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Abstract

Volcanic eruptions are generally preceded by magma intrusion. A volcanic activity forecasting is sure to make
considerable progress if we have a practical means to detect magma movements. Electric potential variations have
been observed since April 1999 on Miyake Island, a volcanic island in Japan. The variations were measured by
means of a special long vertical antenna and a short dipole. Some half a day before the largest eruption and then
during the eruption, conspicuous electric field variations were observed on DC, ULF and ELF/VLF frequency
bands. Longer signals were generally superimposed on the ULF signals, suggesting that there are strong confined
water pressure fluctuations in the interaction between intruded magma and hydrothermal circulation through the
electro-kinetic effect. Trend-like changes are attributed to quasi-stationary changes of hydrothermal circulation and
streaming potential coefficient distribution. Subsurface transient self-potential measurement has thus proven to be an

efficient method for looking into complex volcanic activity.
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Fig. 1 Location of the electric field observation site Kamituki (MKK), one of the stations monitoring
volcanic activity on Miyake Island in central Japan. The electric field observations are con-
ducted to supplement ordinary crustal observations, seismic observations, ground tilt, and mag-
netism (Ukawa et al., 2000). A borechole antenna with a length of 100m is used as a main
sensor for measuring the vertical component of the electric field. A short dipole with length of
6m is used to measure the horizontal electric field. Similar electric observations have been con-
ducted in central Japan at 11 sites (Fujinawa et al., 2000) including a nearby site, Izu-Oshima
Island, which belongs to the same volcanic chain. A large ground tilt change of 100, rad. was
detected on the night of 26 June 2000 at one of the sites (Ukawa et al., 2000).
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Fig. 2 Monitoring records of the vertical electric field observed on 18 August 2000 when the largest

eruption occurred on Miyake Island. Figue 2a is the vertical component, and Fig. 2b, the hori-
zontal dipole. The roughly constant signals at 1/10 full display in the ELF/VLF channel (Fig. 2a
(1) and Fig. 2b (1)) and in the ULF channel (Fig. 2a(2)) represent natural background noises.
Anomalous transient electric field changes were recorded in all three frequency bands : in the
ELF/VLF band (“EMR” in Fig. 2a(1) and Fig. 2b (1)), the ULF band (“U-AN” in Fig. 2a(2)
and Fig. 2b(2)), and the DC band (“D- AN” in Fig. 2a(3) and Fig. 2b(3)). The magnitudes
of signals are well above the background noise level in both cases (S/N of ULF exceeds 50),
and almost all signals returned to the original level in all bands except for the DC band, which
indicated an offset in case of the eruption. The ULF band horizontal component (Fig. 2b (s)) is
abnormal, but we suspect there are also large anomalies in this band from the DC channel re-
cord. Similar conspicuous electric field changes are seen about 13 hours before the eruption in
the ELF/VLF band (“EMR” around 04 :00 in Fig. 2a(1) and Fig. 2b (1)) and, in the ULF band
(“U-AN” in Fig. 2a(2)). The horizontal component also contains the variations of the ULF
band superposed on the DC like changes (Fig. 2b (3)). Deformed data during an hour starting at
10:00 (JST) are probably due to the non-linear response of electric circuit induced by ex-
tremely large signals occurring in this time interval. ¢) Monitoring records of vertical electric
field change at Izu-Oshima Island on the same day as in Figs. 2a and 2b. There is no anoma-
lous ELF/VLF radiation during and preceding the huge eruption at Miyake-Jima on 18 August
2000. The radiated signals were several orders of magnitude smaller than those induced by light-
ning discharge. Uncorrelated variations appearing in this record are suggested to be induced by
a regional magma activities around Miyake-Jima (Fujinawa et al., 2001a).
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Fig. 3 Monitoring records of vertical (a) and horizontal electric field components during another major

volcanic eruption in Miyake-Jima on 29 August 2000. Conspicuous ELF/VLF band radiations
were recorded from the start of the eruption, and there was much larger radiation starting at
about 07:10, 29 August 2000 causing the demetor to go off scale. Variations were seen also in
ULF band (b). About 16 hours before the eruption there were anomalous variation in the
ELF/VLF bands and in the ULF band. We suggest that those electric field variations were induced
by a perturbation of the hydrothermal circulation in association with the magma approach. Com-
parison of the ELF/VLF radiation signal strengths of vertical and horizontal components indicate
that the source depth of the earlier radiation is about 140m deeper than that of later radiation.



B SR AR FERTIIF e 2 63 5 2002 4 6 H

MIYAKE2

00/08/29 HORIZONTAL

" 1V
CHO
0 o ELF/VLF
(1 - 9kHz)
-10 | -1V
1 ] , [ ; ] 5my
| Pt ! e
cii1 “Fr-=-f-- | - | | +
| ! | | [ [T I (0.01 - 0.7Hz)
| | ' -1 ; | [ }
i [ I A | \ | I
-1 | } i | t | | | |
i | | i -5 mv
Q0 | o i ] [ ‘[ ? 128 mv
o2 ' ‘ ‘
! DC
(0 - 0.7Hz)
"_“ . . | o ‘
L o ,‘ L [ |esmv
0:0 6:00 12:00 18:00 24:00 (JST)
MIYAKE2 00/08/28 HORIZONTAL
, 1V
10 . ‘ )
clio ; ' JU O | I } L
. ; ol Lo [ LT P e T m“‘u‘u“-““Mmhu LI o ELF/VLF
! - (1 - 9kHz)
7 i
10 I f , AV
1 I ] [ l 5mv
el | E ’ ] : ‘
[ e | ULF
] o s " N sl 0 L
| g ]“ T | | (0.01 - 0.7Hz)
| BRI | | |
o L | ? | [ N l Smv
X [ ] . f T ) 128mv
o | .
| |
| I DC
1 (0 - 0.7H2)
i e - T T,
- S S R I i . i 88 mv
0:0 6:00 12:00 18:00 24:00 (JST)
M3 (oo%)

Fig. 3 (continued)
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HIEZEIC X ) ER 2 ES ISR TE2ZHI NS, ZOKEMNE, 4 H20HTHY, Z0%S5H20H, 28H, 6 A
10H, 11H, 13H, 14H, 7H7HIZEEL, ohD7r—21L8 ] 18 HOK L [kE, ULF WO EE # 1> Tw5b b
DbHEH (KFo“U”). HFER “GEN Eod M2 THATH S, IhoiE, BistR CRINOEEHDF-H,
HDLVIE—HANIFEAL, ¥ 7 ~OBENIME D T B BKOEFOFAELZ R LT\ 5b. 8 HORBUERE XIS D
H o I, B D R E W,

Long-term monitoring records are shown for the vertical and horizontal components in the DC band from early March 2000 to
the end of August. The observation started from April 1999, but there were interruptions of some months until March 2000 due
to repairs necessitated by a counter-surge. Data on June 9 were not recovered due to a problem in data transmission. “Higher”
frequency fluctuations with a period much shorter than the dominante diurnal variations in the vertical component appeared
more frequently as the volcanic activity approached (“E” in Fig. 4) such as fluctuations as on 20 May ; 13, 17, 25 June ; and 2,
5, 7 July (parts enclosed by “[]”). They were sometimes superimposed on the ULF band fluctuations (“U” in Fig. 4) that
appeared when the largest eruption was seen in Fig. 2. The disappearance of the diurnal variations in May might be due to the
generation of fluctuation field changes as the magma approached the Miyake Island, as supported by the appearance of large
variations in the horizontal component. The trend-like changes are generally similar in the both components before strong
volcanic events, though there are time periods when there are large differences suggesting that the source depth is different.
Clear intermittent variations appeared only in the horizontal components before the largest eruption on 18 August.
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Transient self-potential monitoring records of the vertical (Fig. Sa), and the horizontal (Fig. Sb)
components on 20 May 2000 when large variations appeared. A rapid trend-like change in the
vertical component (“D-AN” in Fig. 5a(3)) and bay-like changes in the horizontal component
(“D-AN” in Fig. 5b(3)) with a time constant of some three hours are superimposed with pulse-
like fluctuations (“U-AN” in Fig. 5a(2) from 04:00 to 07:00 in the morning). There is no in-
dication that the anomalies are extra noises, 1) The geomagnetic disturbance is small (Kp index
is less than 1 on that day) on the basis of the Geomagnetic Activity Chart (Hiraiso Solar Terres-
trial Research Center, http://hirweb.crl.go.jp/index.html). 2) The atmospheric condition is
found normal because there is no particular level increase on the ELF/VLF records in other
sites of the electric network and no extensive atmospheric discharges (Franklin Japan, Co.,
Ltd.). 3) The anomalies are quite large compared with the background noise level. The pattern
of the DC trend in the vertical measurement was generally similar to that of the horizontal di-
pole but there were some differences. Those variations are not due to the problems of instru-
ments, such as the instability of electrodes based on our experiences acquired through long
observations (Fujinawa et al., 2000).
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Conspicuous electric field variations appeared some one-and-a- half days before the first large
crustal tilt changes starting on 26 June 2000 at18:30 (JST). Variations exceeding the back-
ground nose level occurred in frequency bands DC, ULF, and ELF/VLE. We suspect from previ-
ous finding (Fuginawa er al., 2000, 2002) that simultaneous appearance of the pulse-like
changes of ULF, and ELF/VLF bands mean that there were severe confined water changes in-

duced by the magma intrusion.
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Signal strength of the ELF/VLF band, a) on Miyake-Jima, and b) on Izu-Oshima departed
about 70km during June 2000, including the first eruption on 26 June 2000. It is seen that
anomalous radiation occurred from the morning of 25 to the morning of 26 June, nearly simulta-
neously with two other components (ULF and DC ; (Fig. 6). The greatest lightning activity
around Izu-Oshima Island on 20 June induced a simultaneous sharp peak of strength at both is-
lands. The anomalous radiation before the eruption can be suspected from Fig. 6-1b), though
not so clearly because of superposition of diurnal fluctuation at Izu-Oshima site. The diurnal
change is in accord with the ULF and, DC band anomalies that appeared during the volcanic ac-
tivities on Miyake-Jima (Fujinawa et al., 2002).
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Fig. 8 Records of the DC component of the horizontal electric field variation from 11 August to 20
August 2000 during which period the largest eruption occurred. Step-like electric field changes
appeared in association with the eruption process. These step-like changes differed from similar
electric field variation observed by a distant dipole (Sasai et al., 2001). The step-like electric
changes are concordant with the step-like ground-tilt change (Ukawa et al., 2000), which sug-
gests abrupt depression of Mt. Oyama. A comparison of this evidence suggests that there are
many step-like magma intrusions inducing a strong interaction with ground water circulation.
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Fig. 9 The step-like electric field change of the horizontal component rises rapidly with a period of

about 10 seconds, and decrease gradually in about an hour. Fluctuations of a few tens of sec-

onds are due to man-made noises.
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