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Abstract

Characteristic features of infrasound waves observed in the Antarctic represent
a physical interaction relating surface environment in the continental margin
and surrounding Southern Ocean. Source location of several infrasound
events is demonstrated by using combination of two array deployments along
a coast of the Liitzow-Holm Bay (LHB), East Antarctica, for data retrieving
period in January-June 2015. These infrasound arrays being established in
January 2013 clearly detected temporal variations in frequency content and
propagation direction of the identified seven large events. Many of these
sources are assumed to have cryoseismic origins; the ice-quakes associated
with calving of glaciers, discharge of sea-ice, collision between sea-ice and
icebergs around the LHB. Detail and continuous measurements of infrasound
waves in the Antarctic are a proxy for monitoring regional environment as
well as climate change in high southern latitude.
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1. Introduction

“Infrasound waves” are defined as subaudible sounds—pressure waves with fre-

quencies ranging from the cut-off frequency of sound (3.21 mHz, for a 15°C
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isothermal atmosphere) to the lowest frequency of the human audible band (20
Hz). Infrasound waves involving large energy sources can propagate for several
thousand kilometers or more along the Earth’s surface [1]. As an example, the
Sumatra-Andaman great earthquake of 26 December 2004 produced not only
tsunami waves but also significant infrasound waves in the atmosphere [2] [3].
Thus, the infrasound can be effectively used for remote sensing of physical as-
pects of the Earth’s atmosphere, compared with seismic waves in the same fre-
quency range recorded by a seismometer.

There are several reports of production of infrasound waves by environmental
sources such as volcanic eruptions, ocean waves, earthquakes, and the passage of
aircraft [4] [5]. In addition, there have been reports of infrasound waves possibly
generated by thunder, sprites, fireballs, meteorite falls, the reentry of artificial
vehicles, as well as aurora activities in polar region [6] [7] [8]. In polar region,
time-space variations in atmospheric pressure are excited by physical interaction
between the atmosphere, oceans, cryosphere, and the surface of solid earth.
These interactive phenomena are involved in surface environmental variations
and their generating sources can be measured by using infrasonic waves in polar
region.

In April 2008, infrasound observations started at the Japanese station; Syowa
(SYO; 69.0°S, 39.6°E), in the Liitzow-Holm Bay (LHB) of Antarctica. The single
infrasound sensor at SYO has been continuously recording the data until the
present (as of 2016), and has clearly recorded background contamination from
oceanic signals (microbaroms) and their long-term variability of frequency con-
tents and power spectrograms [9] [10].

In austral summer 2013 and 2014, several field stations were established along
the eastern coast of the LHB. In particular, two infrasound arrays with different
diameters were deployed on the outcrop site at SYO together with the second
array on continental ice sheet near the eastern coast of LHB. Observation system
of the arrays and initial data recorded in austral summer 2013 are already re-
ported [11]. At the initial observation period, moreover, airburst shock waves
emanating from a meteoroid entering the atmosphere over the Russian Republic
were identified on 15 February 2013.

In this paper, in addition to the previous study, identification of infrasound
sources was tried by using the pair of the arrays deploying at SYO and other sites
on continental margin of ice sheet. Source location of several striking infrasound
events is determined by combination of two arrays for data period in January-
June 2015. Plausible source mechanism of these events is discussed regarding
surface environmental change, in particular cryosphere dynamics surrounding
the LHB.

2. Array Deployments

A total 9 infrasound stations were established in eastern coast of LHB in January
of 2013 and 2014 (Figure 1). Two triangle array alignments with different di-
ameters were set up; the first one at SYO (with a 100 m spacing triangle) and the
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Figure 1. (left) Locations and measurement elements of array deployment around the
Liitzow-Holm Bay (LHB), East Antarctica. Infrasound array stations (green triangles),
infrasound single stations (light blue diamond) and broadband seismometers (orange
squares), respectively. (right) Array configuration of infrasound stations to localize the
signals. Tripartite arrays are deployed by small size (at Syowa Station (SYO), aperture of
200 m), medium size (at S16, aperture of 2 km) and large sizes (combined by other out-
crop stations such as Langhovde, aperture of 20 km or larger), respectively.

second one in S16 area on continental ice sheet (with a 1 km spacing triangle),
where is 15 km eastward from SYO. In addition to these arrays, isolated single
stations were deployed at three outcrops (Langhovde Skallen and Rundvagshet-
ta). These multi-scale array configurations of infrasound stations were adopted
to localize detected signals efficiently by identifying different wavelengths with
corresponding frequencies for each array size (Figure 1).

The Chaparral Physics Model 25 (manufactured by the University of Alaska,
USA, with a detectable frequency range of 0.1 - 200 Hz) have been used at ma-
jority stations. A schematic illustration of the observation systems is shown in
Figure 2. The hose arrays are aligned to reduce wind noise by adopting me-
chanical low-pass filtering. Multiply-connected porous hoses are utilized at the
SYO array, with a single-hose array configuration being adopted at all the other
field stations for simplifying the installation. These porous hoses are mainly bu-
ried under mounds of stones/snow-ice collected from around the sites to reduce
the vibration effect of the wind. More detail configuration of the observation

system (power supply, data acquisition and transmission) is given in [11].

3. Analyses and Discussion

Several examples of detected infrasound signals and location estimation results

from array analyses are presented here. To estimate the propagation directions
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Figure 2. (upper) An external view of observation system at one of the field stations in
LHB. The rosette filter configuration for reducing the wind noises composed by eight
porous hoses with 30 m in length, which connect to the infrasound senor box. (lower)
Photos of the field station of S16 on the ice sheet (right) and of Langhovde on the outcrop
(left).

and event locations of infrasound signals, array analyses were conducted by us-
ing both the SYO array (Station ID; C1, C2 and C3) and the S16 array (P50, S16,
S17) data (Figure 1). During the period from January to June 2015, seven large
events were identified of their source locations and propagation paths to the ar-
rays. Hypocenters were estimated using the progressive multi-channel correla-
tion (PMCC) algorithm [12] [13]. Time-domain infrasound waveforms for iden-
tical large events observed by two array stations and the results of array analyses
using PMCC are shown in Figures 3-5.

At each figure, the left panels show the band-pass-filtered waveforms observed
by the array elements at SYO and the S16. The upper-right panels show the
back-azimuth (station-to-source) directions and the apparent velocities of the
infrasound signals determined using the PMCC algorithm. The lower-right pa-
nels represent the results of event location using the back-azimuth directions on
the local map at LHB. Three colored lines correspond the back-azimuth direc-
tions from the array stations (SYO and S16), respectively. The center line from
each array stations is the most expected orientation. In addition, the ellipsoidal
areas (red open circles) at the intersection of three lines indicate the location of
source with an uncertainty of 5%.

Figure 3 demonstrated the location of infrasonic signals associated with

ice-quakes occurring at the marginal area of continental ice sheet on January 1,
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Figure 3. Detection of infrasonic signals associated with the ice-quake on the continental ice sheet on January 1, 2015 (forecasted
origin time: 12:22 UTC). The left panels are band-pass-filtered waveforms observed at SYO and S16 arrays, respectively. The up-
per-right and middle-right panels are the results of PMCC analysis. The diagram shows the back-azimuth (station-to-source) di-

rection and the apparent velocities. The lower-right panel is local area (on Google map) of the estimated event location. Colored
lines show the back-azimuth directions from both SYO and S16. Open red circle corresponds to the area of hypocenter of the

event.

2015. On the basis of local geographical information, several crevasses exist over
the ice-sheet around the area which might generated the infrasound energy fol-
lowing to be detected at both the arrays of SYO and S16. Figure 4 represents the
detection of infrasonic signals generated by the calving event at the western
margin of ice sheet on June 4, 2015. The events are exactly located at the conti-
nental edge between SYO and S16 arrays. The third example of determined loca-
tion for the infrasound generating source on June 4, 2015 is shown in Figure 5.
The detected infrasonic signals were presumably generated by the calving or
discharge event at the edge of the fast sea-ice in LHB. The other candidate could
be the collision event between the iceberg and the edge of the fast sea-ice.

The other four events were determined to locate around the edge of the fast
sea-ice (8 February), inside the LHB presumably associated with sea-ice cracks

or pressure ridges (4 June and 29 June), and around the SYO originated by
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Figure 4. Detection of infrasonic signals generated by the calving event at a margin of continental ice sheet on June 4, 2015 (fore-
casted origin time: 18:43 UTC). The left panels represent band-pass-filtered waveforms observed at SYO and S16 arrays. The up-
per-right and middle-right panels are the results of PMCC analysis. The lower-right panel is local area (on Google map) of the
estimated event location. Colored lines show the back-azimuth directions from both SYO and S16. Open red circle corresponds to
the area of hypocenter of the event.

tide-cracks (23 June), respectively. In all the events investigated here, local ice-
quakes, calving of glaciers and/or ice-cliffs, collision of icebergs and sea-ice, as
well as the other candidates for generating sources involving cryosphere dynam-
ics might produce distinctive infrasound signals; having high-frequency oscilla-
tions ranging between 3 and 8 Hz and amplitudes between 0.01 and 0.1 Pa.
These local signals with high-frequency contents also might be considered to in-
clude regional/local earthquakes, however the exact separation for these cryos-

pehre and tectonic origins can be done by future study.

4. Conclusion

Characteristic features of infrasound waves are demonstrated in this study by
using two array elements at coastal area in LHB of East Antarctica, on the basis
of data retrieved in January-June 2015. The infrasound arrays clearly detected

temporal variations in frequency content and propagation direction of seven
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Figure 5. Detection of infrasonic signals presumably generated by the calving/discharge event of the edge of fast-ice in LHB, oth-
erwise the collision event with an iceberg on June 4, 2015 (forecasted origin time: 23:50 UTC). The left panels are band-pass-
filtered waveforms observed at SYO and S16 arrays. The upper-right and middle-right panels are the results of PMCC analysis.
The lower-right panel is local area (on Google map) of the estimated event location. Colored lines show the back-azimuth direc-
tions from both SYO and S16. Open red circle corresponds to the area of hypocenter of the event.

identical events. Many of these sources are assumed to be cryoseismic origins
from the comparison with satellite image around the LHB. The cryoseismic
events are classified into several categories on the basis of their hypocentral loca-
tion. That is, they contain ice-quakes associated with calving of glaciers, dis-
charge of sea-ice, collision between sea-ice and icebergs. Detail and continuous
measurements of infrasound in Antarctica are a new proxy for monitoring sur-

face environment as well as climate change in high southern latitude.
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