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In-situ observation in terms of seismicity suggested that the volcanic activity
of loto (formerly Iwojima), a volcanic island offshore Japan in the northwest
Pacific Ocean, increased in early September in 2018. Discolored waters and a
splash were confirmed in the nearshore by a local flyover observation.
Although these visual signs evidenced a connection between undersea
eruptions and recorded seismic activity, there still remained uncertainty as to
what portion of the in-situ recorded seismic activity was associated with
volcanic tremors vs. undersea eruptive events.

During the same period, a large number of underwater acoustic
(hydroacoustic) signals were recorded by the Comprehensive Nuclear-Test-Ban
Treaty’s (CTBT) International Monitoring System (IMS) hydroacoustic (HA)
station HA11 Wake Island. A set of three hydrophone sensors forming a triplet
makes it possible to compute the back-azimuth uniquely for wave packets
with a good signal-to-noise ratio. As a result, the IMS hydrophone triplet data
could discriminate the hydroacoustic signals associated with the loto volcanic
activity. We analyzed the data of the IMS hydrophone triplets during the
month of September 2018 and compared them with in-situ seismic
observations in loto for the same period.

The direction-of-arrival (DOA) was estimated using cross-correlation analysis,
suggesting that approximately 200 signals were detected as originated from
loto. The arrivals from loto determined by the IMS HA station correlated well
with the in-situ observations in loto. The present study suggests that two-
thirds of the hydroacoustic sighal arrivals were associated with volcanic
tremors and one-third with the undersea eruptions.

I IMS Hydroacoustic Network & Hydrophone Triplet
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Figure 1. CTBT IMS hydroacoustic network.

The present study is concerned with the
IMS hydroacoustic (HA) hydrophone
stations, which have been installed since
the early 2000’s. The hydrophone
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Figure 2. Overview of an IMS hydrophone triplet and events which generate hydroacoustic waves, such as H-waves
underwater sound. and T-waves.
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| loto Volcanic Island & IMS HA11 Wake Island
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Figure 3. The northwestern Pacific Ocean area covered by the present study. Figure 4. Flyover photos of loto
and Wake Island.

The location of loto island (formerly Iwojima) volcano is denoted by a red star, and the IMS HA11 hydroacoustic station triplets at
Wake Island are denoted by orange triangles. HA11 comprises two triplets of hydrophones, referred to as H11N and H11S. The
distance between loto and HA11 is about 2,700 km. Circles mark the locations of the 6,165 earthquakes recorded in the area during
the month of September 2018, their color and size represent source depth and magnitude, respectively. Dark and bright red triangles
locate above-surface and submarine volcanoes, respectively, as registered by the Smithsonian Institute. Radial marks are back-
azimuths (BAZ) from H11S.

| Identification of Undersea Eruptions
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Figure 6. H11S1 hydrophone hydroacoustic data associated with the Fukutoku-
Okanoba undersea eruptions.
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Okanoba. The root-mean-square (RMS) amplitude, using 2-s bins, is also shown. A flyover
observation identified that an undersea eruption took place at 05:27 UTC on 03
February 2010. Based on time of arrival and back-azimuth it was possible to
associate the signal received at 05:56:50 UTC with this visually observed Fukutoku-
Okanoba undersea eruption. The successive longer-lasting (> 2 min) low frequency
(< 20 Hz) signal is typical of an earthquake and is not associated with the eruption.
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| Discrimination between Volcanic Tremors & Undersea Eruptions
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Figure 8. Cross-correlation analysis of data with a band-pass Figure 9. Histogram of signals detected by H11S.

filter between 6 and 60 Hz during the entire
month of September 2018.

Back-azimuth between 255° and 345° of the signals detected by H11S, together with the RMS amplitude of the band-
pass filtered signal, are shown in Figure 8. Each of the 8,342 dots is calculated over a 20-s time window. The dashed line
represents the true back-azimuth to loto. The back-azimuth suggests that the loto volcanic activity had two separate
periods of high activity between the 03 and the 10 September with a 2-day gap. Hydroacoustic signals associated with the
05 September earthquake at Hokkaido (back azimuth 324.3° to the epicenter) and its aftershocks were clearly detected
at H11S. These seismic source arrivals are found until the end of the analysis period, albeit that they decrease in number
with time.
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I Conclusions

1. The detections at HA11l from the loto undersea eruptions in 2018 were supported by a flyover observation at
Fukutoku-Okanoba in 2010.

2. Estimation of the direction-of-arrival (DOA) of the signals recorded at HA11 by cross-correlation analysis made it
possible to identify hydroacoustic arrivals from the volcanic activity at loto.

3. The total number of hydroacoustic signals from loto determined by processing the IMS HA station data and the
number of the volcanic events recorded in-situ at loto showed good correlation.

4. Using the time-frequency characteristics of the arrivals, the present study made it possible to discriminate between
volcanic tremors and undersea eruptions, suggesting that two-thirds of the arrivals recorded at HA11 were associated
with volcanic tremors and one-third with undersea eruptions.
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