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Anomalous Underground Electric Field Variations Associated
with the August 6, 1991 Earthquake (M =5.9) off Ibaraki
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Abstract

From several days before & moderate-sized carthquake of the magnitude M=5.9, prominent
anomalous subsurface vertical electric field changes were observed at Hasaki near Choshi, in central
Japan. The hypocentral distance was less than 30 km and the [ocal depth was about 13 km. The
anomalous changes were recorded in the VLF range of the vertical components, bul none were found
neither in the ULF, d¢ range nor any frequency band of the horizontal components. Moreover, the
change was only observed at 1lasaki, but not at three other three sites with hypocental distances of

110~ 210 km, suggesting that the change originated from the earthquake focal region.
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Fig.1  Schematic vie“ of the underground electric field measurement set-up using a deep borehole. The antenna is a
folded dipole microanienna (Takahashi and Takahashi, 1989) similar to the antenna used for undersca

communication, sensing the vertical component of the subsurlace electric field. The field change is recorded in
three frequency bands, VLF, ULF and dc.
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Fig.2  (a) Schemalic view of the antenna for undersea communication (Moore, 1975).
casing pipe of a deep borehole. contact resistivily between the pipe and the surrounding cementing materials is
finite and varies along the pipe so that the antenna scnses a weighted average of the electric field strength along

(b) For the antenna using the

the pipe.
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Fig.3  Deep borchole geoelectric field observation sites in central Japan (@) as of October, 1991. Borehole depths
(m) : Tsukuba (NIE), 603; Oshima (OSM), about 300; Hasaki (HAS), 805; Awano (AWN), 803. Future
observation sites are shown by the symbol (). All sites measure the vertical geoeloctric field, whereas,
Oshima measures one horizontal component, Hasaki and Awano measure two horizontal components.
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Fig.4 Horizontal view of Hasaki's antenna system and electrodes for measuring geoelectric field variations. The

vertical component of the underground electric ficld is measured using the borehole casing pipe antenna 805m
deep surrounded by a grounded cable reflector about 200m long. The cable is buried in a ditch about 50cm
wide and about 50cm deep with coke paved on the bottom. Carbon earthing rods, reaching 2m deep, are
attached at eight points on the grounded cable. Two pairs of gas pipes, (Y1,Y2) and (Y3.Y4) 8m long, are used
as electrodes to measure horizontal components of geoelectric field variations.
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Fig.5 An example of vertical electric field variations at Awano caused by a nearby lightning strike. The variations
were noted in all three bands below 9kHz. Signals were large for about an hour after 18:00 when overscalings
occurred.
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Fig.6  Horizontal component records at Awano during the same time period as in Fig. 5. The lightning strike effect
is apparent also in the horizontal components. Overscaling also occurred for the two herizontal components
during nearly the same time period as for the vertical component,
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Fig.7  Strip charl records of the vertical components at Hasaki on 3 August 1991, for three frequency bands {ULF"
0.01-0.7H7; ULF: de-0.71z: VLF: 1-9kHz ). Note the VLF band amplitude envelope and the ULF and ULF
wave-forms. Apparently abnormal field variations took place from about 8:30 to 10:00. Duration of the

radiation corresponding to the individual pulse seems to be 0.2-0.5see. These radialion pulses are
superimposed on the relatively consistent background noise ol about 0.1mV. During the anomalous radiation
in the VLF hand, there are no discemible anomalous phenomena in the requency bands below 0.7H7 (ULF,
ULF"). Nearly continuous ‘radiation’ of constant level in the VLF band preceding the earthquake by about
10min (N1) and by 1 hour and 20min (N2) are assumed to be manmade noise. This is because the same type of
radiation hus been observed at other times, irrespective of earthquakes.
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Fig.8  Four anomalous pulse—hkc variations of amplitude in the VLF band were observed at Hasaki intermittently
from 13:40 to 16:20, Aug.4. Average amplitude is 1.5mV, slightly larger than those for the previous day, as
shown in Fig.4. There are no discernible abnormal variations in the frequency bands below (.7Hz (ULF and

ULF').
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Fig.9  Strip chart records of the vertical component at Hasaki on August 5, one day before the carthquake of
magnitude 5.9. The anomalous pulse-like variations occurred intermittently from about 6:20 to 8:20 in the VLF
band. Amplitudes of pulses are on the average 1.6mV, as determined from a three-day maximum.
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Fig.10 Records of the vertical components in the three frequency bands from 14h of August 510 bh August 6, 1991,

Only background noises and atmospherics in distant regions were recorded. Remote atmospherics usually
intensify at night due to diurnal ionospheric changes.
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Fig.11  An carthquake of magnitude 5.9 occurred at 23:49, August 6, 1991 near the Hasaki site at a depth of 43km.
Coseismic vertical electric field variations were observed in the ULF' band. However, it can not be
determined whether the start time of the variations was the arrival time of the seismic wave or the seismic
origin time, due to the slow chart speed. There were no discernible signals in the VLF band at the time of the
earthquake. Regular periodic amplitude variations (N) are assumed to be due to man-made noise.
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Fig.12  Strip chart records of two perpendicular horizontal components HL, H2 of the clectric field for the time
period including the time of the carthquake. Each component is shown in the two bands below 0.7Hz, i. e.,
0.01-0.7Hz (ULF); H1, HZ, and dc-0.7Hz (ULF): H1'. HZ2', Though there are large noise disturbaues before
the earthquake. electric field variation of intensity 17 ¢ V/m~ 35« V/m, in both components is assumed o
be duc to coscismic changes. The pen gap of the strip chart recorder caused apparent differences in the
starting times of the coseismic variations in H1, H1', HZ, HZ'. From Fig.8, it is known that the coscismic
electric fields have vertical and horizontal components in the frequency bands below 0.711z.
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Chart records of vertical components of geoelectric lield variations at Awano in the frequency bands of VLF
(1-9kHz) and of less than 0.7Hz (0.01-0.7112 : ULF: de-0.7Hz : ULF) on the moming of August 5, 1991,
There are no apparent anomalous variations as obscrved at Hasaki. The situation is the same at Tsukuba and
Oshima. This signal detection pattern indicates that the anomalous phenomena arc local ones and onginated
underground rather than in the air,
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Fig.14  Records of the two perpendicular horizontal components of the geoeleetric ficld at Hasaki in the frequency
bands below (.7Hz on the morning of August 5,1991. There are no anomalous phenomena corresponding 1o
those for the vertical components in the VLF band.
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Fig.15  [lorizontal component geomagnetic variations ohserved at three stations (Gojinka-chova : GJK: Ohshima-

Onsen-Hotel : OOH; Ohshima-Dehbutsu-Kohen : ODK ) in [zu-Oshima Island on August 5, 1991 during

the period of anomalous underground electric field change detected at Hasaki. There is no apparent relation
between the anomalous change and the geomagnetic variation.
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