of
magnetization

Declination* knclination

NE 2e
NW 120
NW 7o
NW loo
NW 110
NE 72e
NW 40
NE l680
NW 16sO

NE 3.80
    dr 29.3o

(4.1Å}0.8)Å~le-i l

LNW 7.oo
ti:2.lo

430N
550N

55eN
520N

380N
530N
48eN
550S

s2es

72.so
 Å}14.00N

                                                                    2.8"_Nww.

     * Referred to the magnetic nQrth

    ** Mean: Intensity of remanent magnetization is emloyed as weight.
          a: The overall mean.
          b: Tl}e mean disregarding large deviations of Nos. 6,8 and 9.

    On the other hand, thermo-magnetic analysis of the rocks has been made
and the temperature dependency of saturation magnetization and Curie points
of the rocks were examined in the laboyatory, and those results are shown in
Fig. 4 and Table Ii. From the results of these thermomagnetic analyses and
a}so from X-ray analysis of the ferromagnetlc minerals extracted, it has been
presumed that the titano-magnetltes may contriJ)ute to the ferromagnetism of
Kabutoyarna andesite. Regardlng the poly-phased raagnetic miRerals as can be
recognized in Js-T curves (as shown in Fig.4), it can be understood in such

49.3e

 th
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         Fig. 4. Temperature dependency of saturation magnetization of the
            nine rock samples of which the magnetization were determined.

that they might have been exsolved from originally a single phased tita.no-
magnetite to the descending of temperature, predicted by N Kawai and others
(Fig. 5), the oxidation of the original magnetite might have occurred at later
stage of consolidation. The result in Fig. 6, which shows the relation between
the frequencies of Curie points and the temperature of those of the ferrom-
agnetic minerals contained in the rocks sampled, may suggest that the above-
mentioned presumption may lil<ely be plausible.

(3) Amalysis of the magnetic anomalies.
   In order te analyse the magnetic anomalies observed, tke first appyoxi-
mation is employed, and so the anomalous body is assumed a uniformly rnagne-
tized sphere,7) whose intefislty of the magnetization, radius and density are
respectively 0.50Å~20mm3 CGS emu/gr, 200m and 2.8 gr/cm3. It may be proved
that the field aS outside points due to a spherical distribution of magnetic
charge ls the same as that dpte to asingle charge concentrated at the center of
the sphere. Hence, the magRetic field at an extemal point is the same as that
produced by a dipole of magnetic moment,
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Fig. 5. Solvus
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          M---43- nR3J, (2)
where R is tke radius of the assumed sphere and J the intensity of magneti-
zation per unit voiume of the roclsc composing the sphere.
   Putting the va!ues obtained in the above into the formula (2), the following
values are gotten,

           M -:43.3Å~109 CGS emu/gr,
           M.=-28.4Å~109 CGS emu/gr, (3)
           M.=32.7Å~109 CGS emufgr ,

where Mx is the korizontal component and M. the vertical one of the magne-
tic moment of t.lie sphere w#en NW 7.eO and 49.30N are employed as the
declination and inclination respectively, which obtained in the previous section.
While, the vertical (dZ) and horizontal component (dll) oS the magnetic
anomaly at a given station above the magnetized body caR be expressed by
some elementary calculations as follows,

          dz__3wyM.g_X__e__M.z,&k{_..2.nvMww.,.g2ww

          dK ww 2tt5gyX2 -...M_.",e?._-•l}LXSIJIgXwwt. , r2==x2+ar2 , (4)

where z, x and r are the vertical distance from the position of the station
measured to the center of the sphere, the distance along the magnetic meridian
and the distance from the station to the center of the spheye, resp6ctively.
The results calculated along the magnetic meridian according to th_e formulae
(3) and (4) are shown in Fig. 7.
    However, in the observedt results (Fig. 8), we can find that both the verti-
cal and horizontal component of the magnetic anoraalles at the top of the
tholoide are remarkabiy smalleer than the values to be expectecl with tke spheri-
cal model. Hence, the preseRt wrker has assumed this to be due to tke iRtense
decomposition of the rocks at the top, because the decomposition of tke
cropping out recks might have diminished the ferromagnetlc minerals th.ereii3,
and so rendered the ferromagnetism of the yocks to decrease. In order to
approximate the calcuiation further to the observed values, was assumed the
foilowing model vvrhich is shown in Fig. 9 wkere the dotted sphere repreqvent
the eroded part of the andesite possessing jr whose intensity decreases Åío 2/5
ef the uneroded andesite. Thus, the calculated anemalies across the tholeide
become closer to the observed anomalies as shown in Fig. 9, 10 and Table III.
    However, tk_e present writer cannot overlook tkat there still remain consi-
derable differences between Åíhe two, which may probably suggest that the
model is still too sirnple to i`epresent the $ubsurface structure.
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rll. Maximum and minimum intensities ef magnetiÅë anomalies
    and its positiens of the observed values and the calculated.

Observed value

145

:
]
!

Vertical              Horizontal

Max.    l
  IIi

       IMin.       II

Intensity

f

10307
 540

 360
- 890

Position

- llOm
  70

Intensity

 8907
-  70

      -170 12
170 l -950

Position

- 170m
  32

 17
140

Calculated value

l
i
l
i
1

Vertical

Intensity

  9207
  510

  330i-750
I

Position

- 82m
 70

Horizontal

Intensity       Position

 8307
- 120 - 160m

  20

-
s wwJT

2oe
      -760175

- 38
  75

Remarlgs : Position shows where the max. and min. intensities of rnagnetic

anomalies apear along the magnetic meridian, and also the
horizontal distance from the center of sphere. Positive distance
in horizontally measured from the center of sphere to the right,

and negative one te the ieft.

   In conclusion, the following facts may be summarized.
    (1) The positive and negative values of the magnetic anoma}ies due to
Mt. Kabuto, both in the vertical and in the horizontal component, are about
zi 900 gammer, and its direction of magnetization is approximately iR that of
the present geomagnetic field.
    (2) The mean direction of magnetization of the rocks cornposing the
tholoide is found to be NW 700 in declination and 49.30N in inclination with
intensity of 0.50Å~10rm3 CGS eran/gr in the remanent magnetizatien and of 12

Å~IO-` in the susceptibility. •
    (3) According to the therrno-magnetic and X-ray analysis it has been
presumed that the tkano-magnetites whlch have various Curie points may
contribute to the ferromagnetism of Kabattoyama andesi'te.
    (4) For the purpose of approximating the calculation to tb.e observed
results, when the spherical model were assumed instead of the tholoide, fairly
good approximatioits have been gotten by assuming the spherical part eroded'
at the top, whese inten.oky of magnetization decreased.
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