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Abstract. We report the results of measurements of ulira-low-frequency magnetic noise during a large
earthquake (Ms=7.1) at Guam of 8 August, 1993 (depth — 60 km). The ULF observing system is located
in the Guam Island, about 65 km from the epicanter. Several distinct features of this analysis are
summarized. (1) We have proposed rather sophisiicated statistical analyses (monthly mean, standard
deviation) in order to estimate the wave intensity and polarization (i.e. ratio Z/H). (2) A comparison
between the ULF wave activity and IKp, is useful in distinguishing between the space geomagnetic
pulsations and non-space emissions. (3) Then, the use of the ratio (Z/H) is found 1o be of essential
importance in discrimating the emissions presumably of seismic origin from space plasma waves. (4) The
statistical analysis of the temporal evolution of this ratio, has yielded that it shows a broad maximum only
about one month before the earthquake, and this suggests that the emissions during this period are very
likely to be magnetic precursors. (5) The temporal variation of Z component is similar to that for the
Loma Prieta earthquake such that it shows a broad maximum ten days — two weeks before the earthquake
and another increase a few days before the earthquake. (6) The emissions presumably associated with the
earthquake are of noise-like nature, and their main frequency is 0.02 ~ 0.05 Hz (with maximum intensity
~ 0.1 nT). Finally, we discuss the generation mechanism of ULF emissions by microfracturing and their
propagation from an underground source up to the ionosphere.

1. Introduction

Electromagnetic phenomena in a wide frequency range from DC to HF have been recognized as
precursors to earthquakes (and volcano eruptions) {e.g., Hayakawa and Fujinawa, 1994]. Historically there
had been extensive atiention to the seismogenic ermissions in the comparatively higher frequencies,
ELF/VLF/LF range and also to the DC electric and magnetic field variations. Of course, the stwdies in
these frequency ranges are still being continued [see Hayakawa and Fujinawa, 1994].

It has recently been found that there have been observed earthquake precursor signals in the ULF
{f<10Hz) range (Kopytenko et al., 1990; Fraser-Smith et al.,, 1990; Bernardi et al., 1991: Molchanov et al.,
1992]. The results by these authors are based on the ULF magnetic field measurements for the two large
earthquakes (Spitak and Loma Prieta), and Molchanov et al.[1992] have compared the ULF characteristics
for these earthquakes, who have found many similarities between these two earthquakes. Since these ULF
results may be a promising candidate for short-term predictor of earthquakes, we are in a position that we
should accumulate more amount of convincing ULF signatres of earthquakes. Recently, Kopytenko et
al.(1994) have presented additional evidence on the ULF signatures for nearby moderate earthquakes, but
Fraser-Smith et al.(1994) have found no large signals that could be associated with the Northridge
earthquake (M=6.7) because their measurements have been made at locations probably too far from the
epicenter for signals to be observed. The purpose of the present report is to provide much more confidence
on the presence of ULF precursor activity on the basis of the analysis results of ULF magnetic field
measurements for the Guam earthquake.

2. Experimental Results

On 8 August, 1993 at 8:34 UT a comparatively large earthquake (Ms=7.1) occurred "suddenly and without
any foreshock and aftershock activity (with magnitude greater than 5.0)" near the Guam Island; its epicenter
was located in the sea at the geographic coordinates (12.98°N, 1-4.80°E) and its depth was 60km. At the
time of this earthquake, ULF magnetic field measurements were being carried out at the Guam observatory
(geographic coordinates: 13.58°N, 144,87°E: geomagnetic coordinates: 9.02°N, 225.15°E; L=1.03), which is
located about 65 km from the epicenter.

The ULF magnetic field measurements were made with a three-axis ring-core-type fluxgate magnetometer
with the data logger system and a time signal generator. The three field components (H(NS), D(EW) and
Z(vertical)) are recorded on a digital cassette type with a sampling rate of lsec, which means that the
upper analyzable frequency must be about —0.4Hz. The data for this report cover the interval from 1 April
to 30 October 1993.

Our preliminary analysis of the diumnal variation of ULF wave activity has revealed that the data at day
are much more variable than those at night as was found by Saito (1969), and so we have chosen the
midnight period of 4 hours from L.T. = 22h to 2h (L.T.=U.T. +10h at Guam) for further detailed analyses.

Fig.1 illustrates the temporal evolution of ULF wave activity during the whole period (unfortunately no
measurement after the earthquake to 17 September), together with that of geomagnetic activity expressed
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both components (H
and Z) in the
frequency range
from 0.01 o 0.05
Hz. The criterion
of being active or
very active is whether the bandwidth over which the intensity exceeds m+c, is less than or greater than
one half the above frequency bandwidth (0.01 - 0.05 Hz). Index | indicates that either one or both of the
two components is active, and Index 2 means that either one component is very active. While, Index 4
corresponds to the situation that both of the two components are very active. Based on the combined
consideration of the geomagnetic activity and ULF wave activity in Fig.1, we have specified the time
intervals, 1 10 8. High ULF activity during the intervals of 1, 2, 3, 4 and 8 is found to be clearly
associated with the corresponding high geomagnetic activity. Possible ULF waves around midnight and in
this frequency range are Pi2 and Pc4, which are known to closely related with geomagnetic activity such
that they tend to occur on the day of ZKp peak and persist for a few successive. While, the period 5 is
geomagnetically extremely quiet, but we find high wave activity. This means that this ULF wave activity
is not related to geomagnetic activity, but might be associated with any other effect (might be earthquake-
related). While, the situation for the intervals 6 and 7 is different from the above-mentioned intervals; we
have two ULF activities before and afier the peak in ZKp. As is understood from the above-mentioned
intervals, the high geomagnetic activity induces high ULF activity simulianeously on the same day with
a peak in ZKp and aflerwards (or with some delay of the order of a few ), but we notice ULF activity
before the peak in ZKp, which is difficult to understand as a geomagnetic effect. Hence, it may be possible
that these two intervals are a combination of the geomagnetic (space plasma waves) and non-geomagnetic
consequences.

Fig.1 Temporal evolution of ULF wave activity (bottom) and geomagnetic activity (ZKp)
(lop). According to the ULF wave activity, we have specified the intervals, 1-8. O refers
to the inlerval closely related to the geomagnelic activity, @ indicates the interval not
associated with geomagnetic activity (supposedly eanhquake-related), and O indicates the
interval for which it is difficult 10 auribute it to cither one of the above two cases.
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was quiet. However, the temporal behaviors (H and Z) as in Fig.2 cannot provide us with any essential
features on seismogenic emissions, without any close comparison with £Kp variation. Of course, the
geomagnetic activity was rather quiet during the period from the middle of July to the main shock. So
that, the variation of Z component during this period might reflect the temporal behavior of ULF

earthquake sighature, because its temporal

variation in Fig.2 is seen to be very similar to that for the

Loma Prieta earthquake by Fraser-Smith et al. (1990).

2}

5

®)
g =
5

osr

—li'— 78
)

m
)

—M— B2
[£3)

7721 —the—
(XXpslt)

L =) 0
(TKqpu3s) (30} [Ki5)

{35)

Fig.3 The ratio (Z/H) of the emissions whose H and
Z exceed the corresponding m+o. Each day consists of
eight data of 30min. interval. (a) High and (b) low
geomagneltic activity.

with earthquakes( or earthquake signatures ).

Since it is not so easy to find some special
features in Fig.2, we need some idea, which is the
estimation of the wave origin by using the
polarization, or the parameter of Z/H. Fig.3 illustrates
the characteristics of this ratio during low (b)
(during the interval 5) and high (a) (during the
intervals 1 and 2) geomagnetic activities. One day
result consists of 8 values, each value corresponding
o the fundamental interval of 30 minutes. When
there are wave intensities in the frequency range of
0.01 10 0.05 Hz whose Z and H components exceed
the corresponding m+c, we evaluate the ratio (Z/H)
over those frequency ranges and we average the
values, which is plotied as a value for that 30 min.
interval. Four are tentatively chosen for the quiet (b)
condition whose XKp is less than 12 and which is
supposedly seismogenic period, and four with high
activity (ZKp235). This figure suggests the most
compelling implication that the ratio of Z/H of the
emissions considered to be space waves during high
geomagnetic activity is extremely small, on the order
of 0.2 ~ 0.3, while that during the very quiet
(Fig.3(b)) is obviously different from the former such
that the ratio is much larger than in Fig.3(a), and it
exceeds 1.0 on some occasions. This kind of
peculiarity was suggested for seismogenic emissions,
and it is possible that these emissions are associated

Fig.4 illustrates the temporal evolution of the ratio, Z/H during the whole period. The value for each
day is the average value of the ratio running during 5, and the general tendency is given in a full line
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Fig4  Temporal evolution of the polarization ratio (Z/H) during the whole period. 5
running mean is used in the plot. A full line indicates the overali general trend estimated

by the least squares fil.
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after September 17, the ratio is found to be just as before July. So, this broad maximum in Z/H from the
end of June to the time of the main shock. may be a suong indication of magnetic precursors of the
earthquake. Especially, the intervals S5 and 6 from July 22 1o August 3 are geomagnetically very quiet,
and so the emissions during these intervals may be earthquake-related. Also, a combined consideration of
Fig.4 and 1, might indicate that the ULF wave activity in the former half of July is earthquake-related.

3. Summary

The principal aim of this paper is to see whether there exists any precursor activity of earthquakes (or
ULF signatures) or not. We have proposed rather sophisticated data analyses for the Guam earthquake on
8 August, 1993, and , especially, we have indicated that the polarization, or the ratio (Z/H) is of essential
importance in distinguishing between the space plasma waves and other emissions presumably associated
with the earthquake. But, if the source of emissions is situated under the ground. we can expect the ratio
(Z/MH) 21, which is found by Kopytenko et al. (1994) using the experimental measurements and also by
Molchanov and Hayakawa (1995) based on the theoretical consideration. The analysis method presented in
this report, would be very useful for the futre analyses even during the periods including high
geomagnetic activities. So, the importance of a more sophisticated analysis based on multiple field
components would be emphasized (Hayakawa et al., 1993).

4, Generation and propagation mechanisms of ULF emissions

We have proposed the mechanism of microfracturing as the possible origin of seismogenic ULF emissions
(Molchanov and Hayakawa, 1995), and we use this theory to the interpretation of Guam earthquake and will
show the theoretical field intensity to be compared with the experimental value.
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