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Summary

Results of proton precession magnetometer observations over
Nagano Prefecture are reported for a period from September to
November 1966. After the sudden changes at the beginning of
August, 1966, the total geomagnetic intensity at Hoshina and Matsu-
shiro shows considerably different variations towards the end of
October. No significant changes were observed at other array sta-
tions during the period concerned. The fifth dip survey was car-
ried out over the Matsushiro area, but the poor accuracy of the
present survey prevented the finding of something new to supplement
the proton precession magnetometer observations.

1. Introduction

A remarkable activity of the Matsushiro Earthquake Swarm started
at the beginning of August, and lasted until the end of September,
1966. The total sum of the seismic energy of the individual earthquakes
during that period was a little smaller than that during a period from
March to May in 1966 (so-called the second activity). But the third activity
of the Matsushiro Earthquake Swarm is characterized by its land de-
formation of a far greater scale. Repeated levelling surveys brought
to light an enormous land upheaval centered at the northern foot of
Mt. Minakamiyama?, where a number of cracks had broken out in April,
the movement of which had been moderate from June to July and again

1) 1. TSUBOKAWA et al., Personal Communication.
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became very active in August?,

The geodimeter survey revealed a large

extension between Mt, Minakamiyama and the Sorobeku pass (about
3km north from the former), together with a smaller contraction in

the E— W direction®,

All these facts suggest the existence of such a

stress pattern as compressive in the E— W direction and extensive in
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Fig. 1. Locations of the stations equipped with a proton precession magnetometer.

2) K. NAKAMURA ¢t al., Personal Communication.
3) K. KasAHARA, Personal Communication.
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the N—S direction centered at the northern foot of Mt. Minakamiyama.
The systematic distribution of cracks and their movements seem to re-
flect an underground strike slip fault caused by such a stress field®.

Changes in the geomagnetic total intensity observed around the
earthquake area would have, no doubt, a close relation to the above-
mentioned stress pattern. Continuous geomagnetic observations by proton
precession magnetometers have been conducted over Nagano Prefec-
ture?®.9:"  and we could detect some changes in the total intensity as-
sociated with the seismic activity., As has been preliminarily reported
in the fourth paper”, we observed an increase in the total force amount-
ing to 5 gammas or so at Matsushiro, together with a decrease of nearly
the same amount at Hoshina at the beginning of August.

Further observations at these two stations brought to light a rather
complicatied feature of time variations of the geomagnetic field accom-
panying the seismic activity. It was also reported in the previous paper”
that an array observation with seven sets of proton precession mag-
netometers was planned by the Earthquake Research Institute. They
have been fully at work since November. In Section 2 will be given
the results of the array observation during a period from September to
November, 1966.

A geomagnetic dip survey was carried out around Mt. Minakamiyama

from September 20 to 24, the results of which will be briefly described
in Section 3.

2. Proton Precession Magnetometer Observation

2-1. Changes in the total geomagnetic intensity at Matsushiro
relative to Kanozan
Total geomagnetic intensity (F') observations by a proton precession
magnetometer have been conducted at Matsushiro (Station B in Fig. 1)
since the earlier stage of the Matsushiro Earthquake Swarm, and F
values observed simultaneously at Kanozan have been used in order to
eliminate non-local changes in the geomagnetic field®. The present re-
port will cover the observation from September 9 to November 30. The
observed results at Station B are summarized in Table 1. The daily

4) T. RIKITAKE et al., Bull. Earthq. Res. Inst., 44 (1966), 363.
5) T. RIKITAKE et al., Bull. Earthq. Res. Inst., 44 (1966), 409.
6) T. RIKITAKE et al., Bull. Earthq. Res. Inst., 44 (1966), 1335.
7) T. RIKITAKE et al., Bull. Farthq. Res. Inst., 44 (1966), 1735.
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Table 1. Total intensity values (F),) observed at Station B.
Date Time Fi Date Time Fir Date Time Fyr
1966 1966 1966

Sept. 6 | 1803™ | 46896.67 || Sept. 13 | 1"03m | 46913.17 | Sept. 21 | 1b03m | 46908.47

05 9.6 05 13.1 05 10.7

07 99.0 07 13.1 07 10.7

09 99.0 09 15.4 09 10.7

11 | 46901.3 11 15.4 11 10.7

7] 101 06.0 14 | 101 13.1 22 101 15.4

03 06.0 03 13.1 03 15.4

07 06.0 05 13.1 05 15.4

09 06.0 07 13.1 07 15.4

11 06.0 09 13.1 09 17.8

s | 101 0.7 11 10.7 11 15.4

03 10.7 15 11 22.5 23 101 22.5

05 10.7 % | 103 51 03 22.5

07 10.7 o7 151 05 22.5

09 10.7 00 151 07 20.1

11 08.4 n 151 (1)s1) :2;
vp1m 0L.3 17 | 101 15.4

0:_3 01.3 03 5.4 24 101 17.8

05 01.3 o5 154 03 17.8

07 03.7 o7 178 05 20.1

09 03.7 0 18 07 20.1

11 03.7 I 178 09 22.5

10 | 101 13.1 1 2.5

03 13.1 B |10 15.4 25 | 101 17.8

05 13.1 19 | 101 17.8 03 17.8

07 5.4 03 17.8 05 17.8

09 15.4 05 17.8 | 07 17.8

11 15.4 07 20.1 | 09 15.4

12 | 101 17.8 20 | 101 15.4 | 1 178

03 15.4 03 5.4 26 | 101 17.8

05 17.8 .05 15.4 03 17.8

07 15.4 L7 15.4 r 05 17.8

09 15.4 09 15.4 07 17.8

1 15.4 11 15.4 “ 09 20.1

13 | 101 13.1 21 01 10.7 ‘J 1 17.8

(to be continued)
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Table 1 (continued)

Date Time Fur Date | Time | Fu Date Time Fir
1966 1966 1966
Sept. 27 | 1%01m | 46941.87 | Oct. 5 | 1:11m|46927.27 | Oct. 13 | 1709 | 46915.47
03 38.9 s | 1os s 11 15.4
05 36.6 05 20.1 !l 1o 17.8
07 34.2 09 17.8 03 17.8
(1)3 2‘112 11 22.5 05 17.8
7 101 08.4 o7 20.1
28 | 101 24.8 09 20.1
03 22.5 8 | 101 15.4 11 17.8
05 24.8 9 | 101 13.1 15| 1o 17.8
07 22.5 03 18.1 03 54
09 22.5 05 18.1 05 78
1 20.1 o7 18.1 o7 178
Oct.1 | 101 27.2 09 13.1 09 17.8
03 29.5 11 13.1 1 17.8
0 .2 0 101 | 131 16 | 10 24.8
I B | 154 03 24.8
2 | 101 17.8 05 15.4 05 27.2
03 15.4 07 17.8 07 27.2
05 17.8 09 15.4 09 24.8
07 15.4 11 17.8 11 24.8
9 1o |t | 131 17 | 101 |46801.9
11 17.8 03 15.4 03 91.9
3| 103 15.4 05 15.4 05 94.3
05 17.8 07 13.1 07 94.3
07 15.4 09 15.4 09 94.3
09 15.4 11 13.1 1 94.3
4| 101 20.1 12 | 101 15.4 18 | 101 |46013.1
03 20.1 03 17.8 03 10.7
05 20.1 05 17.8 05 10.7
07 22.5 07 20.1 07 13.1
09 20.1 09 17.8 09 10.7
11 20.1 13 101 15.4 11 10.7
5 | 103 27.2 03 13.1 19 101 10.7
07 31.9 05 22.5 03 13.1
09 29.5 07 17.8 05 13.1

(to be continued)
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Table 1 (continued)

Date Time Far Date Time Fu Date Time Fr
1966 1966 1966

Oct. 19 | 1807w | 46915.47 | Oct. 25 | 1M05 | 46896.67 | Oct. 31 | 1M05m | 46913.17
09 15.4 07 96.6 07 15.4

1 15.4 09 9.0 09 18.1

2 | 1o 4 1 99.0 11 08.4
03 17.8 2 | 101 |46903.7 | Nov.1 | 101 |46889.6

05 17.8 03 06.0 03 89.6

07 17.8 05 06.0 05 89.6

09 17.8 07 06.0 07 89.6

1 17.8 09 06.0 09 89.6

o -~ 4 11 06.0 11 89.6
03 15.4 27 | 101 17.8 3| 101 03.7

05 15.4 03 17.8 03 03.7

07 13.1 05 20.1 05 06.0

09 17.8 07 20.1 07 06.0

1 15.4 09 17.8 09 03.7

= | Toi - 1 17.8 11 03.7
03 10.7 28 | 101 01.3 4| 101 06.0

05 10.7 03 01.3 03 06.0

07 10.7 05 03.7 05 08.4

09 08.4 07 01.3 07 06.0

1 10.7 09 01.3 09 06.0
v 1 1 01.3 1 06.0
03 15.4 29 | 101 08.4 5 | 101 01.3

05 15.4 03 06.0 03 01.3

07 13.1 05 08.4 05 03.7

09 13.1 09 08.4 o7 03.7

11 13.1 1 08.4 09 03.7

24 | 101 20.1 30 | 101 08.4 1 03.7
03 20.1 03 10.7 6 | 101 | 46899.0

05 22.5 05 08.4 03 99.0

07 22.5 07 08.4 05 | 46901.3

09 20.1 09 06.0 07 | 46899.0

11 22.5 1 08.4 | 09 99.0

25 | 101 |46896.6 31 101 3.1 | 1 99.0
03 96.6 03 18.1 | 7 | 101 |46901.3

(to be continued)
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Table 1 (continued)
Date Time F Date ‘ Time Fy Date Time Fyr
1966 1966 1966
Nov. 7 | 1003m | 46901.37 | Oct. 13 | 1p01m | 46908.47 | Oct. 18 | 1b1lm | 46913.17
05 01-2 03 ggz 19 | 101 03.7
07 | 0L 05 . 03 03.7
02 01.3 0; o 05 03.7
1 0L.3 ;’1 o 07 03.7
8 | 101 06.0 : 09 03.7
03 08.4 14| 101 03.7 11 01.3
g? 08.4 03 ggg 20 | 101 01.3
o 0§-4 05 b 03 03.7
o 08-2 07 o 05 03.7
08. 09 o 07 06.0
9 | 101 08.4 - i 09 03.7
03 08.4 15 | 101 10.7 1 03.7
05 08.4 03 13.1 21 101 08.4
07 08.4 05 13.1 03 08.4
09 08.4 07 10.7 05 08.4
11 08.4 09 10.7 07 10.7
10 | 101 08.4 u 10.7 09 08.4
03 10.7 16 | 101 06.0 22 101 06.0
05 08.4 03 08.4 03 08.4
07 10.7 05 08.4 05 08.4
09 10.7 07 06.0 07 08.4
1 08.4 09 08.4 09 06.0
1] 10 03.7 11 06.0 11 08.4
03 01.3 17 | 101 06.0 23 101 08.4
05 03.7 03 06.0 03 10.7
07 03.7 05 08.4 05 10.7
09 03.7 07 06.0 07 10.7
11 01.3 09 06.0 09 10.7
2 | 101 03.7 11 06.0 11 10.7
03 01.3 18 | 101 13.1 24 101 08.4
05 06.0 03 13.1 03 10.7
07 08.4 05 13.1 05 10.7
09 06.0 07 13.1 07 10.7
11 06.0 09 13.1 09 10.7

(to be continued)
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Table 1-(continued)

Date | Time ' Fy "' Date | Time | Fx | Date Time Fy
1966 | | 1966 | 1966
Oct. 24 | 1"11™ | 46908.47 | Oct. 27 | 101m | 46899.0" | Oct. 29 1h01m | 46906.07
25 | 101 08.4 gi 46921‘2 gi ggo
08 08.4 07 03'7 07 oe'g
05 10.7 09 03.7 09 03.7
o7 08.4 11 03.7 11 03'7
09 08.4 | : )
11 06.0 28 | 101 01.3 30 101 03.7
5| o ol w o | o
03 10.7 07 03'7 07 01.3
05 10.7 09 03.7 09 01.3
o7 13.1 11 01.3 11 01'3
09 03.4 : )
11 10.7
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Fig. 2. Changes in Fy, Fr, Fy—Fg and Fx—axFx.
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Table 2. Daily mean values of total intensity at Station B (Fy)
Simple and weighted differences

and Kanozan (F).
are also given, the latter being computed

from an arbitrary datum line.

403

Foar ‘ Fr Fy—Fx Fiy—arFr
Sept. 1 46900.27 45499.07 1391.67 4.37
2 16.8 45521.8 95.0 3.8
3 20.5 24.7 95.9 5.4
4 46888.8 45486.8 1402.0 0.3
5 82.9 88.2 1394.8 —6.5
6 98.5 99.2 99.1 1.2
7 46906.0 45504.8 1401.2 4.9
8 10.4 12.7 1397.7 3.7
9 02.5 02.3 1400.2 3.1
10 14.3 20.5 1393.8 2.1
11 09.2 — — —
12 16.2 16.7 99.5 6.8
13 13.9 14.3 99.5 6.0
14 12.7 13.0 99.7 5.8
15 22.5 23.8 99.5 8.6
16 13.1 11.5 1402.1 7.6
17 16.6 18.3 1398.3 6.0
18 15.4 11.5 1404 .4 9.9
19 18.4 23.0 1395.4 4.5
20 15.4 15.8 99.6 6.6
21 10.4 08.8 1401.5 6.4
22 15.8 17.7 1398.2 5.7
23 22.1 26.7 95.4 5.6
24 20.1 22.0 98.1 6.9
25 17.4 20.3 97.1 5.4
26 18.2 20.7 97.5 5.9
27 36.2 42.8 93.3 8.4
28 22.9 25.3 97.5 7.3
29 — — — —
30 — — — —
Oct. 1 28.4 33.0 94.6 6.9
2 16.6 45.0 98.9 6.4
3 16.0 18.8 97.3 5.1
4 20.5 22.0 98.5 7.3
5 28.9 36.0 91.7 5.0

(to be continued)
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F

[ Fx ’ Fy—Fg Fy—axFx
Oct. 6 46919.57 45527.37 1392.37 2.7
7 08.4 03.3 1404.4 7.8
8 15.4 13.5 03.4 9.2
9 13.1 16.0 1397.1 4.1
10 15.8 18.2 97.7 5.3
11 14.3 16.0 98.3 5.3
12 17.8 21.0 96.8 5.3
13 16.6 16.8 99.8 7.0
14 18.6 20.3 98.2 6.5
15 17.4 20.2 97.2 5.5
16 25.6 30.0 95.6 6.8
17 46893.5 — — —
18 46911.5 11.2 1400.4 5.9
19 14.6 18.5 1396.1 3.9
20 17.4 20.7 96.7 5.1
21 15.4 21.0 94.4 2.9
22 10.0 20.5 89.5 -2.2
23 13.9 — — —
24 21.3 34.4 87.0 —0.6
25 £6897.0 00.0 97.0 —-0.7
26 £6805.6 14.8 90.8 —2.5
27 18.6 29.7 88.9 0.0
28 01.7 09.0 92.7 —2.4
29 08.4 19.0 88.9 —3.2
30 08.4 18.7 89.7 —2.5
31 12.7 20.0 92.7 0.9
Nov. 1 46889.6 45494.8 94.8 —4.5
2 _ _ - _
3 46904.5 45511.5 93.0 —1.4
4 06.4 15.8 90.6 —2.4
5 02.9 10.7 92.2 —2.3
6 46899.4 07.3 92.0 —3.5
7 46901.3 08.8 92.5 —2.6
8 07.6 18.8 92.4 —0.6
9 08.4 16.0 92.4 -0.6
10 09.6 20.5 89.1 —2.6
11 02.9 10.8 92.1 —2.5
12 05.3 19.2 86.1 —6.0

(to be continued)
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Table 2 (continued)

Fy } Fx Fx—Fg Fy—axFg
Nov. 13 46908.07 45519.07 1389.07 -3.17
14 04.9 17.2 87.7 —4.9
15 11.5 23.2 88.4 —-2.5
16 07.2 20.3 86.9 —4.8
17 06.4 17.0 89.4 —3.3
18 13.1 24.2 88.9 -1.6
19 03.3 10.0 93.3 —-1.5
20 03.7 15.8 87.9 —5.2
21 08.7 21.0 87.9 —3.6
22 07.6 19.0 88.6 -3.5
23 10.4 23.7 8.7 —4.0
24 10.0 22.3 87.6 —-3.5
25 08.4 20.3 88.1 —3.6
26 10.3 24.8 85.5 —4.8
27 02.1 12.0 90.1 —4.1
28 02.9 11.3 91.6 —2.8
29° 05.3 16.5 88.8 —-4.1
30 02.1 11.2 91.0 —3.5

mean values of the total intensity at Station B (Fy) and Kanozan (Fy)
are given in Table 2, including simple and weighted differences between
the two stations.

In Fig. 2 are shown the daily mean values at Matsushiro (F,), those
at Kanozan (Fy), simple (F,— Fy) and weighted (F'y—a,Fy) differences
between Matsushiro and Kanozan, covering a period from August to
November, 1966. The terms “daily mean,” “ weighted difference” and
so on have already been explained in the previous papers”. As shown
in Fy—a F; curve, F, values seem to have stayed at a high level
(5-10 gammas increase relative to the initial value before July) during
a period from August to the middle of October, although fluctuations
of several gammas are seen. Then a sudden decrease amounting to 10
gammas occurred on October 22, and F,’s have thereafter remained at
a level smaller than the initial value by an amount of 5 gammas or so.
We first wondered if the indicated sudden change was caused by some
artificial disturbances. But the Station B has been conserved in good
condition by courtesy of local people and it was ascertained that no
magnetic matter had ever been placed or taken away around the detector
coil of the magnetometer, It is also clear that such a gap could not
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have been brought forth by changes of F or some anomalous current
system, because no systematic differences could be found between Kanozan
and other array stations, i.e. Nobeyama, Nakano and Koshoku. We are
now convinced that the observed change on October 22 is a “natural ”
one and has something to do with the local changes in the underground
physical state around Station B.

The Fy—a,F, curve also indicates that F, values seem to decrease
5 gammas or so during a period from September 1 to 10, Examining
standard-run three component magnetograms obtained at Oshima, we
found that, almost every night during that period, a bay-like event took
place at about 1 o’clock in local time, when the observations have been
made automatically by a clock mechanism. It is a well-known fact that
the vertical component of short-period variations such as bays shows an
anomalously large amplitude along the Pacific Ocean side of Honshu
Island including Kanozan, while no such an enhancement of Z is observed
at inland stations such as Matsushiro. Since the anomalous Z varia-
tions of short period are fairly in phase with the H ones, the total
intensity also shows a considerable increase at Kanozan at the time of
bays and the like. The apparent decrease of F, at the beginning of
September would certainly be caused by the above-mentioned spatial
discrepancy of short-period variations, The weighting factor a, was
defined as the amplitude ratio of Dst and night-time level of Sq¢ between
Matsushiro and Kanozan®, so that, in the case of short-period variations,
the amplitude ratio of Matsushiro relative to Kanozan would become
much smaller than that of longer-period variations. On September 3 and
7, both moderately disturbed days but with no remarkable geomagnetic
event seen at about 1 o’clock in local time ; F', —a F'x values show about
5 gammas higher than the initial level. This fact enables us to suggest
that the total intensity peculiar to the Station B remained at an in-
creased level during that period.

2-2. Changes in the total geomagnetic intensity at Hoshina

In the fourth paper it was reported that the total geomagnetic in-
tensity at Hoshina showed a decrease of 5 gammas or so at the beginn-
ing of August”. The observed values at Hoshina are, as before, com-
pared with those at Nakano and shown graphically in Fig. 3, together
with the F,’s. Unfortunately, Fy values during a period from August
26 to September 10 were not available because of some instrumental
errors. But the F,—F, curve indicates a gradual recovery of F, to
the initial level towards the middle of September after a definite decrease
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at the beginning of August. Even an increase of about 5 gammas or
so higher than the initial level is found from the end of September to
the middle of October. TUnlike the F,— F curve, no significant change
of the F,,—Fy value could be found on October 22, but the F,—Fy
value seems to have recovered to the initial level at that time.

The F,—F, curve shows, as a whole, a tendency quite similar to
the Fy—Fy. A sudden decrease in F, on October 22 is also confirmed
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in Fig. 3.

Finally, the 5-day mean values of F';,,— F, and F,—F, are calculated
and shown in Fig. 4, in order to see the over-all variations of the total
intensity at Hoshina and Matsushiro during a period from May to No-
vember. A scattering of Fy,— F in June and July would possibly be
due to some instrumental errors at Nakano., Both the curves indicate
a better demonstration of the afore-mentioned variations of the total
intensity associated with the seismic activity.

2-3. Array observations covering Nagano Prefecture

A proton precession magnetometer array with seven temporary sta-
tions was established over Nagano Prefecture in Autumn of 1966. ILoca-
tion of stations around the earthquake area is shown in Fig. 1, their
operating facilities being briefly described in the previous paper”. Of
these, Station A (Nobeyama), B (Matsushiro), C (Nakano) and D (Hoshina)
had already been at work in August. Observations at Station S (Matsu-
shiro Seismological Observatory) and E (Koshoku) were started in Sep-
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tember, while Station F (Sakai) started in Novmber. Station A is
about 60 km south of Matsushiro, far enough from the seismic area, so
that it was planned to serve as a standard one.

In Fig. 5 are shown the total intensity values at Station A (Fysz)
and simple differences between F)y, and those at Stations C, D, B, S, E
and F, denoted respectively as Fy— Fiyg Fyy— Fyp, Fyy— Fyp, Fyo— Fyp,
Fos— Fyg, and Fy— Fy,  Scatterings of a few gammas are always seen
on each simple-difference curve. This might be partly due to an in-
equality of non-local changes of the geomagnetic field between Station
A and each array station, as we often stated in comparing F, with Fy.
But another possible cause would certainly be some artificial disturbances
at Station A. Although Station A is situated in a rather solitary district,
the detector coil picks up noises of nearly 2ke/s or so, which is very
close to the Larmor precession frequency observed there, Earth current
observations made clear fluctuations of about 10 minutes’ period amount-
ing to several tens of milivolt per kilometer, so prevailing that natural
~ variations are thoroughly masked. However, ordinary magnetograms by a
three component flux-gate magnetometer show no corresponding magnetic
disturbances. Noisy records of the proton precession magnetometer would:
be due to the above-mentioned disturbances of high frequency. It is
rather disappointing that Station A is inadequate to serve as a standard
observatory.

Disregarding the indicated fluctuations of simple-difference curves,
no significant changes seem to have taken place at Stations C, S, E and
F. The sudden decrease at Matsushiro on October is again verified on
the F,—F,; curve. Unlike the variation at B, Fs, showed no evident
change on October 22. This might contradict the actuality of the sudden
change at B, because these two stations are only 1.7km apart from
each other. We will come back to this point later.

3. Geomagnetic dip survey around Mt. Minakamiyama

The geomagnetic dip survey by a 2nd order G.S.l. magnetometer
has been conducted over the Matsushiro area four times since the be-
ginning of the Matsushiro Earthquake Swarm, the results of which have
been reported in the previous papers.”-®:®" The fifth survey was carried
out from September 20 to 24, In view of the most unusual land de-
formation that developed around Mt. Minakamiyama in September, the
present survery was expected to provide an opportunity to resister the
seismomagnetic effects as revealed by the proton precession magnetometer
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Table 3. The geomagnetic dip values related
to Survey V over the Matsushiro area.

Station No. j Date j Time | Iy | I } aly ) A1y ‘ AT~ ATy
1 Sept. 24 | 16v15m | 50°07.8" | 47°53.4/ | 2014.4’ | 2°13.6' 0.8
2 24 | 1644 | 49485 53.4 | 155.1 | 154.2 0.9
3 24 | 1445 | 5020.2 53.1 | 127.1 | 12.5 0.6
4 22 | 1747 | 49 57.2 544 | 202.9 | 201.2 0.5
5 22 | 1835 | 49 57.2 54.3 | 202.9 | 2045 | (—1.6)
6 2¢ | 1812 | 4944.9 54.5 | 150.4 | 148.3 @.1)
7 24 941 | 5010.1 55.0 | 215.1 | 214.8 0.3
8 24 | 1336 | 49 08.2 53.2 | 115.0 | 115.0 0.0
9 2¢ | 1309 4950.8 53.5 | 157.3 | 1574 | —0.1

10 24 | 1736 | 4954.4 54.0 | 200.4 | 1557 | (4.7
11 24 | 1007 | 50 06.2 55.2 | 211.0 | 210.3 0.7
12 24 | 2004 | 49 56.3 55.1 | 201.2 | 202.1 | —0.9
13 21 | 1852 | 4952.3 545 | 157.8 | 155.7 @.1)
14 22 9 35 50 14.7 55.4 219.3 2 15.7 (3.6)
15 21 | 1537 | 51125 53.9 | 818.6 | 3 17.8 0.8
16 21 | 1713 | 49 2.1 541 | 132.0 | 131.6 0.4
17 21 | 1758 | 49 14.0 544 | 119.6 | 118.6 1.0)
18 24 1231 | 49 33.7 54.2 | 1895 | 139.7 | —0.2
19 21 1243 | 5419.6 55.5 | 624.1 | 623.2 0.7
observations.

Table 3 indicates the time and the dip values observed at stations
over the Matsushiro area. As usual, the dip values at Kanozan at the
corresponding time are also quoted. Differences between the dip values
at these stations and those at Kanozan are denoted by 4I. 4I’s for the
last and the present survey are designated by subscripts IV and V re-
spectively, and 41, - 41, can be regarded as local changes at each station
relative to Kanozan during a period from Survey IV to Survey V.

Fig. 6 shows the distribution of 4I,—4I,;.. At each station, a brass
peg was buried as a bench mark, but, unfortunately, some were found
to be missing in the course of a few months’ period between the present
survey and the last one. In addition, two stations on the northern side
of Mt. Minakamiyama had been demolished by underground water which
spouted from some cracks already mentioned in the Introduction of this
paper. Stations 6 and 10 just above these cracks had to be moved a
few meters away from the initial locations. Although Table 3 tells us
of an enormous gap of 4I,’s at these stations, such changes are hardly



Geomagnetic and Geoelectric Studies of the Matsushiro Earthquake Swarm (5) 411

0 | 2
. | . 3 km

Fig. 6. Changes in the geomagnetic dip over the Matsushiro area during the
period from Survey IV to Survey V.

thought to have had something to do with the unusual crack movement.

In Fig. 7 are illustrated the over-all variations of the geomagnetic
dip during a period from Survey I to V. It was reported in the last
paper that the distribution of changes in the geomagnetic dip during a
period from Survey I to Survey IV shows a fairly regular pattern tenta-
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Fig. 7. Changes in the geomagnetic dip at each station over the Matsushiro
area as observed by repeating magnetic dip survey.
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tively explained by assuming a dipole-like source under Mt. Minakami-
yama”. As has been briefly discussed before, the range of error in the
present dip survey would be at most 1 minute of arc?. No station shows
a larger change of AI,— 41, than this accuracy range, except those under
unavailing conditions. It might be said, therefore, that no conspicuous
changes could be found during a period from June to September, 1966.
But it might not contradict the results of proton precession magnetometer
observations, taking into account the smallness of changes in the total
geomagnetic intensity observed at Station B (which corresponds to Station
No. 18 in Table 3).

4. Discussion and concluding remarks

The activity of the Matsushiro Earthquake Swarm has become
moderate since the middle of October, with larger earthquakes occurring
sporadically around the edge of the seismic area. Although the array
observation with a complete set of stations was not ready for the start
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of the third activity, observational results at Matsushiro and Hoshina
would give one of the best-established views of the so-called ‘ seismo-
magnetic effect” at the present stage. In order to see how the total
geomagnetic intensity changed at these stations, it would be better to
compare the observed values at Matsushiro and Hoshina with those at
Kanozan, because other standard stations A and C had often suffered
some instrumental errors. In case the data at Kanozan was used, we
should take care of the spatial discrepancies of the natural geomagnetic
disturbances between these stations. For a combination of Hoshina and
Kanozan, the weighting factor a,,. was determined by the least squares
method using data from June 16 to July 31. Weighted differences be-
tween Hoshina and Kanozan (F,,—a,F) were calculated in a fashion
similar to the case of Fy—ayF. The 5-day means were then estimated
for Fy—ayFyx and F,—a,Fy, and are illustrated in Fig. 7.

During the first ten days of September, we see a decrease of about
5 gammas on both the curves in Fig. 7. As has been explained in the
sub-section 2-1, such an apparent gap is brought about by anomalously
large amplitudes of short-period variations at Kanozan. The estimated
weighting factors are inappropriate at the time of bays and the like.
For the case of Hoshina-Kanozan, we tentatively omitted the data ob-
serving bay-like events and calculated averages of the remainder, which
is shown in the upper graph in Fig. 7. Such a procedure smoothed the
original curve, and revealed another peak at the beginning of October.

The indicated increase might have something to do with the earth-
quake swarm which occurred around Nire Village a few kilometers north
of Hoshina, although nothing certain can be said.

Both the stations seem to have varied quite independently of each
other, but to have got become steady as the seismic activity became
moderate. The observed variations of the total intensity could be ex-
plained by changes in the magnetization of underground rocks around
the earthquake area. Judging from the rapidity of the recovering period,
such changes of the magnetization would be caused by the piezo-magnetic
effect rather than by an intrusion of hot materials.

The initial change at the beginning of August made us imagine an
increase in the magnetization under the ground between Matsushiro and
Hoshina. But the succeeding process made it difficult for us to infer
such a common source, because F,’s showed a gradual recovery after
initial decrease while F,’s stayed at an increased level towards the
middle of October. Any changes corresponding to the sudden decrease




Geomagnetic and Geoelectric Studies of the Matsushiro Earthquake Swarm (5) 415

of Fy on October 22 could not be found at Hoshina and Station S
(Matsushiro Seismological Observatory). It is certain that the indicated
gap was not caused by any artificial disturbances, so that it might be
required to suppose very shallow and local sources for the changes at
respective stations. Actually, we had observed that the dip changes
were completely out of phase between the top of Mt. Minakamiyama
and Station S (both of which are only 2km apart) at the time of the
First Activity (November to December, 1965).

Since the extensive stress in the N—S direction would produce a
magnetization to the north, the initial increase at Station B might be
explained by assuming a magnetic mass just under Mt. Minakamiyama
suffering such stress. Although similar speculations might be possible
for every change at respective stations, it seems of little value because
of the lack of other geophysical information.

It would be of importance, however, that the seismomagnetic changes
around the Matsushiro-Hoshina area were found to be very local. In
order to detect such local changes, magnetic surveys with a.denser
network of observational points would be necessary, together with con-
tinuous observations at a standard station. The maximum change in
the total intensity at Matsushiro was about 10 gammas, so that expected
changes in the geomagnetic dip would be at most 1 minutes of are.
Since the error range of our dip survey is also nearly the same amount,
it is difficult to detect some possible changes; hence a survey with a
portable proton precession magnetometer will be desirable in the future.

In conclusion the writers would like to express their gratitude to
the local people, Messrs. K. and H. Ogawa at Station B, Mr. F. Baba
at Station C, Mr. M. Miyazawa at Station D, Mrs. K. Unno at Station
E and Mr. S. Tamai at Station F, with whose aid the present work
could be performed. Geomagnetic data have constantly been supplied
from the Kanozan Geodetic Observatory and the Matsushiro Seismological
Observatory for which the writers are also thankful.
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