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Basic ice cream dynamics

= Cold-based
= Frozen to the bed, no
sliding, no erosion

/ = \Warm-based
= Melting at the bed, active
sliding, erosion

J? . Warm-based Cold-based
‘ Basal sliding No basal sliding
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Geothermal heat can change basal thermal
regimes

EGU 2021 LAl AND ANDERS

Ice

-

\l

Geothermal heat

l

!
Sliding

~

Meltwater production

/




Previous work — geothermal heat and glacial
erosion
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Climate can change basal thermal regimes
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Equilibrium line altitudes (ELA)

Previous thoughts —

= Glaciers focus their erosion at or above

the ELA.

= Climate influences the patterns of

erosion by altering the ELA.

Wind drifting

e Mass gains
e Mass losses

Sublimation
and evaporation
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Calving and
Meltwater ‘ melting at toe
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(Key concepts in geomorphology)
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and avalanching
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Increasing elevation
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Parallel Ice Sheet Model

www.pism-docs.org

PISM — Parallel Ice Sheet Model 2
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www.antarcticglaciersongii . Abrasion

Glacial erosion model

» Erosion rate is a function of sliding

velocity:
— l
Eg = Kglu|
* This is a model for glacial abrasion (wwantarcticgacirs.org) Quarrying
(wearing of a bedrock surface by rock fragments transported at I n@""'”i

the glacier base), DUt also captures the
gualitative pattern of glacial quarrying

(removal of larger rock fragments along some cracks).
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Cllmatlc controls on basal thermal regime
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= Different climates can produce glaciers with similar ELAs, but
different basal thermal regimes.
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Erosion patterns follow basal thermal regime

1°C, 400 mm year~? 3°C, 800 mm year! 5°C, 1600 mm year™!
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Erosion patterns do not follow the ELA

Y (km)

1000

Elevation (m

25 500

= Same ELAs, but different glacial erosion

- (Glacial erosion —-==Initial profile

patte 'ns. o=t ELA —— Final profile

(a) 1 °C, 400 mm year~!

£ 1500 12000 =
C
5 1000 | . =
S {1000 =
(a) 1 °C, 400 mm year~? (b) 3 °C, 800 mm year~? (c) 5°C, 1600 mm year—! % 500 | %
3000 T T r T 1 r T T r 1 r T T r 5 T
- = ELA @ 0 0
= |nitial topography
. e b) 3 °C, 800 mm year~!
T 2000 | = Final topography = 1500 (b) mmy .
= - 12000 =
C
S 21000 | e
L e R e I = —— (/2] - . c
= o S
@ 1000 ) =5 | 11000 =
w © o
) w
8 0 0
0
. . ' . : . : : . . . . e c)5°C, 1600 mm year~!

00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 £ 1500 © r y r 12000
Fraction of area Fraction of area Fraction of area S £
below elevation below elevation below elevation g 1000 [ _ <

) 11000 =

2 500t .

.g o
L

©

O 0 . . 0

4 0 20 40 60

Distance (km)

April 2021 EGU 2021 LAl AND ANDERS



100 gy

2500
2000 _

1500 ¢

10

1000
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* [n cold climates, increasing precipitation causes
warm-based conditions at high elevations.
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Take-away

» Cold temperatures tend to create cold-based areas at high
elevations, leading to limited glacial erosion.

= High precipitation rates extend warm-based areas by increasing
ice thickness, resulting in large areas with significant erosion.

* There is no direct correlation between the equilibrium line
altitudes (ELAs) and the spatial patterns of glacial erosion.
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Precipitation (mm year™1)

Climatic controls on mountain glacier basal thermal regimes dictate
spatial patterns of glacial erosion
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