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20 Abstract

21 Shishaldin Volcano, Alaska erupted in 2023 with 13 explosive paroxysms over
2 a 4 month period, producing notable seismic and low frequency acoustic (infra-
2 sound) signals recorded on a local geophysical network. We describe the pre-,
2 syn-, and post-eruptive seismoacoustic signals from the 2023 eruption sequence.
2 Using a recently developed machine learning classi er, we detect and catego-
2 rize diverse seismicity, including sustained precursory tremor that began months
27 before the rst eruption. Explosive events exhibit similar repose periods and rela-
2 tively consistent high-amplitude, broadband seismic tremor, building over hours
29 to days and at times enabling short-term eruption forecasts. In contrast, co-
30 eruptive infrasound consists of complex mixtures of weak to energetic discrete
31 events and continuous tremor or jetting. The infrasound characteristics suggest
2 that the paroxysmal phase of some eruptions was driven by discrete, energetic
3 Strombolian explosions rather than sustained fountaining, highlighting variabil-
3 ity among basaltic explosive styles. The seismoacoustic observations align with a
35 foam-reservoir mechanism, where deep gas ux formed a foam that collapsed peri-
36 odically to drive eruptions, while a late-stage shallow intrusion increased leakage
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and continuous degassing and seismicity. These results have important implica-
tions for eruption forecasting and hazard monitoring and demonstrate the utility
of combining seismic and infrasound data to understand eruption dynamics.

Keywords:  Shishaldin, seismic, infrasound, explosive eruption

1 Introduction

Shishaldin Volcano is one of the most active volcanoes in the Aleutian Arc. This remote
volcano located on Unimak Island is notable for its frequent eruptions, conical shape,
and often explosive basaltic eruptions. A series of eruptions in 1999 produced signi -
cant ash plumes and debris ows that have been studied in detail through geophysical
(Vergniolle et al. 2004; Thompson et al. 2002; Caplan-Auerbach and McNutt 2003;
Vergniolle and Caplan-Auerbach 2006), remote sensing (Nye et al. 2002; Dehn et al.
2002), and geochemical (Nye et al. 2002; Stelling et al. 2002; Rasmussen et al. 2018)
analyses. Low-level eruptions occurred in 2004 and 2014, followed by an eruption in
late 2019 and early 2020 (Angarita et al. this issue; Orr et al. 2023) that produced
three paroxysms with ash plumes up to 9.8 km above sea level (ASL) and fed a lava
ow (Loewen this issue; Gomez-Patron et al. this issue). After an approximately three-
year period of quiescence, Shishaldin erupted explosively on July 14, 2023. Twelve
additional explosive events followed over the next four months. These explosive events
contained relatively similar inter-eruptive durations (repose periods) for many events
(Loewen this issue), signi cantly eroded the summit region (Angarita et al. this issue;
Waythomas this issue), and had increases in seismic and low frequency acoustic (infra-
sound) tremor amplitudes prior to and during each eruption. All 13 eruptions produced
considerable ash and gas (detected as $SPplumes, with heights up to 14 km ASL
(Gomez-Patron et al. this issue; Lopez et al. this issue) and extensive pyroclastic den-
sity currents and lahars generated on the volcano's anks (Waythomas this issue).
Volcanic lightning was detected for multiple events (Mota this issue). The paroxysmal
phase of at least two events produced gravity waves detected on nearby seismic and
infrasound stations (Haney et al. this issue). The at-times regular event repose time
and seismic tremor build-up during the explosive events allowed the Alaska Volcano
Observatory (AVO) to forecast some of the eruptions. Newly developed data assimila-
tion techniques used the seismic data to quantitatively hindcast the paroxysmal phase
of some events (Girona et al. this issue).

AVO monitors Shishaldin with a combination of ground and satellite-based sensors.
Three geophysical stations with colocated seismic, infrasound, and Global Navigation
Satellite System (GNSS) sensors form the backbone of the monitoring network (Fig.
la), along with tilt and webcam data. The seismoacoustic signals from the 1999 erup-
tions have been studied in detail, and they have provided valuable information on
both the subsurface processes (e.g., Caplan-Auerbach and McNutt 2003) and eruption
dynamics (e.g., Vergniolle 2024). The geophysical signals from the 2023 eruption have
a number of similarities to the 1999 eruption, but perhaps more interesting are their
di erences. In particular we highlight the relatively high number of explosive events
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and similar seismic amplitude trends between events. These trends resemble those
from Mt. Etna, Italy (Andronico et al. 2021; Sciotto et al. 2019), which is a frequently
erupting basaltic volcano and considered an analog for Shishaldin both geologically
(Stelling et al. 2002) and in terms of eruption style (Vergniolle et al. 2004).

Shishaldin magmas have a relatively low silica content for a volcanic arc strato-
volcano, with both the 1999 and 2023 eruptions having clear basaltic compositions
with SiO, content of 48-50% (lzbekov et al. this issue; Stelling et al. 2002; Rasmussen
et al. 2018). Such low viscosity magmas have been proposed to facilitate two phase
ow (gas and magma) during eruptions, which has important implications for erup-
tion dynamics and associated hazards (e.g., Houghton and Gonnermann 2008). Other
basaltic stratovolcanoes show similar explosive eruption styles to Shishaldin. Parox-
ysms at Etna (Andronico et al. 2021; Ulivieri et al. 2013), Fuego (Lyons et al. 2025),
and Villarica (Romero et al. 2018) often have a gradual transition from Strombolian
explosions to vigorous fountaining and occasionally high tephra columns. Building o
work at these volcanoes with similar eruption styles and magma composition, the seis-
moacoustic signals from Shishaldin can provide unique insight into the two phase ow
dynamics and eruption processes. In particular, we contend the infrasound signals can
be used to determine changes from slug to churn-annular ow (Ulivieri et al. 2013;
Spina et al. 2019), which has implications for the subsequent plumes and hazards.

Here we present an overview of the seismoacoustic signals from the 2023 Shishaldin
eruption. First we describe the local monitoring network and available data in Section
2.1. In Section 2.2 we describe the various methods we use to detect and character-
ize the seismic and infrasound signals, with the results then detailed in Section 3.
Section 4 compares the 2023 eruption signals to past events and discusses potential
seismoacoustic and eruption source models.

2 Data and Methods
2.1 Data

Shishaldin is monitored by a 3-station geophysical network with stations at approx-
imately 5{10 km distance from the summit vent (Fig. 1). Stations SSLS, SSLN, and
SSBA have colocated seismic and infrasound sensors. Three component seismic data
are recorded using Nanometrics Trillium Compact Posthole sensors with a 120 s low
corner. The seismometer at SSLN was misoriented 18during this period, which is

re ected in the BHN and BHE channel metadata. Infrasound data are recorded using
Chaparral Physics Model 64 UHP-2 sensors with a at response between 0.02{200 Hz.
The seismoacoustic data are digitized using Nanometrics Centaur digitizers at 50 Hz
and are transmitted in real-time to AVO. Infrasound data are ported to the atmo-
sphere at each instrument enclosure with no noise reduction systems installed, and
are o set from the seismometer by a few meters. Nearby stations ISNN, ISLZ, BRPK,
and WTUG at distances of 15{29 km from the vent also have Nanometrics Trillium
Compact Posthole seismometers, and BRPK, ISLZ, and WTUG have webcams. The
infrasound sensor at station SSBA had an abnormal, non-physical response in 2023,
and we do not analyze those data here and suggest it be generally disregarded for
2023 eruption analysis.
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Data outages occurred on the Shishaldin network in 2023 due to a combination
of severe weather, deep snow, possible bear damage, and intermittent radio network
issues. Figure 1b shows the 1hr data availability for the local seismoacoustic net-
work surrounding the eruption. The explosive events are numbered and marked by
red dashed lines. SSLS had regular real-time transmission-related outages during the
eruption, but missing data were also stored locally and back- lled after site visits in
2023 and 2024, allowing a nearly complete record of the eruption sequence (Fig. 1d).
SSBA recorded the rst half of the eruption well and was relied on by AVO for seis-
mic monitoring, but then had power issues starting in mid-September and recorded
data intermittently for the rest of the eruption (Fig. 1¢). SSLN was not recording data
in the rst half of 2023 due to power issues that were resolved by a site visit in late
August 2023, and then it recorded Events 9{13 with generally high signal-noise ratio
(SNR) (Fig. 1b). Overall SSLS has the most complete and high-quality recordings of
the eruption in both the seismic and infrasound data and we focus on those data here.

Fig. 1 Shishaldin seismoacoustic network map and data availability. a) Map of seismoacoustic sta-
tions surrounding Shishaldin, including an inset showing the Alaska region and red box for the study
area. Three stations (SSLS, SSLN, and SSBA) have colocated seismic and infrasound sensors and are
noted by black circles, and they are 5.5, 6.4, and 10.2 km from the vent, respectively. SSBA is located

50 m from a previous station named SSLW. Nearby seismic stations are shown as blue diamonds.
Shishaldin's summit is marked by a red triangle. b{d) Hourly data availability for SSLS, SSBA, and
SSLN between July 1{December 1, 2023. The explosive events are numbered and marked by red
dashed lines.

2.2 Methods

We utilize a recently developed machine learning model to detect and classify the
seismicity surrounding the 2023 Shishaldin eruption. Our aim is to create an objec-
tive, quantitative catalog of seismicity both for the entire eruption sequence and as
a comparison between individual explosive events. Tan et al. (2024) constructed the
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VOlcano Infrasound and Seismic Spectrogram Network (VOISS-Net) using a Convo-
lutional Neural Network to classify 4 min spectrograms into six volcano seismicity and
four infrasound classes for Pavlof Volcano, Alaska. Their primary goal was to provide
a continuous classi cation of the volcanic tremor at Pavlof. Lyons et al. (2025) then
added a Long Period (LP) seismic event class to VOISS-Net and applied it to 5 years
of seismic data at Semisopochnoi Volcano, Alaska. Fee et al. (2025) then generalized
the Tan et al. (2024) VOISS-Net model to detect and classify volcano seismicity at
any volcano globally. Notable changes by Fee et al. (2025) to the original model are a
switch to 2 minute spectrograms, labels from 7 additional volcanoes, and an additional
LP class. This model achieved an accuracy of 87% on its test set. Here we use the gen-
eralized VOISS-Net model of Fee et al. (2025) to systematically detect and classify the
seismicity at Shishaldin surrounding the 2023 eruption into seven classes: Broadband
Tremor, Harmonic Tremor, Monochromatic Tremor, Explosions, Earthquakes, LPs,
and Noise. The seismic data from the available three local stations are used, although
data from some stations are not available at times due to station outages (Fig. 1b{
d). VOISS-Net classi es the spectrograms for each station and returns a classi cation
probability from 0{1, followed by a nal \network vote" combining the probabilities
from each station to reduce outliers and station disagreement. A network probability,
termed Pnom , IS Utilized to remove poor classi cations, and we set aPnom thresh-
old of 0.4. VOISS-Net is applied to 2min spectrograms with 50% overlap, and the
spectrograms are constructed using 10s Hann windows and 90% overlap.

Seismic and infrasound amplitudes are analyzed by computing Reduced Dis-
placement Dr) and Root-Mean-Squared pressure RMS), respectively. Reduced
Displacement is a commonly used volcano seismic metric that normalizes the ampli-
tudes by correcting for instrument response and geometric spreading (Aki and
Koyanagi 1981; Fehler 1983). It is a useful metric as it permits comparison of seismic
amplitudes between di erent seismic stations, volcanoes, and eruptionsDr for body
waves is computed by taking the RMS seismic displacementu) and multiplying by
the source-receiver distance:

Dr = Urms T 1)

The geometric spreading factor is assumed to be spherical for body waves. Here
we assume the seismic wave eld from Shishaldin in our frequency band of interest is
primarily composed of surface waves (Thompson et al. 2002) and follow Fehler (1983)
to account for cylindrical spreading of surface waves:

Dr = Urms r 2

where is the surface wave wavelength. We assume a dominant frequency of 2 Hz
and velocity of 1500 m/s for a wavelength of 750 mDpg is then multiplied by 10,000
to convert to cm?. Dg calculations are made by using a running median over 5min
data segments with 80% overlap between 1{10Hz, the dominant tremor band. For a
source location, we assume a straight line distance from each station to Shishaldin for
distances of 5.468, 6.431, and 10.230km for SSLS, SSLN, and SSBA, respectively.

We compute Dg for each station (SSLS, SSLN, and SSBA) but use SSLS as the
primary station for analysis since it has the most complete record and is the closest
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to the volcano (Fig. 1a). Most past studies of Shishaldin used short-period, analogue
station SSLW for Dg computation (Thompson et al. 2002; Caplan-Auerbach and
McNutt 2003). The digital, broadband station SSBA was installed nearby SSLW in
2008, with the stations o setby 50 m (Fig. 1a), therefore we assume SSBBR values
are comparable to SSLW. We calculate a scaling factor for SSLS and SSLN relative
to SSBA for historical comparison and consistency. Figure 2 shows the runnin@®g
values for SSBA, SSLN, and SSLS for a 12 hr period encompassing 2023 Event 12. We
calculate the median DR ratio by dividing SSLN and SSLS by SSBA values to get
scaling factors of 3.63 and 2.02, respectively (dashed lines in Fig. 2d). All SSLBg
values shown hereafter are computed using the 2.02 scaling factor. This scaling is also
performed in Loewen (this issue). TheDg variability between stations is most likely
related to either path or site e ects that we are not able to resolve. We computed
Dg scaling factors for other events when multiple stations were operating and found
similar values. All times listed are in UTC and all plume heights are in height ASL
and taken from Loewen (this issue) and Gomez-Patron et al. (this issue).

Fig. 2 Example of Dy variability and scaling among stations for Event 12, which occurred on
October 3, 2023. a){c) Dgr is computed for each station for 12hr. d) The Dg ratio between stations
SSLN (blue) and SSLS (green) relative to SSBA (orange) is plotted as a solid line, with the median
value plotted as a dashed line.
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Infrasound amplitudes are analyzed by computing the RMS pressureRMS,) on
SSLS. We rst lter the data between 0.5{10 Hz which is where the infrasound sig-
nals are focused.RMS, is then computed in 5 min segments with 50% overlap.
RMS, is not comparable between stations as it does not account for acoustic propa-
gation from the source to receiver, which is beyond the scope of this work. Numerical
simulations (e.g., Kim et al. 2015) and/or high-resolution atmospheric models (e.g.,
Johnson et al. 2012) would be needed to accurately model the acoustic wave propaga-
tion. We do assumeRMS, is comparable between explosive events in 2023 at SSLS
but acknowledge that some changes in the source and propagation a ect the relative
amplitudes. Unless otherwise noted, spectrograms for the seismic and infrasound data
are computed using the Welch periodogram with 100 s segments with 50% overlap.
Spectrogram amplitudes are converted to dB using a reference of 1 m/s and 2(Pa
for the seismic and infrasound, respectively.

Seismic and infrasound start and end times are determined manually and are
detailed in Tables 1 and 2. Eruption seismicity is determined based on deviations
above and then a return to background on theDg timeseries in conjunction with the
presence of broadband tremor (both visually and via VOISS-Net). We attempted to
use automated methods, such as the appearance of sustained broadband tremor via
VOISS-Net, to determine the event seismic start and end times, but found this unre-
liable due to the wide variety of seismicity present before and after each event. Subtle
seismic tremor and LP events exist before and after our derived start and end times,
sometimes for days to weeks. Infrasound start and end times are also determined based
on a combination of visual analysis of theRMS, and spectrograms. Eruption signals
generally demonstrate clear discrete events, spectral peaks, di use harmonics, or a
gradual ramp-up and decay, whereas wind noise is characterized by abrupt temporal
changes and a characteristic linear decay with frequency. Two co-authors indepen-
dently performed a blind analysis of these two infrasound products, and subsequently
compared and combined their results. Wind noise often masks the infrasound signals,
and thus complicates fully accurate start and end times. Note no infrasound signals are
unambiguously identi able in the local infrasound data for Events 7 and 9. Regional
infrasound arrays also detected infrasound signals from both explosive and background
activity in 2023, but are not discussed here due to the generally higher SNR on the
local stations and greater infrasound propagation issues at longer rangeB.r, RMSp,
and seismic and infrasound start and end times are available and described in context
of the eruption sequence in Loewen (this issue). We note that eruption start and end
times are poorly constrained by the very limited number of clear webcam images.

We analyze acoustic-seismic coupling and contamination using the recently devel-
oped Transverse Coherence Minimization (TCM) method of Bishop et al. (2023). TCM
minimizes the coherence between the infrasound and colocated transverse seismic com-
ponent to detect air-ground coupled waves (AGCW) and determine the back{azimuth.
We use 10s data segments with 50% overlap and analyze data between 1{20 Hz on
station SSLN and SSLS.

Discrete events (explosions) are detected in infrasound data using the network-
based Short-Term Average/Long-Term Average (STA/LTA) technique (Allen 1978).
VOISS-Net only classi es spectrograms in 2 min intervals, therefore it does not produce
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Table 1

2023 Shishaldin eruption sequence seismic metrics.

Event Seismic Seismic Seismic Dr Peak Dr Peak Repose
number Start End Duration [h] Time [cm?] time [days]
1 23/07/14 08:30 | 23/07/14 10:30 2 23/07/14 09:55 19.8
2 23/07/15 23:45 | 23/07/16 07:45 8.0 23/07/16 06:15 24 18
3 23/07/18 07:53 | 23/07/18 17:00 9.1 23/07/18 15:53 20.6 2.4
4 23/07/22 07:35 | 23/07/23 09:30 25.9 23/07/23 08:13 38.1 4.7
5 23/07/25 22:45 | 23/07/26 21:00 22.3 23/07/26 17:33 15.4 34
6 23/08/03 18:00 | 23/08/04 22:45 28.7 23/08/04 22:04 23.9 9.2
7 23/08/14 21:31 | 23/08/15 11:40 14.2 23/08/15 10:42 26.3 10.5
8 23/08/25 06:00 | 23/08/26 01:14 19.2 23/08/26 00:38 15.7 10.6
9 23/09/05 11:00 | 23/09/05 20:40 9.7 23/09/05 18:55 24.1 10.8
10 23/09/15 12:00 | 23/09/16 06:00 18.0 23/09/16 01:51 31.3 10.3
11 23/09/22 12:00 | 23/09/25 20:00 80.0 23/09/25 13:43 26.1 9.5
12 23/10/03 05:00 | 23/10/03 17:00 12.0 23/10/03 13:49 20.2 8.0
13 23/11/03 03:00 | 23/11/03 15:30 12.5 23/11/03 04:56 3.5 30.6
Table 2 2023 Shishaldin eruption infrasound metrics. No infrasound was detected for Events 7 and 9, as indicated by the

\nd" for no detection.

Event Infrasound Infrasound Infrasound Infrasound RMSp Number of rpaﬁzk(:jgfssig):s y

number Start End Duration [h] Peak Time Peak [Pa] | explosions 5 min)
1 23/07/14 05:31 | 23/07/14 11:25 5.9 23/07/14 10:00 4.9 1173 28
2 23/07/16 00:08 | 23/07/16 07:20 7.2 23/07/16 06:20 6.1 596 24
3 23/07/18 09:17 23/07/18 16:50 7.5 23/07/18 16:25 10.0 784 25
4 23/07/22 13:17 23/07/23 08:32 19.3 23/07/23 08:15 5.1 773 17
5 23/07/26 09:26 | 23/07/26 19:10 9.7 23/07/26 14:46 2.8 994 21
6 23/08/04 01:24 | 23/08/04 16:35 15.2 23/08/04 15:06 2.9 388 10
7 nd nd nd nd n/a n/a n/a
8 23/08/25 13:00 | 23/08/26 02:17 13.3 23/08/26 00:28 2.6 947 8
9 nd nd nd nd n/a n/a n/a
10 23/09/15 23:04 | 23/09/16 05:28 6.4 23/09/16 01:45 3.9 74 9
11 23/09/24 20:38 | 23/09/25 14:30 17.9 23/09/25 13:22 2.0 585 15
12 23/10/03 03:36 | 23/10/03 16:22 12.8 23/10/03 13:48 1.7 1 1
13 23/11/03 02:57 | 23/11/03 15:02 12.1 23/11/03 04:25 0.3 10 2

a complete discrete event catalog. Additionally, we only apply VOISS-Net to seismic
data. We process infrasound data starting 30 min before and ending 30 min after the

assessed infrasound start and end time, respectively. Explosions are detected using

the recursive STA/LTA network trigger tool in ObsPy (Beyreuther et al. 2010). The
network trigger uses all available infrasound stations for each event. Due to station
outages and SSBA response issues discussed in Section 2.1, 7 events (1{6, 8) had

one usable station (SSLS) while 4 events (10{13) had two usable infrasound stations
(SSLS and SSLN). Infrasound data are processed by rst applying a 0.5Hz high-pass,




249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

causal lter. We use STA and LTA windows of 1 and 5s, respectively, an STA/LTA
\trigger on" threshold of 2.5 and \trigger o " threshold of 2.0. Explosions must have

a minimum peak pressure of 0.25Pa or are discarded due to the high probability
of spurious noise detections at low background noise levels. Acoustic travel time is
removed between the station and the vent to align the waveforms. Explosion rates are
then calculated in 5min intervals.

We refer the reader to Loewen (this issue) for an overview of the 2023 eruption
sequence, and to the various discipline-speci ¢ papers in this special issue for more
details. Here we view each explosive event from 1{12 as a \paroxysm" while we suggest
Event 13 represents a more modest explosive eruption based on the observed emissions
and lower seismoacoustic signals.

3 Results

3.1 Event characterization

Broadband seismic tremor in March 2023 marked the earliest unrest for the 2023
Shishaldin eruption sequence. Figure 3 shows the AVO Aviation Color CodeDg, SSLS
seismic spectrogram, and binned VOISS-Net classi cations between January 1, 2023{
September 1, 2024. Clear broadband tremor is present in the spectrogram and VOISS-
Net classi cation starting in late March 2023. This weak tremor continues until mid-
April, then is present intermittently over the next few months. LP event classi cations
are also present before and after the broadband tremor and are common at Shishaldin
during non-eruptive periods. Closer inspection of these LP classi cations suggest many
are real but some misclassi cations also exist. The Explosion classi cations in March{
June 2023 are incorrect; VOISS-Net sometimes confuses LPs and transient data spikes
with Explosions, a limitation that has been identi ed and discussed in both Tan et al.
(2024) and Fee et al. (2025). Few Earthquakes are detected, consistent with the AVO
catalog, and Harmonic and Monochromatic Tremor are essentially absent the entire
period. Noise is the dominant class prior to and after the broadband tremor episode
in March, up until Event 1. Station outages and low SNR in the rst half of 2023 are
primarily responsible for the misclassi cations.

Notable similarities in the seismoacoustic amplitudes and spectral characteristics
are present between the events. Figure 4 showBi alongside the seismic spectro-
grams for each event, while Figure 5 displays theRMS alongside the infrasound
spectrograms. The seismic event onsets are marked by relatively broadband energy
between 1{5 Hz, and this occurs for most events. Additional amplitude and spectral
observations are discussed below with respect to the individual events.

3.1.1 Event 1

The rst explosive event begins with a very subtle increase in seismic tremor around
July 8. We note the amplitudes are low until July 14, and increase substantially at
08:30. Seismic amplitudes peak at 09:55 with »g of 19.8 cnt (Fig. 4). The seismic
amplitudes decrease fairly rapidly and return to background by 10:30. Despite the
earlier onset of tremor on July 8, we assign the Event 1 onset as July 14 08:30 as the

10
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Fig. 3 Seismicity characterization surrounding the assessed 2023 Shishaldin eruption between Jan-
uary 2023{August 2024. a) AVO Aviation Color Code. Green=Normal background, Yellow=elevated
unrest, Orange=heightened unrest or low-level eruption underway, and Red=signi cant eruption is
imminent or underway. The 2023 explosive events are numbered. b) Dg for station SSLS. The plot
is cropped at 20 cm? to highlight lower-level activity. ¢) Spectrogram for SSLS BHZ channel between
0.5{10 Hz. d) VOISS-Net classi cations. Class labels on the left are abbreviated as: Broadband Tremor
(BT), Harmonic Tremor (HT), Monochromatic Tremor (MT), Earthquake (EQ), Long Period (LP),
Explosion (EX), and Noise (NO). Precursory BT is retrospectively detected in March 2023, and the
large explosive events from July{November, 2023 are clear as rapid increases in Dg and BT. After
the explosive eruptions, the seismicity gradually tapered o in amplitude and shifted from BT to
predominantly LP and weak EX classi cations.

earlier tremor looked similar to weak tremor episodes in the prior weeks and months.
Event 1 infrasound begins on July 13 05:31 with weak, recurring discrete events (Fig.
5), but is perhaps occurring earlier and masked by wind noise. Infrasound amplitudes
ramp up around 08:30 and peak at July 14 10:00 (essentially the same as seismic) with
an RMS,, of 4.77 Pa. Similar to the seismic, the infrasound then drops o rapidly and
ends by 11:25. The peak plume height is 11.6 km.

3.1.2 Events 2{4

The seismicity and infrasound for Events 2{4 all begin fairly abruptly and have similar
trends (Tables 1 and 2, Fig. 4,5). Event 4 seismicity is much longer at 25.9 hr and has
the highest D of the eruption at 38.1 cn?. Event 3 has the highestRM S, at 10.0 Pa.

A decrease in peak infrasound frequency as the eruption progresses is present for
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