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What is a glacier:

Natural body of ice that flows under it own weight.

e Glikey Glacier, AK, Mellisa Rhody
LANDSAT image of Malaspina Glacier AK, NASA visible earth

Observed thicknesses: >4km to ~3om

Observed surface velocities: <amm to >10m per day



Formation: accumulation and ablation
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Summer Winter Summer Winter Summer

-/j—ur_

Glacial ice is formed by a net accumulation of snow “annual layers”

The natural timestep for glacial systems is 1 year

This snow becomes ice by mechanical breakdown, melting and
refreezing, and recrystalization under pressure



Formation: mass balance

e Temperature and precipitation vary with elevation, so does mass
balance

e 3features: Accumulation zone, ablation zone, and ELA



Glacier formation: examples
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® These zones apply to glaciers of all sizes, and can be easily
seen



Measuring net accumulation

A ST e

e Digging snow pits to find the annual IayTer and
measure the density of the firn



Mass balance and equilibrium form

e® Staticice would notsustain an ablation zone...

e Ice flow moves mass from accumulation to ablation zone,
controlling glacier shape and volume

e |[f climate forcingis constant, the glacier will reach and
equilibrium form



Flow: ice deformation

® |ce deforms by dislocation creep
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e Asimple empirical relation describes this type of
deformation:



Flow: ice deformation

® Tisstress (force/area) parallel to the ice surface

Patterson figure here

® Ais arate constant, defined by the an Arhenius relation:



Flow: ice deformation

® Substituting gives:

=>» velocity depends on temperature (T), ice thickness (h) and
surface slope (a), basically on mass balance and

climate!

e Cold ice flows much more slowly
-10°C : 10x slower than o°C

-25°C : 100x slower than 0°C



Flow: velocities

. Deformation only case:
Vertical Profile Transverse Profile

® Most deformation occurs

é"-—. at the base and sides

& | e Highest velocities occur
& at the surface and

centerline




Flow: Basal Sliding

Water flow
Low Pressure:
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® Bedrock “obstructions” resist sliding

® Iceis able to move past by regelation: pressure melting and
refreezing

® This process depends on temperature and t




Flow: velocities

. Deformation only case:
Vertical Profile Transverse Profile

® Most deformation occurs

at the base and sides
: e Highest velocities occur
<€ at the surface and
€ centerline
K.A. Lemke

Including sliding:

|
|
é/‘r‘ ® Non-zero velocity at base

and at valley walls




Flow: velocities

.................

~~~~~~~~~~~~~

........
.....
.....
P -~ -~ T T —
- e St
- e e
.......... 9T = ) oS
s 2K - - "
Y SR S . = AT
............ » ! , ‘. . < ' -
........ e P 7 4 ~ o . 3

....... ’ : . . 70
»

.
2, 4

-----

= 5\

Ice Velocity (m/year)

0 600 1200
® Some Velocity data GPS velocity measuteamerdstaid@koEladities KING@Atdofee



Advance and retreat

® Mass balance ultimately drives extent

® Glacier extent records a combination of
temperature and precipitation

e Each glacier responds to different forcing
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Mechanisms of erosion:

* Abrasion
* Crushing
* Quarrying

* Subglacial fluvial
erosion

* Chemical erosion
(dissolution)
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Mew Zealand, Tom Lofell's Glacler

Mt Lyell, Paul Doherty 2003



Glacial geomorphology: valley shape
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DJ Sauchyn, location unknown

Greenland, “Olikristinn”, Flickr

e U-shaped glacial valley ® V-shaped fluvial valley

* What is the footprint of the erosive processes?*



The “glacial buzzsaw”
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Figure 1: Demonstration of the excellent match between modern snow-
line and maximum elevation, and last glacial maximum snowline and
mean elevation at mid-latitude in the Andes (Broecker & Denton, 1990).

e How fastis glacial erosion?



Juneau Icefield, "Camp 10", Mellisa Rhody
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Varieties of glaciers
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Icesheet

Icecap

Valley glacier
Piedmont glacier
Hanging glacier

Cirque glacier

Antarctica satellite composite, Wikimedia commons

® ELA elevation and topography determine accumulation area. This
in part determines glacier size and morphology



