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Summary

Changes in the geomagnetic total intensity at a station in the
Matsushiro earthquake area are examined. The observation by a
proton precession magnetometer makes it clear that the total
intensity there decreased by a few gammas during a period from
Nov., 1965 to Feb., 1966. A number of short-term fluctuations in
the total intensity that might be related to seismic activity are also
observed.

1. Introduction

The early part of geomagnetic and geoelectric studies of the
Matsushiro earthquake swarm has been reported by Rikitake et al.”
Although some of the observations had been discontinued since around
Dec. 20, 1965, a continual observation of the total geomagnetic intensity
has been performed by a proton precession magnetometer at Station B
(See Fig. 1 of the previous paper). This paper is aimed at reporting
the results of the observation. Some discussion about change in the
geomagnetic field that seem likely to be associated with seismic acitivity
will also be made.

2. Results of the observation

A proton precession magnetometer of manual operation type has
been at work at Station B which is situated roughly at the centre of
the earthquake area. Beat frequency between proton precession signal
and a 2ke standard frequency has been recorded by a pen-writing oscillo-

1) T. RIKITAKE et al,, Bull. Earthq. Res. Inst., 44 (1966), 363-408,
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Table 1. Total 1ntens1ty values (Fu) observed at Statlon B
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(to be continued)
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Table 1. (continued)
Date Time Fu I| Date \ Time ‘ Fa i Date ‘ Time . Fy
1966 | 1966 | 1966
Jan. 2 | 20n26m 46930.0v | Jan. 9 | 20M22m 46922.2Y Jan. 17| 19v36m |46926.97
6 | 25 3
% | %S | o 23 2 Jan. 18| 2030 | 345
Jan. 3 8 34 33.0 ) } 32 34.5
36 33.0 { Jan. 10 | 20 31 20.4 . 36 35.9
i
2 zz zgi Jan. 11 | 1420 32.6 | 8 | 380
o g | 22 33.0 Jan. 19| 20 02 19.9
20 2.5 15 17 2.5 04 16.6
26 29'8 ‘ 38 23.2 06 19.7
i 16 22 32.8  1an. 20| 19 49 218
Jan. 4 | 2002 31.4 ' 26 33.0 53 018
04 27.9 52 29.1 55 21‘3
08 28.8 17 13 27.2 )
10 29.1 17 26.7 }Jan. 21| 20 08 22.9
! 10
Jan. 5 | 13 56 17.8 19 26.5 | 20.8
58 90 4 19 37 2.7 | 12 18.5
' 14 19.
20 06 17.8 j;’ 21.8 9.4
08 16.6 23.2  yan, 22| 20 51 13.1
22 18.0 | Jan. 12 | 20 04 2.3 | 53 13.1
24 21.8 06 24.6 | 55 16.6
Jan. 6 | 20 08 23.9 08 23.2 ljan, 23| 19 52 13.1
10 23.9 | Jan. 13 | 1931 27.6 54 12.4
12 24.1 33 25.5 58 10.5
Jan.7 | 2003 | 21.3 % 1 212 fyan 24 2052 | 07.0
05 21.1 | Jan. 14 | 2029 27.2 54 06.0
07 18.5 31 27.2 56 05.6
58
Jan. 8 | 19 49 19.4 33 29.1 | 04
51 17.8 | Jan. 15 | 20 30 22.9 (Jan. 25| 20 16 19.9
53 19.6 ] 32 | 234 | 20 22.9
41 24,8 | 34 | 211 22 21.5
i ; ' 3
43 .1 gon 16 | 2012 24.4 | 0 19.0
45 2.3 | 4 o5 | 31 17.8
| * |
il 248 | 16 | 265 |Jan. 26| 2015 17.8
1
Jan. 9 ) 20 ;ﬁ igg Jan. 17 | 19 32 26.5 1; iz'z
: 34 26.7 :

(to be continued)
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Table 1, (continued)

1

Time ' Fy Date ‘ Time \ Far ' Date Time Fy

| 1966 1966
20°08™ 46920.8" | Jan, 30 | 20h28m 46929.17 |Feb.1 | 20v17m |46924.8
10 22.0 30 31.2
12 21.8 32 29.5
14 22.0 34 29.8

Feb. 2 | 1339 | 24.8
4 | 288
| 45 | 23.7
24.4 | 19.4 49 | 2.3
14 | 244 | 08 | 211 30.2
16 | 241 | 12 | 20.1 18 | 298
24 | 314
24.1
24 | 246
26 | 22.9

09.1 25.3
48 07.4 07 26.7
50 07.0 | 1 26.5

graph a few times or more a day. Actual operation has been made by
Mr. H. Ogawa at Hirabayashi Village,

The results of the observation are indicated in Table 1. Those prior to
the present period have already been reported in the previous paper’.

3. Local anomalous changes in the total geomagnetic
intensity at Station B

Total intensity values recorded at Kanozan and Oshima at the
instants cited in Table 1 are read off from the records. Mean values
for each day at Matsushiro (F), Kanozan (Fy) and Oshima (F,) are
calculated and tabulated in Table 2 together with Fy—F, and F,—F,,

As has been discussed in the previous paper", it seems difficult to
eliminate changes of non-local origin by making a simple difference
between the values observed at two stations. It was suggested in the
previous paper, however, that there is a tendency that, when F takes
on a large value, F,—F, becomes small as can be seen in Fig. 9 of
that paper. The fact would suggest that 4F, is approximately in a
linear relation to 4Fj. This is also the case for 4F, and 4F, If we
empirically determine ratios JF,/4F, and 4F,/AF,, respectively denoted
by ar and «,, it would be natural to think that F,—a«a, F and F,—a,F,
provide better approximations for possible local changes occurring at
Matsushiro.

Taking daily mean values during a period from Nov. 19 to Deec. 19,
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Table 2. Daily mean values of total intensity observed at Station
Simple and weighted
differences are also given, the latter being computed

from arbitrary datum lines.

B (Fy), Kanozan (F'x) and Oshima (F?).

Date ‘ Fy Fx | Fo |Fu—Fx| Fy—F, | Fu—axFx | Fy—adFo

1965

Dec. 20 | 46922.17 | 45534.87 | 46493.47 | 1387.3Y | 428.7Y —0.17 —3.4v
21 29.0 | 427 500.5 86.3 28.5 1.3 -1.9
22 36.3 48.6 510.8 87.7 25.5 4.4 —2.4
23 21.3 34.7 493.4 86.6 27.9 0.8 —4.2
24 26.7 41.2 500.3 85.5 26.4 0.4 -3.6
25 14.7 28.2 486.3 86.5 28.4 -2.9 5.3
26 13.8 24.7 483.7 89.1 30.1 -1.3 —4.3
27 16.9 31.0 488.6 85.9 28.3 -2.6 —4.9
28 00.9 05.3 468.2 95.6 32.7 —0.6 —5.4
29 19.2 34.0 491.3 85.2 28.4 —2.4 —4.7
30 16.9 29.0 482.7 87.9 34.2 1.2 -0.3
31 — S S S — _ S

1966

Jan. 1 27.0 43.3 502.0 83.7 25.0 -1.2 —5.0
2 30.7 47.0 503.3 83.7 27.4 —0.1 -2.3
3 27.6 38.0 498.1 89.0 29.5 3.2 —1.4
4 29.3 45.0 503.2 84.7 26.1 —0.1 —-3.6
5 18.7 32.3 489.6 86.4 29.1 —1.7 —-3.9
6 24.0 37.7 498.4 86.3 25.6 —0.2 —-5.3
7 20.3 31.7 492.9 88.6 27.4 0.3 —4.8
8 22.4 38.3 — 84.1 S —2.3 —
9 22.0 8.2 495.7 83.6 26.3 -2.6 —4.6
10 20.4 35.0 495.2 85.4 25.2 -1.9 —6.4
11 27.5 43.8 499.6 83.7 27.9 —-1.0 —2.7
12 24.4 40.0 495.2 84.4 29.2 1.4 —2.4
13 26.8 40.7 497.7 86.1 29.1 0.5 -1.7
14 27.8 43.7 497.5 84.1 30.3 ~0.6 —-0.8
15 22.5 38.0 492.9 84.5 29.6 1.9 —2.6
16 25.5 40.7 496.9 84.8 28.6 —0.8 —0.2
17 26.7 42.0 499.3 84.7 27.4 —0.6 —2.8
18 35.7 54.0 511.3 81.7 24.4 0.0 —3.4
19 18.7 32.7 490.8 86.0 27.9 —2.0 —4.8
20 21.6 32.7 492.8 83.9 23.8 0.9 —3.4
21 20.4 31.2 494.4 89.2 26.0 0.7 —5.8

(to be continued)
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Table 2. (continued)

Date | Fx | Fx \ Fo ‘ Fy—Fx | Fy—F, ‘ Fyu—axFr | Fy—aoFo
1966
Jan. 22 | 46914.3" | 45532.37 | 46482.07 | 1382.0Y | 432.3 | —6.17 _2.57
23 12.0 26.0 | 481.7 | 86.0 30.3 —4.0 4.5
24 05.8 19.7 | 480.8 | 86.1 25.8 ~5.8 ~10.1
25 20.1 35.4 | 491.1 | 84.7 29.0 —2.5 —3.6
26 16.4 — | 811 | — 29.3 — —4.3
27 21.7 34.0 | 492.0 | 87.7 29.7 0.1 —2.7
28 24.3 40.0 | 499.0 | 84.3 25.3 ~1.5 —5.4
29 07.8 17.0 | 476.9 | 90.8 30.9 -1.9 -3.6
30 29.9 46.5 | 505.9 | 83.4 23.3 —0.5 —5.1
31 20.2 32.3 | 489.8 | 87.9 30.4 —0.2 —2.5
Feb. 1 25.8 38.0 | 496.7 | 87.8 29.1 1.4 —2.2
2 28.3 4.3 | 499.9 | 84.0 27.1 _3.4 —3.4

1965, the proportional constants are determined by the least square
technique as

a,=0.702,  ,=0.762 .

Making use of these values, F'y—« . Fx and F,—«F, are calculated and
tabulated also in Table 2, General discussion about the limitation of a
method of this kind for eliminating non-local geomagnetic changes will
appear in a forthcoming paper.

Py, Fy, Fy, Fy—Fy, Fy—oFy, Fyy—F, and F,—a,F, are then shown
in Fig. 1 in which occurrences of relatively large earthquakes (M=4 or
more) are also indicated with arrows. Looking at the figure, it is noticed
that irregularities in the curves of F,,—F, and F,—F, are somewhat
smoothed away by making use of Fy—ayF; and F,,—a,F,., One of the
most striking features of the curves is the gradual decrease in F),
relative to F and F,. In order to ascertain the decrease more clearly,
15-day running averages for Fy—aFx and F,—aq,F, are made as shown
in Fig. 2. For such a procedure, it was necessary to make interpolation
where the records are missing at one of the three stations, TFig, 2
clearly indicates that the decrease began to take place from the middle
of December. However, the amount of decrease is different between the
two curves for some unknown reason, The Oshima Magnetic Observatory
being situated at the foot of an active voleano, it might not be unrea-
sonable to think that the total geomagnetic intensity there has significantly
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Fig. 2. 15-day running averages of Fy—axFr and Fu—aoFs. The datum
lines are arbitrary.

changed. It would certainly be said, however, that the total geomagnetic
intensity at Station B has decreased by a few gammas relative to that
at Kanozan and Oshima.

Apart from the above decrease, we also notice a number of short-term
fluctuations amounting to the order of 5y or so. Some of these fluctu-
ations seem likely to be related to occurrences of earthquakes. The
increase and decrease in Fy—axFx and Fy,—a,F, at the beginning of
the curves should be noticed in relation to the seismic activity towards
. the end of November. Meanwhile we see relatively sharp depressions
around Jan. 23 when an earthquake occurred of which the magnitude
was reported as being 5.1 by the Japan Meteorological Agency. But it
is not quite clear how these changes in the geomagnetic field can be
correlated to occurrences of earthquakes. The only thing we can safely
say is the fact that no magnetic change exceeding 5y in amplitude took
place even if we assume some sort of seismo-magnetic effect. Should
the amplitude of a local anomalous change be of such an order, it would
be difficult to say anything definite about the possibility of seismo-
magnetic effect at the present stage because of the present inadequate
procedure of eliminating non-local changes.

4. Concluding remarks

A proton precession magnetometer observation conducted at a station
approximately in the central area of the Matsushiro earthquake swarm
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makes it clear that the total geomagnetic intensity there decreased by
an amount of a few gammas during a 70-day period. A number of
short-term fluctuations amounting to 57 or thereabouts in amplitude were
also observed. Some of them seem likely to be associated with occurrences
of relatively large earthquakes having magnitudes 4 or more although
no detailed interrelation between geomagnetic change and seismic activity
could be established.

In conclusion the writers are grateful to Messrs. K. and H. Ogawa
with whose help they have been able to carry out the present observation.
The magnetic data at the Kanozan Geodetic Observatory was made avail-
able by courtesy of the members of the Observatory to whom the writers’
thanks are also due. Part of the present study was supported by a
grant given by the Ministry of Education.
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Fk, Fu—Fo & & 41z Table 2 iz LThHh 5.

Flezhboii Fig. 1 WdRLTHHN, ELDOXSLFEHERCIST, Hififtcabh s
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