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The different earthquake location results in Schlindwein and Schmid
(2016) and Grevemeyer et al. (2019) for the SWEAP (Southwest Indian
Ridge Earthquakes and Plumes) region demonstrate the difficulties
inherent in this particular passive seismological data set. Large travel
time residuals in the initial location require a careful choice of the
location approach and a thorough assessment of the location results. The
root-mean-square residual (rms) should not be used as sole criterion to
judge the location quality (e.g., Husen and Smith, 2004). Here, I
reevaluate the location quality using the same algorithm as Grevemeyer
et al., but in contrast to their approach I select a solution based on
multiple criteria. I restrict this test to the 202 best recorded events that
have an azimuth gap <180° and are detected by all 8 stations with at least
3 S-phases at stations unaffected by soft sediments. For an initial location
run, I exclude S-phases of stations SWE05, 06, 08 and 09 that suffer
from large delays to avoid a bias of the initial location. Average station
residuals, excluding individual residuals larger than 3 s, serve as station
correction terms for P- and S-phases, respectively. Subsequent inversion
runs use all available phases, since S-phases were prominently visible in
the seismograms, and station correction terms are updated after each
iteration. The average rms of the earthquakes decreases (Fig. 1a), but
location quality as expressed by the spatial distance between the
maximum likelihood hypocenter and the expectation hypocenter (termed
hypocenter spread hereafter) and the average length of the axes of
confidence ellipsoid (termed error ellipse hereafter) deteriorates during
inversion. In addition, the station correction terms shift in such a way that
the observed S-P travel time difference at all stations shortens, also at
stations that are not underlain by soft sediments. As a result, location
depths become shallower indicating some trade-off between station
corrections and hypocenter depth (Fig. 1b). Using P-phases only yields a
low rms associated with low values of the spatial error indicators, but the
lack of constraining S-phases produces large error ellipses.
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Figure 1. Results of iterative location runs using P- and S-phases (red) and
P-phases only (gray). Poorly located events (rms > 0.5 s) are excluded. Vertical
lines mark preferred solution (iteration 6), lowest rms solution (iteration 27) and
the P-phase only solution (gray, iteration 28). (a) circles: average rms; stars:
size of error ellipse (km), squares: hypocenter spread (km). (b) circles: average
hypocenter depth below seafloor (km) and average S-P difference of station
correction terms (s).

I prefer a compromise solution with an acceptably low rms, low spatial
errors, and small station correction terms (iteration 6) over the lowest rms
solution (iteration 27) or a solution using P-phases only. Figure 2 shows
the probabilistic location uncertainty as density scatter clouds. The
hypocenter spread is small in iteration 6 providing a confined band of
seismicity with a narrow scatter cloud (Fig. 2a). The lowest rms solution

(Fig. 2b), however, shows extended scatter clouds and hypocenter spread
especially for events in the west and for shallow events. The P-phase
only inversion (Fig. 2¢) yields similar results to iteration 6, but uncertain-
ty is much larger due to lacking S-phases. Applying the quality criteria of
Husen and Smith (2004) to select very good locations (rms < 0.5 s,
hypocenter spread < 0.5 km, error ellipse < 2 km) and good locations
(rms < 0.5 s, hypocenter spread < 0.5 km, error ellipse > 2 km) results in
123 very good and 45 good events for the preferred solution, compared to
70 very good and 29 good events for the minimum rms solution and only
153 good events for the P-phase solution, clearly indicating solid results
for iteration 6.
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Figure 2. Location results with combined scatter density clouds (gray) showing
overall location uncertainty and average location quality indicators. Scatter
samples of four example events are highlighted in red. (a) preferred solution
(iteration 6); (b) lowest rms solution (iteration 27); (c) P-phase only solution
(iteration 28). Blue triangles mark seismic stations.

Based on this reanalysis of location quality, it appears that seismicity
is concentrated in a band between 8 and 20 km depth below seafloor in
agreement with Grevemeyer et al.’s figure S5c, but not with their
preferred solution that uses iteratively updated station terms. The
SWEAP region along with oceanic core complexes at the Mid-Atlantic
ridge (deMartin et al., 2007; Parnell-Turner et al., 2017) may therefore
well represent examples of areas with aseismic deformation of the
uppermost lithosphere. Hydration of the prevailing ultramafic rocks
constitutes one effective mechanism to reduce rock strength in these
settings (Escartin et al., 2001).
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