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1 Seismo-acoustic facies / lithofacies correlation

Seismo-acoustic facies identified from sub-bottom profiler (SBP) and seismic-reflection profiles were correlated with
particular sediment units (lithofacies) as described from marine sediment cores also acquired during the Petermann 2015
Expedition or previously collected from the study area (Supp. Table 1). This was achieved by comparing SBP profiles at
individual core sites with core CT-scans, core photographs and core descriptions. Seismo-acoustic facies | (bedrock), 1l
(subglacial till) and VI (grounding-zone wedge units) were not recovered by either piston or gravity cores generally because
they were too deep in the stratigraphy to be sampled or were not able to be sampled by these types of coring devices (i.e.
bedrock). Therefore, only seismo-acoustic facies I, 1V and V were correlated with sediment lithofacies (Supp. Fig. 1); details
of the correlations and a brief description of the core lithofacies is provided below.

Seismo-acoustic facies 111 (OD1507-41GC, HLY03-05GC): The upper part of core OD1507-41GC from Petermann Fjord
(Supplementary Table 1) recovered a brown, homogeneous clay with dispersed sand and clasts (Supp. Fig. 1a). This lithofacies
is correlated with seismo-acoustic facies 11l (Supp. Fig. 1e) and is consistent with distal glaciomarine sediments deposited
largely from suspension with dispersed IRD (cf. Elverhgi et al., 1989; Powell & Domack, 2002). Core HLY03-05GC (Supp.
Fig. 1b) samples the same seismo-acoustic facies (Supp. Fig. 1f) but from Robeson Channel in the northern part of the study
area just beyond the S4 ridge. The sedimentology of this core was described by Jennings et al. (2011) who identified

bioturbated muds to 112 cm, a transitional laminated pebbly mud unit from 112-125 cm and a laminated mud unit from 125
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cm to the base of the core. The laminated units were interpreted as distal glaciomarine sediments with the transitional unit
reflecting the break up of ice in Nares Strait and Kennedy Channel (Jennings et al. 2011).

Seismo-acoustic facies IV (OD1507-37PC): This core (Supp. Fig. 1¢) penetrated seismo-acoustic facies IV in Petermann Fjord
(Supp. Fig. 1g) inabasin around 2 km from the ice-tongue margin as it was in 2015. It sampled grey-brown clay with dispersed
clasts interrupted by multiple coarse, sand units (typically < 10 cm thick) that are normally-graded and have sharp basal
contacts. The clay with clasts is interpreted as glaciomarine sediments with IRD and the individual sand units have properties
consistent to gravity-flow deposits (GFDs) (i.e. erosive at their base and grading upwards; e,g, Bae et al., 2004; Gilbert et al.,
2002). Although such thin sand units may not be resolved on the sub-bottom profile over the core site, this lithofacies supports
our interpretation of the seismo-acoustic facies as glaciomarine units with interbedded GFDs.

Seismo-acoustic facies V (OD1507-52PC): Core OD1507-52PC (Supp. Fig. 1d) was recovered from a stratigraphy that
included discrete lenticular bodies defined as seismo-acoustic facies V (Supp. Fig. 1h). The core sampled laminated muds
interbedded with diamictic units with sharp contacts consistent with sediment flow deposits consisting of glacigenic debris (cf.
Laberg & Vorren, 2000). Note that the individual diamictic units in the core are not resolved on the SBP profile as discrete

reflections.

2 Drainage basins for glacial erosion rate calculations

In order to estimate glacial erosion rates for the Petermann Ice Stream and other Greenland outlet glaciers for comparison the
area of the glacier catchment or drainage basin area (Aqr) is required (see Equation 1 in the main text). For subglacial erosion
to occur the ice sheet must be moving over the bed, i.e. ice cannot be frozen to the bed and, therefore, we exclude areas where
ice velocities are <50 m a. For Petermann and Jakobshavn glaciers, the erosion rates that we calculate are for a period during
deglaciation. Thus, in the absence of ice-sheet velocities for a deglacial ice sheet (modelled or otherwise inferred), we utilise
ice-sheet velocities from the modern Greenland Ice Sheet (GrlS) to define the drainage basin areas for these catchments.
Modern GrlS velocities for the Petermann, Jakobshavn and Kangerlussuaq glacier systems are from the MEaSURES Greenland
Ice Velocity: Selected Glacier Site Velocity Maps from Optical Images, Version 2 dataset for 2017-2018 (Howat, 2017). In
both catchments we extend the drainage basin to include the part of the fjord up to the fjord-mouth sill but now not occupied
by ice (Supplementary Fig. 2a, b). The northern and southern boundaries of the Jakobshavn drainage basin were digitised from

the Zwally et al. (2012) drainage system divides.
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Core name Latitude (°N) Longitude (°W) Water depth (m) Length (cm) Cruise / reference
0OD1507-37PC 80.96575 60.95450 1041 847.6 Petermann 2015
Expedition
0OD1507-41GC 81.19378 61.97715 991 440 Petermann 2015
Expedition
0OD1507-52PC 81.24183 63.99833 517 541 Petermann 2015
Expedition
HLY0301-05GC | 81.62143 63.25778 797 371 HLY0301 /

Jennings et al.
(2011)

Supplementary Table 1. Core locations and information for cores used in seismo-acoustic facies and lithofacies correlations.
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0OD1507 HLY0301 0OD1507 0D1507
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0OD1507-41GC
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(h) 1

0OD1507-52PC

Supplementary Figure 1. Correlation of core lithofacies with seismo-acoustic facies Il (a, b, e, f), IV (¢, g) and V (d, h). Core
lithofacies are shown using CT scans and core photographs; seismo-acoustic facies at each core site are shown in panels e-h. The red
bars in panels e-h represent the total core length for each core (using a velocity through sediment of 1500 m s); core locations are

shown on Figure 2.
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90 Supplementary Figure 2. Maps of Greenland outlet glaciers discussed in main text showing modern ice-sheet velocities (Howat, 2017)
with drainage basins (black lines) and areas used in glacial erosion rate calculations for: (a) Petermann Glacier, Northwest
Greenland; (b) Jakobshavn Isbrae, West Greenland; (c) Kangerdlugssuaq Glacier, East Greenland.



