Supplementary figures to: Tsunami waves extensively resurfaced the shorelines of an early Martian ocean
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Fig. S1 Characterization of the length-width ratios for the lobes in unit members lHl1 (A) and lHl2 (B). The lobe bases were traced by connecting the local maxima of concave down zones. The length of each lobe was measured by determining the axial distance between their bases and the most distal concave up terminal upper reaches. High value statistical outliers correspond to lobes emplaced within channels. Note that ± values are 1-σ standard deviations. Panels A and B are Digital Elevation Models from color-coded MOLA topography (460 m/pixel). Credit: MOLA Science Team, MSS, JPL, NASA. We produced the mosaics, maps and measurements in this figure using Esri's ArcGIS® 10.3 software (http://www.esri.com/software/arcgis). 
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Fig. S2 Map showing sections of the mapped contacts for members lH11 and lHl2, which do not exhibit significant topographic modifications by processes such as impact cratering, erosion by valleys, and collapse. These selected contacts were subsequently converted to elevation profiles, which were then exported as tables for statistical analysis. Note that ± values are 1-σ standard deviations. Digital Elevation Model from color-coded MOLA topography (460 m/pixel). Credit: MOLA Science Team, MSS, JPL, NASA. We produced the mosaics, maps and measurements in this figure using Esri's ArcGIS® 10.3 software (http://www.esri.com/software/arcgis).
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Fig. S3 (A) Boundary region in northwestern Arabia Terra centered at 42° 0' N, 6° 17' E. The red line traces the upper boundary of member lHl1, which in this region forms an extensive boulder deposit. The orange arrow identifies the lower reaches of channels, which are covered by the deposit’s margin. Part of regional THEMIS day-time infrared image mosaic (100 m/pixel). Credit: Christensen et al.1. (B) Topographic drape over image in panel A shows that the deposit’s lobes were produced by flows into upland embayments (white arrows in image and elevation profile). Both axes in the elevation profile are in meters.  MOLA DEM (460 m/pixel). Credit: MOLA Science Team, MSS, JPL, NASA. (C) Close-up view showing evidence for upslope flow separation around a promontory (black arrow) significantly smaller than those shown in panel A. Part of a regional CTX mosaic. Credit: NASA/JPL. The license terms can be found on the following link: pds-imaging.jpl.nasa.gov/portal/mro_mission.html. (D) View of the deposit’s margin over the adjoining upland surface showing multi-meter scale boulders. HiRISE image PSP_006464_2220, 25 cm/pixel. Credit: NASA/JPL/University of Arizona. We produced the mosaics, maps and measurements in this figure using Esri's ArcGIS® 10.3 software (http://www.esri.com/software/arcgis).
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Fig. S4 (A) Linear directional mean (black arrow) generated from a total of 315 backwash channels in northwestern Arabia Terra (red lines). Part of regional THEMIS day-time infrared image mosaic (100 m/pixel) centered at 45°7'N, 14°38'E. Credit: Christensen et al.1. We produced the mosaic, map and linear directional mean calculation in this panel using Esri's ArcGIS® 10.3 software (http://www.esri.com/software/arcgis). (B) Close-up view on the lower reaches of a set of these channels, which at approximately -3795 m, transition into a depositional lobe (white arrows). The lobe’s surface locally retains the termini of some of the backwash channels, indicating that its emplacement could have been related to the backwash flows losing their momentum upon entering the ocean’s interface. Thus, the elevation of this transitional contact likely represents that of the paleo-ocean’s margin. Part of a CTX mosaic centered at 43°43'N, 7°49'E. Credit: NASA/JPL. The license terms can be found on the following link: pds-imaging.jpl.nasa.gov/portal/mro_mission.html.
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Fig. S5 Inundated surfaces for both tsunami events. Digital Elevation Models from color-coded MOLA topography (460 m/pixel). Credit: MOLA Science Team, MSS, JPL, NASA. We produced the mosaics, maps and measurements in this figure using Esri's ArcGIS® 10.3 software (http://www.esri.com/software/arcgis).
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Fig. S6 Characterization of tsunami run-up distances (i.e., Xmax in numerical supplement) and elevation gains using elevation profiles extending perpendicular to the proposed older (A) and younger (B) paleoshorelines. The statistical output shows typical run-up distances and elevation gains of ~200 km and ~180 m, respectively, but with significant regional variability. Note that ± values are 1-σ standard deviations. Digital Elevation Models from color-coded MOLA topography (460 m/pixel). Credit: MOLA Science Team, MSS, JPL, NASA. We produced the mosaics, maps and measurements in this figure using Esri's ArcGIS® 10.3 software (http://www.esri.com/software/arcgis).
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