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1. In his previous paper”, the writer described certain magnetic
properties, such as the magnetic susceptibility and the residual magneti-
zation, of several samples of the ejecta of Volecano Mihara, comparing
them with their petrography and chemistry. The values of the magnetic
susceptibility of the central cone ejecta were too small compared with
those expected from the results of magnetic survey around the crater
of the voleano, which is probably due to the presence of natural rema-
nent magnetization in the rocks of the central cone. As is well known,
a knowledge of the direction and intensity of the natural remanent
magnetization of rocks is of importance not only in problems coucerning
the interpretation of the results of magnetic surveys, but also in a study
of the magnetic properties of rocks, secing that it is closely related to
the history of the rocks.

As a preliminary study of the problem, the direction and intensity
of the natural remanent magnetization of several samples of ejecta from
the central cone of Voleano Mihara were observed by means of the
magnetometric method.

The instrument was an astatic magnetometer, in which the vertical
distance between two magnets and the horizontal distance between one
magnet (under) and the centre of the test sample were 70 ¢m and 21°3
¢m respectively. The sensitivity of the astatic magnetometer S/M could
be varied from 2x10° to 60, where S and I denote respectively the
scale reading of the deflection of the magnet system and. a com-
ponent of the total magnetic moment of the test sample. The obser-
vational error was =05 9%, even when the magnetic force affecting the
compensating magnet was neglected: For every sample measured, the
sensitivity of the instrument was calibrated twice by means of a Helm-
holtz coil.

The test sample was held on a brass universal stage, on which the
sample could be rotated around both its horizontal and vertical axes.

1) T. Nacara, Bull. Earthq, Res. Inst,, 17 (1940), 102.
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The magnetic intensity of the component in any direction through the
centre of the sample could be measured by rotating the sample around
the vertical axis through angles of from 0 to 27, and around the hori-
zontal axis from 0 to w. As examples, two measurements are shown
in Figs. 2, 8, where N and § point to the North and South poles of

magnetization of these rocks.
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Analysing these results by means
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of Gauss’s method, it was possible
to determine the direction of the
natural remanent magnetization,
with a mean error of less than
2 degrees in angle. This method
of analysis had already been used
in the experiments of S. Naka-
mura® and M. Matuyama® for
determining the direction of the
permanent magnetism of igneous
rocks.

2. The measured samples
were five specimens of the An’ei
lava flow in the caldera, which
was ejected in 1778 ; three speci-
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Fig. 1.  Localities of measured

mens of the Meizi-Taisyd lava samples. -
Table 1.
. Natural Remanent
. . Magnetization Specific ;
Ro. Locality a4 AS Specific | Susceptibility Qn
P . Intensity .
1 | An’ei Lava Flow (in caldera) 45° +5° 0020
2 L4 42 +8 0023 052%x10-3 88
3 4 50 +9 0025 0°48x10-3 116
4 v 48 ~2 | 0032 ,
5 v 51 ~5 0°029 056%x10-3 115
' Meizi-Taisyo Lava .
61 (Southern part of bottom) 47 t2 0016 ) o
7 v 52 -3 0'.019 0:31x10-3 135
8 4 . 48 0 0016 0734 x 103 106
An’ei Lava . o -
9 (Southern part of central cone) 46 +3 0°c86 Z21 *10 ? 84
10 4 50 +8 0021
11 4 49 +14 0017 076x10-3 50

2) 8. Nagamuvra and 8. Kixvcii, Proc. Phys. Math. Soc. Japan 6 (1912), 268.
8) M. Maruvama, Proc. Imp. Acad. Tokyo, 5 (1929), 2083.
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ejecled during 1911-1914, and three specimens of An’ei lava from the
southern part of the central cone. The localities of these samples are
plotted in TFig. 1 and deseribed in the second column of Table I.
Generally speaking, all these rocks are basalt, a large number of
which are ““ Miharaite,” named by S. Tsuboi.” All these samples werc
cut off from a large lava sheet that appeared to be in the same posi-
tion and direction that they were when they solidified from the viscous
state at high temperature. Some difficulty was experienced in determining
the direction of the magnetic meridian at the very point from which
the sample was taken, for the reason that the magnetic declination
directly on the surface of the lava block usually deviated a few degrees
from the normal value, as a result of the presence of magnetized rock.
In order to ascertain the magnitude of this deviation, the distribution
of declination near the lava block was roughly observed on the spot.
Scveral outstanding examples of these observations are shown in Fig.
4, where the value of ordinate s represents the normal distance from
" the surface of the lava block. As will be clear from these examples,
the declination at a point a few centimetres from the surface of the lava
block deviated as much as 20 degrees from the normal direction. This
anomalous deviation, however, vanishes rapidly with increasing distance
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Fig. 2. Sample No. 10.

from the surface of the lava sheet (roughly speaking, in proportion
with 1/r* or 1/+"), the local deviation in declination becoming less than
one degree at a point 40 cm distant from the surface. In our case,
therefore, we adopted the magnetic ‘meridian of a point 50 cm distant

4) 8. Tsusor, Journ. Coll. Sci. Tokyo Imp. Univ., 43, [6] (1920).
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from the surface of the lava as the present magnetic meridian at the
place where the rock sample was taken.

The observed results of the intensily and direction of natural
remanent magnetization of these rocks are shown in Table I, where 17,
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Fig- 4. Deviations of geomagnetic deciination near
the surface of the Mihara lava.

L in the column under A8 denote respectively the westerly and castérly
deviations from the present earth’s magnetic meridian. The dircctions
of the natural remanent magnetization are also plotted in Fig. 5, while
the vectors of the directions projected on the horizontal and the N-S
vertical p'anes are given in Fig. 6. Table I also gives the specific
susceptibilities at 045 Gausg, as mecasured by the ballistic method
mentioned in the previous paper.

3. The declination of the natural magnetization of the rocks de-
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viated several degrees East or West from the present magnetic meridian,
at the place where the rock was taken.

Part of the fluctuations is
due to the magnetic anomalies
in the vieinity of the place
where the rock sample was
taken. Asshown in the writer’s 0
previous paper”, the magnetic &2 )
anomaly amounts to several ' o a
degrees in declination there. °
As one cause of the fluctuation, o
there is the fact that the mag-
netization of the rocks was not
uniform, especially in that part
near the surface: of the lava
block. A fluctuation of secveral
degrees is also seen in the dip
of the magnetization, the cause Fig. 5. The directions of natural
for which may be the same as remanent magnetization.
that for the declination.

In every sample, the direction of the natural remanent magnetiza-
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Fig. 6 (a) Direction and intensity of Fig. 6 (b) Direction and intensity of
natural remanent magnetization natural remanent magnetization
projected on horizontal plane. projected on N-S vertical plane.

tion is, however, nearly the same as that of the present geomagnetic
force in Oosima. The dip of the magnetization of the rock is 41°~52°,
while the mean dip of the carth’s magnetism in the vicinity of the

5) T. Nacara, Bull. Earthq. Res. Inst., 16 (1938),/2€8.
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ceutral cone of Voleano Mihara is 47°~51°;" the difference between the
declination of magnctization of the rocks and the magnetic meridian
being —5°~ +14°.  The remanent magnetization, therefore, is the thermo-
remanent magnetization, the result of cooling of the lava through the
Curie-point of the ferromagnetic minerals in the rocks, affected by the
carth’s magnetic field, in which case the direction of natural remanent
magnetization of An'ei lava must agree with the direction of the carth’s
magnetic force in 1778. The mean value of A8 and dip of the gsamples
of An’ci lava arc 50° East+18° and 48°+2° respectively, while those
of the Meizi-Taisyo lava are 0°3° West=11° and 49°=1°.

TFrom studies of sccular variation in magnetic declination in Japan
made by members of the Hydrographic Department of the Japanese
Navy”, the declination at Ogiura in the Ogasawara Islands (800 km
South of Oosima Island) was 1°08’ East in 1827, and probably 8.5° East
in 1800, while it was 2°47.1’ West in 1933.  Since the sccular change in
declination in the vicinity of Volecano Mihara, Oosima Island, is almost
the same as that in Ogasawara, the magnetic meridian in Oosima in
1778 would have been also 5 or 6 degrees Bast of the present meridian.

The doviation in the case of determining the direction of the
natural remanent magnetization of the An’ei (1778) lava from a large
number of samples, is of the same order of magnitude as the mcan
errors, so that we cannot be very positive of the results. However,
qualitatively speaking, that the magnetic meridian at Oosima, in 1778,
was about 5 degrees East of the present magnetic meridian may be

scen from the result mentioned in the preceding paragraph.

As given in Table 1, the speeific intensity of the natural remancnt
magnetization J, is very large compared with the induced magnetism
in the carth’s magnetic field, i.c., the product of specific susceptibility
and the total intensity of the earth’s magnetic force.. The characteristic
quantity Qn=J../KoH, which was defined by J.G. Konigsberger®, is
given in Table I. The values of the thermo-remanent magnetization
J.. of several samples, which were obtained by quenching from 800°C
to 20°C in a magnetic field of 026 Gauss, are given in Table IL Al-
though the intensity of the thermo-remanent magnetization, obtained
by rapid cooling in the laboratory, is less than the intensity of natural
magnetization, the former is still very large compared with the induced
magnetism.  We may therefore conclude that the natural remanent
magnetization of Mihara lava is the result of slow cooling of the carth’s
magnetic field from a state of high temperature. The results of more

6) R. Tarauast and T. NacaTs, Bulls Ed'rthq. Res. Inst., 15 (1937) 443.
7) S. Kuvwanara, Bull. Hydro. Dep. Japonese Navy., 8 (1936).
8) J.G. KGNIGSBERGER, Beitr. Angew. Geophys., 5 (1935), 193..
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systematic study on thermo-

remanent magnetization of Table II.

the ejecta of Volcan(? Mihara No of Samples | Guric-point Trlp

and other voleanoes in Japan

will be reported in the near 8 490-£10° 1071 % 10-3

future. 5 52010° 109 % 10-3
5. Theforegoing results 6 5004:10° 54x10-3

show that the direction of 8 485410 §2%10~3

the natural remanent magne- 9 520:10° 18:8%10-3

tization is nearly equal to 11 420£10° _ 7T2x10-3

the direction of the present
geomagnetic force, and that the specific intensity is 0°017-0'036, whence
it may be said that the anomalous distribution of geomagnetic declination
around the crater of Volcano Mihara is due to both induced magnetism
and the remanent magnetization. The mean values of the specific suscep-
tibility and the remanent magnetization are 6'5x10™* and 0025 re-
spectively, while the mean susceptibility, as cxpected from the results
of magnetic survey, was 0013, (i.c., the intensity of magnetization is
0°0059). The first is too small and the second is too large compared
with the last value. The central cone of Mihara, however, is formed
not only of continuous unbroken ropy lava, but also of bombs, lapilli,
ash, and other pyroclastic material. If we assume that a lava sheet,
6 or 7m thick, with natural remanent magnetization, covers the body
of the central cone composed of pyroclastic ejectamenta that have a
magnetic susceptibility almost the same as that of the lava, but with-
out any remanent magnetization in the sense of average or mean
character of the whole body, the interpretation of the magnetic survey
is in good agreement with the results of experimental studies on the
magnetic properties of rocks. The construction just assumed is reliable,
sceing that it is visible on the inner wall of the central cone.

6. This short note is a preliminary report on the natural remanent
magnetization of volcanic rocks in Japan. The relation between the
intensity of thermo-remanent magnetization, the temperature of the
Curie-point, the temperature coefficient of magnetic susceptibility, ete.,
of the rocks and their petrographic and chemical constitutions will be
reported in a following paper.

In conclusion, the writer tenders his sincere thanks to Prof. K.
Sezawa, Dr. C. Tsusor, Dr. H. Tsuva and Dr. R. Tagamas: for their
interest and encouragement in the present work. His hearty thanks
arc also due to Prof. M. Matuvama, Kyobto Imperial University, for
his encouragement and many valuable advices.
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