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1. Introduction

Since 2004, IMS infrasound arrays IS-13 and IS-14, located at Easter Island
and Robinson Crusoe Island (Chile), respectively, have been recording con-
tinuosusly through some of the most energetic eruptions and earthquakes
in recent history in the country. Infrasound fingerprint, though, has been
scarcely studied unsing this data.
Because of this we have started a long term project between University of
Chile and the Chilean Nuclear Energy Commision (CCHEN), which holds
the National Data Center of CTBT, to make scientific use of these data. As
a first experiment we have collected the data around three strong infrasound
generating events: (i) M8.8 Maule tsunamigenic earthquake on 27 February
2010, (ii) Puyehue/Cordón Caulle volcano eruption in June 2011 and (iii)
Calbuco volcano eruption in April 2015. Using some of the tools provided by
the Data Center, we have been able to recover some interesting information
about the proceses involved.

2. Stations IS13 and IS14

Arrays I-13 and I-14 are located
at global distances (> 250 km dis-
tance) from chilean territory. Both
are composed of eight MB2000 mi-
crobarometers, with two mini ar-
rays to ensure optimised low and
high frequency ranges for detec-
tions. Fig. 1: Distances and azimuths from stations to

Maule’s earthquake zone (2010).

3. The earthquake of Maule
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Fig. 2: (a) Vertical component of coseismic static

displacement field (red arrows) and cGPS sites

(green arrows) in the epicentral area (Vigny et al.,

2011) (b) Rupture area scaled with the continent.

On 27 February 2010, a M8.8 earth-
quake ocurred in the coast of the Maule
Region, Chile at 06:34:14 UTC, with
a focal depth 30.1 km, and a rup-
ture length about 500 km. The rup-
ture propagated mainly from south to
north.
Figure 2 shows GPS results for verti-
cal static displacement that could cause
a considerable vertical air-ground cou-
pling movement, releasing infrasound
waves to the atmosphere.

4. Calbuco eruption
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Fig. 3: Infrasound stations to

Calbuco volcano location as a

reference.

On 22 April 2015 at 18:04 UTC Calbuco volcano, after more
than 40 years of resting, started a VEI-4 eruption with a big
explosive event that sent an ash plume 15 km above the
crater. Precursory activity was scarce, with about 2-3 hours
of increased seismicity, surprising authorities and scientific
community. The first two and strongest phases, with sus-
tained ash plumes of 15 km of height, probably generated
jet-noise type of infrasound.

5a. Earthquake results

The following results were obtained using the version 5.5 of the interactive tool DTK-
GPMCC, provided by the National Data Center of the CTBT Project.
Figures 4 and 5 show that infrasound detections of epicenter-generated waves on Febru-
ary 27 can be seen for both arrays. For IS-14 array, time range is abruptly cut in the
moment in which the Tsunami waves destroyed the communication system.
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Fig. 4: Detections for IS-14. (a) The “complete” time

window. (b) Zoom around expected infrasonic detections.
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Fig. 5: Detections for IS-13. (a) The complete time window.

(b) Zoom around expected infrasonic detections.

Figures 6 and 7 show polar plots in azimuth for RMS amplitudes and speed in time.
Both parameters allow us to see how the superficial source propagated in N-S direction,
specially when detections are plotted as families.
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Fig. 6: Polar plots in azimuth of RMS amplitude in time. (a)

and (c): all detections for IS-14 and IS-13, respectively. (b)

and (d): family detections for IS-14 and IS-13, respectively.
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Fig. 7: Polar plots in azimuth of speed in time. (a) and (c):

all detections for IS-14 and IS-13, respectively. (b) and (d):

family detections for IS-14 and IS-13, respectively.
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5b. Calbuco eruption results
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Fig. 8: Detections (left) and polar plots (right) for IS-14 array.

0.5 to 6.0 Hz. (a) 19-21 April. (b) 22-24 April. (c) 03-05 May.

Results for the eruptions of Calbuco volcano
are as profuse as for the earthquake of Maule
region. In this case we have studied sepa-
rately three commonly used frequency bands
for volcano seismology (Chouet, 1996): in-
frasonic very long period (IVLP) from 0.01
to 0.1 Hz, microbarom (MB) from 0.1 to 0.5
Hz, and short period (SP) from 0.5 to 6.0 Hz.
Figure 8 shows three characteristic detec-
tion sequences for the array I-14 (∼ 1000
km): before, during and after the most ac-
tive phase of the eruption, sustaining an ash
cloud of ∼ 15 km (April, 23). Detections for
the three bands were calculated. We found
that detections were only present in MP and
SP bands. There is sustained episodic activ-

ity after the most active phases which are not correlated with any sustained ash column
observed.
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Fig. 9: Detections (left) and polar plots (right) for IS-13 array.

0.01 to 0.1 Hz. (a) 22-23 April. (b) 23-24 April.

Figure 9 shows two detection sequences for
the array I-13 (∼ 3700 km): before and dur-
ing the most active phase of the eruption.
Only the IVLP band showed relevant infor-
mation for all the different days calculated,
probably because of the low attenuation for
this frequency band when compared to the
other two. The lack of detections in this band
for I-14 array suggest that there is a shadow
zone effect present.

6. Remarks and future work

Results around Calbuco eruption show that for sustained strong ash plume activity, detec-
tions in the expected frequency bands, azimuths and times can be achieved for both arrays.
For IS-14 array, we see sustained episodic infrasound detections from the expected azimuth
even several days after the strong phase of the eruption in the MP and SP frequency bands.
This detections do not resemble normal previous activity, suggesting that there is another
type of activity that is worth to analyze. For IS-13 array only the IVLP band shows detec-
tions that can be related with Calbuco eruption. IS-14 fails to detect activity in this band,
suggesting that it might be situated over a shadow zone.
For the earthquake of Maule, we could detect infrasound in a wider frequency band, and
localize the“infrasound”epicenter in azimuth and time. We also see that earthquakes along
the seismogenic zone of encounter between Nazca and Sudamerican Plates can be detected
and studied using IS-13 and IS-14 arrays.
Future work could be centered in using atmospheric models to have a better understanding
of the infrasound generation and propagation. To consider seismic and satelital data to
complement detection and characterization of large earthquakes and eruptions is certainly
a task to complete. Having a third array located at local (< 100 km) distance of some
zones of interest, could improve infrasound characterizarion and also diminish the latency
of infrasound detections to detect high ash clouds and improve hazard asessment.
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