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Abstract Ultraslow spreading ridges are a vital part of mid-ocean ridge systems, consisting of bothmag-
matic and amagmatic spreading segments. Hydrothermal vents play a key role in the transfer of matter and
heat from the lithosphere to the hydrosphere and biosphere. However, research on the relationship between
magmatism, faulting, and hydrothermal circulation beneath vent fields on ultraslow spreading ridges is still
limited. Here, we investigate Jøtul vent field, situated on amagmatic segment of Knipovich Ridge. Weprovide
continuous passive seismic data recorded by a network of up to 15 broadband ocean bottom seismometers
covering up to 50 km along-axis and the time from July 2023 to August 2024. We present our correction for
nonlinear clock drift using ambient noise cross-correlation and sensor orientation from Rayleigh wave polar-
ization analysis. Probabilistic power spectral density plots show a clear double-frequencymicroseismic noise
peak. Noise bands at periods of 0.2-0.4 s are likely related to sediment layers and ocean currents. Vibrations
of the radio beacon antenna produce noise at periods of 0.16 s. Despite this ambient seismic noise, transient
signals of teleseismic, regional, and local earthquakes, and air-gun signals are clearly visible in the dataset
enabling studies of seismicity and seismic structure.

1 Introduction andmotivation
Arctic ultra-slow spreading ridges, among the slowest
spreading mid-ocean ridge systems on Earth, exhibit
distinct characteristics and spreading processes com-
pared to any faster ridge. Ultraslow spreading ridges
are composed of linked magmatic and amagmatic ac-
cretionary segments (e.g., Dick et al., 2003; Schlindwein
and Schmid, 2016). Magmatic segments have thicker
oceanic crust and a basaltic seafloor, while little or
even no magma is formed in amagmatic segments.
Their accretion mode is mainly tectonic, resulting in
a thinner or absent crust with mantle rocks exhumed
on the seafloor (Jokat et al., 2003; Zhang et al., 2024).
The Knipovich Ridge (Fig. 1) is one important part of
the Arctic Ridge System, with a full spreading rate of
< 15 km/Ma and 35◦-50◦ angle between the spreading
direction and the ridge axis trend (Curewitz et al., 2010;
Okino et al., 2002). The around 500 km long spreading
ridge is bound to the north by the Molloy Fracture Zone
and the bend to theMohns Ridge in the south, featuring
a rift valley with depths exceeding 3000 m (Fig. 1). The
Knipovich Ridge shows no obvious detachment faults in
magma poor spreading zones (Meier et al., 2021). Lat-
eral feeding of melt in volcanic spreading centers along
the Knipovich Ridge is limited (Meier et al., 2022), pos-
sibly caused by the oblique spreading.

∗Corresponding author: yujie.quan@awi.de

Hydrothermal vent fields are a common geological
feature in regions of intense magmatic activity, such
as active mantle plume regions, subduction zones, and
mid-ocean ridges (Beaulieu et al., 2013). They repre-
sent a way to release energy from the Earth’s interior
and play a key role in material and heat transfer from
the lithosphere to the hydrosphere and biosphere. The
first hydrothermal systemwas discovered in theGalápa-
gos rift zone, East Pacific (Rau and Hedges, 1979), and
subsequent research revealed numerous hydrothermal
vents in other magmatically active zones (Lupton et al.,
2006; Vetter and Smith, 2005; Früh-Green et al., 2022).
In the 21st century, hydrothermal vent fields have also
been discovered along the still poorly explored Arctic
Ridge System, e.g. the Aurora vent field (German et al.,
2022), Loki’s Castle (Pedersen et al., 2010), and the Jøtul
vent field (Bohrmann et al., 2024). They provide valu-
able insight into the diversity andunique characteristics
of hydrothermal systems of ultraslow spreading ridges.
The Jøtul hydrothermal vent field (Fig. 2) is located in
a magmatic spreading segment of northern Knipovich
Ridge. This segment is characterized by rough seafloor
morphologywith a pronounced axial volcanic ridge ori-
ented perpendicular to the spreading direction and ele-
vated fault-bounded blocks forming the rift valleywalls.
The Jøtul vent field is situated east of the axial volcanic
ridge on a potential detachment fault (Bohrmann et al.,
2024). Diehl et al. (2026) suggest that this possible de-
tachment fault plays a role in the hydrothermal circula-
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Figure 1 Overviewover the topographyof theNorwegian-GreenlandSeawith the survey area (redbox) onKnipovichRidge.
Topography data are from IBCAO version 5.0 (Jakobsson et al., 2024). Circles indicate examples of two regional earthquake
epicenters (International Seismological Centre, 2026), which are discussed in section 4.3. Inverse triangles show the land
stations used in our experiment. Thick dashed red lines indicate the spreading center and transform faults are plotted by
black double arrows. Red arrows show the spreading direction of the Knipovich Ridge. Red box in inset map shows the
location of Norwegian-Greenland Sea.
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tion of the vent field.
We installed a network of ocean-bottom seismome-

ters (OBSs) centered on Jøtul vent field to investi-
gate hydrothermalism and magmatism on the ultra-
slow spreading Knipovich Ridge. The data set en-
ables research focusing on the geological structure be-
low seafloor of the northernmost magmatic segment of
Knipovich Ridge, the geological setting and function-
ing of Jøtul vent field, and the relationship between hy-
drothermalism and magmatism in this magmatic seg-
ment.
In this paper, we report the basic processing and the

data quality of the seismic network. We show the ef-
fects of nonlinear clock drift and document the process-
ing steps and results of the necessary time correction.
We provide the orientation angles of the OBS horizon-
tal components. Furthermore, we present an analysis
of ambient seismic noise sources and noise levels dur-
ing deploying period along with examples of transient
seismic signals to illustrate the potential of the data set
for a variety of research objectives.

2 Instrument deployment and details
2.1 Network geometry and installation
We instrumented the area around Jøtul hydrothermal
vent field with a long-term network of 7 OBS stations
complemented by a short-term installation of addi-
tional 8 stations (Fig. 2, Tab. S1). We deployed sta-
tions JOT01-JOT07 in late July 2023 during cruise PS137
ofRVPolarstern (Schlindwein, 2023), andadded stations
JOT08-JOT15 to this network in mid-June 2024 from
aboard RVHelmerHanssen (Plaza-Faverola et al., 2026).
All fifteen OBSs were recovered in late August 2024 dur-
ing cruise MSM131 (Bohrmann et al., 2025). The net-
workwas centered on Jøtul vent field, using two roughly
circular-shaped observation networks. The diameter of
the smaller long-term network was about 20 km until
mid-June 2024. It aimed to detect the temporal and spa-
tial earthquake activity around the hydrothermal field
and the nearby axial volcanic ridge. The short-termnet-
work had larger diameter of about 50 km, to obtain in-
formation on the deeper seismic structure of the litho-
sphere using, for example, ambient noise tomography.
Overall, the deepest seismic station of JOT05 was in-
stalled at water depth of 3598 m, and the shallowest
JOT10 station at a depth of 1965 m below sea level. Sta-
tions were deployed in free-fall (velocity: about 0.5m/s)
mode and likewise floated freely (velocity: about 1.0
m/s) to the sea surface upon recovery.
The difference between deployment and recovery lo-

cation was primarily influenced by wind, waves, and
ocean currents acting on the OBS during deployment
and recovery. JOT14 experienced the largest drift of 0.77
kmdistance andadrift angle of 8.29 degree, while JOT01
had the smallest drift distance of 0.10 km distance at an
angle of 7.24 degree (for details see Fig. S1 and Tab.S1).
However, we should mention that the recovery location
is not the specific position where the instrument sur-
faced, but the location where the instrument was lifted
on board. These positions may differ, depending on the

amount of time needed to spot the OBS and navigate to
its position. Therefore, it will have an influence on the
OBS seafloor position. Acoustic ranging of the OBS was
not conducted. Operational ship noise of RV Polarstern
and RVHelmerHanssenmasks the acoustic response of
the OBS beyond about 1000 m water depth. In addition,
in a previous experiment with RV Maria S. Merian at
a similar mid-ocean ridge location, we received incon-
clusive acoustic ranging position results, likely because
multi-path propagation caused by rough topography is
a major challenge for acoustic positioning (e.g., Khan
et al., 2026). We therefore estimate the OBS seafloor po-
sition to be at 2/3 of the distance between the deploy-
ment and recovery position assuming that the 2/3 of the
drift occur during the falling of theOBS at half the speed
of their rising velocity.

2.2 Instrumentation and recording parame-
ters

Tab. 1 provides an overview of the recording pa-
rameters. All instruments apart from JOT07 were
K.U.M. Lobster broadband OBS of the DEPAS pool
(Deutscher Geräte-Pool für Amphibische Seismologie)
(Alfred-Wegener-Institut Helmholtz-Zentrum für Polar-
und Meeresforschung et al, 2017a). They consisted of
Trillium Compact broadband seismometers with three
seismometer channels and a flat instrument response
between 0.02 s and 120 s. In addition, a hydrophone
channelwas recorded getting data fromaHigh-Tech Inc
hydrophone. Data were digitized by K.U.M. 6D6 data
loggers. The sampling rate for the long-term network
of stations JOT01-JOT07 was set to 100 Hz, while that
of the short-term network of stations JOT08-JOT15 was
250 Hz. The seismometers were equipped with leveling
devices, adjusting a horizontal position upon reaching
seafloor with a leveling scheme starting to level the OBS
12 hours after the start of recording and hourly leveling
attempts during the subsequent 12 h, followed by daily
leveling for a week and subsequently weekly checks of
the leveled position. OBS JOT07 was a K.U.M. Nammu
OBS equipped with a K.U.M prototype gimballed broad-
band seismometer, a High-Tech Inc hydrophone, and a
K.U.M. 6D7 data logger.

3 Data quality and correction pro-
cesses

3.1 Instrument performance
All 15 OBSswere recovered successfully, and Fig. 2b and
Tab. 1 summarize the state-of-health of all seismome-
ters over the deployment period. The dataset includes
about 13 months of data from the long-term deploy-
ment, and 2.5months from the short-term deployment.
Station JOT03 of the long-term network failed for un-

known reasons after 58 days of recording (Fig. 2b). The
instrument of JOT05 exhausted its battery early, re-
sulting in a record of 308 days from seismometer and
hydrophone. During the entire experiment, the ver-
tical channel of JOT07 didn’t record any signal. Of
the short-term network, which operated for approxi-
mately 70 days overlappingwith the long-termnetwork,
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Figure 2 (a) Map of the seismic network around Jøtul hydrothermal vent field (red star). OBSs aremarkedwith circles: blue
circles show the long-termdeployment, while orange circles indicate the short-termdeployment. Nine seismic lines are plot-
ted in red (seismic record sections are shown in supplement) and black (not shown). (b) Data coverage of the stations. Blue
and orange areas mean that usable data are collected. Channels are labelled as follows: horizontal channels (1,2), vertical
channel (Z), and hydrophone (H). Vertical pink coverage shows the timing of multi-channel seismic survey.

7 instruments recorded data without major anomalies.
Only station JOT14 had a damaged hydrophone channel
(Fig. 2b). Following the definition of the Cascadia Ini-
tiative (Sumy et al., 2015), the ratio of actual volume of
recording data to that of data collected if all instruments
were normally operating, the data recovery is 83.33%
for the seismometer channels, and 85.22% for the hy-
drophone.
The clock skew is an important parameter for later

data processing. Prior to deployment, each OBS clock
was synchronized to GPS. Upon recovery, the internal
clock was again compared to GPS time, yielding the
clock drift or skew. Over the recording period, station
JOT06 accumulated a maximum clock drift of -14.232 s,
while JOT10 had aminimal skew of -0.103s. The clock of
station JOT07 had the lowest average clock drift, with a

skew value of only -0.452 s after 393 days of deployment.

3.2 Time correction
Accurate timing is fundamental to many seismic analy-
ses. Timing inaccuracies of OBSs accumulate through-
out the deployment period,missing the ability of receiv-
ing regularly a GPS signal. Previously, the data were of-
ten corrected for a linear clock drift, by applying the
measured skew value. However, nonlinear clock drift
might occur (Schmidt-Aursch et al., 2026), which can be
estimated by ambient noise cross-correlation functions
(CCFs) for station pairs (Tian et al., 2021; Hannemann
et al., 2013). Here, we do a nonlinear clock drift correc-
tion and estimate the necessary correction times based
on CCFs calculatedwith ObsPy (Beyreuther et al., 2010).
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Station code OBSs seafloor location On date Off date SF (Hz) Duration Skew (s) Orientation
Latitude (◦) Longitude (◦) Depth (m) (days) & error (◦)

JOT01 77.5508 7.5454 3467 2023/07/28 2024/08/23 100 393 -12.856 177±4
JOT02 77.5067 7.5454 3006 2023/07/28 2024/08/23 100 393 -10.317 158±5
JOT03 77.4313 8.0629 2323 2023/07/28 2023/09/23 100 58 -10.475 177±11
JOT04 77.3630 7.8467 2634 2023/07/28 2024/08/24 100 393 -9.513 87±4
JOT05 77.3906 7.5609 3598 2023/07/28 2024/05/31 100 308 -7.639 23±7
JOT06 77.4720 7.1697 2768 2023/07/28 2024/08/25 100 393 -14.232 313±4
JOT07 77.3817 6.9896 2653 2023/07/28 2024/08/25 100 393 -0.452 NaN
JOT08 77.2810 6.8886 2585 2024/06/15 2024/08/25 250 70 -2.663 244±11
JOT09 77.2508 7.9123 2676 2024/06/15 2024/08/24 250 70 -0.496 1±5
JOT10 77.5506 6.4199 1965 2024/06/15 2024/08/25 250 71 -0.103 155±10
JOT11 77.4590 7.6591 3155 2024/06/15 2024/08/24 250 69 -0.858 103±11
JOT12 77.3818 8.1302 2119 2024/06/15 2024/08/24 250 70 -1.382 35±17
JOT13 77.5092 8.1928 2310 2024/06/15 2024/08/23 250 69 -0.210 205±9
JOT14 77.6349 8.0465 2626 2024/06/15 2024/08/23 250 69 -1.094 4±9
JOT15 77.6632 7.510 3456 2024/06/15 2024/08/23 250 69 -1.448 169±9

Table 1 Station parameters for all stations of the Jøtul OBS network. “On date” is the date of deployment, the “off date”
is the date of no signal, total power failure, or recovery. Orientation is estimated by the OBS instrument from teleseismic
Rayleigh waves (Doran and Laske, 2017).

CCFs can show the relative time shift between a sta-
tion pair, and the clock drift can be efficiently con-
strained if a master station communicated regularly
with GPS satellites, such as a land station. In our experi-
ment, two onshore stations (KBS: GEOFONData Centre,
1993; HSPB: Institute of Geophysics, Polish Academy
of Sciences, 1990), on the west coast of Svalbard (lo-
cations see Fig. 1) were tested as master stations. Be-
fore calculating CCFs, we down-sampled all data to 50
Hz to achieve the same sampling frequency for all sta-
tions. We then calculated the CCFs from all OBS and
land station pairs at daily intervals using the vertical-
component. Since the vertical component failed at sta-
tion JOT07, we used the hydrophone data for JOT07. For
clearer CCFs, we tested different cross-correlation pa-
rameters. The best results were achieved for a cross-
correlation time window of 250 s and a subsequent
bandpass filter from1 to 10 s applied toCCFs ofOBS-OBS
pairs, and a time window of 350 s and a bandpass filter
of 10-100 s for land-station-OBSs pairs, respectively. Un-
fortunately, the visualization of the CCFs resulting from
of OBS-land-station pairs was unsatisfactory for reveal-
ing the clock drift, due to the large distance of 170 - 230
km between the OBS networks and the onshore stations
(Fig. S2). Therefore, we defined station JOT07 after a
linear time correction as our master station because of
its minimum skew of -0.45 s after 395 days’ deployment
(see Tab. 1).
In Fig. 3, we show the time correction result of sta-

tion JOT06. Time shifts are estimated by calculating the
lag time of the peak of another cross-correlation func-
tion, obtained from cross-correlating the CCF of each
day with that of the first day. CCFs of uncorrected data
from the station pair JOT06 and JOT07 indicate a final
relative time shift of -13.68 s before clock calibration
(Fig. 3a, b), which is consistentwith thedifference of the
skewvalues between JOT07 (-0.45 s) and JOT06 (-14.23 s).

The time shift of the uncorrected data shows a clear de-
viation with a maximum of about 1 s from an assumed
linear clock drift (Fig. 3a). Some black dots in Fig. 3a
have visible deviation from the time-shift trend, due to
elevated noise levels in the data. In the time correction
process, wefirst do a linear time correctionbasedon the
skew. In a second step, we then correct the remaining
nonlinear time shift by fitting the observed deviation
curvewith polynomials of different order (details in Fig.
S3) and applying the resulting correction function to
shift the seismic traces correspondingly. With the time
correction applied, the CCFs between corrected data of
stations JOT06 and JOT07 show that the time shift of
JOT06 approaches 0 s (Fig. 3a, gray dots) for all days, in-
dicating the effectiveness of our correction procedure.
To assess the performance of our correction procedure,
we calculated CCFs between all station pairs, and ob-
tained good time correction results for all stations (Figs.
S4-S6).

3.3 Correction of OBS orientation
A correct azimuth of the horizontal channel is impor-
tant for seismic studies using, for example, receiver-
functions and ambient noise tomography. Since OBS
fall freely to the seafloor, it is difficult to obtain the
horizontal channel azimuthwithout additional analysis.
For broadband OBSs, the widely used method is based
on teleseismic earthquakes. Here, we apply the ori-
entation correction python package DLOPy (Doran and
Laske, 2017), in which seismometer orientation is esti-
mated by Rayleigh-wave polarization analysis (Stachnik
et al., 2012). Rayleigh-wave group arrivals of a range
frequency windows between 10 and 40 mHz are pre-
dicted from a global dispersion model. Grid searching
is applied to find the highest cross-correlation coeffi-
cient between the vertical component and the Hilbert-
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Figure 3 Time correction for station JOT06. (a) Time shifts before and after correction are plotted with black and gray
dots, respectively. Dashed line connecting 0 with result of final day, indicates an assumed linear drift. (b) CCFs between the
vertical channel of JOT06 (JOT06HHZ) and the hydrophone channel of JOT07 (JOT07HDH) before time correction. (c) CCFs
of the JOT06 and JOT07 station pair after time correction. CCFs are filtered between 1 and 10 s.

transformed radial component exploring all possible
sensor-event azimuths (Fig. 4b). The orientation (α) is
estimated as station-event azimuth (θ) minus sensor-
event azimuth (β) (Fig. 4a). The final orientation is

estimated as the weight mean of all azimuths whose
cross-correlation coefficient exceeds 0.8, while the un-
certainty is constrained by the 95% confidence interval
of themean frombootstrappingwith 5000 random sam-
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Figure 4 Illustration of the orientation of the coordinate systems and correction result. (a) Relationship of orientation,
sensor-event azimuth, and station-event azimuth, modified from Stachnik et al. (2012). (b) Plots of possible orientations and
corresponding correlation value using DLOPy, example for JOT04. The crosses are the calculated results of all used teleseis-
mic events with different period filters (at 40 mHz, 35 mHz, 30 mHz, 25 mHz, 20 mHz, 15 mHz, and 10 mHz with a bandwidth
of 10 mHz, respectively), plotted with random colour.

ples.
InTab. 1 andFig. S7, orientations and their uncertain-

ties are presented for all stations except JOT07 whose
vertical channel is damaged. Due to the longer deploy-
ment time for JOT01-JOT07, their correction results ex-
hibit a higher stability and have lower uncertainties,
compared to those of JOT08-JOT15. We used 135 Mw >
6.0 earthquakes for this analysis, and orientation cor-
rections are estimated with > 100 high-quality mea-
surements on > 25 events for JOT01-JOT06, while > 20
high-quality measurements on > 5 events were used for
JOT08-JOT15.

4 Initial observations
4.1 Ambient noise
The ambient noise CCFs used for the time correction
demonstrate that high-quality empirical Green’s func-
tions can be estimated for periods between 1-10 s for
vertical-component station pairs in our OBS network.
The analysis of the symmetry of CCF amplitudes be-
tweennegative and positive lag times can reveal the spa-
tial distribution of microseismic noise sources (Zhang
et al., 2023). In our CCFs (Figs. 3 and S8) in the 1-10 s
period band, both asymmetry and symmetry character-
istics coexist, indicating a complex distribution of sec-
ondary microseismic noise sources around the study
area. In addition, data of our network could be used for
example for ambient noise tomography in the future.

4.2 Noise level
Using the probabilistic power spectral density (PPSD)
method (McNamara and Buland, 2004), we perform an

analysis of the ambient noise of each station. We cal-
culate the PPSDs of each component for all stations us-
ing the ObsPy package (Beyreuther et al., 2010). The
continuous signals are cut into 1,800 s time segments
with an overlap of 50%. The global new high noise
model (NHNM) and low noise model (NLNM) of Peter-
son (1993) are used as reference for comparison.
In Fig. 5, we display the PPSDs of the deepest sta-

tion (JOT05), the shallowest station (JOT10), and station
(JOT11) which is closest to the Jøtul vent field. None of
the PPSDs show an obvious single-frequencymicroseis-
mic peak in the 10-16 s period band. Instead, a clear
double-frequency microseismic maximum peak is lo-
cated in the period band of 2-3 s, which is lower than
that of the NHNM and NLNM (4-5 s). The offset of the
locally generated double-frequency microseismic max-
imum peak (e.g., Bromirski et al., 2005; Schlindwein
et al., 2025) may be influenced by the shorter period
of ocean waves in the Norwegian-Greenland Sea com-
pared to the global models. The noise power of the
vertical channel PPSDs ranges between the NHNM and
NLNM.Horizonal channels, however, are 0-50 dB above
the NHNM for periods longer than 10 s, caused by the
noise of instrument tilt (Crawford andWebb, 2000), and
roughly close to the NHNM in the range of the double-
frequency microseism (period of 1-10 s). We observe
a stronger amplitude in period of 0.2-0.4 s appearing
more prominently in the horizontal channel PPSDs, for
example, of stations JOT11 CH1 and CH2 and JOT05
HH2, but also to a lesser extent for JOT11CHZ.The com-
plete PPSD results are shown in Figs. S9-S10.
The spectrograms in Fig. 6 provide an overview of the

temporal evolution of the typical noise level recorded
by the long-term network, and offer further insights
into the data quality. The most prominent signal on
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Figure 5 Probabilistic power spectral density (PPSDs) plots of 3 channels (left: vertical component, middle and right: hor-
izontal components) of stations JOT05, JOT10, and JOT11, respectively. The time frame used for calculation is indicated on
top of each PPSD plot. Color marks the frequency of occurrence of different noise amplitudes, where gray indicates rela-
tively rare, and dark blue is relatively frequent (McNamara and Buland, 2004). The two gray curvesmark the upper and lower
bounds of the new high noise model (NHNM) and low noise model (NLNM), respectively (Peterson, 1993).

the channels of all stations is the double-frequency mi-
croseism in the range of 0.5-10 s. This signal exhibits
strong seasonality with about 20 dB greater amplitude
during the winter season from Oct. 2023 to May 2024
(Fig. 6a-6c) and somewhat higher periods of the high-
est peaks in spectral amplitudes in winter. In August
2024, in contrast, spectrogram results show a time pe-
riod with relatively weakmicroseisms (Figs. 6, S11-S14).
The seasonality of themicroseismic noise and its ampli-
tudes andperiods dependon swell and stormevents and
the related wave heights and periods (e.g., Schlindwein
et al., 2025).
Similar to the PPSD results, the OBSs (Figs. 6, S11-S14)

show in the power spectrograms strong, continuous but
narrow lines of high amplitude in the period band 0.2-
0.4 s. The period of these lines varies between stations,

e.g. 0.25-0.35 s for JOT11, while about 0.25 s for JOT02
(Fig. 6b and 6e). It is present on vertical and horizon-
tal channels but not on the hydrophone channel. The
likely reason is a distortion of wave fields from irregular
boundaries at the sediment rock interface and compli-
cated reflections and conversions in the sediment layer
(Atakan and Havskov, 1996; Prothero, 1984). At about
0.16 s (6 Hz), a prominent intermittent signal appears in
the power spectrograms (Fig. 6a and 6b), which is likely
caused by ocean current induced vibrations of the radio
beacon antenna on the OBS (Essing et al., 2021).
Several hydrophones didn’t work well during deploy-

ment, exhibiting straight lines without variation in
PPSDs and unusual low noise in spectrograms (Figs. 6c,
S9-S11 and S13), such as 2 months after deploying for
JOT02 and during entire deployment for JOT10. We
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Figure 6 Power spectrograms from stations JOT02 (a, b, c) and JOT11(d, e, f) for the vertical (a, d), the first horizontal (b, e)
and the hydrophone channel (c, f), respectively. The double-frequency microseism, a band of high spectral power between
0.5 and 10 s, is visible on both stations. Red lines on the hydrophone channel spectrograms indicate the range of the 10-30 s
noise notch.

also observe the so-called noise notch at 10-30 s dur-
ing the entire deployment (Fig. 6c and 6f), which is a
common phenomenon of seismic records in the global
oceans (Webb, 1998). This is shown more obviously on
the hydrophone channel since the seismometers suf-
fer from high noise at long periods, which is caused
by a higher sensitivity to instrument tilt (Crawford and
Webb, 2000; Webb, 1998). Therefore, there is no major
noise source in this period band in our study area, and
the noise notch provides a high signal-noise-ratio win-
dow for studying seismic signals.

4.3 Transient earthquake signals of OBSs
We conduct a qualitative assessment of waveform qual-
ity for earthquakes from different epicentral distances.
As an example of a teleseismic earthquake, we display
the waveform of a strong earthquake from Honshu,
Japan, with magnitudeMs= 7.2, filtered between 20 and
100 s (Fig. 7a). The P and S phases are obvious on the
channels of station JOT05, as well as the clear, disper-
sive surface wave later on.
Waveforms of regional earthquakes (event 1 from

Molloy Ridge with Ms=3.4, event 2 from 76.4 ◦N on
Knipovich Ridge with Ms=4.3, for locations see Fig. 1)
filtered with a 1-5 Hz bandpass filter show visible T-
phases after the P and S seismic waveforms (Fig. 7b).
The T-phase is generated by seismic-acoustic conver-
sion and travels along the minimum sound velocity
layer in the ocean (e.g., Okal, 2008). Regardless of
whether the event occurs outside the network to the

north or south, the T-phase of the deepest station
JOT05 exhibits the relatively smallest amplitude, indi-
cating that the T-phase amplitudemay be influenced by
seafloor topography and water depth of the instrument.
Fig. 7c shows the waveforms andmanual phase picks

used for preliminary location (77.722 ◦N, 7.602 ◦E) of a
local event which occurred just to the north of the net-
work. It exhibits clear P and S phases on vertical (and
horizontal) channels of different stations, after filtering
between 3 and 15 Hz. This local event is well recorded
across the entire network from north (earliest arrival at
JOT15) to south (last arrival at JOT09) withmost stations
showing a clear signal of the P and S phases on the ver-
tical (and horizontal) channel.
Therefore, the dataset of our network has a signifi-

cant value for seismic waveform analysis of any kind. It
can be used for a variety of seismic imaging methods to
probe the oceanic crust and mantle structure, such as
receiver functions and body-wave tomography. More-
over, these data can provide new unique ray paths to
help constrain global and regional models of seismic
structure under the Knipovich Ridge.

4.4 Seismic signals of air-gun profiling
During the short-term deployment, some multi-
channel seismic survey lines were acquired (Fig. 2)
from June 16 to June 17, 2024 around our networks
(Plaza-Faverola et al., 2026). The seismic source con-
sisted of two GI (generator/injector) air-guns with a
volume of 30 in3 (G 15 / I 15). The air-guns were towed
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Figure 7 Signal examples of teleseismic, regional, and local events. (a) Signal waveform of earthquake with Ms=7.2 from
the west coast of eastern Honshu after bandpass filter of 20-200 s. (b) 1-5 Hz bandpass filtered signal of raw vertical channels
from two regional seismic events (locations see in Fig. 1), possible T-phases are enclosed in the black boxes. (c) A vertical-
channel array gather of a local earthquake, with a hypocentre outside the network, filtered between 3 and 15 Hz. Amplitudes
are normalized by the absolute maximum value of each trace. Markers are manual P (red) and S (purple) picks.

at a speed of 4-5 knots, firing once every 6-7 s. These
active seismic signals of 50-300 Hz were also received
by our OBSs.
The example of record sections of air-gun signals in

Fig. S15 exhibits clear direct water wave phase (Pw), re-
fracted wave phase from sediment layers or crust (Pg),
reflection wave from sediments or basement (Pr). The
named phases only can be observable at short offsets,
due to the relatively lowpower of the seismic source and
the short shot interval of 6 s as opposed to typical shot
intervals used in seismic wide-angle surveys.

5 Summary
From June 2023 to August 2024, we installed a long-term
network and a short-term seismic network, centered on
Jøtul hydrothermal vent, and successfully recovered the
15 DEPAS broadband ocean bottom seismometers. The
overall performance of the network was very satisfac-
tory, but some issues, such as damages on hydrophones

and seismometers and exhausted batteries, impact the
data return of our experiment.

We applied a clock time correction using ambient
noise cross-correlation functions, and retrieved suffi-
ciently accurate seismometer orientation angles from
teleseismic earthquakes except for station JOT07.

Noise level analysis indicates high signal-noise ratio
for seismic signals. Noise with periods of 0.2-0.4s ex-
isted during the entire deployment, which can hope-
fully be used to advance the understanding of structure
of sediment layers in the study area. Double-frequency
microseismic noise exhibits a strong seasonality. Tran-
sient seismic signals of teleseismic, regional, and local
earthquakes and multi-channel seismic surveying can
clearly be identified in the data set enabling a variety of
seismic studies.
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