Subglacial Erosion

1. Abrasion
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South Cascade Glacier
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Rieperbreen Glacier on Svalbard J. Gulley







Abrasion

What is doing the abrading?

Temperature °C Equivalent Mineral Hardness
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Force on the bedrock
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Fq = C Area (melt rate)
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Pressure on the bedrock, Force/unit area

Same force, different normal stress (pressure)

If F = IN (same in both cases) but contact area
A= 0.01m? 1, iS 100 Pa
THEN :
A,= 0.00001m? T,, IS 10° Pa



Factors affecting abrasion
Concentration of debris
hardness of the rock
evacuation of fines

glacier velocity

AzkF,CU

k - constant

F - contact force

C - concentration

U, - basal ice velocity (sliding)
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Fig. 5.14 Modelled principal stresses in bedrock upstream of a step cavity. (A) Steady-state case, where water pressures
the cavity (P,) = 2.1 MPa. Principal stresses are at a maximum adjacent to the step. Downward-pointing arrows show the ve
tical component of ice flow in the cavity roof. (B) Stress pattern associated with a sudden drop of water pressure to P,
1.5 MPa. Note the dramatic increase in principal stresses and vertical ice velocities. (Modified from Iverson, 1991)
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From Benn & Evans, 1998
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Macroscopic Erosion




Erosion

A=KkF, CU,

k - constant

F - contact force

C - concentration

U, — basal ice velocity (sliding)

Sliding
17,

U, =

q
(,09 h—P w ) P, is the subglacial water pressure




Trough Erosion

e Erosion

~ f (effective pressure)

effective pressure

= ice pressure — water pressure
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Ice Surface (Harbor, 1992)
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Trough

Evolution

 Modeled by
Harbor (1992)

e Results In
“realistic”
erosion

e Seguence Is
less realistic
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Dimensionless Basal Velocity (—) and Erosion Rate (==
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