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Selective linear erosion

» The ice progressively left the interfluves to
focus in valleys

» Glacial erosion incised pre-existing fluvial
valleys

> Interfluves are let untouched

Glacial erosion limited to valleys !

& \Valley incision e

Cold-basedice Warm-based ice
- Credit: Maxime Bernard
- ice } . .
ice Erosion Erosion Glacial erosion dependency on

>< ﬁvﬂ basal sliding speed:

bedrock bedrock Eg - k U b




Can glacial erosion and periglacial processes produce low-relief

surfaces?

Relief change (m)
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Selective linear erosion

Cirque glaciation ~Glaciation extend less than
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How transitioning from surface processes impacts the landscape morphology ?

Can low-relief surfaces be the result of the Quaternary climate cooling ?




S| mUIate Quate I'nal'y g|aCiatiOnS A coupled fluvial, hillslope, glacial erosion and

sediment transport model
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Model results — production of low-relief surfaces

Pre-glacial topography

3 Myr glaciation
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Time evolution of low-relief surfaces

Time = 0.04 Myr Time =1.7 Myr Time =3 Myr
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The ice contribution to low-relief surfaces production
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The ice contribution to low-relief surfaces production
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Insights on selective linear erosion

» The thin cold-based ice can protect intermediate elevations from

» The summit elevations above the ice are eroded, then producing low-
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Model framework: erosion functions

»Glacial erosion: E; = k,U
U : basal sliding speed, kg = 10~

. 2
> Fluvial erosion: E; = kff(QS)quS", Q) =4 [% — (%) ] (Whipple and
Tucker, 2002) S

Qs : sediment discharge, Qc: transport capacity, qw: water discharge, S: bed slope, kf = 0.6.10*m™0->

>H|I|s|0pe erosion: Eh = S (Roering et al, 1999)

Sc : critical slope



Model framework: Precipitation function

» Precipitation phase f(T°)

»PDD algorithm:T =T, + dT, * sin(g)

. . N
> Rain fraction: 8 = —=°
365

N;,o: humber of days > 0 °C

»Snow fraction=1 — @
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Low-relief surfaces o5k
Model definition: bed slope < 10° and Ah < 200 m c




The ice contribution to low-relie

f surfaces

production

3 Myrs glaciations
With ice
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Cooler climate scenario  Glacial erosion law: £, = kU

Sea-level temperature (°C)
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» Formation of low-relief surfaces + deeply incised

» Glacial erosion participates more significantly to
produce low-relief surfaces because of significant
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Cooler climate scenario
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Comparison to low-relief surfaces (LRS) Norway

Bed slope < 10 ° and Relief = 200 m Bed slope < 10 ° and Relief = 300 m

From Steer et al. (2012):

LRS < 10° and 0.2 km?

- Low-relief
surfaces

Steer et al. (2012) 3/3



ISOSIA — limitation

* Depth-integrated version of the second-order shallow ice approximation
. . OH _

* Continuity equation: —— = —V.(Hu) + M

H: ice thickness, M: ice source, u: depth-averaged ice velocity vector

* U approximated by a 10t order poll(}/nomials of H (Egholm et al., 2011):

7 = z W, (Vh, V2h, Vb, 1, us)HP + 1,
p=10

> Sensitive to bed (Vb), ice surface slopes (Vh) and ice surface curvature (V2h) !

* Solve the equation by numerical relaxation and nested iteration for stressesand ice deformation
\Oll_elouty (Egholm et al., 2011). Residuals must be below < 10 to maintain accuracy and to limit
ivergence.

1/2



ISOSIA — limitation

* An example: Divergence for locally high ice curvature

Ice surface curvature

0.00154312
0.00071866¢
-0.00010577

-0.00093022
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Ice deformation rate (m/yr)
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