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Methods 
Arrival Detection and Hypocenter Inversion.   A network of 56, four-component, short 

period OBSs was deployed between January 20th and February 12th 2016 as part of an 

active-source experiment during cruise RRS James Cook JC132 (Reston & Peirce, 2016).  

OBSs were deployed approximately 2–5 km apart, and data were recorded at a sampling 

rate of 250 Hz. Initial P- and S-wave arrivals were detected using an STA/LTA algorithm 

within the Antelope software package, and arrival times were refined with a kurtosis-based 

picking tool written in MATLAB (Baillard et al., 2014). A one-dimensional P-wave 

velocity model was constructed using the median velocity obtained from a grid of 

coincident wide-angle seismic refraction profiles, and draped beneath the seabed [Simão et 

al., 2020; Parnell-Turner et al., 2017]. This model was used to predict travel times at 250 

m intervals between stations and nodes within a 70 x 70 x 20 km (x-y-z) model domain.  

An S-wave velocity model was generated with a Vp /Vs ratio of 1.8, obtained by minimizing 

root mean square (rms) arrival time residuals for Vp /Vs values ranging from 1.4 to 2.4. 
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Travel times were calculated using an Eikonal finite-difference scheme and NonLinLoc 

software (Lomax et al., 2000; Podvin & Lecomte, 1991).  Initial earthquake locations were 

determined using the grid-search algorithm (Lomax et al., 2000; Tarantola & Valette, 1982) 

for 5,511 events detected by more than four OBSs (Figure S2a). Station corrections were 

calculated using the sum of the average P- and S-phase residuals at each station, and the 

cumulative delay times applied to successive grid-search iterations until minima were 

obtained. 

 

Double-difference hypocenter relocation.  After applying station corrections, double-

difference hypocenter relocation was carried out yielding 2,405 well-constrained events 

with rms residual <0.15 s (Figure S2b). Double-difference locations were estimated using 

hypoDD with travel time delays for both P- and S-phases from the catalog, and using P-

wave time delays estimated by waveform cross-correlation using the GISMO toolbox 

(Thompson & Reyes, 2018; Waldhauser & Ellsworth, 2000). A minimum of eight catalog 

and cross-correlation links per event pair were required to form a continuous cluster, with 

a solution obtained using a least-squares method.  Five iterations were carried out, with the 

P-arrivals given twice the weighting of S-arrivals; a maximum event separation of 4 km 

and a cut-off threshold of 6 km were used for outliers located on the tails of the catalog 

data.  Following the approach used to analyze the 2014 data, the nine-layer 1-D velocity 

model of Simão et al. (2016) was used, with a VP/VS ratio of 1.8.  

 

First-Motion Focal Mechanisms. Best-fitting first-motion focal mechanism solutions 

were obtained using the HASH software (Hardebeck & Shearer, 2002).  First-motion 

polarities were obtained using the sign of the mean gradient of the waveform calculated 

over a 32 ms window after the P-wave arrival.  Focal mechanism quality assessment was 

made using multiple criteria, so that accepted mechanisms have rms fault plane 

uncertainty ≤ 35°, weighted fraction of misfit polarities <20%, station distribution ratio of 

>0.4, and mechanism probability ≥0.6.  In addition to these criteria, events with 

azimuthal gap >90° were also removed, leaving a total of 117 events with satisfactory 

focal mechanism solutions. 

 



Data files 
Catalog of microearthquake hypocenters can be found at 10.26022/IEDA/329824. 

The data file is an ASCII format and contains 2405 double-difference relocated events 

constrained by 10 or more stations. The header line specifies the columns, with depth 

being in kilometers beneath the seafloor. 

 

Catalog of microearthquake focal mechanisms can be found at  10.26022/IEDA/329825. 

The data file is an ASCII format and contains 100 events with focal mechanisms at grade 

A, B, or C calculated in HASH, constrained by 10 or more stations. The header line 

specifies the columns, with depth being in kilometers beneath the seafloor. 

 

Three-dimensional view of microearthquakes can be found at 10.26022/IEDA/329826. 

This three-dimensional visualization of microearthquakes and multibeam bathymetric 

data was rendered using Fledermaus software. The visualization file is in MPEG4 format. 

  



 

 

 
 

Supplementary Figure 1.  Frequency-magnitude distributions.  (a) and (b) 

Cumulative frequency-magnitude distribution of events for the 2014 and 2016 catalogs, 

respectively.  Black line is best fitting power law relationship with B and local magnitude 

of completeness (MLC) values as noted and marked with arrow, obtained using an 

iterative method [Wiemer and Wyss, 2000] 
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Supplementary Figure 2.  Hypocenters located using grid-search (a), compared with 

final relocated catalog (b).  A total of 5511 events were located by more than four OBS, 

and the total length of ridge axis covered by 2016 network was ~40 km, yielding a rate of 

~13 events per day per km ridge axis.  A similar estimate for the 2014 network gives a 

rate of 23 events per day per km ridge axis. However, caution is needed when comparing 

these rates, due to differences the network aperture and station spacing.   
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