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This file includes:
A. Supplementary Table S1. Extended description of modelled, observed and expected ribbed ridge parameters.
B. Supplementary Text, Figure S1 and Table S2. Grain-size data from Amundsen Sea subglacial tills.
C. Supplementary Videos of ribbed ridge formation. Four (4) gifs are provided one for each formation mechanism with the Thwaites-type set up: constant till flux, till extrusion, till extrusion with grounding line compression, resuspension in tidal cavities.
D. References for Supplementary Information.

Separate supplementary files include the model code as MATLAB (*.m) files, one for each of the three models used and one documenting the model runs performed in this study (4 total). The files can be viewed simply in any text editor e.g., WordPad, and consist of:
extrusion_model_s1.m
flux_only_model_s1.m
resuspension_model_s1.m
runs_and_plots_s1.m


	



A. Supplementary Table S1: Extended table of modelled, observed and expected corrugation ridge parameters
	Model results / seafloor observations
	Ridge amplitude
	Ridge spacing
	Ridge symmetry
	Consistency of form (includes beading)
	Sorting
	Grain size (relative)
	Sedimentary structures
	Acoustic character

	(1) Constant till flux
	Amplitudes are lower than other modelled mechanisms (e.g., <0.1 m). Note that values for ridge amplitude are not thought to be physically realistic so detailed comparisons with real-world ridges should not be made.
	Spacing is highly variable and does not correlate with ridge amplitudes.
	Individual ridges are difficult to distinguish, and grounding zone cavity is idealised so ridge form cannot be tested.

Expect symmetric forms as there is no forward component of ridge formation, rather passive deposition from a retreating grounding line source.
	Model is 2D so along-ridge form cannot be tested.

Expect consistent along-ridge form because deposition process for ridge formation is passive as material is transported to just in front of the grounding line.
	No sorting because till is deposited to the grounding line at a consistent rate (ridge forms only by slowing of motion across the grounding zone during the tidal cycle).
	Grain sizes reflect subglacial sediment (till) source. Lithofacies likely to be diamicitic similar to known subglacial diamictons from the Amundsen Sea shelf (Smith et al., 2011, 2013) and seafloor observations (Powell et al., 1996; García et al., 2016).
	Rare deformation structures associated with till conveyor and delivery to the grounding line: unsorted, massive diamictons (Anderson, 1999; Domack et al., 1999)
	Ridges should return the same backscatter response as inter-ridge areas because sediment grain size is homogeneous with till flux mechanism.

	(2) Till extrusion
	Amplitudes are generally 0.1-0.2 m and increase as tidal amplitudes increase (i.e., tallest ridges are formed during largest spring tides).
	Ridge spacing is strongly correlated with ridge amplitude (i.e., the most widely spaced ridges are also the tallest forms).
	Ridge form is dependent only on the geometry of the ice-shelf base in the model so ridge symmetry cannot be tested.

Expect ridges to exactly take the shape of the grounding line as till is squeezed out at the low-tide grounding line position when the ice re-settles on the seafloor – somewhat like squeezing “toothpaste” from a tube. Expect approximately symmetric forms.
	Model is 2D so along-ridge form cannot be tested.

Expect sequential ridges to be similar in form; along-flow variations could occur due to uneven distribution of subglacial sediment in the grounding zone and/or uneven geometry of the ice-shelf base (cf. Batchelor et al., 2020).
	No sorting because mechanism is ice push / bulldozing.
	Grain sizes reflect source sediments as process of ridge formation is by ice squeeze only. Lithofacies likely to be diamicitic (see (1)).
	Deformation structures associated with ice-push/bulldozing including folding, thrust faulting and clast alignment (Sharp, 1984; Boulton, 1986. Small-scale sediment flow structures on ridge flanks: some normally-graded packages.
	Ridges should return the same backscatter response as inter-ridge areas because sediment grain size is homogeneous with push mechanism.

	(3) Till extrusion + compression
	Ridges are slightly smaller than those produced by (2) but display similar trends in amplitude.
	Ridge spacing slightly greater than for (2) because the volume of sediment supplied is less for each ridge. Correlation between ridge amplitude and spacing is weaker than for (2).
	Same as for (2)

	Same as for (2)

	Same as for (2)
	Same as for (2)
	Same as for (2)
	Same as for (2)

	(4) Resuspension
	Modelled ridges can be slightly taller than for till extrusion mechanisms, largest ridges in composite forms (neap-spring transitions) and then at largest spring tides.
	Ridge spacing shows some correlation with amplitude but widest spacing lags from tallest ridges as spacing increases during spring tides just after composite ridge formation (at neap-spring “balance spot”). 
	Ridge forms are more irregular than for (2) and (3) but ridge construction (here by deposition) is simplified in the model so detailed comparisons cannot be made.

Deposition of most particles from a tidal flow exiting the grounding zone (as a plume) should be rather “instantaneous” at low water velocities (Mugford & Dowdeswell, 2011) and result in a symmetric mound or ridge at the seafloor.
	Deposition is not dependent on shape of the cavity or ice base, so we do not expect ridge to ridge variability in form. Along-ridge variability will depend on spatial variations in sediment availability in the grounding zone and tidal inflows/outflows. For example, if these were organised into channels we might expect sediment deposits to vary across the grounding line.
	Ridge sediments will consist of sand-sized grains or smaller; normal grading as deposition is from slowing of tidal currents. 
Inter-ridge sediments will consist of unsorted subglacial-till type sediments but with fines removed in their upper parts (winnowed) and possible hardgrounds.
	Ridge and inter-ridge sediments should display distinctly different grain-size distributions with inter-ridge areas being diamictic (but winnowed) and ridges being relatively fine grained.
	Inter-ridge sediments should retain typical subglacial till structures including the products of subglacial shear including circular structures, linear fabrics and grain breakages (Van der Meer, 1997; Tulaczyk et al., 1998; Ó Cofaigh et al., 2005). Ridge sediments likely to be normally graded as larger grains will settle from suspension first. Loading structures (ball and pillow, flame structures) unlikely to occur in fine-grained deposits from suspension (Ó Cofaigh & Dowdeswell, 2001).
	Ridges may return lower backscatter response, than the inter-ridge areas, due to their finer-grain sizes. However, geometry of the ridges (side slopes) may complicate the backscatter response.

	Observations from Thwaites corrugation ridges (Graham et al., 2022)
	Ridge amplitude range from 0.1-0.7 m with 13-15 ridge periodicity. Normal correlation with ridge spacing i.e., ridge heights increase as spacing increases 
	Ridge spacing varies from 1.6-10.5 m but is typically 6.6-7.6 m. Normal correlation with ridge amplitude i.e., more widely spaced ridges are larger in amplitude 
	Ridges broadly symmetric with flank widths of 0.04-0.09° 
	Regular ridge-to-ridge form but variable along-ridge form. “Beads” can form when ridges overprint glacial lineations; amplitudes can decrease in troughs between lineations (not consistently).
	Not sampled
	Not sampled
	Not sampled
	Not sampled

	Observations from corrugation ridges in the Larsen Inlet (Dowdeswell et al., 2020; Batchelor et al., 2020)
	Amplitudes range from 0.1-2 m and are more pronounced in depressions between glacial lineations.
	Highly regular ridge spacing of several tens of metres.
	Often asymmetric with steeper seaward-facing side; some ridges are paired.
	Laterally continuous over several kilometres but with subtle along-ridge variability including puncture marks and joining forms when glacial lineations terminate. Positive relief glacial lineations are preserved meaning that the ice-shelf base does not destroy these features during ridge formation.
	Not sampled
	Not sampled
	Not sampled
	Not sampled



[bookmark: _Hlk117520030]Table S2: Modelled, observed and expected morphological and sedimentological criteria for the formation of corrugation ridges at ice-sheet grounding lines. Expected results (i.e., those not based on direct observations or model results) are italicised; selected key references from the literature are given as numbers next to the appropriate statement.



B. Supplementary Text: Grain-size data from subglacial tills on the Amundsen Sea shelf
One way to make realistic suggestions for the sediment grain sizes likely to be present within the grounding zone of Thwaites Glacier is to use evidence from marine sediment cores that are known to have sampled subglacial tills deposited on the continental shelf during the last glacial period, when ice streams, such as Thwaites Glacier, had advanced across the shelf. Here, we use subglacial diamictons recovered using a vibrocorer deployed purposefully to recover such highly-compacted subglacial deposits. Cores VC408, VC415 and VC428 in the Dotson-Getz palaeo-ice stream trough (Fig. S1) were recovered during cruise JR141 of the RRS James Clark Ross in 2006 and were fully described in Smith et al. (2011). All three cores sampled homogeneous, matrix-supported diamictons at their bases that were interpreted to have been deposited as deformable or “soft” till units beneath fast-flowing ice. Based on the occurrence of streamlined lineations on the seafloor in the area of the corrugation ridges offshore form Thwaites Glacier (see Figure 1 and Graham et al., 2022) we know that the seafloor in this area was also overridden by fast-flowing ice prior to ridge formation. As such and based on the similar grain-size properties of the diamictons, we suggest that the subglacial sediments recovered in the nearby vibrocores are likely to be representative of subglacial tills, including those in the grounding-zone area at Thwaites Glacier. In Table S2 we provide average percentages of grain-size fractions for the subglacial diamictons for the three sediment cores as well as the percentage of grains smaller than 2 mm in size (on average) for all cores, which are between 80-90 %. The average wet bulk density for the subglacial diamictons in both VC415 and VC428 is 2.1 g cm-3. The average wet bulk density for the subglacial diamictons in both VC415 and VC428 is 2.1 g cm-3.
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Figure S1: Representative sediment cores and grain-size information from the western Amundsen Sea for known subglacial diamictons. (a) Locations of three sediment vibrocores in the Dotson-Getz area that recovered subglacial diamictons (after Smith et al., 2011). The location of the corrugation ridges at Thwaites Glacier are shown by the red dot. (b) Representative grain-size data and lithofacies interpretation for core VC428 to show the composition of Amundsen Sea subglacial diamictons.

	
	Grain-size fraction (% by weight)

	Core
	<63 μm (muds)
	63 μm – 2 mm (sands)
	>2 mm (gravels)
	Total grains < 2mm

	VC408
	55
	32
	13
	87

	VC415
	47
	36
	17
	83

	VC428
	56
	34
	10
	90



Table S2: Average grain sizes in % by weight for subglacial diamictons in cores VC408, VC415 and VC428.



C. Supplementary Videos of corrugation ridge formation (model output).
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Video S1: Constant till flux mechanism.
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Video S2: Till extrusion mechanism with constant till flux.
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Video S3: Till extrusion with grounding-line compression.
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Video S4: Resuspension in tidal cavities.
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