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Abstract The Lower St. Lawrence Seaway (LSLS) is locatedwithin one of themost active seismic zones in
easternCanada. It is alsohometoa rangeofmarinemammals inanenvironmentof intensive fishingandcargo
shipping. With the dual objectives to better understand the geohazards andmarine soundscape, we operated
along the LSLS an amphibious seismic network consisting of 8 broadband ocean bottom seismometers (OBS),
48 short-period nodal sensors, and 4 broadband land stations, with various operation periods between 2023
and 2025. This report documents the deployments, examines data quality, and presents preliminary results
from the first month of OBS recording. The OBS recordings show higher noise levels across all frequencies
compared to the land broadband stations, with particularly high noise between periods of 0.2–2 s and >10 s
on the horizontal components. Long-period noise amplitude correlates closely with tidal cycles, suggesting
tidally modulated riverbed currents are the primary cause. The seismicity catalog from combined OBS and
land stations shows two times more earthquakes than the Canadian National Earthquake Database in the
first month of deployment, as well as many suspected blasts. We also show clear detections of fin whale and
blue whale calls at multiple OBS sites, illustrating the potential for whale call location.

Résumé La voiemaritime duBas-Saint-Laurent (BSL) se situe dans l’une des zones les plus exposées aux
séismes de l’est du Canada. Elle abrite également une faune marine diversifiée, dans un contexte de pêche
intensive et de transport maritime de marchandises. Afin de mieux comprendre les risques sismiques et le
paysage sonore marin, nous avons déployé un réseau amphibie de capteurs comprenant huit sismomètres
océanique (OBS)dans laBSL, ainsi que48 sismomètresnodaux et quatre sismomètres à largebande le longdu
littoral, selon différentes périodes d’exploitation entre 2023 et 2025. Ce rapport documente les déploiements,
examine la qualité des données et présente les résultats préliminaires dupremiermois d’enregistrementOBS.
Les enregistrementsdesOBSprésententdesniveauxdebruit plus élevésqueceuxdes stations terrestres, avec
un bruit particulièrement élevé pour les périodes comprises entre 0,2 et 2 s et supérieures à 10 s sur les com-
posantes horizontales. L’amplitudedubruit aux longuespériodes est fortement corrélée aux cycles demarée,
ce qui suggère que les courants de fond de rivière modulés par les marées en sont la cause principale. Le cat-
alogue sismique des OBS a deux fois plus d’événements que la Base de données nationale sur les séismes
du Canada au cours du premier mois de déploiement, ainsi que de nombreuses explosions présumées. Nous
montrons également des détections claires de vocalisations de rorquals communs et de baleines bleues sur
plusieurs sites d’observation, illustrant le potentiel de suivi des baleines individuelles.

1 Introduction
The St. Lawrence paleorift system between the Grenvil-
lian basement and the Appalachian nappes in eastern
North America has a rich geological heritage punc-
tuated by tectonic events over the past billion years.
The Charlevoix Seismic Zone and Lower St. Lawrence

∗Corresponding author: yajing.liu@mcgill.ca

Seismic Zone are both located along the paleorift sys-
tem and have hosted five earthquakes of magnitude 6
and greater since the 17th century, with the most re-
cent (magnitude 6.2) in 1925. The average seismicity
rates for these two regions are∼200 and 60 earthquakes
per year reported by the Canadian National Earthquake
Database (NEDB) catalog (NRCan, 1985), respectively,
ranking them the highest seismic hazard regions in
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eastern Canada (Lamontagne et al., 2003). The major-
ity of earthquakes are located beneath the St. Lawrence
River, potentially posing further submarine landslide
and tsunami risks to offshore infrastructure and coastal
communities. Sedimentological records also revealed
that historic and prehistoric earthquakes triggered tur-
bidity currents and the deposition of turbidites in the
St. Lawrence Estuary and Saguenay Fjord during the
Holocene (Mérindol et al., 2022; St-Onge et al., 2012). In
the Lower St. Lawrence Seismic Zone, a system of nor-
mal faults with km-scale throw crosscuts both the Pre-
cambrian basement and the overlying Ordovician sedi-
mentary layer. These local faults are hypothesized to be
weak because of crustal fluids at depth or fault gouges
that exhibit a low friction coefficient (Lamontagneet al.,
2003). A recent earthquake relocation study by Plourde
and Nedimović (2021) suggests seismically-active lin-
eations up to ∼40 km long may be capable of generat-
ingmagnitude 6 or larger earthquakes. However, due to
the sparse Canadian National Seismographic Network
(CNSN) station coverage (inter-station distancing on av-
erage 100 km), the uncertainties of event locations are
too high to identify seismicity clusters and pinpoint cor-
relation to active faults. The lack of station coverage
thus directly results in the lack of a detailed understand-
ing of earthquake sources, crustal stress state, and po-
tential triggering of submarine landslides; and conse-
quently high uncertainties in geohazard models.
The Lower St. Lawrence Seaway (LSLS), a term we

use to encompass the Estuary and northwestern Gulf
of St. Lawrence, has bathymetric and ocean circula-
tion characteristics that create regions of high biolog-
ical productivity and critical foraging areas for many
marine species, including endangered baleen whales.
The LSLS is also critical to Canada’s economy as part
of a major marine shipping corridor and a site of in-
tensive fishing. This cohabitation can create conflict,
as baleen whales can be killed from collision with ves-
sels and entanglement with fishing gear, and anthro-
pogenic noise can interfere with their acoustic commu-
nication. As such, close monitoring of the LSLS marine
soundscapewill provide critical information for conser-
vation policies, including monitoring of the whale pop-
ulations, quantification of marine traffic noise and de-
scription of the variability of the natural contributors
(e.g., marine mammals, meteorological events). Hy-
drophone deployments in the LSLS have shown evi-
dence of widespread presence of blue whales and fin
whales (Simard et al., 2016a; Roy et al., 2018) and al-
lowed detailed description of the noise level radiated
by commercial traffic (Simard et al., 2016b). However,
the sparse coverageofhydrophones,with 100+km inter-
station distances, often hinders the extent and variabil-
ity of these marine soundscape observations. More re-
cently Plourde and Nedimović (2022) and Goblot et al.
(2024) detected fin and blue whale calls transmitted
from the water to the sediment/bedrock and recorded
by land seismometers along the shorelines. The contin-
uous land seismic station recording provides year-long
whale call catalogs, but the detection radius is limited
to a few kilometers, likely due to energy loss in trans-
mission, much less than the typical range of ∼100 km

by hydrophones in the Estuary and Gulf of St. Lawrence
(Simard et al., 2016a; Roy et al., 2018).
Ocean bottom seismometer (OBS) experiments have

proven to be a versatile tool not only for detecting and
characterizing earthquakes where land-based networks
have limited detection capability, but also for passively
recording a broad spectrum of ambient signals that re-
flect the dynamic marine environment. Previous stud-
ies usingOBSnetworkshave captured local and regional
earthquake sequences, providing critical constraints on
fault geometry, crustal structure, and seismogenic zone
behavior in offshore settings (e.g., McGuire et al., 2012;
Savage et al., 2017; Kuna et al., 2019; Gong and Fan,
2022). Beyond seismicity, OBS records are increasingly
recognized as rich archives of environmental and bi-
ological noise, including oceanic microseisms, ocean
currents, sea ice, marine traffic, and the vocalization
of marine mammals (e.g., Wilcock, 2012; Corela et al.,
2023; Parisi et al., 2024; Schlindwein et al., 2025).
The LSLS Amphibious Seismic Network (LSLS-ASN)

is designed to overcome the aforementioned spatial
and/or temporal observational limitations to serve the
dual purposeof continuouslymonitoring seismicity and
the marine soundscape of the Lower St. Lawrence re-
gion. The LSLS-ASN consists of a network of 8 broad-
band OBSs, 4 broadband land stations, and 48 short-
period nodal sensors with variable deployment peri-
ods in 2023-2025, in addition to 5 CNSN permanent
broadband stations (Figure 1). While microseism sig-
nals generated by ocean waves and solid Earth interac-
tion are well documented phenomena in seismic data,
other noise types such as from sensor-seafloor cou-
pling and interference from movements of OBS instru-
ment parts have also been documented and need to be
corrected (e.g., Janiszewski et al., 2019; Essing et al.,
2021). The unique LSLS physical oceanographic condi-
tions in an estuary that serves as a busy shipping cor-
ridor may present further challenges compared to OBS
data recorded in the open oceans. Comprehensive doc-
umentation of data quality and noise characteristics is
required prior to applying the dataset in earthquake and
environmental studies. In this report, we document the
LSLS-ASN experiment and present data quality assess-
ment, including power spectral density quantification,
illustration of example signals and discussion of possi-
ble sound sources. We also present preliminary seis-
micity catalogs and whale call detections derived from
recordings in the first month of the experiment. Based
on the preliminary results, we also discuss prospects of
future projects that could be enabled by the LSLS-ASN
dataset.

2 The LSLS Amphibious Seismic Net-
work

The LSLS-ASN consisted of 8 broadband OBSs, 4 broad-
band land stations, and 48 short-period nodal sensors
deployed in 2023-2025, covering the Lower St. Lawrence
seismic zone fromLesEscoumins to Sept-Îles (Figure 1).
The eight OBSs were deployed from September 2023 to
May 2024 in Year 1 of the experiment, and fromNovem-
ber 2024 to April 2025 in Year 2. Their operation periods
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OBS Y1/Y2

Figure1 (a) EarthquakeandLSLSAmphibiousSeismicNetwork stationdistributions and (b-d) dataavailability. Earthquake
catalog is fromNEDB (NRCan, 1985), 2000-2023. Offshore stations include8broadbandOBS (Y1: September 2023 toMay2024;
Y2: November 2024 to April 2025). Y1 sites: LS101-108; Y2 sites: LS202-208 and LS210. Site labels “LSX0N” denote common
sites occupied in Y1 and Y2 (X=1 and 2, N=2 to 8). LS101 in Y1 only; LS210 in Y2 only. In addition to 5 Canadian National
Seismograph Network (CNSN) stations, land stations include 4McGill stations (MG13-16) with various start dates (black short
vertical lines in (d)), and 48 short-period nodal sensors (September - October 2023) along both shorelines. The most recent
data collection to MG sites was in August 2025 (black long vertical dashed line). The operation periods of the nodal array and
the OBS Y1 and Y2 experiments are marked in (d) with yellow, pink and blue background shades, respectively.

and drop sites were chosen to minimize potential over-
lap with time windows and areas of intense commer-
cial fishing activities that couldhave inadvertently inter-
rupted the recording or damaged the instruments. We
also deployed 48 SmartSolo 3C nodal sensors along the
north and south shorelines (24 sensors on each side) for
about amonth fromSeptember toOctober 2023. The ex-
act operation periods of individual nodal sensors were
dictated by the battery life of the instrument. In ad-
dition, we installed 4 broadband land stations (MG13,
MG15, andMG16 on the north shore,MG14 on the south

shore) to complement the coverage of CNSN stations in
this region. The distribution of all types of stations is
shown in Figure 1; station coordinates and other infor-
mation are in Supplementary Table S1.

2.1 Offshore deployment
The offshore component of the network consisted of
two OBS deployments, the first spanning September
2023 to May 2024 (Year 1, Y1) and the second span-
ning November 2024 to April 2025 (Year 2, Y2), covering
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the same region. The instruments were Güralp Aquar-
ius broadbandOBSs from the Canadian OBS instrument
pool at theNational Facility for Seismological Investigation
(NFSI). As the NFSI was still in the process of accruing
its instrument fleet at the timeof theY1deployment, the
project also served as an instrument verification field
test. Each NFSI Aquarius OBS is equipped with a broad-
band triaxial force-feedback sensor with a flat response
from 120 seconds to 100 Hz. The OBS unit also includes
an absolute pressure gauge (Keller PA-10L) and a High-
Tech HTI-04-PCA/ULF hydrophone with passband 100
seconds to 8 kHz, although not all instruments were
equipped with these at the time of the deployment. The
sampling rate for the seismic channelswas set at 250Hz.
A sampling rate of 1 kHz is anticipated in the future for
the hydrophones in order to record higher-frequency
whale calls, including some sei, humpback, and North
Atlantic Right Whale calls (Baumgartner et al., 2008;
Kowarski et al., 2019; Simard et al., 2019), but it was lim-
ited to 100 Hz by firmware at the time of this project.
TheuniqueLSLSgeographic setting allowedus to rent

a small fishing boat with adequate deck space to carry
out the deployment and recovery (Figure 2a). Y1 de-
ployment had been planned to start from Matane and
proceed downstream, finishing near Sainte-Anne-des-
Monts (SAdM) (Figure 1). Operations were to be car-
ried out daytime-only, averaging 2 to 3 OBSs per day and
docking overnight at ports of opportunity from where
the crew and science party were to be shuttled to lo-
cal hotels/inns. This plan proved significantly more
economical than contracting a larger research vessel,
despite time lost transiting to/from ports and limiting
work to daylight hours. However, it was also more sus-
ceptible to weather conditions. As the science and tech
team prepared for the deployment in mid-September,
Hurricane Lee swept through the Maritimes and the
Gulf of St. Lawrence, which in coincidence with other
logistical challenges led to a last-minute vessel change
and a revamp of the mobilization plan. The deploy-
ment consequently started from SAdM and proceeded
upstream to Matane. The recovery cruise was also car-
ried out by a local fishing vessel in a similar manner.
A total of nine OBSs (LS101-109) were dropped be-

tween September 26 and 29, 2023 in Y1 experiment, but
one unit (LS109) surfaced shortly after deployment due
to electronic problems, and was shipped back to NFSI
for examination. Therefore, the Y1 deployment con-
sisted of eight OBS (LS101-108) (Figure 1b). LS102 sur-
faced prematurely on April 5, 2024, shortly before the
rest of the group (LS101, 103-108) was recovered be-
tweenMay 8 and 9, 2024. LS102was eventually reported
found on the south shore, near the town of Gaspé, and
was recovered by the NFSI in November 2024 during
the Y2 deployment operation. Subsequent analysis in-
dicated that LS102 had surfaced due to low-level water
ingress through one of the electrical connectors, trig-
gering the release circuit. LS103 only recorded data for
approximately 6 weeks (September 28 to November 7,
2023) due to an internal malfunction. This malfunction
also prohibitedmeasurement of the final clock drift and
tilt reading during instrument recovery.
Deployment and recovery cruises in Y2 again used

a small, local fishing vessel. Deployment took place
on November 11 and 13-14, 2024, with high winds pro-
hibiting work on November 12 (although this provided
time to collect the drifter LS102 from Gaspé). Nine in-
struments were originally deployed (LS201-208, LS210).
During the deployment, LS201 would not communicate
with the acoustic transponder once in the water. It was
recovered when it resurfaced after the backup timer
(pre-set to be an hour upon arrival on the seafloor) trig-
gered release. This issue was determined to be a loose
transponder connection that could not be fixed in the
field, so redeployment was not attempted. Therefore,
the Y2 deployment also consisted of eight OBS (LS202-
208, LS210), with seven sites (LS202-208) reoccupying
theY1 sites LS102-108 (Figure 1). LS208 surfaced prema-
turely in February 2025. It was tracked via GPS for about
2 weeks as it drifted downstream, before signal was lost
slightly offshore of Les-Îles-de-la-Madeleine. The NFSI
attempted public outreach via social media to find out if
it had been seen, but there were no positive responses
and it is considered lost. During the recovery cruise,
communication was established with LS202 and instru-
ment status readings were normal, but the power level
when the burnwire was activated was unusually low
and the instrument failed to release despite repeated at-
tempts. The location of this station near the outlet of a
river suggests that sediment deposition on the burnwire
assembly may have caused the release failure. The re-
covery attempt had to be abandoned, although the OBS
was instructed to run the burn circuit indefinitely. We
have no evidence that it has surfaced to date. Six of the
seven remaining OBSs (LS203-207, LS210) were recov-
ered successfully on onApril 22 and 23, 2025 (Figure 1c).

2.2 Onshore deployment
As of the start of our experiment, Natural Resources
Canada (NRCan) operated 5 CNSN broadband seis-
mometers in the Lower St. Lawrence region for seismic-
ity monitoring (Figure 1). However, with only three sta-
tions on the north shore and two on the south shore, the
average inter-station distance was over 100 km, making
precise earthquake location and subsequent source pa-
rameter inversion challenging. We complemented the
land seismic network by installing 48 nodal sensors (24
along each shoreline) and 4 broadband stations on the
north and south shores (Figure 1). Station coordinates
and operation periods are listed in Supplementary Ta-
ble S1.
We used the SmartSolo IGU-16HR 3-Component

nodal seismic acquisition system for the nodal array de-
ployment (Figure 2c). These stand-alone seismometers
include sensors at a natural frequency of 5 Hz, 64 GB
data storage, and a battery life of ∼ 30 days if sampling
continuously at 250 Hz. The light weight (2.4 kg) and
small footprint (103mm(L) × 95mm(W) × 187mm(H)w/o
spike) make them user-friendly and cost-effective op-
tions for temporary deployment of a large number of
nodes. The inter-station distance of the LSLS-ASNnodal
sensors was designed to be ∼10 km, mainly dictated by
the number of available nodes and the length of shore-
lines to cover. However, due to topography and road ac-
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Figure 2 Field photos of different types of seismic stations/sensors deployed in the LSLS experiment. (a) Four NFSI Guralp
Aquarius OBS units loaded on Kalynic, a fishing vessel operated by Pêcherie Henry for Y1 deployment. (b) Solar panel, pole
and cable connection of MG13 at Les Escoumins. (c) A SmartSolo nodal sensor buried in the ground.

cess variability the actual distance varied from ∼10 to
20 km. The two lines of arrays still effectively covered
the shorelines of the Lower St. Lawrence Seismic Zone
(Figure 1). The nodal array operation period was about
a month frommid-September to mid-October 2023.

We also installed four broadband seismometers in
conjunction with the OBS deployments, at Les Es-
coumins (MG13), Cap-au-Renard (MG14), Chute-aux-
Outardes (MG15), and Forestville (MG16) (Figure 1).
Due to land access and instrument availability issues,
these stations started operation at different times in
2023-2024, and therefore have various temporal over-
laps with the Y1 and Y2 OBS experiments (Figure 1d).
MG13 occupies the former CNSN site LESQ at the Ma-

rine Environment Discovery Center of Parks Canada in
Les Escoumins (Figure 2b). MG14 andMG15 are located
on private properties, while MG16 is on municipality
land provided by the Forestville City Council. MG13-15
have Nanometrics Trillium Compact Posthole sensors
(20 s to 100 Hz), whereas MG16 has a Guralp CMG-3ESP
sensor (100 s to 50 Hz). All MG stations include a Cen-
taur data logger and are powered by solar panels on site.
Sampling rate is set at 100Hz atMG13-15, 50Hz atMG16.

2.3 Data coverage
The 2023-24 (Y1) LSLS-ASN experiment collected a
data set that includes ∼8 months of the OBS network
(September 2023 to May 2024), 1 month from the nodal
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Figure 3 Examples of Probabilistic Power Spectral Densities (PPSD) of vertical (CH3/Z) components at a) Y1 OBS LS107, b)
Y2 OBS LS207 (which reoccupied the LS107 site), c) land stationMG13, and d) North Shore nodal sensor N06. Solid black lines
represent the 95 (top) and 5 (bottom) percentiles, and dashed lines represent the medians. Note that different data periods
and sampling rates, hence data segments, are used in each PPSD calculation. Dark gray lines are the NHNL and NLNL from
McNamara and Buland (2004). Double-headed arrows in (a)mark the three frequency bandswithinwhich the average power
amplitudes are shown in Figure 4.

arrays (September to October 2023), and variable oper-
ation periods of the MG stations. The 2024-2025 (Y2) ex-
periment collected ∼6 months of the OBSs (November
2024 to April 2025) and various periods of the MG sta-
tions. All CNSN stations in this region operated continu-
ously throughout the period. Figure 1b-d shows the data
availability chart for both Y1 and Y2 experiments.

Of the eight OBSs deployed in Y1, six (LS101, LS104-
108) had near 100% data return rates. Of the eight Y2
OBSs deployed in Y2, six (LS203-207, LS210) were recov-
ered in April 2025 with 100% data return rates. LS102,
LS103, LS202, LS208 had zero to partial data coverage
for reasons detailed in Section 2.1.

For the MG stations, MG13 and MG16 had complete
to near complete data coverage from their respective
deployment dates (MG13 in September 2023, MG16 in
December 2024) to the last data retrieval in August 2025
(Figure 1d). However, the Guralp CMG-3ESP sensor and
the Nanometrics Centaur digitizer at MG16 appear to
have been configured inconsistently. This mismatch
likely caused problems with the instrument response
files and prevented us fromusing the data in this report.
Power issues including power controller malfunction
and solar panel damage at MG14 and MG15 resulted in
significant data gaps (Figure 1d). MG14 had ∼3 months
of continuous data before operation stopped in August
2024. MG13, 15, and 16 were retrofit in August 2025 and
continue to operate as of writing of this report. Noise

analysis results of MG stations in Section 3 are thus
based on data fromMG13 and MG14.
All 48 nodal sensors had complete data recovery for

about 30 days from September 14 to October 15, 2024.
The start/end dates of each nodal site vary by ±1-2 days
(Supplementary Table S2).

2.4 OBS data preprocessing
Clock drift correction was applied by assuming a linear
drift throughout the recording period for OBS stations
with valid final clock offset measurements (Table S1).
For Y1, final clock offsets could not be obtained for sta-
tionsLS102due to completebattery drainage and instru-
ment shutdownhence loss of time recording prior to re-
covery, LS103 due to an internal components communi-
cation problem which prevented data recording to the
long-term storage, and LS107 due to a hardware reboot
which prevented themeasurement of the final clock off-
set. For Y2, final clock offset measurements were made
for all six recovered stations (LS203-207 and LS201; Ta-
ble S1). Both Y1 and Y2 clock offset measurements (on
deck) showed a distribution skewed toward a negative
offset (OBS clock slower than real GPS time). The high-
est drifts were observed in Y1 at station LS106 (-6.3 ms/-
day, in absolute values greater than 4 ms/day, which is
equivalently 1 sample point at 250 Hz sampling rate),
and in Y2 at station LS207 (-3.1 ms/day).
Orientations of the seismometer channels were not
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determined in the NFSI data preprocessing step. Chan-
nels CH1 and CH2 are nominally horizontal, oriented
as North and East respectively in the instrument’s in-
ternal reference frame. CH3 is nominally vertical. A
measurement from the on-board MEMS accelerometer
taken shortly before release was used to estimate the
tilt axis orientation at deployment and/or recovery for
each instrument (Table S1). In Y1, tilt was not mea-
sured at deployment for stations LS106 and LS107, nor
at recovery for stations LS102 and LS103 due to instru-
ment issues described above. In Y2, tilt measurements
were obtained for all stations at deployment, and all sta-
tions except LS208 at recovery. Of the tiltmeasurements
whichwere collected, themaximumestimated tilt angle
from vertical in each year’s deployment is 3.65◦ at LS107
and 1.8◦ at LS207.

3 Noise analysis
Ocean bottom seismometer recordings are inevitably
imprinted by a variety of environmental (ambient)
noise and possibly instrumental noise; both types of
noise can be site specific. Before using the OBS data for
earthquake detection and source parameter inversion,
we need to quantify the ambient noise levels, and ana-
lyze anddistinguish thenoise sources. Wefirst calculate
the Probabilistic Power Spectral Density (PPSD; McNa-
mara and Buland, 2004) for all available data (onshore
and offshore) to get a global view of the noise levels and
spectral distribution.
Figure 3 shows examples of PPSDof the vertical (CH3)

components at two OBS stations at a common (reoccu-
pied) site (LS107 and LS207), a land broadband station
(MG13) and a nodal sensor (N06). Overall the power
density distribution at each station closely tracks the
NewHighNoiseLevel (NHNL) andNewLowNoiseLevel
(NLNL) defined by McNamara and Buland (2004) be-
tween periods 0.1 and ∼10 s. The OBS noise levels are
at or slightly above the NHNL for periods longer than
∼20 s. OBS noise level is also in general higher than
the land stations across the spectra. While the nodal
sensors have an instrument natural frequency of 5 Hz,
we observe at many nodal sites noise levels comparable
to that of the broadband stations up to ∼5 s period, as
shown by an example at the north shore site N06 in Fig-
ure 3d.
Figure 4 shows the average power amplitudes at each

component of each station in short (<0.5 s), intermedi-
ate (0.5–10 s), and long (>10 s) periods, projected along
a profile parallel to the St. Lawrence River with LS101
as the starting point. The land stations MG13 andMG14
have overall the lowest noise level across the board. The
OBS sites exhibit consistent noise levels at reoccupied
sites, with the exception of a few sites for the CH3 com-
ponent in the >10 s period range. Within the <0.5 s
period range, OBS stations have comparable noise lev-
els in all three components, which are in general lower
than those of the nodal sensors. There appears to be a
decreasing trend of the average noise amplitude toward
the downstream direction, although the total variation
is only about 20 dB across ∼200 km along the river. The
north shore sensors generally recorded higher noise

levels than those along the south shore within this pe-
riod range, in particular N14-N25 downstream, which
could be due to passing traffic (typically, 0.05 to 0.2 s)
and/or sensor/ground coupling issues (a couple of high
noise nodeswere found at the time of instrument recov-
ery in sandy soil loosened probably by precipitation).
Within the 0.5 to 10 s period range, the downstream de-
creasing trend in the OBS noise amplitude seems to per-
sist for the twohorizontal components, but is not visible
for the vertical component. Nodal sensor noise levels
are consistently lower than on OBSs, except for the last
5–6 sites downstream along the north shore (Figure 4;
Figure S1). The low noise level beyond the instrument
natural frequency of 5 Hz renders the seismic nodes
a useful dataset for the LSLS small-to-moderate mag-
nitude earthquake source parameter analysis. Within
the >10 s period range, OBS stations have the highest
noise amplitudes at the horizontal components, which,
as will be discussed in the following, most likely reflect
the tidal effects. As expected due to their 5 Hz natu-
ral frequency, nodal sensors also have very high noise
levels and are effectively not usable for this long period
range.
Below we discuss the power density characteristics

and possible sources.

3.1 Microseisms
Microseism peaks are generally widespread and rec-
ognizable in the broadband seismic noise spectrum in
two frequency ranges. The single-frequency, or pri-
mary, microseism peak has lower amplitude and longer
period (T = 10–16 s), generated in shallow coastal
waters through vertical water pressure variation or
from waves crashing onshore (Hasselmann, 1963). The
higher amplitude and shorter period (T = 4–6 s) double-
frequency, or secondary, peak is generatedby the super-
position of opposing ocean waves that impose pressure
perturbation in the water column transmitted through
the solid Earth (Longuet-Higgens, 1950). In the aggre-
gated and median PPSD plots (Figures 3 and 5), the
double-frequency (secondary) peak is clearly observed
across all the stations. However the single-frequency
(primary) microseism peak does not stand out for the
OBS recordings. The noise amplitude of the horizon-
tal components is already higher than the NHNL in the
10–16 s range (Figure 5). The vertical component has
overall lower amplitudes in this period range but does
not show a clear primary microseism peak, probably
due to the smearing from the aggregation and average
over ∼10,000 data segments spanning the entire exper-
iment. The spectral distribution using a shorter dura-
tion (1-hour) of Y1 data does exhibit the primary micro-
seism peak on the vertical component CH3, with the
amplitudes more pronounced at the downstream sta-
tions LS106, 107, 108 but less so at the upstream stations
(Figure S2). This along-stream distinction suggests the
St. Lawrence inland seaway environment may also play
a role — the downstream stations are likely more im-
pacted by the open ocean conditions hence producing
more visible primary microseism peaks. The lack of a
clear primary microseism peak is also reported for the
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Figure 4 Average power amplitude on three components (from top to bottom: CH1/N, CH2/E, CH3/Z) of all OBSs, nodal
sensors, MG13, and MG14 for period ranges: (left) <0.5 s, (middle) 0.5 to 10 s, and (right) >10 s. Distance is projected along
a profile approximately along the river, with the starting point at LS101 and ending point at (lon, lat) = (-64.803, 50.077).
Distance increases along the downstream direction. MG13 and MG14 are upstream and downstream of LS101, respectively.

aggregated PPSDs from an OBS experiment in the Red
Sea (Parisi et al., 2024), a similar sea inlet environment
as LSLS.

3.2 Water flow and tidal noise
Median levels of the vertical component PPSDs of the
OBSs are similar to those at the land station (MG13) at
periods <0.1 s (frequencies >10 Hz) and in the 5–10
s range, near the double-frequency (secondary) micro-
seism peak (Figures 5c and 5f). However, for periods
between 0.1 and∼5 s, as well as >10 s, the OBS are up to
20 dB noisier. This effect is more pronounced on hor-
izontal OBS channels, which are notably noisier than
MG13/14 even at 5–10 s periods, and are up to 40 dB
noisier than MG13/14 at long periods (>10 s; Figures
5a-b, 5d-e). After the Y1 deployment, we hypothesized
that the peak noise levels, particularly on the horizon-
tal components at∼0.5 to 2 s, were amplifiedby theflags
that were attached to the OBS units for easy identifica-
tion on the water surface during the recovery operation
(see Figure 2a), which could potentially flap in a bot-
tom current. Therefore, as a test and precaution, we re-
moved the identification flags from all the OBS units in
the Y2 experiment. However, this high-noise band per-
sisted; it does not appear that the flags contributed sig-
nificantly to noise levels. This leads us to hypothesize
that the high noise levels on the OBS horizontal compo-
nents between ∼0.5 and 2 s probably reflect the water
currents on the riverbed.
We observe a systematic decrease in the period of the

peak power (median values) on the horizontal compo-
nents (CH1/N and CH2/E) from ∼2 s at the most up-
stream station LS101 to ∼0.5 s at the most downstream
station LS108 (Figures 5a-b). The same along-river sys-
tematic shift is also observed from the Y2 data, again
from ∼2 s at the most upstream station LS203 to ∼0.8
s at the most downstream station LS207 (Figures 5d-e).
A closer examination of the PPSDs of selected one-hour
long waveforms showed that the frequency shift occurs
synchronously across all three components, albeit at
lower amplitudes for the vertical component (Figure
S2), which explains why the peak power frequency shift
is not as clearly observed in the vertical component
(CH3/Z) of themedian PPSDs (Figure 5c and 5f) and sug-
gests a primary source from horizontal ocean currents.

We further hypothesize that daily tides may modu-
late the noise fluctuation at the >10 s period range. In
an estuary setting, the tidal wave movement exhibits
a stronger impact on the riverbed in the lateral direc-
tion, which may explain the higher noise amplitudes
observed at the OBS horizontal components at periods
>10 s (Figures 4 and 5). The tidally driven water flow
can be further quantified to be proportional to the time
derivative of the tidal height (H). Figure 6b shows the
spectrogram and power amplitudes averaged over long
(50–200 s) and short (2–10 Hz) period ranges at LS106,
and the predicted tidal wave heights at the nearest town
Sainte-Anne-des-Monts (15-minute tide prediction data
downloaded from https://tides.gc.ca/en/stations). Both
the long- and short-period amplitudes exhibit clear tem-
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Figure 5 Median PPSDs of (a-c) Y1 OBS LS101-108 and (d-f) Y2 OBS LS203-207, LS210 (solid color lines). Median PPSDs
of land stations MG13 and MG14 (dashed lines) are plotted for comparison. Gray lines are NHNL and NLNL (McNamara and
Buland, 2004). Arrows in each subplot mark the frequency shift in the peak power from upstream to downstream OBSs.

poral correlations with dH/dt, which is also observed
to various degrees from the limited time periods we
examined at LSL106 (Figure 6b, Figure S3) and LSL103
(Figure S3). The responses at multiple periods may re-
sult from the coupling between tidal forcing and a va-
riety of fluvial processes such as turbulent water flow,
bedload transport and geomorphic irregularities (Govi
et al., 1993; Burtin et al., 2008; Schmandt et al., 2013).

3.3 Traffic noise
Most LSLS land stations (MG and the nodal sites)
recorded daily andweekly noise level cycles at the short
period range, for example, 4–14 Hz, that reflects cul-
tural noise from traffic and other human activities (Fig-
ure 6a).
For the offshore stations, vessel traffic noisemay also

play a role. Modern commercial ships usually generate
noise in the frequency range of roughly 20 to 500 Hz,
and the noise level is dependent on the ship-to-receiver
distance (McKenna et al., 2013). Even in the absence of
a nearby ship, the background sound level can be dom-
inated by noise from distant ships because the 20–500
Hz acoustic waves can travel long distances underwa-
ter. A recent study also showed small vessels, such
as sailboats, yachts, tour boats and ferries, could ra-
diate underwater noise comparable to larger commer-
cial vessels (Shipton et al., 2025). Therefore, it is pos-
sible that some of the high-frequency noise recorded
by the OBS stations is sourced from the marine traffic
along the estuary. Analysis of a randomly selected 24-
hour waveform record at station LS108 reveals an abun-

dance of high-frequency energy bands extending up to
the Nyquist frequency of 125 Hz (Figure S4). Each high-
frequency energy burst persists for approximately half
to one hour, with the associated harmonics exhibiting
characteristic Doppler frequency shifts and Lloyd’smir-
ror effect arising from multipath interference (Figure
S5). These features are diagnostic signatures of pass-
ing ships, indicating that the observed high-frequency
energy bursts are attributable to ship noise (Barlett and
Wilson, 2002).
We also observe temporal fluctuations of noise in the

20–100 Hz frequency band (Figure S6) but no clear daily
or monthly variations (Figure S7). The lack of obvious
monthly variation in high-frequency potentiallymarine
traffic noise level is expected as both the Y1 and Y2 ex-
periments were designed to avoid the active fishing sea-
sons in the estuary. Future analysis needs to compare
the high-frequency noise variations with detailed ma-
rine traffic schedules, in order to attribute them to exact
sound sources in the LSLS shipping corridor.

4 Seismic events andwhale call detec-
tion

4.1 Earthquakes and possible blast events
For an initial assessment of how the increased station
coverage can improve seismic event detection in the
LSLS region, we processed 1) the first month (October
2023) data of 8 OBS combined with the 3 nearest CNSN
stations (CNOQ, ICQ, SFNQ) and our station MG13, and
2) one month (September 14 to October 15, 2023) of

9
SEISMICA | volume 5.1 | 2026



SEISMICA | DATA REPORT | Lower St. Lawrence Seaway Amphibious Seismic Network for earthquakes and marine soundscape monitoring

Figure 6 Spectrograms and temporal variations of power amplitudes at selected frequency bands at (a) land station
MG13.HHZ, and (b) OBS LS106.CH1. Vertical gray bars in (a) highlight weekends in November 2023. Dashed gray line in (b)
shows the tidal height (H in meters) predictions at Sainte-Anne-des-Monts, the closest town to LS106, downloaded from
https://tides.gc.ca/en/stations. Solid gray line shows the absolute values of dH/dt; t is time, expressed by date (UTC).

data from the 48 nodal sensors, to create event cata-
logs for comparison with the NEDB catalog which re-
lies solely on the permanent CNSN stations. We refer
to these as the OBS and Nodal array catalogs in the fol-
lowing, although the OBS catalog did make use of four
onshore broadband stations. The objective of creating
such initial catalogs in this report is to examine the
data quality and confirm that the phase arrivals of small
(M ∼1) events are indeed visible and usable from the
OBS and nodal sensor recordings. We expect to con-
tinue refining parameters in the phase-detection and
event-association workflow while creating a full earth-
quake catalog using the combined Y1 and Y2 data.

OBS catalog. We employed the machine learn-
ing (ML)-based phase picker EQTransformer (Mousavi
et al., 2020), applying a version retrained on global OBS
data (OBSTransformer) (Niksejel and Zhang, 2024) to
the OBS recordings, and the original EQTransformer
model trained on global seismic data (Mousavi et al.,
2019) to onshore recordings. We set the P and S phase
probability thresholds at 0.1 and the earthquake detec-
tion threshold at 0.3 (see Mousavi et al., 2020, for a de-
scription of these parameters). Subsequently, we used
PyOcto (Münchmeyer, 2024) for phase association, in-
corporating the velocity model of Plourde and Nedi-
mović (2021) (Table S3). We required a detection to
have both P and S picks on at least 2 stations and to
have a total of ≥8 picks. This resulted in 420 associa-
tions, of which we deemed only 31 to be robust events
after visual inspection (vs. eight events reported by the
NEDB for the same period, Figure 7). We then relo-
cated events with Hypoinverse (Klein, 2002) and calcu-
lated the local magnitude of the event using the Nuttli
magnitude (Nuttli, 1973) based on the empirical rela-
tion of earthquakes in eastern North America: MN =
3.75 + 0.90 log ∆ + log(A/T ), where A is the maximum
amplitude, T is the period in seconds and ∆ is the dis-
tance in degrees. Furthermore, we adopted a magni-
tude unit correction of +0.11 for events within distances

of 10–150 km in eastern Canada as suggested by Bent
(2018). Of the 31 hypocenter estimates, 12 are onshore
with extremely shallow depths (<3 km, but many <0.1
km; Table S2) and are likely blasts or other industrial
activity, rather than earthquakes. Another OBS detec-
tion (depth 9.62 km) is also labeled as a blast event in
consultation with an internal NRCan blast catalog. We
note that three of the eight NEDB events in the Octo-
ber 2023 period were not detected in our preliminary
OBS catalog. These include an event of NEDB reported
MN = 1.71 on 2023/10/25, which is located more than
100 kmnorth from thenearest station used in detection,
and two other events of MN <1.0, for which we could
not visibly identify many phases on the OBS. In sum-
mary our OBS catalog detected 18 earthquakes in Octo-
ber 2023, in comparison to eight NEDB events, resulting
in >2 timesmore earthquake detections than the NEDB
catalog.

Nodal array catalog. To process the nodal array, we
began with the same workflow for EQTransformer and
PyOcto, except that, given the increased station density,
we opted for a higher minimum number of picks, re-
quiring a detection to have ≥10 total picks and ≥3 sta-
tions with both P and S picks. Before proceeding to vi-
sual confirmation, we further ran REAL (Zhang et al.,
2019) and GaMMA (Zhu et al., 2022) for phase associa-
tions, and kept only events detected by all three associ-
ation algorithms. We then proceeded with the visual in-
spection, Hypoinverse locations, and Nuttli-magnitude
computation. This resulted in 26 detections, including
8 of 10 earthquakes reported in the NEDB during the
same period (September 14 to October 15, 2023; Fig-
ure 7), eight events we suspect are blasts, and 10 we be-
lieve to be previously undetected earthquakes. All the
suspected blast events are located on the north shore,
mostly in a cluster near Event A (Figure 7a).

Supplementary Table S2 details all three catalogs
(NEDB, OBS, nodal array), including 14 events from the
NEDBbetween September 14 andOctober 31, 2023, with
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MN ranging from 0.75 to 2.34. In the following we high-
light two representative events with high number of
phase picks fromOBS/EQTransformer (marked by stars
in Figure 7). Event A on October 10, 2023 is an exam-
ple of a suspected blast event in both the OBS and Nodal
catalogs, with the two epicenter estimates 4.6 km apart
(red and cyan stars on the north shore in Figure 7a). Fig-
ure 8a shows the P/S phase picks from 120-secondwave-
forms sorted by epicentral distances at all the on- and
offshore stations. Despite beingmore than 50 km north
of all the OBS sites, the clear phase arrivals at multiple
stations gave a well-constrained epicenter on the north
shore which is about 50 km north and south, respec-
tively, of the nearest CNSN stations SMQ and ICQ. Event
B is an earthquake that occurred on the south shore on
October 28, 2023 with MN=2.34, listed in the NEDB. All
the land and OBS recordings show clear P and S phase
arrivals (Figure 8b). Furthermore, its epicenter from
theOBS catalog differs from theNEDBby approximately
5 km (black and cyan stars on the south shore in Figure
7a). Event B occurred after the nodal array was decom-
missioned.
Figure 7c shows our calculatedNuttlimagnitudesMN

in comparison with those in the NEDB catalog. Overall
the magnitude differences between the common detec-
tions from the three catalogs are within 0.5-unit, with
the OBS catalog producing generally larger MN values
than the other two. Station-specific magnitude calcu-
lations confirmed OBS stations have larger amplitudes,
which resulted in larger MN than the land broadband
stations at comparable epicentral distances.

4.2 Whale calls
As a preliminary test of whale call signal quality on the
OBS seismic and hydrophone components, we applied
the double-spectrogram detection algorithm of Plourde
and Nedimović (2022), for whale calls with a regular in-
ternote interval (INI), to one month of data from LSL01
targeting both fin whale “20 Hz” calls (Roy et al., 2018)
and blue whale A/B notes (Mellinger and Clark, 2003).
Other calls without regular INI, such as blue whale
“arch” calls, were likely recorded but are not examined
in this report.
An example of high-SNR fin whale detection on both

sensors is shown in Figure 9a–d. In this case, the spec-
trogramproduced from the seismic data appears almost
identical to that produced from the hydrophone, and
the measured SNR of the calls match very closely. The
median difference of SNR for these 9 calls, SNRseis −

SNRhydr = 0.1 dB, and the standard deviation of the dif-
ference is 1.2 dB. An example blue whale detection on
both sensors is shown in Figure 9e–h. This is again a
fairly high-SNR example and again the calls appear very
similar on the seismic- and hydrophone-derived spec-
trograms, with very similar SNR. However, there are
other prominent signals present in the seismic data that
mask some calls (Figure 9e,g), and that do not appear to
be present in the hydrophone data. Supplementary Fig-
ures S8 and S9 provide additional plots for these detec-
tions that illustrate the detection algorithm.
These two examples demonstrate that the seismic

components are about as sensitive as the hydrophone
to water-borne signals, at least in this frequency range.
The OBS deployed without hydrophones should there-
fore be almost as capable as thosewith hydrophones for
whale monitoring, even though other seismic signals
will sometimes contaminate whale call seismograms.
We expect this issue to be more prominent for low
frequency whale calls (≤20 Hz) than higher-frequency
calls.
We perused seismograms from all 8 OBSs for a se-

lection of fin and blue whale detections; we found that
songs could regularly be visually associated across 3 or
4 OBSs, but also frequently only be visible on 1–2 OBSs.
More rarely calls appear on 5–6 OBSs, as seen in Fig-
ure 10 for a series of blue whale A/B sequences. As
LS101 has the earliest arrival time in that example, if
we conservatively assume the whale is about halfway
between LS101 and LS102, the calls have traveled ∼80
km to LS106, where they appear with SNR up to ∼7 dB.
Note that this song did not get automatically detected as
noise levels onother components are comparable to call
amplitudes, so SNR was very low on the spectrogram
summed from all three components.

5 Discussion
In this paper, we introduce the first amphibious seismic
station deployment in the Lower St. Lawrence Seaway
with the dual targets of seismicity and marine sound-
scape monitoring. This report documents data quality,
highlights various types of signals (noise), and serves
as the foundation for forthcoming projects in seismo-
logical, oceanographic, and environmental investiga-
tions in the LSLS. Here the distinction between signal
andnoise is inherently relative: information that consti-
tutes meaningful signal in one project may be regarded
as irrelevant or even distracting noise in another. Fu-
ture efforts in detailed studies of local seismicity, litho-
spheric structure, marine soundscape, and relation to
environmental factors are thus closely intertwined in
data processing and results interpretation.

5.1 Possible sources for noise peaks
For local seismicity studies, it is important to consider
site effects arising from sediment coverage, instrument
coupling, and general environmental factors such as
river currents and tidal fluctuations. Sediments on the
river bed may impact automated seismic phase detec-
tion of arrival times and waveform polarities. Poor cou-
pling with the river bed, due to soft sediments for ex-
ample, also introduces resonant, tilt, and compliance
noise that degrades the signal-to-noise ratio (Crawford
and Webb, 2000; Bell et al., 2014; Janiszewski et al.,
2019). In particular, the OBS dataset experiences signif-
icantly higher noise levels than the land stations (Fig-
ures 3 and 5) between 0.1 and 2 s (0.5–10 Hz), which
is also the typical frequency range for the source spec-
tra of small-magnitude earthquakes (e.g.,M3 and lower)
in the Lower St. Lawrence Seismic Zone. Understand-
ing the sources of such noise is thus a prerequisite for
proper denoising before earthquake source parameter
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Figure 7 (a) Epicentral distribution of events from the NEDB between 2023/09/14 and 2023/10/31 (14 events, black dots),
an enhanced catalog developed using 8 OBSs, 3 CNSN (CNOQ, ICQ, SFNQ) stations, and MG13 for the period of 2023/10/01
to 2023/10/31 (31 events, dark cyan dots), and catalog created using 48 nodal sites between 2023/09/14 and 2023/10/15 (26
events, red dots). Open circles denote suspected blast events in the OBS and nodal catalogs. NEDB epicenters (black) with
thick cyan and/or red outlines are those also detected by the OBS and/or nodal catalogs, respectively. Stars: North shore
Event A on 2023/10/10 is detected by OBS (MN=2.35) and nodal arrays (MN=1.88) but is not in the NEDB; South shore Event
B on 2023/10/28 occurred after the decommissioning of the nodal array, is detected by the OBS (MN=2.61) and also appears
in the NEDB (MN=2.34). (b) Stacked histograms showing the daily number of detected events from the three catalogs, with
respective durations marked in Figure 7a legend. (c) Nuttli magnitudes of the three catalogs. Symbols with solid face colors
are commondetections betweenNEDB (black circle)/OBS (dark cyan square), NEDB/nodal array (red triangle) catalogs; semi-
transparent face colors are non-NEDB-overlap detections; open symbols are suspected blast events; gray circles are three
NEDB events missed by the OBS catalog. Stars represent Event A on 2023/10/10 and Event B on 2023/10/28. The NEDB event
(solid black circle) on 2023/10/10 has an origin time 17:11:42, different from Event A’s origin time at 21:34:44.

inversion studies. The OBS noise within this intermedi-
ate period range seems to form at two distinct peaks.
The first peak is centered around 1 s, with a down-

stream progressive shift in the peak power from period
∼2 s to∼0.8 smost visible in the horizontal components
(Figure 5), and synchronized in the vertical component
but at lower amplitudes (Figure S2). This systematic
along-stream frequency shift in the 0.8–2 s range is clear
evidence of the impact of river currents, which at the
regional scale are strongly influenced by the Anticosti
Gyre, a persistent cyclonic (counter-clockwise) ocean
circulation feature between Anticosti Island and our
OBS deployment area (Figure 1). Based on the physical
oceanography model by Galbraith et al. (2024), the An-
ticostic Gyre has the gyre centre located approximately
midway between MG14 and Sept-Îles, with a radius of
∼80–100 km, which encompasses the downstream OBS
stations. In particular, the ocean current model pre-
dicts increasing horizontal velocities 1) from upstream
to downstream, 2) from summer (July–September) to
wintermonths (January–March) (Galbraith et al., 2024).
Future studies systematically comparing spatiotempo-
ral variations in OBS noise levels with regional ocean
currentmodel outputs will be needed to verify the influ-

ence of the Anticosti Gyre and elucidate the underlying
mechanisms.
The second peak shows consistently at ∼0.1–0.2 s

for vertical and 0.2–0.3 s for horizontal components
without clear along-stream variation from the time-
averaged median PPSDs (Figure 5) nor in the random
one-hour data (Figure S2). This shorter-period peak
around 0.1–0.3 s (3–10 Hz) may reflect distinct noise
sources possibly more sensitive to local site conditions.
As noted in Figure 6b, the 2–10 Hz noise level fluctua-
tion also correlates with the rate of tidal height (dH/dt).
Such a temporal correlation is also observed, although
not as obvious, at other randomly selected time periods
or stations (Figure S3). In addition, harmonic tremors
from vortex shedding as ocean currents interact with
bathymetry irregularities or the OBS instrument itself
may also contribute to noise in this frequency range
(Essing et al., 2021; Corela et al., 2023), although we
have not yet searched for harmonic tremor signals in
the LSLS dataset. Our preliminary results are sugges-
tive; full processing of the entire dataset is necessary
to validate the identified temporal patterns and defini-
tively attribute them to their causal mechanism(s).
The two distinct peaks both occur at shorter peri-
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Figure 8 Example normalized waveforms in preliminary OBS broadband station catalog with phase pick detections from
the North (or CH1) components, bandpass filtered between 3 and 20Hz. Red markers indicate P phases, and blue markers
indicate S phases. (a) Newly detected Event A on October 10, 2023, (b) Event B on October 28, 2023, previously reported in
the NEDB catalog.

ods than the widespread and easily recognizablemicro-
seism energy peaks at worldwide broadband stations
(McNamara and Buland, 2004). Their presence at OBSs
and absence at coastal land stations (see comparison in
Figures 3 and 5) supports our interpretation that they
source from local sea conditions with rapid energy dis-
sipation inland. Additional amplitude peaks at possi-
ble harmonic overtones are also visible, and are more
pronounced in the horizontal components, from a ran-
dom selection of one-hour waveforms in Y1 (Figure S2),
which requires detailed analysis in future studies as-
sociating these signal/noise ratios to short-time-scale
river flow dynamics.

5.2 Uncertainties in seismic events and
whale call detections

Many seismic events in the Eastern Canada seismic
zones coincidewith intensivemining and quarrying op-
erations, with localized blast events (NRCan, 1985), and
differentiating these events remains challenging due to
sparse seismic station coverage, false detections by the
ML phase picker and an incomplete public blasts cata-
log. For example, both the OBS and nodal array cata-
logs exhibit a cluster of events on the north shore near
the 2023/10/10 Event A (Figure 7a). The public NEDB
blast catalog contains no event records during our OBS
and nodal array catalog periods (as of writing), but an
NRCan internal catalog indicates that this cluster, in-

cluding Event A, consists of suspected blast events, al-
though the exact source was not confirmed. Event A
has a hypocentral depth of 0.06 km and 0.08 km, respec-
tively, from our OBS and nodal array catalogs, with ver-
tical location errors around 1.5 km. It also has notably
more prominent surfacewaves and lower S/P amplitude
ratios than the the earthquake Event B (Figure 8). These
are all characteristics consistent with a blast source. We
are currently working on a ML-based source differen-
tiation algorithm trained on a labeled earthquake and
blast event dataset of theWesternQuebec Seismic Zone,
which can be adapted for the LSLS region for the classi-
fication of blast and earthquake sources (Chien and Liu,
2026).
We examined one month of OBS data for fin whale

and blue whale (A/B) calls and found it to be a rich
dataset. Notably, we found that the seismic components
of the OBS appear to be equally sensitive to the whale
calls as thehydrophone,meaning thewhale-monitoring
capability of those deployed without hydrophones is
not severely limited. The 250 Hz sample rate of the
seismometer (vs. 100 Hz for the hydrophones) allows
monitoring for higher-frequency calls such as the blue
whale “arch” call, as well as sei whale calls and poten-
tially other species. We found that it was common for
fin and blue whale calls to be visible across 3-4 OBSs,
which would allow localization via triangulation, but
also common for them to only be visible on 1-2 OBSs,
meaning that formany calls localization will require in-
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Figure 9 (a-d) Example finwhale detections on LS101on the seismic andhydrophone channels. (a,b) Twominutes of three-
component seismicandhydrophonedata, respectively, filtered to the finwhale targetband (18.0-22.5Hz). (c,d)Spectrograms
of the seismic and hydrophone data, respectively, with detected calls labeled by their measured SNR in dB. (e-h) As above,
but for a blue whale detection in the 15.5-18.5 Hz target band, and using a six-minute window.

corporating estimates of azimuth. Via either method,
the OBS data should enable the localization of whale
calls and tracking of individual whales in a way that has
not been possible with previous hydroacoustic data in
the St. Lawrence, which could offer new insights into
whale behavior and lead to appropriate conservation
measures.

5.3 Future projects using LSLS-ASN data
Correlations between noise levels and environmental
time series such as wind speeds and wave heights have
already been summarized for datasets from OBSs in
deep oceans and on continental slopes (Bromirski et al.,
2005;Hilmo andWilcock, 2020; Zhang et al., 2023). LSLS
presents a peculiarmarine environmentwhere the seis-
mic waveform data also contain signal/noise specific to
the estuary conditions. For example, the steep slopes of
the glacially carved riverbed of the St. LawrenceEstuary
are favorable sites for submarine landslides and turbid-
ity currents, including earthquake-triggered (Mérindol
et al., 2022) and storm-induced turbidites (Normandeau
et al., 2020). While turbidity currents are typically asso-
ciated with slope failures from sediment-rich shelves,
the recently observed frequent turbidity current ac-
tivity near Pointe-des-Monts (PdM) is counterintuitive

because of the very limited to non-existent sediment
supply from the bedrock-exposed shelf (St-Onge et al.,
2011). It also remains unclear whether there are any dy-
namic triggering effects (e.g., stress perturbation from
passing seismic waves, atmospheric pressure fronts)
between submarine landslides, turbidity currents, lo-
cal/global earthquakes, and storms in the LSLS, similar
to those documented in the Gulf of Mexico (Fan et al.,
2020). Given the dynamic speed (1-2 m/s) and short du-
ration (hours to days) of these landslides and turbid-
ity currents, the local OBS array of LSLS-ASN provides
a potential monitoring tool for characterizing the spa-
tiotemporal distribution and relationship between seis-
micity, turbidity currents, submarine landslides, and
storms in the LSLS.

Another St. Lawrence seafloor dynamic process that
would be amenable to OBS monitoring is episodic or
continuous methane gas seepage, which usually origi-
nates from deep reservoirs due to poor sealing of the
cap-rock aswell as presence of faults or fractureswithin
the reservoir (Embriaco et al., 2014). St-Onge et al.
(2011) have mapped more than 2000 pockmarks in the
estuary with some active offshore of Matane. While ob-
servation and interpretation of gas seepage from seis-
mic data often relies on active-source imaging in hy-
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drocarbon exploration or scientific geophysical expedi-
tions, it is possible to utilize the whale calls as equiv-
alent active sources to construct seismic records (seis-
mic wave travel-time versus distance) and potentially
illuminate structures that interrupt continuous reflec-
tion phases (Kuna and Nábělek, 2021), toward a system-
aticmap of gas seepage and improved understanding of
slope stability.
The LSLS-ASN network deployment also provides op-

portunities for studies of lithospheric structure. Both
broadband (land and marine) and nodal sensors, if

recording global earthquakeswith a sufficient signal-to-
noise ratio, can provide important datasets for analysis
techniques such as receiver functions (RF) that image
structural discontinuities in the crust and uppermantle
beneath each individual station, with potential formore
advanced 2D imaging techniques such as RF common-
conversion-point stacking in the case of densely spaced
quasi-linear arrays. During the two deployment peri-
ods of the OBS network, a total of 98 global earthquakes
of magnitude ≥6.0 occurred; during the month-long
nodal deployment, therewere 12magnitude≥6.0 earth-
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quakes worldwide (source: IRIS Earthquake Browser;
https://ds.iris.edu/ieb). Taking into account resolution
limits imposed by station spacing and network aperture
with respect to seismic wavelengths, the geometry of
the array will permit detailed modeling of the sedimen-
tary structures and the upper crust using ambient-noise
tomography by inter-station cross-correlation.

5.4 Field logistical and operational lessons
As an NFSI pilot project, many aspects of the LSLS
OBS experiment were new to our team and differed
significantly from cruises on large research vessels for
deep water offshore projects that the OBS community
commonly undertakes. This presented challenges, but
also valuable learning opportunities such as the deploy-
ment from a small fishing boat in an estuary environ-
ment with tidal currents, instrumentmobilization from
small fishing ports,marine operation coordinationwith
land support, and the logistical complications of run-
ning OBS experiments in the northern Atlantic hurri-
cane season (typically from August to October). For fu-
ture projects, September operations in Atlantic Canada
should be treated as high risk for weather-related de-
lays and include appropriate contingency plans. Our
utilization of small fishing boats in the OBS deployment
and recovery cruiseswas operationally flexible and eco-
nomically affordable, but required careful planning in
order to maximize the use of available daylight. Land
supportwas a useful and critical component of the field-
work. The onshore staff was able to make last-minute
accommodation changes and meet the boat at the var-
ious ports of opportunity, allowing for much greater
flexibility for each daytime OBS operation. Finally, we
also found the OBS instrument preparation is best per-
formed in port to the extent possible; such preparation
tasks were difficult to perform on the deck of a small
vessel due to motion and risk of splashes on sensitive
electronic components.

6 Conclusion
The Lower St. Lawrence Seaway encompasses one of
the most seismically active zones in eastern Canada
and is a critical habitat for marine mammals within
a heavily trafficked shipping and fishing corridor. In
this report we present the deployment/recovery, data
quality and preliminary results from a 2023–2025 am-
phibious seismic network operated along the LSLS. OBS
recordings exhibited elevated noise levels across all
frequencies relative to the land-based broadband sta-
tions, with particularly pronounced noise between pe-
riods of 0.2–2 s and beyond 10 s on the horizontal com-
ponents. The strong correlation between long-period
noise amplitude and tidal cycles points to tidal modula-
tion of riverbed currents as a possible dominant source
mechanism. Passing vessel signals are also abundantly
recorded, as evidenced by well-defined Doppler fre-
quency shifts and multipath interference signatures.
The enhanced seismicity catalog derived from the com-
bined network revealed over two times more earth-
quakes than reported in the Canadian National Earth-

quake Database over the firstmonth of deployment, un-
derscoring the capability of dense amphibious arrays to
improve earthquake detection in the region. About a
third of the OBS and nodal array detections are likely
from blasting events on the north shore. Finally, clear
detections of fin whale and blue whale vocalizations at
multiple OBS sites highlight the potential of this net-
work for passive acoustic monitoring and whale call
localization, opening new avenues for integrated geo-
physical and marine biological research in the LSLS.
The LSLS network demonstrates the value of combin-
ing offshore and onshore instrumentation for simulta-
neous geohazard assessment and marine soundscape
monitoring.
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