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This supplementary material aims to provide further details for the DATA & METHODS section

in the main context.

DATA & METHODS

Surface Wave Cross-correlation

For each oceanic transform fault (OTF), we manually defined a search box (Table S1)
encompassing it and expanded it by 0.5 degree both in latitude and longitude to account for the
initial location mismatch in the USGS catalogs. The lower cutoff magnitude in our analysis is Mw
5.0 on 104 faults but is larger on faults that generate M>6.2 earthquakes (Table S1).

Two events are formed as a pair for further cosine fitting only if (1) the initial USGS catalog
location difference is within 125 km, and (2) both moment magnitudes are above 6.0, or their
difference is below 0.4. A valid differential time requires its cross-correlation coefficient above
0.70 and itself below 35 seconds to reduce the number of obvious outliers. A valid cosine fitting
requires at least eight differential time, and the azimuthal gap is no larger than 120 degrees. In the

cosine fitting, we used soft-L1 loss which combines the smoothness of L2 norm and the robustness



to outliers of L1 norm (Shearer, 1997). Each fitted cosine curve gives the catalogue time shift t,,
the relative distance d, and the azimuth 0,. Uncertainties of each parameter (6t,., 6d,, 60,) are
computed via the bootstrap method (Wolfson-Schwehr et al., 2014), however, instead of using one
second, we used the differential time residual with respect to our best fit as the standard error for

bootstrapping.

Optimization of the Event Cluster’s Location

In order to perform relative relocation, we approached as following. Of each fault, we use,
for instance NetworkX (Hagberg et al., 2008), to build a graph G = G(V,E), where vertices V =
V (lat, lon) denote each event’s geodetic coordinate and edges E = E(d,, 0,,, dd,, 66,) whenever
the two event has meaningful relative location information from the previous cosine fitting. We
used breadth first search (BFS) to identify isolated event clusters and performing one-way
relocation using d,- and 6,., in such case, each group was relocated using the latest event as
reference. This can largely correct obviously erroneous locations originally from the catalogue as
well as serve as appropriate initial conditions for later optimization. Then, we traversed (BFS)

through each vertex V; and updated their location in-place by minimizing:
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Here E; denotes all edges connected to V;, V; all vertices connected to V;. D and @ are the
function computing distance and azimuth given two geodetic location, for instance by using PROJ
(PROJ contributors, 2020). A is a hyperparameter and we simply chose 1 as the distance ranges

approximately from 0 to 125 km and the azimuth from 0 to 180 degrees, whose numerical scales



are similar to each other. We minimized the residual of containing relative distance as well as
azimuth both weighted by their uncertainties respectively. Nelder-Mead method was applied here
since it 1s robust in many cases where derivative cannot be readily evaluated (Nelder and Mead,
1965; Wright, 1996; Virtanen et al., 2020). This is different from HypoDD algorithm (Waldhauser
and Ellsworth, 2000) in which they linearized travel time difference with respect to spatial
coordinates.

At last, to incorporate potential cyclic constraints (e.g., more than 2 events are mutually
correlated) in the graph and for a finer tuning, we put all the information together to update location

by minimizing:

L(V) = z L(V) (2)

Viev

Here we bounded A between 0.2 to 2.0. We simply used local derivative-free method such
as COBYLA (Powell, 1994; Johnson, 2020) as we found the last step did not alter the optimization
results from the previous step to any significant extent, indicating the optimization probably
converged already. So far, we obtained the relocated relative positions within each group of events
for each OTF. For the future improvement we can incorporate source correction as highlighted in

Howe et al., (2019).

Translation of the Event Cluster’s Location

If hydroacoustic catalogs covering the OTFs are available, we selected the latest M5 event
as the reference for the associated cluster because of its small location error (mostly < 5 km) and
proximity to epi-centroid (Pan and Dziewonski, 2005). Locations of M>6 events in hydroacoustic

catalogs are not accurate due to energy clipping (Fox et al., 2001). In case of no hydroacoustic



events for reference, we manually shifted the cluster to match the geological feature if good
bathymetry data is available and the earthquakes are clearly offset from the geological features

(Pan et al., 2002).

Empirical Subsurface Rupture Length

A comparison between the empirical subsurface rupture length based on Wells and
Coppersmith (1994) and observations from two detailed studies is shown in Figure S1. We
excluded events with explicit non-strike-slip focal mechanisms (rake angle > 25) when calculating
the subsurface rupture length and the average moment release rate curve subsequently. For events
without focal mechanisms (mostly before 1995), we assumed them as strike-slip since our data

focus on OTFs.
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Figure S1. A comparison between the empirical subsurface rupture length and observations from
two detailed studies. The solid black line denotes the subsurface rupture length based on Wells
and Coppersmith (1994). The blue error bar (15 — 20 km) denotes the rupture length of those
periodic Mw 6.0 events on West Gofar OTF. The value is inferred from the afterslip distribution
from the 2008 Mw 6.0 event (McGuire et al., 2012). The orange error bar (60 — 70 km) denotes
the rupture length of several Mw 7.0 events on Charlie Gibbs OTF recalibrated by Aderhold and

Abercrombie, (2016).



TABLE S1. FAULT INFORMATION AND RESULTS

Name Lat Lon Length Plate Min Max Min Max Mw GMRT* Spatial CSFS CSF®

(km) Rate Lat Lat Lon Lon THLD type?  (reloc) (1950)
(mml/yr)

Aden Ridge

Alula Fartak 13.90 51.70 203 194 13.11 1485 5117 5230 54 Bad GeoStruct 0.51 0.33

Owen 1150 5750 335 23.9 10.03 13.01 56.62 5861 52 Bad FaultProp 0.66 0.36

America Antarctic Ridge

Bullard (A) -59.10 -17.20 95 172 -59.42 -58.60 -1840 -16.18 5.0 Bad FaultProp 0.38 0.13

Bullard (B) -58.20 -1190 526 175 -58.63 -57.67 -16.06 -6.73 5.6 Bad FaultProp 0.69 0.59

Conrad -55.70 -3.30 198 185 -5594 -5520 -482 -150 53 Bad GeoStruct 0.57 047

South Sandwich -60.85 -22.88 383 123 -61.03 -60.30 -27.02 -1863 5.0 Medium FaultProp 040 0.30

Central Indian Ridge

Argo -13.70 66.30 102 376 -1418 -13.19 6566 66.83 5.0 Bad FaultProp 065 043
CIR 108 -10.09 66.56 76 310 -1045 -981 6620 66.86 5.0 Bad FaultProp 0.93 0.88
CIR12'12 -11.90 65.70 106 355 -1232 -10.85 6521 67.01 5.0 Bad FaultProp 0.86 0.74
CIR 16S -16.29 66.97 110 356 -16.59 -16.01 66,50 67.38 5.0 Bad FaultProp 060 0.54
CIR1S -1.19  67.52 50 299 -143 -087 6739 6782 5.0 Bad FaultProp 049  0.31
CIR 58 -473 68.59 49 31.0 -492 -452 6845 6880 5.0 Bad FaultProp 064 0.64
CIR6S -6.83 68.24 89 314 -719 -661 67.88 6849 50 Bad FaultProp 0.75 0.60
CIR7S -7.61 68.08 62 30.2 -787 -736 67.86 6833 5.0 Bad FaultProp 0.74 0.66
Egeria -20.13 66.58 46 38.1 -20.23 -19.95 66.33 66.76 5.0 Bad FaultProp 0.68 0.37
Flinders -20.24 67.26 65 385 -2045 -20.09 6696 6750 5.0 Bad FaultProp 0.83 0.71
Gemino -22.90 69.20 38 473 -2357 -2190 68.75 6993 5.0 Bad FaultProp 0.69 0.60
Mababhiss -3.04 68.12 42 30.5 -322 -281 68.01 6832 50 Bad Undecided 0.60 0.31
Marie Celeste -1740 6590 219 408 -18.15 -16.86 64.85 67.14 52 Bad FaultProp 0.41 0.13
Sealark -3.88 6847 63 30.8 -408 -353 6833 6875 5.0 Bad FaultProp 0.84 0.37
Vema Il -8.90 6750 237 340 -982 -811 66.38 6833 5.0 Bad FaultProp 0.66 0.49
Vityaz -5.69 68.37 105 311 -6.10 -522 68.02 6878 5.0 Bad FaultProp 0.85 0.74
Chile Rise

Challenger -37.11 -95.72 247 446 -3743 -36.86 -97.03 -9399 50 Good GeoStruct 084 0.78
Chile -35.50 -103.20 1099 588 -36.52 -34.22 -110.12 -9695 5.8 Bad GeoStruct 0.69 0.56
Chile 38S -38.33 -9363 111 469 -3846 -38.18 -94.02 -9248 50 Good GeoStruct 086 0.76
Chile 39S -38.96 -92.07 84 470 -39.13 -38.77 -9294 -9126 5.0 Good FaultProp 0.37 0.32
Chiloe -43.03 -83.08 61 478 4331 -42.81 -83.89 -8255 50 Good FaultProp 046 0.38
Darwin -4590 -76.37 53 483 -46.01 -4578 -76.74 -76.02 5.0 Medium FaultProp 0.39 0.26
Guafo -4470 -80.15 286 481 4529 -4414 -82.37 -78.01 5.6 Medium FaultProp 069 0.51
Guamblin -4570 -77.37 80 483 4584 -4556 -77.95 -76.89 5.0 Bad FaultProp 0.36 0.26
Valdivia -4150 -88.80 599 60.0 -41.47 -40.87 -9180 -84.10 53 Bad GeoStruct 0.80 0.56

East Pacific Rise

Clipperton 10.20 -104.00 84 1053 10.08 10.30 -104.33 -103.48 5.0 Good FaultProp 0.41 0.14
Discovery -4.00 -104.20 63 1379 407 -3.92 -104.50-103.80 50 Good GeoStruct 0.38 0.33
Garrett -1340 -111.80 124 1498 -13.61 -13.25 -112.33 -111.16 50 Good FaultProp 0.70 047
Goc 24N 2424 -109.05 124 504 24.09 2449 -109.44 -108.09 56 Good FaultProp 0.65 0.50
Goc 25N 2498 -10952 119 49.9 2440 2550 -110.07 -108.80 5.6 Good FaultProp 024 0.22
Gofar -450 -10540 170 1388 492 -426 -106.28 -10460 54 Good GeoStruct 045 0.15
Orozco 15.20 -105.00 89 86.5 15.15 1556 -105.32 -104.31 5.0 Good FaultProp 0.85 0.59
Quebrada -3.80 -103.20 118 1374 400 -3.40 -104.22 -102.72 50 Good FaultProp 0.76 0.73
Rivera 19.00 -107.40 374 712 1795 19.80 -109.30 -104.95 5.8 Medium FaultProp 0.77 0.58
Siqueiros 840 -103.50 110 111.9 8.20 8.62 -104.20 -102.89 5.0 Good GeoStruct 0.57 0.46
Tomayo 23.08 -108.34 65 51.0 2259 2340 -108.85-107.84 5.6 Medium FaultProp 0.65 0.54
Wilkes -9.00 -109.00 109 1450 -9.30 -8.70 -110.25-108.30 50 Good FaultProp 0.53 0.39
Yaquina -6.20 -107.20 44 1414 643 -6.13 -107.48 -106.83 50 Good FaultProp 0.77 0.67
Gorda Ridge

Mendocino 40.37 -126.04 237 495 40.14 4050 -129.79 -12441 56 Good FaultProp 0.56 0.41

Juan De Fuca
Blanco 4380 -128.50 335 594 4278 4441 -130.45 -12592 54 Medium GeoStruct 0.61 0.37
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264
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304
304
30.3
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244
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14.95
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5.0
5.0
5.0
5.0
5.0
5.0
5.2
5.0
5.8
5.0
5.0
5.0

5.0

5.2
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
54
5.0
5.0
54

Medium
Good
Good

Bad
Bad
Bad
Good
Good
Good
Bad
Bad
Good
Good
Bad
Good
Good

Good

Medium
Medium
Medium
Bad
Bad
Good
Bad
Bad
Bad
Bad
Bad
Bad
Medium
Medium
Bad
Bad
Medium

FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
GeoStruct
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp

FaultProp

FaultProp
GeoStruct
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp
FaultProp

0.34
0.20
0.86
1.00
0.76
1.00
0.46
0.44
0.43
0.50
0.48
0.76
0.31
1.00
0.59
0.78

0.89

0.83
0.75
0.45
0.71
0.75
0.51
0.67
0.63
0.38
0.61
0.79
0.64
0.63
0.76
0.69
0.44
0.35

0.05
0.10
0.72
0.96
0.76
0.56
0.44
0.41
0.23
0.37
0.25
0.54
0.15
0.47
0.47
0.60

0.77

0.65
0.91
0.22
0.63
0.75
0.34
0.30
0.54
0.10
0.72
0.42
0.52
0.57
0.51
0.66
0.19
0.26

*Bathymetry quality from Global Multi-Resolution Topography Data Synthesis (GMRT) is measured by visual inspection. Good if

most major geological features can be identified clearly, Medium if only the ridge and transform fault can be clearly identified,

otherwise Bad .

tSpatial segmentation type catagorized. FaultProp denotes that earthquake segmentation is not observed to be associated with
large-scale geological structures, thus is infered due to variations of fault properties, GeoStruct denotes earthquake segmentation

due to large-scale geological structures. Undecided only for Sovanco and Mabahiss due to being unable to assign a type.

§Creeping segment fraction. (reloc) denotes averaging by relocated events since 1990. (1950) denotes averaging by all events

since 1950.
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