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Figure 1: A: Hebrus Valles displays sinuous valleys over the floodplain, corresponding to the outflow classification. However, the presence of orthogonal networks and caves suggests additional scenarios. Red lines represent troughs, blue lines indicate outflow channels, yellow lines show patterned networks of troughs, and red dots mark single pits and caves. The location is centered at 20°N, 125° E. Image courtesy of NASA and USGS. Scale: 680 km x 400 km. B: Hephaestus crater. A 20 km rampart crater implies the presence of volatile-rich subsurface in the past at depth just underneath the Hebrus Valles channels. Image credit: HRSC, Mars Express, ESA/DLR/FU Berlin (G. Neukum). C: Close-up of a pit, formerly interpreted as a sinkhole with an upstream margin eroded and leveled to its base as the flow transitioned into subterranean conduits. HRSC ID: H9490_0000_ND3. Location: 22°12' N, 125°16' E. Image credit: ESA/DLR/FU Berlin.
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Figure 2: Internal tunnel and sinkhole formation on Bylot Island, Nunavut, Canada. The polygons manifest themselves with diameters ranging between 10 to 15 meters, providing a measure of scale. Image credits: E. Godin and D. Fortier. Location: 73.15 °N latitude, -79.94 °E longitude.
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Figure 3: Oblique view of the experimental setup showing the water inlet and outlet.
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Figure 4 : Schematic diagrams (A-D) that collectively detail the stages of the experimental setup. A : Plan view of an orthogonal network of ice slabs situated within a matrix of saturated sediments. B : Cross-section perspective depicting the orthogonal troughs which emerge following the melting of the ice slabs. C :  Side view of an overflow event characterized by water infiltration and subsequent sinkhole formation along the orthogonal matrix. D : Obliteration by sedimentation of the conduit.  E: Experiment in the cold room showing an artificial orthogonal network of ice slabs overlying a layer of saturated sandy material. F: The orthogonal network of ice slabs is filled with water-saturated sediments and then frozen at -5°C. G: After a warming phase at +17°C, the ice of the artificial polygonal network preferentially melts with the formation of tunnels. Here, the troughs and pits are observed after an overflooding of 4 min. 
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Figure 5: The Figure illustrates a comparative analysis of cave formations in Hebrus Valles, Mars. See context image on the left for location. Images A and B depict isolated sinkholes (black arrows), disconnected from the main channel. Images C and D provide detailed insights into sinkholes, resulting in an extensive underground cavernous system via a collapse process. The valley flow from the bottom to the top of the image conspicuously terminates at a cave (black arrows).  Image credit: HRSC, Mars Express, ESA/DLR/FU Berlin (G. Neukum). A: HRSC ID: H5140_0000_ND3, location: 21°.38’N, 125°39’°E. B: HRSC ID: H5122_0000_ND3, location: 21°44’N, 125°19°E. C: HRSC ID: HB599_0000_ND3, location: 22°19’N, 125°31’E and D: HRSC: ID: H5140_0000_ND3, location: 22°03’N, 125°37’E.
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Figure 6: Evolution of an orthogonal network, illustrating the formation of tunnels and caves (Exp. 2). Images are captured at 2-minute intervals from left to right. Scale: 1 m x 2 m. A: Initial stage with no flow. B: t+2 minutes: collapse of overlying layers and sinkhole formation (Phase 1). C: t+4 minutes: internal tunneling phase. D: t+6 minutes, new cave emerges (black arrow) where channels are captured by a newly formed cavity.
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Figure 7: This time series, acquired every 2 minutes, displays the morphological evolution of channels and pits across five experiments (refer to Table 1 for characteristics) with subsurface conduits. Depth and width measurements were derived from time-lapse imagery (see Supplemental Figures S2-S6). The pink color represents the frozen sediment configuration.
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Figure 8: Braided channels formation in a control experiment in which subsurface conduits are not present (Exp.6, Table 1).
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Figure 9: Thermal erosion tunnel in Qalikturvik Valley. A : Interior view of the thermal erosion tunnel with a person for scale, revealing how an ice-wedge polygon junction was truncated due to an inflow of underground water from an upstream sinkhole. The tunnel floor exhibits an alluvium layer overlying the permafrost, while the ceiling is supported by the ice-wedge. (73.156° N, -79.944° E). B : sinkhole draining an adjacent stream, with a white logbook located to the left of the stream serving as a scale reference. (73.155° N, -79.945° E). Black arrow: flow direction. Photo credits : E. Godin and D. Fortier.
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Figure 10: A : Laboaratory simulation of an underground cavernous sytem within a medium simulating water-saturated subsoil (Exp. 1) B : sinkhole formation along one channel from Hebrus Valles. Our laboratory simulation suggests that caves along Hebrus Valles are preferential conduits through which fluid-sediment are actively captured by the evacuated caverns. Panel B is part of Resolution Stereo Camera (HRSC) image H5140_0000_ND3, situated at Martian coordinates 21.50°N, 125.50°E.
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