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Abstract The rupture behavior of large oceanic strike-slip earthquakes remains largely unresolved using
seismic signals recorded thousands of kilometers away from the source area. Large submarine earthquakes,
however, generate hydroacoustic T-waves propagating through the ocean over long distances. Here, we show
that these T-waves recorded at regional distances on the Ascension hydrophone array of the International
Monitoring System can provide critical information on the earthquake location and rupture behavior. We use
recordings from 47 events in oceanic transform faults, ranging in magnitude from 5.6 < M,, < 7.1, to investigate
the rupture processes. We find that most strike-slip earthquakes show unilateral rupture behavior, while a few
larger events were more complex. Furthermore, earthquakes in oceanic transforms have longer ruptures than
events of the same magnitude in continental faults. We argue that differences in the scaling relation of oceanic
and continental strike-slip earthquakes support a lower rigidity in the oceanic lithosphere caused by hydration.

Plain Language Summary Oceanic transform faults are strike-slip faults where one plate moves past
another laterally, with new seafloor created at adjacent mid-ocean ridge segments on either side of the
transform. At the transforms, plate motion generates strong earthquakes, causing seismic waves to propagate for
thousands of kilometers. Nevertheless, due to their remoteness the rupture behavior of oceanic earthquakes and
their scaling relationship between magnitude and rupture length is poorly constrained and understood. Here, we
use hydroacoustic signals, so-called T-waves, which are excited by seismic deformation of the seafloor. T-
waves are readily observable at the International Monitoring System hydrophone triplet near Ascension Island,
Atlantic Ocean. We present a new relationship between the magnitude of equatorial Atlantic strike-slip
earthquakes and the rupture length from 47 events (My, 5.6-7.1). We found that oceanic earthquakes differ from
continental ones, showing longer ruptures for the same magnitude, suggesting that oceanic transform faults are
weak.

1. Introduction

Earthquake magnitude and rupture parameters (e.g., rupture length, velocity or direction) are inherently related
and provide critical information about seismic hazards and the physics of faulting. Relationships between the size
of a rupture (e.g., length or width) and the magnitude are reasonably well-known for earthquakes in continental
settings or close to continents, including subduction zones (e.g., Blaser et al., 2010; Wells & Coppersmith, 1994),
but are poorly resolved for oceanic transform faults (OTF) located thousands of kilometers away from seismic
land stations. Furthermore, continental fault zones are dominated by rocks characterized by a rheology controlled
by quartz and plastic deformation at temperatures >450°C (e.g., Scholz, 1988), while faulting in the oceanic
lithosphere is related to olivine minerals and a brittle-to-ductile transition occurring at ~600°C (Searle &
Escartin, 2013). The relation of rheology to rupture behavior and scaling relationships is poorly known.

Rupture length and width are generally constrained from aftershocks, geodetic estimates, finite source models,
and back-projection (e.g., Goldberg et al., 2022; Mai & Beroza, 2000; Vera et al., 2024; Wells & Copper-
smith, 1994). Unfortunately, only a small number of aftershocks are commonly recorded for large strike-slip
earthquakes rupturing along OTFs (Boettcher & Jordan, 2004; McGuire et al., 1996), and finite source models
without geodetic constraints might be poorly resolved (Goldberg et al., 2022). However, oceanic earthquakes
cause energy coupling into the ocean forming several minutes and up to tens of minutes long wavetrains, called
Tertiary or T-waves (e.g., Okal, 2008; I. Tolstoy and Ewing, 1950). T-waves are hydroacoustic waves that
propagate over long distances through the ocean as guided waves (e.g., Okal, 2008) trapped in the SOFAR
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Figure 1. Bathymetric map of the equatorial Atlantic together with 47 strike-slip earthquakes along transform faults from the
Global Centroid Moment Tensor (GCMT) catalog. White triangle represents the location of the HION hydrophone triplet
deployed ~20 km north of Ascension Island. Red traces indicate the oceanic transforms studied, with the mapped mid-ocean
ridges presented in white traces from the MAPRIDGES database (Sautter et al., 2024).

(Sounding Fixing and Ranging) channel to be recorded at seismometers or hydrophones in the ocean, often
thousands of kilometers away.

T-waves are widely used to locate small mid-ocean ridge (MOR) earthquakes using temporary and widely spaced
hydrophones moored in the SOFAR channel (R. P. Dziak and Fox, 1999; Ingale et al., 2023; Parnell-Turner
et al., 2022; Smith et al., 2003). Hydroacoustic signals were also used to constrain the oceanic uppermost
mantle structure (de Melo et al., 2021; Dziak et al., 2004). In addition, it was shown that T-waves can be used to
reveal rupture propagation of large earthquakes, like the 2004 My, = 9.3 Sumatra earthquake, with a fault rupture
of ~1,200 km along the Sumatra subduction zone (de Groot-Hedlin, 2005; Guilbert et al., 2005; M. Tolstoy and
Bohnenstiehl, 2005). These studies used hydrophone arrays of the International Monitoring System (IMS)
deployed by the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) to detect possible nuclear tests
(Gibbons, 2022) and showed that hydroacoustic records lead to similar results presented by seismological records
in assessing the rupture behavior of submarine earthquakes (P. Shearer and Biirgmann, 2010). Here, we use T-
waves registered on a hydrophone array offshore Ascension Island in the equatorial Atlantic to investigate the
rupture parameters of oceanic strike-slip earthquakes reported by the Global Centroid Moment Tensor (GCMT)
project (Dziewonski et al., 1981; Ekstrom et al., 2012).

We study earthquakes occurring along OTFs in the equatorial Atlantic, offsetting the Mid-Atlantic Ridge by tens
to hundreds of kilometers (Maia, 2019; Wilson, 1965). The longest OTF in our study is the ~840 km long
Romanche (Ren et al., 2022; Searle et al., 1994) and the shortest are the 40-80 km long Bogdanov and St. Paul-C
OTF (Wolfson-Schwehr & Boettcher, 2019). The Atlantic OTFs are seismically active with earthquakes of
magnitude reaching >7.0 (Frohlich & Wetzel, 2007). We use our estimates of rupture length and seismic moment
to investigate a unique scaling relationship of oceanic strike-slip earthquakes.
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2. Methodology

2.1. Ascension Hydroacoustic Data

In 2004, the H10ON hydrophone array was installed to the north of Ascension Island as part of the IMS (Figure 1).
H10N consists of three hydrophones (H1ION1, HION2, and H10N3, http://www.fdsn.org/networks/detail/IM) that
are deployed approximately 850 m below sea level with an array aperture of 2 km. The signals are recorded with a
sampling rate of 250 Hz and transmitted in real-time to the International Data Center. For the time period from
January 2015 onward, data from HI10ON are available via EarthScope (e.g., Gibbons, 2022), offering a rich
database of T-waves generated by submarine earthquakes from the Atlantic Ocean.

Since 2015, 53 strike-slip earthquakes related to OTFs from the North Atlantic are listed in the GCMT catalog
with Mw between 5.6 and 7.1 and source-receiver distances ranging from 208 to 3,803 km. We only investigate
earthquakes where both hydrophone data and multibeam bathymetric data are available. Our catalog lists 47
strike-slip earthquakes from 11 OTFs (Figure 1), providing robust back azimuth estimates and includes 7 events
from before 2015 used to implement data analyses.

2.2. Source Direction, Rupture Area, and Uncertainties Calculation

Seismic energy radiated by an oceanic earthquake excites hydroacoustic T-waves over the focal area. The arrival
times of the energy approaching the hydrophones are used to estimate the direction of the earthquake source (Del
Pezzo & Giudicepietro, 2002). We applied a 2—4 Hz bandpass filter to reduce low and high-frequency noise
contamination. The time differences between the three hydrophones produce three peak delays calculated by
cross-correlating the three signal pairs (z;; + £ + 1) to each time window of 40 s with a 25% overlap. The sum of
the time delay between the three hydrophone pairs is assumed to approach zero for perfectly correlated signals and
is expressed by the closure function (Bohnenstiehl et al., 2002):

ol = (t; + ty + 1) (1)

Following the approach from M. Tolstoy and Bohnenstiehl (2005), we estimate the arrival of the T-wave at the
array using the GCMT origin time and a T-velocity model of the Global Ocean Sound Speed Profile Library
(Barlow, 2019). Appropriate T-wave velocities are constant for each event and range from 1.46 km/s to 1.57 km/s
(Figures S1-S8 in Supporting Information S1). The onset and end time of the final analysis window was defined as
the position where the spectral energy is high (Figures 2a and 2b), and the mean of the three cross-correlation
coefficients tends to be closest to 1 (Figure 2c). The location difference between each pair of stations
Ax; = (x; — x;, y; — y;), where x;, y; refers to the distance between the two instruments in a Cartesian plane (Del
Pezzo & Giudicepietro, 2002). Following the 2D plane wave fitting approach, we calculate the back azimuth of
the incoming signal using the slowness vector p = (p,, p,) and solving a least-square approach p = (AxT Ax)"'AxXT
t (Del Pezzo & Giudicepietro, 2002). Given that, the slowness vector is obtained and then the apparent velocity (v)
and back azimuth () direction (Figure 2d) of the T-wave source are calculated by

v=( )" @
0 = tan™! (&> 3)
Py

The absolute errors for both back azimuth and apparent velocity are estimated using the covariance matrix of the
inversion and a 95% confidence interval for each time window, assuming a normal distribution (Metz et al., 2018).

Recordings from the hydrophone triplet provide high-accuracy back-azimuths for seismo-acoustic sources
located close to or within the SOFAR channel, such as erupting submarine volcanoes (e.g., Metz et al., 2016).
However, submarine earthquakes occur within the seafloor well below the SOFAR channel and thus energy needs
to couple into it (Okal 2008; Talandier & Okal, 1998). We therefore explore the accuracy of T-wave derived back-
azimuths by comparing the average back azimuth to epicenter locations from global catalogs and studying the
distance between two T-wave epicenters and the corresponding distance derived from cross-correlation of surface
waves. Observations derived from T-wave energy and seismological centroids compare well (Text S1, Figures S9
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Figure 2. Hydroacoustic T-wave of the 2020 My, 6.9 St. Paul earthquake recorded at the HION hydrophone array. (a) Shows the T waveforms of the three hydrophones
with a 2 Hz high-pass filter used to remove the lower frequency noise. Dotted lines indicate the start and end points of the analyzed waveform. They were selected from
the higher energy observed from the spectrogram of the HION1 hydrophone shown in (b). (c) Back-azimuths obtained from cross-correlation of three-hydrophone pairs;
unfilled circles mark measurements not used as the cross-correlation/closure was poor. In (d), stars indicate the cumulative horizontal rupture extent after projection of
the back azimuths onto the bathymetry. Time relates to the origin time of the earthquake. (e) Map with zoom-in in rupture area. Squares refer to the interceptions of the
back-azimuths (white lines) with the active fault; color presents the time of rupture propagation. The rupture direction is shown by the white arrow.

and S10a in Supporting Informartion S1), suggesting that T-wave estimates provide robust constraints on the
rupture of submarine earthquakes.

The estimation of the back azimuth of the T-wave source is done in three steps (Figures S1-S10 in Supporting
Information S1): first, we use the multibeam data of each transform fault to trace the fault along the transform
valley. Then, we projected the back-azimuths from the mean position of the hydrophone array to the mapped fault
trace. Lastly, the path where each back-azimuth intercepts the fault is marked as the T-wave excitation position
(de Groot-Hedlin, 2005; M. Tolstoy and Bohnenstiehl, 2005). The cumulative rupture length is calculated from
the sum of the distances between two adjacent excitation points. The surface rupture length (RL) is derived from
the distance between the most eastward and westward geographical position of back-projected T-wave energy
(Figure 2e), including the associated uncertainty (details of RL uncertainty are discussed in the Supporting In-
formation S1; Text S1 in Supporting Information S1). We assume that the horizontal length of the rupture is
greater than the vertical. Then, the seismic rupture velocity (see figures on Supporting Information S1; https://doi.
org/10.5281/zenodo.12580246) was approximated using the horizontal distance and the time variation between
each back-azimuth pair (Guilbert et al., 2005).

3. Results

We provide unique hydroacoustic estimates on the rupture characteristics of 47 earthquakes from 11 OTFs (Table
S1 in Supporting Information S1), showing a clear relationship between the acoustic magnitude called source
level (SL) and My, (Text S2 and Table S4 in Supporting Information S1), SL versus epicentral distance (Figure S7
in Supporting Information S1), and RL increasing with increasing moment magnitude My, (Figure 3). In general,
we estimate RL ranging from 4 + 1 to 81 £ 8 km for earthquakes of 5.6 < My, < 7.1 (Table S1 in Supporting
Information S1). Earthquakes smaller than My, = 6 have ruptures with lengths shorter than 20 km and a roughly
linear scaling relationship between RL and My,. In addition, all My, < 6 earthquakes show unilateral rupture. In
total, 43 events reveal unilateral wavefront propagation and only four earthquakes of My, > 6.1 show a more
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Figure 3. (a) Relationship of moment magnitude (My,) and rupture length
(RL) from T-waves (symbols), rupture velocity is color-coded. Black and
blue points refer to strike-slip earthquakes from Wells and
Coppersmith (1994) and Blaser et al. (2010), respectively. Open black
circles: the 1967 Mg 6.7 and 1974 M 6.9 Charlie-Gibbs earthquakes
(Romanowicz & Ruff, 2002); brown and black vertical lines: the 2015 M,
7.1 Charlie-Gibbs (Aderhold & Abercrombie, 2016) and the 2016 M, 7.1
Romanche (Hicks et al. 0) earthquakes; skyeblue line: the 2007 My, 6.0

Gofar (McGuire et al., 2012) earthquake, royalblue: 2003 Mw 6.2

Oceanographer earthquake (Pro et al., 2007), open black squares: five
Mw = 5.9-6.7 Jan Mayen transform earthquakes (Rodriquez-Péres and
Ottemoller 2014). (b) Same as (a) but log (RL), symbols with dark gray
outline refer to the OTFs in (a). Gray lines show least squares regression
obtained from our RL estimates; darkgray dashed lines represent the 95%

confidence.

complex rupture behavior. Earthquakes of My, 6.0 to 7.1 yield a much larger
variability in RL for the same magnitude; for example, for My, = 6.5 RL
varies from ~35-60 km (Figure 3).

The Romanche transform (1.2°S—0.2°N) at the equator provides with 21
earthquakes the largest number of events. Magnitudes range from My, 5.6-7.1
and RL varies from 5 £+ 2 km to 81 = 8 km. The largest event, the 2016 My,
7.1 earthquake (Hicks et al., 2020), is one of the few events showing more
complex rupture patterns propagating in two phases (or two-steps), reversing
its rupture direction over time. The shorter OTFs of <100 km offset do not
show any earthquake of My, > 6, while longer OTFs generally show strong
events of My, > 6.2, like the Doldrums transform (8.2°N), revealing a
My, = 6.5 and 6.6 with ruptures of 46 + 6 km and 63 + 3 km, respectively; the
St. Paul system shows RL ranging from 8 £4t0 62 £ 6 km (5.6 <Mw <6.9).
The Vema OTF, the most distant fault studied, provides three events of 5.9—
6.9 with RL ranging from 20 + 3 km to 61 + 6 km, including a My, = 6.6
showing a two-step rupture. Most importantly, our estimates show a unique
scaling relationship between My, and RL (Figure 3) for submarine strike-slip
earthquakes.

The average rupture velocity derived from T-wave back-azimuths ranges for
events with small relative RL uncertainty from 1.02 to 4.76 km/s. The fastest
rupture was observed for the Romanche OTF and the slowest for the Chain
OTF. The maximum velocity of 5.85 km/s was identified for the 2016 My, 7.1
Romanche earthquake, showing supershear rupture (Bao et al., 2022; Hicks
et al., 2020). The T-wave derived rupture velocities do not correlate with
neither RL nor My, but the slowest velocities are associated with earthquakes
of My, < 5.8.

4. Discussion and Conclusions

4.1. Rupture Behavior From Hydroacoustic Versus Seismological
Observations

Much of our understanding of earthquake processes in remote oceanic set-
tings is derived from global seismic catalogs, but T-waves contribute to
characterize sub-marine earthquakes. Distance-corrected SL of T-wave en-
ergy, the hydroacoustic equivalent to magnitude, scales well with the M,
from the GCMT catalog (Figure S11 in Supporting Information S1), and RL
scales both with My, (Figure 3a) and the length of the SCARDEC (Vallee &
Douet, 2016; http://scardec.projects.sismo.ipgp.fr/) source time function of
earthquakes (Figure S12 in Supporting Information S1). In addition, the total
T-wave duration scales well with the RL and SCARDEC source time (Figure
S13 in Supporting Information S1), but it is well known that all sub-marine
earthquakes cause T-waves of long duration (e.g., Okal & Talandier, 1986).
Simulations of T-waves suggest that those long wavetrains are related to
scattering of energy at rough seafloor caused by converted P-waves in the
water column with multiple reverberations (Groot-Hedlin and Orcutt, 1999;
Jamet et al., 2013; Talandier & Okal, 1998; Yang & Forsyth, 2003), and by
the T-wave propagation (Chen et al., 2017; Jamet et al., 2013). Thus, temporal
variations of rupture along a fault are obscured by processes of exciting
hydroacoustic waves. Therefore, T-wave arrivals are not directly related to

the rupture duration, but still provide accurate measures of back-azimuth and hence the horizontal extension of the
source region (e.g., Guilbert et al., 2005; M. Tolstoy and Bohnenstiehl 2005) as was found by P. Shearer and
Biirgmann (2010) when comparing results from seismic and hydroacoustic constraints on the source area of the

2004 Sumatra earthquake.
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Figure 4. Multibeam bathymetric map showing the rupture for the 2016 M|, 7.1 Romanche earthquake. Red diamond,
triangle, circle and star show the epicenter locations of the USGS, GEOFON, GCMT, and Hicks et al. (2020), respectively.
Gray line shows the longitudinal ruptured extent obtained by back-azimuths (white squares). Green and white lines show the
rupture extent from back-projections (Bao et al., 2022; Hicks et al., 2020). The extent of the earthquake ruptures obtained by
finite faults models of the USGS is presented by the light blue line. Aftershock seismicity is shown by red stars (Hicks

et al., 2020).

RLs for OTF earthquakes are poorly known due to their low aftershock productivity reported in global catalogs
(Boettcher & Jordan, 2004; McGuire et al., 1996). McGuire et al. (1996) studied the 1994 My, 7.0 Romanche
earthquake and suggested that its rupture extended 50-70 km along the transform, but based this assessment on
scaling relations. Hicks et al. (2020) recorded aftershocks of the 2016 M, 7.1 Romanche earthquake at a regional
seismic network of ocean-bottom-seismometers (OBS), revealing that aftershocks extended for ~110 km along
the fault (Figure 4). Both Hicks et al. (2020) and Bao et al. (2022) used back-projection analysis and found that the
rupture of the same earthquake extended 60-80 km along strike, revealing a complex source process changing
direction and showing an episode of supershear rupture. In addition, the finite fault model of the USGS indicated
an RL of 70-80 km (Text S3, Figure S14 in Supporting Information S1). Our estimates result in an RL of 81 km
and hence provide a similar RL as derived from established seismological methodologies (Figure 4). However,
the slightly larger aftershock zone may suggest that static or dynamic stress changes also triggered seismic ac-
tivity adjacent to the co-seismic fault segment (e.g., de Melo, Mitchell, & Sokolov, 2024). For the Oceanographer
OTF, Pro et al. (2007) estimated for a Mw = 6.2 a RL of 21-32 km. At the Gofar OTF, a non-Atlantic OTF located
in Pacific Ocean, McGuire et al. (2012) obtained for a Mw = 6.0 event an RL range of 15-20 km based on the
aftershock distribution recorded by a local network of OBS. These seismological results match our scaling
relationship and hence suggest that T-wave estimates for RL are robust within the uncertainties.

4.2. Global Scaling Relationships

Scaling relationships between My, and RL of strike-slip earthquakes are of ample importance to understand the
physics of earthquakes, yet are only available for continental earthquakes. My, is routinely reported, for example,
in the GCMT project for submarine earthquakes of My, > 4.8. The length and width of a rupture area are more
difficult to assess and are generally derived using finite-fault source modeling (e.g., Mai & Beroza, 2000) or the
spatial pattern of aftershocks (Blaser et al., 2010; Konstantinou et al., 2005; Wells & Coppersmith, 1994). Blaser
et al. (2010) found no difference in the relationships between Mw and RL of oceanic and continental strike-slip
earthquakes, but all events classified as oceanic occurred in submerged continental crusts and not in oceanic
lithosphere. In contrast to all previous studies, we studied solely earthquakes in the oceanic lithosphere.

We find a RL versus My, relationship for oceanic strike-slip events and obtain an excellent fit with a correlation
coefficient of 0.97 (Figures 3a and 3b). We find that RL estimates increase with My, and agree well with the few
available constraints on RL and magnitude for the Oceanographer (Pro et al., 2007), Jan Mayen (Rodriguez-Pérez
& Ottemoller, 2014), Charlie-Gibbs (Aderhold & Abercrombie, 2016; Kanamori & Stewart, 1976) and
Romanche OTF (Bao et al., 2022; Hicks et al., 2020). Interestingly, our empirical correlation yields longer
ruptures for a given magnitude than obtained by Wells and Coppersmith (1994) and Blaser et al. (2010) (see black
and blue lines in Figure 3b) for continental earthquakes with equal My,. Rodriguez-Pérez and Ottemoller (2014)
found that their oceanic RLs for the Jan Mayen OTF are also larger than that predicted by the Wells and
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Coppersmith (1994) relationship. One explanation might be that differences in the quartz-dominated continental
versus the olivine-dominated oceanic rheology control the scaling relationship. For example, in the continental
lithosphere, plastic deformation occurs above ~450°C (Scholz, 1988), while in the oceanic lithosphere, brittle
earthquake rupture occurs at <600-900°C (Prigent et al., 2020; Searle & Escartin, 2013).

Kanamori (1977) defined that the moment release of earthquakes can be characterized by My, (Text S4 in
Supporting Information S1), being My, = 2/3log,,M,—10.7, where M, refers to the seismic moment (M, = uAD).
M, depends on the rigidity (1), the rupture area (A), and displacement (D). The rupture area is the product of RL
and the width W (depth of seismic faulting). Therefore, to have a longer RL for a given M, the product of y W D
must be smaller for oceanic earthquakes.

Let us consider first W. Along continental fault zones, most earthquakes occur in the crust at <20 km depth,
reaching only in collision zones larger depth (Maggi et al., 2000). At continental transform faults, seismicity is
restricted to the upper and middle crust. For example, along the San Andreas Fault, seismic activity is confined to
a depth of 12-20 km (Ross et al., 2019; Smith-Konter et al., 2011) in a crustal thickness of 32-34 km (Yang
et al., 2022). Along the Anatolian Fault Zone, the seismogenic zone extends down to ~18 km depth (Barbot
et al., 2023) in a crustal thickness of 30-32 km (Ogden & Bastow, 2022). In contrast, oceanic crust is generally 4—
8 km thick (e.g., Y. J. Chen 1992; Grevemeyer et al., 2018), and hence earthquakes at OTFs frequently reach into
the upper mantle, showing centroids at 8—20 km depth (Abercrombie & Ekstrom, 2001; Fang & Aber-
crombie, 2023; Grevemeyer, 2020). Within the uncertainty of estimates, both continental and oceanic earthquakes
support a similar depth range for the maximum depth of rupture, suggesting that the larger RL is not compensated
by a smaller width of the fault; hence, it is the product of y D that must be smaller for oceanic than continental
earthquakes.

OTFs show a large slip deficit (Brune, 1968) with 75% of worldwide plate motion along OTFs being accom-
modated aseismically (e.g., Boettcher & Jordan, 2004). Froment et al. (2014) suggest that the deficit results from
segmenting the fault with either domains of intact oceanic crust and mantle or domains of low-velocities that
cannot store the strain energy required to nucleate large earthquakes. At the Romanche, low-velocities charac-
terize the transform valley, reaching deep into the mantle (Gregory et al., 2021). Rigidity itself can be calculated
from the product of density and the square of the shear wave velocity (e.g., P. M. Shearer 2019). Therefore,
domains of profoundly reduced seismic velocity may support a significantly reduced rigidity (Sallares &
Ranero, 2019). At OTFs, such domains are suggested to be characterized by strongly hydrated crust or mantle
(Kohli et al., 2021; Leptokaropoulos et al., 2023). For example, at the St. Paul OTF, serpentinized peridotite is
abundant along the Atoba Ridge (Bickert et al., 2023; Maia et al., 2016). Furthermore, the strength of the oceanic
lithosphere can change quickly in hydrated mantle (e.g., Escartin et al., 2001). We therefore, hypothesize that
hydration lowers the rigidity of OTFs to values much lower than found along continental fault zones (Text S4 in
Supporting Information S1) and argue that the reduction of 4 dominates the product of 4 D and therefore conclude
that earthquakes of the same magnitude provide longer ruptures in oceanic than continental transform faults.

Data Availability Statement

The HION array data was downloaded from EarthScope Consortium Inc (https://service.iris.edu/), including the
following network: (1) The IM (International Miscellaneous Stations, International Federation of Digital Seis-
mograph Networks; Various Institutions, 1965). Hydroacoustic data for seven events from before January 2015
were made available by the CTBTO International Data Centre, Vienna, through the virtual Data Exploitation
Centre (VDEC, www.ctbto.org/specials/vdec/). For the data analyzes and processing we used MATLAB version
9.8 (The MathWorks Inc, 2020) with toolboxes (Control System; Signal Processing; Mapping; Antenna; Com-
munications; Phased Array System; The MathWorks Inc, 2020) and other external codes obtained in MathWorks
File Exchange (e.g., DEG2UTM; Palacios, 2024; GRDREAD?2; Jordahl, 2024; RDSAC; Beauducel, 2024).
Additional Supporting Information S1 for all earthquakes is accessible using the Zenodo repository (de Melo,
Grevemeyer, et al., 2024). The Generic Mapping Tools, version 6 (Wessel et al., 2019), were used to produce
maps and graphics. Other figures were created using MATLAB version 9.8. Bathymetric data used for the As-
cension and Vema transforms are available at Ren et al. (2021). Figure 1 uses bathymetry downloaded from the
Global Multi-Resolution Topography (https://www.gmrt.org/GMRTMapTool; Ryan et al., 2009) and the seg-
mentation of the Mid-Atlantic Ridge is from Sautter et al. (2024).
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