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Abstract

Electric potential variations have been observed since April 1999 at Miyake Island, a volcanic island in

Japan about 170 km south of Tokyo. Measurements have been conducted using a special long vertical antenna

and a short dipole. A volcanic eruption started at the end of June 2000 at Miyake Island. Conspicuous electric
field variations were observed on DC, ULF, and ELF/VLF frequency bands at the time of and half a day before
the largest eruption on 18 August 2000 (Fujinawa e al., 2000a, 2002a, 2002b). Fluctuations lasting a few
hours were observed about a day prior to each stage of the volcanic events. The longer signals were generally

superimposed with ULF signals, suggesting strong confined water pressure fluctuations in the interaction process

between intruded magma and hydrothermal circulation through the electro-kinetic effect (Fujinawa et al., 2000b,

2002a, 2002b). We present here observed data that could not be included in the original papers, to assess the

anomalies described in those condensed papers.
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1. Introduction

Several previous volcanic events at Miyake-jima
volcano occurred at nearly regular intervals of about
20 years (Ukawa ef al., 2000), leading volcanologists
to install instruments for various physical and chemical
measurements. We started monitoring continuous
clectric potential variations at MKK (34.0973N,
139° 5554E, altitude 125m), one of five sites of a crustal
activity monitoring network (Ukawa et al., 2000) (Fig.
1). We used a specially-designed antenna (Ultra Long
Electrode Measurement: ULEM)‘ for the vertical
component that used a 100m-long steel casing pipe
(Fujinawa and Takahashi, 1990; Takahashi er al.,
2000).
installed for horizontal component measurements. The

Dipoles with a distance of 6m were also

observation test period started in June 1999 and ended
in February 2000, when the measurement parameters
were adjusted. In retrospect, an extraordinarily large
DC drift at the time of adjustment could very likely be
attributed to a systematic change of the self-potential
distribution in the preparatory stage of the present
volcanic eruption.

Seismic activity, including volcanic tremors, had been
detected since 26 June 2000. Meanwhile, remarkably
large tilt changes of about 100urad were observed
(Ukawa et al., 2000), which compelled the Japan
Meteorological Agency to issue an emergency volcanic
eruption warning. Ground tilt data (Ukawa ef al., 2000)
and GPS (Kaidzu et al., 2000) indicated that the crustal
deformation had returned to normal following a
submarine volcanic eruption early the next morning, and
“Declaration of Safety”was issued. However, sizable
eruptions occurred on 18 and 29 August following small
ones in July and early August. We considered that it
was necessary to develop a new volcanic activity
monitoring technique for more reliable volcanic
eruption forecasts and to detect magma movement.
Conspicuous irregularities indicated that there were
several types of self-potential anomalies present before
and during the eruption, as described in the previous
papers (Fujinawa et al., 2000a, 2002a, b).

We present in this paper all the characteristic
anomalies detected during the volcanic activities.
Additional data are also presented to indicate the degree
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of incongruity, as in the case of electric anomalies at
the time of a seismic swarm (Takahashi et al., 2000).

Fig. 2 contains Jong-term monitoring records of the
DC component for both the vertical (V) and horizontal
(H) components. As to the horizontal components we
did not discuss these anomalies except in several cases
denoted. The long-term record indicates that the simple
patterns in both components became more complicated
after the end of April. This may have been caused by
the appearance of anomalous variations. Here we
defined anomaly by comparison with the normal stages
without any crustal activities. Details on adopted
criteria can be seen in the previous papers. There were
electric variations in the record of the vertical
component around major volcanic eruptions events
(“E”) with a time constant of several hours (see the parts
enclosed by O in Fig. 2). The variations were
superimposed on the dominant fluctuations of diurnal
periods. Moreover, some of them accompanied ULF
band fluctuations (“U”), as at the time of the largest
eruption on 18 August (Fujinawa ef al., 2002b). Almost
all of this type of fluctuation occurred half a day or a
day before a volcanic event, suggesting that there were
rapid changes in the hydrothermal circulation due to
severe changes in the magma regime. The process that
produced those variations is thought to differ from the
process that induces crustal deformation ( ‘T’ in the
figure), due to the different appearance times of the two
phenomena.

We will present observed data to supplement
documentation of the electric field variations at the time
of the 2000 Miyake-jima volcanic eruption described
in papers that have been published or are to be
published.

2. Original Records
1) Co-eruptive and Preceding Eruptions

There were six significant eruptions in the time-
period shown in Fig.-2, and one on September 6 before
the breakdown of electric power began on 14
September. Records of the eruptive events E1 (26 June
2000), E5 (August 18), and E6 (August 29) have been
previously described (Fujinawa et al., 2002b). Here
we present records for E2 (July 8) in Fig. 3, E3 (July
14) in Fig. 4, E4 (August 10) in Figs. 5, and E7
(September 6) in Fig. 6.

There were prominent co-eruptive field changes in all
the frequency bands during the first eruption after the
supposed cease of volcanic eruptions on July 8 (Fig.
3h). A prominent variation appeared about a day before
the eruption in the DC band (Fig. 3g). There were also
exceptionally large emissions in the ELF/VLF band on

July 5 and 6 (Figs. 3e and 3f). Those emissions could
be related to volcanic activities, except for those
corresponding to lightning emission at the end of July
5. Those anomalies led the authors to doubt the public
announcement by a specialist that the activity had -
ceased.

There were very clear anomalous field variations in
the ULF and ELF/VLF bands at the time of eruptions
for event E3, with a prominent one in the DC component
preceding the eruption. The ELF/VLF band exhibits
an intermittent radiation pattern, as observed in the case
of a seismic swarm off the east coast of the Izu
peninsula (Fujinawa and Takahashi, 1990). The
radiation was weak and those intermittent patterns
could not be observed at the nearest site, Izu-Ohshima.
Figs. 5 and 6 show monitoring records for the horizontal
and vertical components at the time of the fourth
eruption on August 10, and on September 6,
respectively. Pre-eruptive field changes could be
observed in the ELF/VLF band, but not as clearly in
the DC and the ULF bands. However, there are clear
anomalous changes in those bands from about 1.5 hours
after the onset of eruption. Fig. 7 shows the records
on September 6, 13 and 14, a few days before the
evacuation of whole people from island on September
1. The monitoring was stopped when the electric power
was shut down on September 15.

2) Step-like Changes

Peculiar field changes in a step pattern appeared from
about 12 August 2000, six days before the largest
eruption on August 18 (ES in Fig. 2). The step-like
changes were dominant in the horizontal component.

‘However, there were almost no corresponding variations

in the vertical component (Figs. 2a and 2b in Fujinawa
et al., 2002b). Daily data of the DC component are
shown in Figs. 8a to 8h. It is interesting that the step-
like pattern did not occur simultaneously with the
similar change of ground-tilt (Ukawa et al., 2000) and
no electric field was observed with a very long base-
line (Sasai ef al., 2001). Detailed discussions of those
factors can be found in Fujinawa et al. (2002a).

3) Daily Anomalies in the Horizontal Record

There were persistent diurnal changes of almost
constant amplitude both in the vertical and horizontal
components, as illustrated in Fig. 2. This figure
indicates that prominent diurnal changes dominated
from April 17 through May 8 in the horizontal
component, without any corresponding variations in the
vertical component. The long-term records are shown
in Figs. 9a and 9 b. We did not consider these
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variations to be related to volcanic eruption activity at
the time they appeared, but we now suspect that they
were induced by a groundwater circulation change.

3. Longer records in ULF band and VLF band

We have reported that prominent ULF band
fluctuations appeared at the time of and preceding a
large volcanic eruption. We present the full record from
March through September 2000 in the band of the
vertical components for reference (Fig. 10). There are
several types of characteristic fluctuations:

1) Persistent background noises (B)

2) Nearly cyclic pulse-like fluctuations with a
period of about 20 minutes

3) Evening events at about 18:00 (JST) with nearly
the same wave-form (E)

4) Sporadic and substantial amplitude fluctuations
with a short duration of about 10 minutes (SS)

5) Type 4) with a longer duration (LS)

Different stages of volcanic activities appear to
correspond with the dominance of different types of
fluctuation. Our experiences at Izu-Oshima, a volcanic
island, and Hodaka, a geothermal region, indicate that
the ULF band fluctuations represent severe
hydrothermal changes in association with magma
intrusion (Fujinawa et al., 2000a, 2001; 2002a, 2002b).
The appearance of the pulse-like ULF band fluctuations
in March 2000 is evidence that magma intrusion had
already started at that time. We cannot determine when
that kind of changes actually started due to a
malfunction of our detection process from September
1999 until early March 2000.

Fig. 11 shows the signal levels of the ELF/VLF
signals of the horizontal and vertical components at Izu-
Oshima and Miyake-jima from March through
September 2000. The characteristics of the signal levels
can be summarized as follows.

1) There are no significant differences between the
horizontal and vertical components at the
islands. However, there is a small but
meaningful difference (Fujinawa ef al., 2002b)
at Miyake-jima that is dependent on the depth
of the source.

2) The level of diurnal changes increased at the time
of active volcanic eruptions at Miyake-jima.

3) Substantial but short-duration radiation
preceding and during volcanic eruption on
August 12 and 18 was detected at Miyake-jima,
but not Izu-Oshima, indicating that it was small

in amplitude and could not be detected at a
remote site.
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Location of the electric field observation site Kamituki (MKK), one of the stations monitoring volcanic

activity on Miyake Island, an island in the central part of Japan.

The electric field observations are

conducted to supplement ordinary crustal observations, seismic observations, ground tilt, and magnetism

(Ukawa et al., 2000).

A 100m-long borehole antenna was used as the primary sensor to measure the

vertical component of the electric field. A short 6m-long dipole was also installed for the horizontal

electric field. Similar electric observations have been conducted in the central part of Japan at 11 sites

(Fujinawa et al., 2000a), including a nearby site, Izu-Oshima Island, which is included in the same volcanic

chain.
the sites, MKA (Ukawa et al., 2000).

A large ground tilt change amounting to 100 #rad was detected at night on 26 June 2000 at one of
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Fig. 2 Long-term monitoring records for the vertical and horizontal components in the DC band from early March

2000 to the end of August. The observation began in April 1999, but there were interruptions prior to
March 2000 due to repairs for counter-surges. The data for June 9 were not recovered due to problems
with data transmission. In the records of the vertical component “higher” frequency fluctuations with
periods much shorter than the dominant diurnal variations in the vertical component appeared more
frequently as volcanic activity approached (E in Fig. 2); these fluctuations occurred on 20 May; 13, 17, and
25 June; and 2, 5, 7 July (encircled by O in the figure). They were sometimes superimposed by ULF
band fluctuations (U in Fig, 2) that appeared at the time of the largest eruption, as seen in Fig. 2. The
disappearance of the diurnal variations in May could be due to the generation of fluctuation field changes
as the magma approached Miyake Island; this is supported by the appearance of substantial variations in
the horizontal component. The trend-like changes were generally similar in both components before
strong volcanic events, though there were time periods with significant differences, which suggests that the
source depths differed. Clear intermittent variations appeared only in the horizontal components before

the largest eruption on 18 August.
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Fig.3  Transient self-potential monitoring records of the vertical component at the time of and preceding the

second volcanic events (E2) on 8 July 2000 and the preceding seven days (a—h).
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second volcanic events (E2) on 8 July 2000 and the preceding seven days (a—h).
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Fig. 10  ULF band record in the vertical component from March through September 2000.



Observation of Electric Field Variations at Miyake-jima Volcano — Y. FUJINAWA et al.

(b) MIYAKE1 ULF (0.01~0.7Hz) 00/4 VERTICAL
MURO | 6 ‘12 . 18 24 (JST)

. : . "
T

i .
RN

I i H ‘ . v ' ﬁ ' v ooy i
L L] b L " e :
T S A shmanssmammsosmmusl ooy " """"'""""JP""'" pane
i s |1 i i [N ! | ! .
istihatings DA D AR ﬂ* S
‘ - N ) el f ;
‘ e crodeppe ooy AL AR A 'ilﬁr y

W =~ & O & W N -

AR

| . . L 1 hi‘m Al P PRI B T il
b " L i T ’ I b ian 4o P

i

. Ledhd o RPTRTI T sl

o i T ' M‘

i

9 , \ i "

Bl i i

11
12
13
14
15
16
17

18 ooty by ssotonsosmelfismslosssojsssen sassomt
" Lhbtt M T T bt

!
o " o gl - ! X agil . 1 | s
19 — e esipuamfssemartipessmisansosen ‘ : W ;
20 1l | Lo R e T A" ! o LA L bl '
M . ﬂtr 28 {an i % #ﬁ 4 o O b WWM
21 B T R R
¢ ; . I - - . sl - . .
22 sessasssrismedionieiotn Gisrevmetsmmmolpompaifrosmses = ,:?p«mc ™
23 R - e S tsattyns s
n L s < L . I I ¢ %
24 ) - v,ﬂ_n\ “!‘4" : ‘ - WIL ;
| ) { Lol L L . uli . .
25 T o -.i * M‘. o
26 - & " Ll eogabudersbon L I— T

27 | . [ | | ; 'ﬁ . ﬁ_ i
| i . . —_ YR PO L ki obldoacs
28 o Mssonasioinlyporfpammpesessssampmiosfpmresifuronpomttotifffect r"ﬂh ity
. o b , N ke : L . .
29 B s A ,
30 " b L N 4 . el .'r bbb gLl el L
3 ¥ i} ’ T o '

a1 P ‘ !

Fig. 10 ULF band record in the vertical component from March through Septermnber 2000.
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Fig. 10 ULF band record in the vertical component from March through September 2000.
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ULF band record in the vertical component from March through September 2000.
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Fig. 10  ULF band record in the vertical component from March through September 2000.
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Fig. 11  ELF/VLF signal levels at Izu-Oshima and Miyake-jima for the horizontal and vertical components.
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Fig. 11  BLF/VLF signal levels at Izu-Oshima and Miyake-jima for the horizontal and vertical components.
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Fig. 11 ELF/VLF signal levels at Izu-Oshima and Miyake-jima for the horizontal and vertical components.



Technical Note of the National Research Institute for Earth Science and Disaster Prevention, No.231 ; April, 2002

(d)

OSHIMA Vertical(VLF) Jun.2000

10 1 T 1 T T T T T T T T T T H T 1 1 T T T T T T ] T T T T T T
< E1 g
S 8 -
= v
B 6 - ]
3
e ar §
5
@ 2r iy
0 L 1 1 1 L 1 1
1 6
OSHIMA Horizontal(VLF) Jun.2000
50 T T T T T P T T T T T T T T T 1 T 1 1 T T T T T T T T T T
45 | .
S 40 b E1 -
£ 35 - + ]
B 30 | ]
_aj: 25 .
- 20 | .
g 15 | -
& 10 &
5 -
0 1 1 1 I3 1 l 1.
1 6
MIYAKE Vertical(VLF) Jun.2000
500 T 1 i H T T T T T T T T T T T T T T 1 T T 1 T T T 1 H T T
%‘ 400 + E1 i
3 300 b v )
g
e 200 J
&
& 100 j
0 | o L4
1 8 11 16 21 26 30
' MIYAKE Horizontal(VLF) Jun.2000
500 T T T T T T T T T T T T T T F T 1] T T T T T 1 T T T T T T T
SE‘ 400 + E1 .
S 300 F v ]
_§ ‘
= 200 + J
<)
P 100 + .
0 n ) o dmsin ol s, e
1 6 11 16 21 26 30

Fig. 11  ELF/VLF signal levels at Izu-Oshima and Miyake-jima for the horizontal and vertical components.
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Fig. 11 ELF/VLF signal levels at Izu-Oshima and Miyake-jima for the horizontal and vertical components.
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Fig. 11 EBLF/VLF signal levels at Izu-Oshima and Miyake-jima for the horizontal and vertical components.
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Fig. 11  ELF/VLF signal levels at Izu-Oshima and Miyake-jima for the horizontal and vertical components.



