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Supplementary material 1. Acquisition, processing and interpretation of seismic data.

2D dataset

The PEG14 2D seismic reflection dataset was collected by WesternGeco in 2014 and reprocessed in 2016. This survey constitutes 5242 line-km

across the Hikurangi Margin (Fig. S1), covering some 350 km along the trench. Data were collected in a frequency range of

3-200 Hz and full stack data are depth converted. In this dataset, a downward decrease in acoustic impedance is represented by a trough (white),

and a downward increase is represented by a peak (black). Data were interpreted using the Petrel E&P software platform. Major faults and structures
were interpreted and regional surfaces were extrapolated from the survey, using information obtained from from Ghisetti et al., (2016); McArthur et al.,
(2019); and Barnes et al., (2020).

3D dataset

This study employed 2600 km?2 of pre-stack Kirchoff depth migrated 3D seismic data, acquired at broadband frequency in 2017 by WesternGeco.
This dataset images a ca 150 km long stretch of the Hikurangi Trench and Channel (Fig. S1). Full stack data are displayed SEG

positive; a downward decrease in acoustic impedance is shown as a trough (white reflection). Data were interpreted using Petrel E&P software.
Major faults and channel fills were interpreted. Variance attribute analysis was used to highlight channel forms on interpreted surfaces.
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Figure S1. Location of seismic datasets courtesy of WesternGeco.
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Figure S2. Non interpreted seismic line in the southern, proximal part of the Hikurangi Trench.




Figure S3. Non interpreted seismic line in the northern, distal part of the Hikurangi Trench.




Table S1. Dimensional and morphometric measurements from global subduction trenches.

Trench name Lattituide Type Trench length Trench width Trench depth Trench gradient ~ Rugosity ~Trench age Sedimentary cover Filled Sediment type Av. sediment supply Convergence rate  Climate Catchment gradient Axial channel (y/n)
Hikurangi Trench 38 - 420 S Mixed siliciclastic / volcaniclastic 720 km 12-70 km 3-3.75 km 0.50 to NE Low ~27 Ma 1-6 km Filled Coarse siliciclastics High (7200 + 1500 T/km2 yr) ~ 38-50 mm/yr Temperate  Moderate Hikurangi Channel
Kermadec Trench  25-370 S Volcanic 1565 km ~50 km 7-10 km 1-40 NNE Moderate ~25 Ma ~200 -500 m Under Fine with volcanics High (170 x10*12 gfyr) 80-85 mm /yr Equatorial ~ Low (submarine) N
Tonga Trench 14-240 S Volcanic 1300 km 15-30 km 10.8 km 30Eto SW Moderate ~44 Ma ~200 m Under Fine with volcanics High (170 x10*12 g/yr) 60-240 mm/yr Equatorial ~ Low (mostly submarine) N
New Hebrides 10-230 S Volcanic 1200 km 70 km 9 km 3o0to W Moderate 55-42 Ma ~300 m Under Fine with volcanics High (180 x10*12 gfyr) 100-130 mm/yr Equatorial ~ Low (mostly submaring) N
San Cristobal 8-100 S Volcanic 600 km 11 km 8.2 km 30t0E Low ~10-5Ma Minimal Under Fine with volcanics High (180 x10*12 g/yr) 100 mm/yr Equatorial ~ Low (mostly submarine) N
North Solomon ~ 6-100 S Volcanic 900 km 10-20 km 4.3 km 20to SE Moderate 5 Ma 0-1 km Under Fine with volcanics High (180 x10*12 gfyr) 100 mm/yr Equatorial ~ Moderate N
Bougainville Trench6-70 S Mixed siliciclastic / volcaniclastic 840 km 50-75 km 9.1 km 4o0to E Low ~5Ma 0-3 km Under Coarse siliciclastics, High (180 x10*12 g/yr) 80-150 mm/yr Equatorial  Moderate Markham Canyon
Melanesian Trench 0-50 S Volcanic 1680 km 20-40 km 6.7 km 2.50 Low 45 Ma up to 1500 m Under Carbonates and volcaniclasticsHigh (180 x10*12 g/yr) 124 mm/yr Equatorial ~ Low (mostly submaring) N
New Guinea Trench 0-20 S Mixed siliciclastic / volcaniclastic 700 km 30-40 km 52 km 1.30 W Low ~9 Ma up to 1 km Under Coarse siliciclastics, High (180 x10*12 g/yr) 70 mm/yr Equatorial  Moderate N
Philippine Trench  2-150 N Mixed volcaniclastic / siliciclastic 1320 km 10-15 km 10.5 km 30t0S Moderate 8-9 Ma 0-1500 m Under Fine with volcanics Low (70 x10*12 gfyr) 30 mm/yr Equatorial ~ Low (mostly submaring) N
Sunda Trench 170N to 120 S Mixed siliciclastic/ volcaniclastic 5400 km 20-30 km 3-6.5 km 1.1o to SE Low ~33 Ma 1.5- 6 km Under to overfilled Coarse siliciclastics Very high 50 g cm 2 kyr 1 47 mm/yr Equatorial ~ High to low Sunda Channel
Manila Trench 12-200 N Mixed siliciclastic/ volcaniclastic 990 km 5-60 km 5.4 km 1.80t0 S High ~30 Ma <2.6 km Filled Coarse siliciclastics High but variable 20-100 mm/yr Equatorial ~ High to moderate Mompong Canyon
Northern end 6.6 Mton/yr Gaoping Canyon
Mariana Trench ~ 11-250 N Volcanic 2550 km 50-75 km 10.9 km 30(E&S) High ~7 Ma 0-300 m Under Fine with volcanics Low (70 x10+12 g/yr) 110-180 mm/yr Equatorial ~ Low (mostly submaring) N
[zu-Ogasawara 26-340 N Mixed volcaniclastic / siliciclastic 900 km 5-20 km 9.8 km 308 Moderate ~43 Ma 0-2 km Under Mostly volcanics, Low (80 x10*12 gfyr) 98 mm/yr Temperate  Low (mostly submaring) N
Ryukyu Trench ~ 23-340 N Mixed volcaniclastic / siliciclastic 1400 km 10-25 km 7.5 km 2.50 High 33 Ma 0-3 km Filled Mostly volcanics, Low (70 x10*12 g/yr) 52 - 98 mm/yr Temperate  Low (mostly submarine) Shih-t'T Pi Canyon
Nankai Trough 31-340 N Mixed siliciclastic/ volcaniclastic 750 km 15-30 km 5 km 1.20 SW Low ~19 Ma 1 km Filled Coarse siliciclastics Low (70 x10*12 gfyr) 43 mm/yr Temperate  Moderate Nankai Channel
Japan Trench 34-400 N Mixed volcaniclastic / siliciclastic 800 km 5-20 km 8 km 208 High ~20-25 Ma 0-1 km Under Fine siliciclastics Low (50 x10*12 g/yr) 79-92 mm/yr Temperate ~ Moderate n
Kuril-Kamchatka  41-550 N Mixed volcaniclastic / siliciclastic 2500 km 1-15 km 10.5 km 1.70 Moderate ~80 Ma 0-3 km Under Dominantly volcaniclastics ~ Low (50 x10*12 g/yr) 75-83 mm/yr Sub-polar  Low (mostly submarine) n
Aleutian Trench ~ 55-590 N Mixed volcaniclastic / siliciclastic 3400 km 15-45 km 7.8 km 0.70 W Moderate 30-35 Ma 1-2 km Under Dominantly volcaniclastics  Moderate (110 x10%12 g/yr) 75 mm/yr Sub-polar  Low n
Eastern Aleutian Mixed siliciclastic/ volcaniclastic Filled Coarse siliciclastics Moderate (110 x10*12 g/yr) 75 mm/yr Sub-polar ~ Moderate Surveyor Channel
Cascadia 40-500 N Mixed siliciclastic/ volcaniclastic 1200 km 30-100 km 3.1km 1.90 S Low 42 Ma 1-7 km Overfilled Coarse siliciclastics Moderate (100 x10*12 g/yr) 21-44 mm/yr Temperate ~ High to moderate Astoria Channel
Middle America ~ 8-21o0 N Mixed siliciclastic/ volcaniclastic 2750 km 5-25 km 6.7 km 1.20 High ~100 Ma <l km Under Coarse siliciclastics Very Low (20 x10*12 g/yr) 70 - 100 mm/yr Equatorial  Moderate Ometepec Canyon
Colombian Trench 60 N to lo S Mixed volcaniclastic / siliciclastic 730 km 10-50 km 4 km 208 High ~25 Ma <l km Under Fine with volcanics Very Low (20 x10*12 gfyr) 50-64 mm/yr Equatorial  Moderate n
Ecuador Trench ~ 0o N'to30 S Mixed volcaniclastic / siliciclastic 400 km 1-5 km 4.5 km 2.80S High ~26 Ma <l km Under Fine with volcanics Very Low (10 x10*12 gfyr) 60 mm/yr Equatorial ~ High n
Peru Trench 3-140S Mixed volcaniclastic / siliciclastic 1200 km 10-20 km 6.5 km 1.60 High ~23 Ma 200 - 500 m Under Fine with volcanics Very Low (10 x10*12 gfyr) 61 mm/yr Arid High n
Chile Trench 15-5708 Mixed siliciclastic/ volcaniclastic 5200 km 7-65km 8 km 0.70N Moderate ~23 Ma 100 - 1000 m Under to overfilled Coarse siliciclastics Very Low (10 x10*12 gfyr) 100-110 mm/yr Arid High n
Southern Chile 328 Filled Coarse siliciclastics Very Low (10 x10*12 g/yr) 100-110 mm/yr Temperate  High Axial Channel
South Sandwich ~ 54-600 S Volcaniclastics 1230 km 5-70 km 8.2 km 270 High ~15Ma <500 m Under Fine with volcanics Very Low (5 x10*12 g/yr) 67-81 mm/yr Polar Low (mostly submarine) n
Hjort Trench 55-59 S Volcaniclastics 490 km 2.5-10km 6.6 km 3208 Moderate ~20 Ma 500 - 1500 m Under Fine with volcanics Very Low (5 x10*12 g/yr) 5-26 mm /yr Polar Low (all submarine) n
Puysegur Trench ~ 46-490 S Volcaniclastics 340 km 5-10 km 6.4 km 3.30 Moderate ~10 Ma <l km Under Fine with volcanics Very Low (5 x10*12 g/yr) 32-35 mm/yr Temperate  Low (all submarine) n
Puerto Rico Trench 15-180 N Mixed volcaniclastic / siliciclastic 820 km 10-20 km 8.3 km 270 W Moderate ~70 Ma 100-3000 m Filled Coarse siliciclastics, Very Low (10 x10*12 g/yr) 17-23 mm/yr Equatorial  Low Vidal Channel
Lesser Antilies 9-140 N Mixed siliciclastic/ volcaniclastic 560 km 10-50 km 5.5 km 0.90N Low 80-105 Ma 400 - 3000 m Overfilled Coarse siliciclastics, High 210 x 10*6 ton/a 11-14 mm/yr Equatorial Low Orinoco Channel
Calabrian Trench ~ 35-370 N Mixed siliciclastic/ volcaniclastic 300 km 5-10 km 4 km 0.50 Low ~30 Ma 750 - 3500 m Overfilled Fine siliciclastics and salt ~ High (210 x10*12 g/yr) 4-5 mm/yr Temperate Low n
Hellenic Trench ~ 33-370 N Mixed siliciclastic/ volcaniclastic 1150 km 2.5-10km 53 km 2.80 Low 45 Ma 500-1000 m Overfilled Fine siliciclastics and salt ~ High (210 x10*12 g/yr) 30-60 mm/yr Temperate Low n
Makran Trench 240N Siliciclastic 1000 km 5-50 km 3.5 km 120 W Low ~65 Ma 1500 - 7500 m Overfilled Fine siliciclastics High (210 x10*12 g/yr) 40 mm/yr Arid Moderate Axial Channel
Definitions i.e. coarse (sand)/ fine(clays) Rea et al., 1996 Kottek et al., 2006
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Supplementary material 2. Statistical methodology

Data were collected from published sources (see Supplement 1) and when not available in the literature, measurements were made using Geomap App© (Ryan
et al., 2009), which offers a range of bathymetry datasets in trenches, all of which provide sufficient resolution to conduct our analysis. Hence, the metadata
study was not significantly limited by data quality or availability in forearc subduction trenches.

Multivariate statistical analysis of the subduction trenches dataset (see Supplement 5) was conducted using Python numpy and pandas software (Mckinney,
2011). Principle components analysis (PCA) determines theoretical, dimensionless variables (components) that account for as much variance as possible in
the dataset, in order to display linear variations and identify the most important variables in the dataset (Wold et al., 1987). The two most important variables,
or components, with the largest influence on the dataset can then be plotted for visual analysis of sample distribution and grouping. Other forms of analysis,
such as Correspondence Analysis were conducted, with PCA found to respond best to the dataset.

Before entering the data to the software variables with a large range (e.g. trench width and convergence rate) were averaged to their mean and the dataset was
standardized to comparable scales. The percentage and eigenvalue of each variable is listed below (Table S2). Sensitivity analysis was conducted by running
the dataset solely for trenches with an axial channel; for those without channels; and on a dataset without the channel information (Fig S4); no significant
deviation from the observed trends was encountered. Further investigations, removing selected low value and high value variables from the analysis,
including those identified as the key variables (trench length, sediment cover or sediment supply) did not demonstrate groupings of trenches with and without
channels (Fig. S5), giving confidence in interpretation of the key variables.

PCA interpretation is based on the production of biplots, which indicate the governing variable on each component and hence each axis of the plots, and
empirical observations of where the data points plot in relation to the components. Trench length shows the greatest affinity with component 1 (43% of
variance); component 2 is associated with thickness of sedimentary cover (36% of variance); and component 3 is related to sediment supply (20% of variance).
No other component accounted for >1% of variance (Table S2). The results are displayed as a scatter plot of the two variables that demonstrated the most
variance.

Table S2. Principle components (PC) scores.

PC 1 2 3 4 5 6 7 8 9 10 11 12
Eigenvalue 1.92E+06 1.61E+06 874832 26626.7 4905.65 1621.58 887.901 451.656 293.249 49.9579 23.1808 21.8994
% variance 43.232 36.276 19.706 0.59978 0.1105 0.036527 0.02 0.010174 0.006606 0.001125 0.000522 0.000493

PC 13 14 15 16 17 18 19 20 21 22 23 24
Eigenvalue 13.0941 2.41232 1.34224 0.748273 0.404888 0.206116 0.141873 0.125699 0.08908 0.042666 0.018016 0.001184
% variance 0.000295 5.43E-05 3.02E-05 1.69E-05 9.12E-06 4.64E-06 3.20E-06 2.83E-06 2.01E-06 9.61E-07 4.06E-07 2.67E-08

References
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Zemsky, R., 2009, Global Multi-Resolution Topography (GMRT) synthesis data set: Geochemistry, Geophysics, Geosystems, v. 10, Q03014.

Wold, S., Esbensen, K. and Geladi, P., 1987, Principal component analysis: Chemometrics and intelligent laboratory systems, v. 2, p.37-52.

PCA biplot of trench bounding conditions
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Fig. S4. Principle components analysis biplot (eigenvalue scale) of trench geomorphological factors considering only trench variables (not channels).
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Fig. S5. Principle components analysis biplot (eigenvalue scale) of trench geomorphological factors considering only trench variables, without trench
length, sediment cover or sediment supply; without variables identified as the key controls, trenches with or without channels show no relation.
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