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Fig.1 Schematic diagram of multiple component electromagnetic field observations including

facility to locate the source point of VLF band pulse-like signal (VPS).

549




Japar} Sea

BN g

/ J_,/-/I‘HG °

36 ......... fovoeiii , .......... Dol SRFPE ., .........
— 2 KOF W~ 89 :
P 15 : ; :

34 [ \/ ........ 1 L13o ............ ________

32 ........ ............. ............. .Paélﬁcocean

136° 138 140° 142° 144°E

- VPS 1
Fig.2 Locations of multiple electromagnetic field observation sites(mm) in the central area of Japan with
hypocenter of earthquakes dealt for the present experiment to see the source location of VPS with

respect to earthquakes.

550



F1R WS L HIEE & OBIR AT ~2 OIZ VW T2 RO FT
Table 1 Earthquake focal parametersoccurred in around the observation network with focal depth smaller
than 100km, and magnitude larger than 5.0 (O)as well as lessthan 5.0 (A).

Na. TIME PLACE LAT. LON. DEP. | MAG. | COM.

Oct. 1995 - Dec. 1997

| 6 Mar 1996, 23:35 Yamanashi-ken-tobu |35°28'|138°57'|20km| 5.8 | O
2| 11 Aug 1996, 03:12 | Akita-ken-nairikunanbu | 38°55'[140°38'| 7 |59 O
3 11 Sep 1996, 11:37 Chiba-ken-tohooki 35°38'1141°12'| 53 [ 62| O
4 5 Oct 1996, 08:51 Shizuoka-ken-seibu |[35°03'|138°02'| 26 | 44 | A
5 16 Oct 1996, 22:58 lzu-hanto-tohooki 34°59'1139°07') 5 (41| A
6 | 21 Dec 1996, 10:28 Ibaraki-ken-nanbu 36°06'[139°52'| 53 | 54| O
P 7 3 Mar 1997, 23:09 Izu-hanto-tohooki 34°58'1139°10°| 3 50| O
8 4 Mar 1997, 12:51 Izu-hanto-tohooki 34°57'(139°10'| 2 57| O
9 16 Mar 1997, 14:51 Aichi-ken-nanbu 34°56'1137°32'| 39 | 58| O
10| 23 Mar 1997, 14:58 Ibaraki-ken-nanbu 35°58'[140°06'| 72 | 50| O
i1 24 May 1997, 2:50 Ensyunada 34°30'|137°30°| 23 {59 | O
12} 29 Sep 1997, 23:46 Choshi 37°42'1140°42'| 60 [ 45| A
13] 11 Oct 1997, 14:41 Ensyunada 34°40'|138°02'| 30 [ 50| O
14 11 Oct 1997, 18:45 Miyagi-ken-oki 38°54'[142°12'| 50 | 53| O
15] 210ct1997,19:55 | Shizuoka-ken-seibu |35°01'|138°02'| 30 |44 | A
16| 1 Nov 1997,20:37 | Kanagawa-ken-seibu |35°02'{139°01'| 10 | 40| &
17| 7 Dec 1997, 13:30 Fukushima-ken-oki |37°07'|140°08'| 80 |57 | O
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Fig.3 An example of VPS waveform seen in the three electric and three magnetic components.

There is no essential difference among six components at least to read first arrival times of
VPS events.
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Fig.4 Number of VLF pulses per hour at around the time of a major shallow earthquake of magnitude
M=5.8 in the network at four sites. SYNCHRO means the event numbers identified to be the same
signal through the time window criterion.
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VPS ““Pn**  VPS e 7 VPS

Table 2 Results of data analysis to test the hypotheses of apparent increase of VPS number before the
earthquake occurrence in the left large column: P.n.) and source location of VVPS at around the
epicentral region (in the right large column: S) with the symbol denoting for the hypothesis,
>< against the hypothesis, and unclear case. In the column Pn “global*,"L", and "singular"
denote apparent increase of VPS number continuing a few days above the normal state for all
sites, lightning activity, and a singular increase at the nearest site to the epicenter, respectively. In
the column S(ource) "clustering”, and "isolated" denote large number of dropping of the VPS
sources at around the epicenter within several tens km, and  of several number of sources.

Pn (triggered SRS) i I Kp(max) S (source)
Na.
global L singular maximum sum of cluster 10 isolated near
eight Kp values epicenter epicenter

| o] O % £8- x x
2 - - - 14 - -
3 0] x O 32+ x (@)
4 0 0 x 24- x O
5 0 O 23- O X
6 0 x O 2 Fa
7 X x x 34 x x
8 X x x 34 x x
9 O x O 22. x ®)
10 0 O L6+ x X
13 e} O 17 x O
12 G x 22 72y O
13 O x O 10+ x A
14 @] x PaN 30+ A X
15 O 0 O 12 x O
16 O Q ® 25+ X x
17 o O a 16+ A A
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Fig. 9 Aseismic swarm occurred since August 7, 1998 just west of the observation site Hodaka.

The activity was the first one since the start of the observation here in 1993.
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Fig. 10 An example of normal state monitoring records of the vertical electric field observation on 6 August 1998 at Hodaka.
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Fig. 11  Monitoring record on the day of the swarm activity start from about 15:00, 7 August, 1998.
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Fig. 12 A very clear anomalous transient electric field changes (SP: self-potential) were recorded about seven hours

before the occurrence of the second largest earthquake of magnitude 4.9 in the earthquake swarm.
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Fig. 14 An example of anomalous electric changes at the time of a small scale eruption of the
Izu-Oshima accompanying similar waveforms as the case of swarm at the border of the Nagano
and Gifu prefectures in August, 1998.
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Fig.18 Continuous records for the dc and ULF channels of electric field changes are shown for whole another
August in 1997 for comparison sake.
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earthquakes ( *¢) in the seismic swarm activity in the central Japan.
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Fig. 20 The great 1994 Hokkaido-Toho-OKi earthquake occurred east of Hokkaido, Japan on October 4,
1994. Electric field changes were observed at Tsukuba, Hasaki, Chikura, Katsuura, Awano,

Kofu and Izu-Oshima by means of bore-hole antennas. A broadband seismometer was
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Part of the fast - speed strip chart recorded at Hasaki from 19:01 to 19:20 over four days being
selected at every odd minutes. An increase in the number of large pulses can be seen as the time
approached October 4, 22:23, when the earthquake occurred. The pulses quickly decreased to a

background level several hours after the earthquake at around 6:00 on October 5.
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Fig. 22 The number of pulses with an amplitude larger than 0.134 mV were counted for one minute every
hour from 58 m to 59 m at Hasaki using fast-speed strip chart recording. It is obvious that the

evolving change in the number of pulses is closely related to the imminent occurrences of the
great Hokkaido-Toho-Oki earthquake.
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Fig. 23

Slow-gpeed strip chart recording shows that a big VLF pulse occurred at around the origintime (To) of the 1994 Hokkaido-Toho-Oki earthquake.
The co-seismic VLF signal was followed by ULF undulation starting at around the time of the seismic shear (S) or surface wave arrival.
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