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Supplementary Table 1: Database of all 117 ice streams from a recent invelitalyngside our
estimated age brackets (minimum, maximum and best estimate). Ice stream locations are shown in
Supplementary Figure 1

. Best . Best . Best
ID Ice Stream Earliest estimate Latest Earliest estimates Latess Min _ Max _ estimate
No name start start stop stop duration duration :
start stop duration

1 Mackenzie 21.8 21.8 21.8 14.7 14.3 13.9 7.1 7.9 7.5
Trough

2 Anderson 21.8 16.3 15.6 15.6 15.6 14.3 0.1 7.5 0.7
Horton / 13.9 13.7 13.6 13.7 13.6 135 0.1 0.4 0.1
Paulatuk

4 Haldane 13.7 135 13.3 13.3 13.2 131 0.1 0.6 0.3

5 Bear Lake 14.5 14.1 14.0 12.9 12.7 127 1.1 1.8 1.4

6 Dubawnt Lake 9.4 9.3 9.2 9.2 9.1 8.6 0.1 0.8 0.2

7 Saneraun Hills 132 13.1 13.0 13.0 12.7 124 0.1 0.8 04

8 Collinson Inlet  13.4 13.2 13.2 130 12.9 12.8 0.2 0.6 0.3

10 M'Clintock 13.1 13.0 129 12.8 127 126 0.1 0.5 0.3
Channel

11 Crooked Lake 14.4 14.1 13.8 13.6 13.5 13.0 0.2 1.4 0.6

12 Transition Bay 10.1 10.0 99 99 9.7 9.5 0.1 0.6 0.3

13 Peel Sound 107 10.4 10.3 10.3 10.1 10.0 0.1 0.7 0.3

14 Central Alberta 21.8 20.5 177 16.3 16.3 13.9 1.4 7.9 4.2

15 High Plains 21.8 20.5 177 16.3 15.6 14.7 1.4 7.1 4.9

16 Ungava Bay 10.0 10.0 9.5 9.4 9.4 79 0.1 2.1 0.6
fans 2

17 Ungava Bay 115 114 114 11.0 11.0 79 0.4 3.6 0.4
fans 1

18 Amundsen Gulf 21.8 21.8 21.8 13.3 11.5 10.8 85 11.0 10.3

19 M'Clure Strait  21.8 21.8 21.8 14.8 14.4 14.2 7.0 7.6 7.4

20 Gulf of Boothia 21.8 21.8 21.8 11.0 10.4 10.3 10.8 11.5 11.4
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Supplementary Table 2: Calculations of the total ice stream discharge from the LIS at 32 time-
stepsfrom 21.8t0 5.75 kyr (shown in Fig. 3). The table shows the number of ice streams operating at
each time-step and their cumulative width at the ice sheet margin. The width of each ice stream was
used to estimate its discharge based on modern ice stream d&agsksnentary Tables 3 and 4, and
Figure 9. The final two columns show the discharge obtained if we use the minimum possible duration
of each ice stream and the maximum possible duration of each ice stre@ugksnentary Table)1

Timecal ka Time C-14 No. of ice Total Best Estimate  Min. Max.
streams width (km)  Discharge discharge discharge
(km®a™) (kma™) (km®a™®)

21.8 18 51 3347 1522 951 2094
21.15 17.5 50 3347 1522 951 2094
20.5 17 54 3537 1611 1004 2218
19.9 16.5 52 3427 1559 974 2144
19.3 16 53 3443 1569 977 2160
18.75 15.5 51 3323 1512 944 2081
18.25 15 49 3303 1504 938 2071
17.65 14.5 49 3118 1421 885 1957
17 14 48 3073 1399 873 1926
16.25 13.5 47 3047 1396 863 1928
15.55 13 49 3052 1401 864 1939
14.7 12.5 43 2499 1149 706 1592
13.85 12 40 2672 1224 757 1691
13.35 11.5 40 2504 1151 708 1595
12.9 11 44 2582 1201 726 1676
12.4 10.5 33 1510 725 418 1032
12 10.25 30 1337 644 370 918
11.5 10 30 1438 689 399 979
10.95 9.6 7 951 429 271 588
10.8 9.5 7 670 303 191 416
10.1 9 7 620 283 176 390
9.5 8.5 5 455 208 129 287
8.85 8 6 690 319 195 442
8.6 7.8 11 713 331 201 462
8.5 7.7 3 110 56 30 82
8.4 7.6 3 110 56 30 82
8.05 7.2 3 48 30 11 49
7.85 7 4 93 52 24 81
7.4 6.5 2 75 38 20 55
6.85 6 2 105 50 29 71
6.3 55 1 40 20 11 29
5.75 5 1 35 18 9 26
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Supplementary Table 3: Width, velocity, cross-sectional area and flux of 50 ice streams from
Antarctica (location shown on Supplementary Figure 7) that were used to predict discharge from
palaeo-ice streams (see Supplementary Figure 9)

Name Width Average velocity Cross-sectional Discharge
(km)? (ma?P area (km?° (kméat)e
Pine Island Glacier 42.3 1575.9 60.5 105.0
Thwaites Glacier 161.3 861.9 151.4 133.6
Evans Ice Stream 48.6 523.5 60.6 334
Byrd Glacier 21.3 670.1 27.9 21.8
MacAyeal Ice Stream 73.1 355.5 70.3 25.3
Denman Glacier 14.1 777.3 26.2 22.0
Foundation Ice Stream 36.6 484.8 59.6 30.8
Recovery Glacier 53.9 225.4 137.0 323
Sor Rondane 105.5 108.7 106.4 12.4
Stancomb-Wills Ice Stream  75.5 191.7 82.3 15.3
Priestley Glacier 6.2 125.4 4.2 0.6
Lillie Glacier 14.2 126.4 145 1.9
Rennick Glacier 24.3 78.5 15.9 1.3
Matusevich Glacier 7.9 403.8 5.9 2.6
unnamed EA1 121.9 228.5 177.2 40.1
Ninnis Glacier 82.2 255.3 75.5 20.2
Merz Glacier 13.7 609.4 15.2 10.3
Scott Glacier 17.3 353.7 14.8 5.7
Kronstadskij Glacier 154 384.9 12.0 5.0
Shirase Glacier 17.8 1221.4 12.9 16.1
Rayner Glacier 15.3 690.9 12.8 9.3
Jutulstraumen 18.8 679.7 12.0 8.6
Belgica Trough Ice stream 63.6 85.0 63.2 5.5
unnamed EA2 30.0 77.2 37.9 3.1
Slessor Ice Stream 715 227.7 1171 27.1
Bailey Ice Stream 30.3 149.4 46.4 7.0
Institute Ice Stream 58.5 335.1 70.5 24.1
Rutford Ice Stream 25.7 3345 51.4 18.6
De Vicq Glacier 19.2 568.8 14.1 8.5
Mulock Glacier 12.2 339.7 6.4 2.6
Ferrigno Ice Stream 19.0 730.0 15.8 12.1
Fleming Glacier 111 1465.0 5.5 8.6
Nimrod Glacier 14.7 461.8 9.0 4.9
Beardmore Glacier 17.1 204.5 14.8 3.5
Binschadler Ice Stream 27.1 595.7 23.0 14.0
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35

Support Force Glacier 28.5 250.2 42.7 114

Mercer and Whillans I1Ss 107.2 330.0 88.0 29.0
unnamed WAL 41.6 203.7 41.4 8.7
Berry Glacier 6.7 612.2 5.8 3.8
Vanderford Glacier 9.4 440.7 13.1 6.3
Frost Glacier 245 711.6 27.3 213
Underwood Glacier 8.1 760.9 8.2 6.8
Philippi Glacier 20.4 364.9 19.0 7.4
David Glacier 31.6 179.5 39.6 7.6
Mellor Glacier 14.7 437.7 23.0 10.6
Lambert Glacier 25.3 574.9 325 19.5
Fisher Glacier 28.3 186.6 351 7.0
Robert Glacier 6.7 674.2 4.2 3.1
Blackwall Ice Stream 23.9 140.3 31.3 4.5
Smith Glacier 27.7 820.7 30.9 27.2
Kohler Glacier 7.7 655.2 84 6.4

2Velocity dat4* were used to measure the width of each ice stream to the lateral shgias maexposed rock walls at the
grounding line.

® Average velocity was extracted as a width-averaged value from velocity dafa2@0@f*

¢ Cross-sectional area was calculated at the grounding line from the hagwstion bed-data that was available for
Antarctica®

4 Discharge was calculated by multiplying the velocity data by the ice thickness dataegmating the output along the ice
stream’s width at the grounding line
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Supplementary Table 4: Width, velocity, cross-sectional area and flux of 31 ice streams from
Greenland (location shown on Supplementary Figure 8) that were used to predict fluxes from
palaeo-ice streams (see Supplementary Figure 9).

Name Width Aver age velocity Cross-sectional Discharge
(km)? (mah)® area (km?)° (kmPay)?

Jakobshavn 5.7 4660.0 4.6 324
Petermann 22.7 779.6 13.2 115
Kangerdlugssuaq 4.6 6224.1 2.7 245
Daugaard-Jensen 5.1 1755.0 25 8.1
Nioghalvfjerdsbrae 18.3 1054.5 8.4 9.6
Zachariae |. 16.9 1197.1 8.5 115
Store Gletscher 6.7 1294.5 5.8 9.0
Rink Isbrae 5.2 1349.8 4.8 8.0
Umiamako Isbrae 34 11594 20 5.0
Upernavik GI. 1 3.0 3508.1 2.4 8.5
Upernavik GI. 2 3.6 1675.2 1.6 3.6
Upernavik Gl. 2 3.0 1746.5 1.2 3.3
Kakivfait sermiat 5.2 913.1 3.8 4.2
Igdlugdlip sermia 5.2 15171 3.2 6.1
Kong Oscar 4.6 2148.0 3.8 10.5
Ryder Gl. 8.9 446.9 5.1 2.7
Academy/Hagen 10.1 157.8 105 1.9
Storstrgmmen 24.5 228.2 17.1 4.3
Helheim 4.7 6402.7 3.2 27.2
Kgge Bugt 7.5 4647.9 2.6 19.8
Gyldenlgve 24 2491.9 1.3 5.2
Kangiata Nunaata Sermia 6.5 851.6 3.2 29
Ukaasorsuaq 7.3 721.9 3.4 2.8
Kong Christian IV 6.8 1385.2 3.0 4.5
Humboldt 35.0 347.6 10.3 3.6
C.H. Ostenfeld Gl. 6.7 338.0 3.5 1.4
Hayes Gl. 10.1 699.7 9.1 7.1
Sverdrup Gl. 5.6 1569.1 2.7 6.8
K.I.V. Steenstrup N 3.0 1221.5 2.1 3.0
Uunartit Is. 4.0 879.3 4.2 4.7

® Average velocity was extracted as a width-averaged value from velocity da8a2@08)*

2Velocity dat4® were used to measure the width of each ice stream to the lateral shéas maegposed rock walls at the
grounding line.
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¢ Cross-sectional area was calculated at the grounding line from the hiegwstion bed-data that was available for
Greenlan®’

4 Discharge was calculated by multiplying the velocity data by the ice thickness dataegmating the output along the ice
stream’s width at the grounding line
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Supplementary Information Figures:
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Supplementary Figure 1: Location of 117 ice streams (number ed) from a recently-compiled
inventory® based on previouswork and systematic mapping acr oss the ice sheet bed. Numbers are
arbitrary, but can be cross-referente@upplementary Table Modern-day ice velocity is shown for
Greenland®.
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Image Landsat, ©Google

Supplementary Figure 2: Landsat satelliteimage of mega-scale glacial lineations® on the Dubawnt

Lake | ce Stream bed? (no. 6), central Canada. These features are a characteristics geomorphological
signature of ice streaming and identical features have been detected beneath Rutford Ice Stream in West

Antarctica®.
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Image Landsat, ©Google

Supplementary Figure 3: Oblique Google Earth L andsat image of the lateral margin of the
M’Clintock Channel Ice Stream>>3° on Victoria Island, Canadian Arctic Archipelago. Note the
abrupt lateral margin (marked by white arrows) of the assemblage of mega-scale glacial lineations,
marked by lateral shear margin moraielse flow direction is from bottom (south) to top (north).

12



70

71
72
73
74
75

50 100 km

“a _ 70°W 6030,

_ i ]
| Ancaster Sound ” 2500
Q
ﬂ Tr, m a.s.l.

-1500

Supplementary Figure 4: Bathymetric data showing cross-shelf troughs (arrows) formed by ice
streams fed by convergence of ice flow from several fjordsalong the east coast of Baffin Island.
High resolution swath bathymetry data from Eclipse Sound/Pond Inlet (a and b) indicates a well-
preserved bedform imprint on the floor of Eclipse Sound (redrawn from Margold et al.?2015)
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Supplementary Figure 5: Distribution of dates (black dots) and interpolated ice margin positions

(white lines) from Dyke et al. (2003)*°. These ice margin positions were used to bracket the age of the
spatial footprint of each ice stream (Supplementary Figure 1). The red line shows the updated LGM ice

margin (following recent wof® 3.
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Supplementary Figure 6: Schematic demonstrating the method used to bracket the age of the

gpatial footprint of palaeo-ice streamsin both terrestrial and marine settings, as used in previous
work (e.g. 22334192 |5 some cases, terrestrial ice streams are active, but then deactivate
(shutdown) as the ice margin retreas (n other cases, ice streams remain active during deglaciation
and continually remould their landform assemblage, leaving a more complicated time-integrated
landform record, often with a series of overprinted landfobihsT(he same scenarios are shown for a
topographically-controlled marine-terminating ice streanctjra(d ¢l). The glacial geomorphology of
these different ice stream behaviours is well-established in the litéftlita 3¢ 4142
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Supplementary Figure 7: Location of ice streamsin Antarctica where their width, depth and
velocity were extracted in order to calculate their discharge (see Supplementary Table 3).

Regression analysis reveals that their discharge is most strongly related to theiswigidefrentary
Figure 9 and we used this relationship to estimate the discharge of palaeo-ice sBappisrientary

Table ) where we only know their width.
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105  Supplementary Figure 8: Location of ice streamsin Greenland wheretheir width, depth and
106  velocity wereextracted in order to calculatetheir discharge (see Supplementary Table 4).
107  Statistical analysis reveals that their discharge is most strongly related to theirSute(mentary
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Figure 9 and we used this relationship to estimate the discharge of palaeo-ice sBappisrientary
Table ) where we only know their width.
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Supplementary Figure 9: Relationship between ice stream discharge and width for 81 activeice
streamsin Antarctica (blue data-points: Supplementary Table 3) and Greenland (green data-
points: Supplementary Table 4). Discharge calculations derived from velocity data in 2008-2009
(Greenland}'and 2007-2009 (Antarctic&) Measuredde stream locations are shownSupplementary
Figure 7 and 8.
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