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FIGURE 21 DEVELOPMENT OF GLACIALLY ERODED
SURFACES BY SCRATCHING AND POLISHING
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FIGURE 2.2 DERIVATION OF THE ABRASION
~ EQUATION |




Figure 2.3 Contour plot of surface persistent under

constant abrasion: a = 1, £ = 2, m, = my = 0.
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Figure 2.5 Contour plot of surface persistent under

constant abrasion: a =1, £ =2, m_ =m_ =-0-5.
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Figure 2.7 Dependence of abrasion on position. for

persistence of a sine-wave under lowering.
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Figure 2.8 Evolution of a slope and plateau under
constant abrasion using the method of

characteristices.
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Figure 2.9 Evolution of a bell-shape under constant

abrasion using the method of characteristics.




Figure 2.10 ' Evolution of a V-shaped valley under constant
abrasion using a direct finite-difference

formulation of the abrasion equation.

«




Figure 2.11 Evolution of a bell-shape under constant
abrasion using a direct finite-difference

formulation of the abrasion equation.




e 2.12 . Evolution of a V-shaped valley under constant

abrasion using'the Farmer formulation with a




Evolution of a V-shaped valley under constant
abrasion using the Farmer formulation with a

fine mesh.




Figure 2.14 4 Evolution of a bell-shape under constant

abrasion using the Farmer formulation.




?Figure 2;15 Persistencegwithout migration of a bell-shape

: with lowering.




Figure 2.16 Persistence with migration of a bell-shape

with lowering.




e 2.17 Evolution of a V-shaped valley under constant

abrasion using the method of characteristics:

no definition of point.







Figure

.19

Evolution of a V-shaped valley under cons

abrasion using the method of characteristies:

o ranpom definition of point.
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Figure 2.20 Evolutioh'of slope and plateau with curvature

dependent abrasion rate using the Farmer

formulation.




'.Figuré 2.21 Evolution of V-shaped valley with abrasion
inhibited by concavity using the Farmer

formulation.







Figure 2.23 Evolution of a V-shaped valley with a Gaussian

abrasion function.







Figure 2.25 Trough persistent under lowering with

a a 1/h: hyberbolic cosine.




Figure 2.26 Troughs persistent under lowering with abrasion

a function of a curvature:’
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Figure 2.27 Abrasion of a weak zone.
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FIGURE 41 TWO ELEMENT TEST MODEL

- 0-Node at which velocity and pressure
are solved for

x-Node at which velocity onlyis |
solved for |
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ad - Fixed bed or Weertman

abcd-Prescribed velocity or traction

" abd,bed are the finite elements
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Rotating Couette flow.
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Figure 5.1 View of finite element mesh showing the

nesting scheme.




Figure 5.2

Detail from finite element mesh for modelling

flow over a semi-cylindrical ridge.
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Figure 5.3 Detail from finite element mesh for modelling

flow over a truncated sine ridge.
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FIGURE 5.4 SCHEMATIC DIAGRAM OF BOUNDARY
CONDITIONS FOR PLANE-STRAIN

d
>Ige flow
a - f

adcb- Tractions at infinity
ab-Zero normal velocity,perfect slip or
| Weerhnun,- if cavity exists, then
fractions alongef . -
a,b-Slip velocity at infinity
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Figure 5.6 Larger view of velocity vector plot for an

incompressible linear rheclogy with

Vg4 = 100 alu/a (Case 3).
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Figure 5.7
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Ve

linear rheology with a cavity and

v

d

against siny

for an incompressible

400 alu/é (Case 7).
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Figure 5.9 - v

against siny for an incompressible

"

linear rheology with a cavity and

vy = 10 alu/a (Case 6).
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Figure 5.10 v,

rheology with x =

Vd=

against

siny

10 alu/a (Case 8).

for a compressible linear

1 aluv® /bar.a
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Figure 5.11

rheology with x =

d

Velocity vector plot for a compressible linear -
10 alwv® /bar.a and

v, = 200 alu/a (Case 16).
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Figure 5.12 v, against siny for a compressible linear

rheology with x = 10 alu? /bar.a and

Vg = 200 alu/a (Case 16).
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Figure 5.13 o Velocity vector plot for an incompressible
linear rheology with bed of S.= 100 alu/bar.a

and vy = 100 alu/a (Case 20).
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Figufe 5.14- v; against siny for an incompressible
linear rheology with bed of S = 10 alu/bar.a,

Vq = 10 alu/a (Case 18)
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Figure 5.15 ' v, against siny fqr an incompressible
linear rheology with bed of S = 400 alu/bar.a,

vy = 400 alu/a (Case 22).
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Figure 5.16 A Velocity vector plot for an incompressible

Glen rheology with v, = 100 alu/a (Case 25).
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Figure 5.17 -

v
T

Glen rheoiogy with v

against

Ssinvy

for an incompressible

g c 10 alu/a (Case 23).
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Figure 5.18 v_ against siny for an incompressible

Glen rheology with v, = 400 alu/a (Case 25).
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Figure 5.20 v against siny for an incompressible
Glen rheology with a cavity and vy = 400 alu/a
(Case 28). -
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Figure 5.21 Velocity vector plot

rheology with x = 1

vy = 100 alu/a (Case

for a compressible Glen

alu? /bar.a and

31).
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Figure 5.22

v
T

rheology with

v

d

against

siny

X

for a compressible Glen

1 alu? /bar.a énd

= 200 alu/a (Case 32).
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Figure 5.23 v, against siny for an incompressible

" Glen rheology with bed S = 10 alu/bar.a and

vy = 10 alu/a (Case 34).
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Figure 5.25 vt“ against position for flow over a truncated

sine ridge (Cases 40 - 49):Glen rheology -
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Figure 5.26 Regression coefficients from v, against
\’'R against position for flow over a truncated

sine ridge (Cases 45 - 49).
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Figure 5.27 Pressure contours in bar for an incompressible

linear rheology with vq = 100 alu/a (Case 3).
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Figure 5.28 p' against cosy for an incompressible

linear rheology with vy = 400 alu/a (Case 1).
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Figure 5.29 p' against cosy for an incompressible
linear rheology with a cavity and

v, = 400 alu/a (Case 5).
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Figure 5.30

v

p"

rheology with

d

400 alu/a

x = 1 alu? /bar.a an

(Case 12).

against cosy for a compressible linear
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Pressure contours in bar for a compressible

Figure 5.31

10 alu® /bar.a and

X

linear rheology with

400 alu/a (Case 17).
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Figure 5.32

p' against
rheology with

vd = 200 alu

cosy

X
/ a

for a compressible linear
10 alu®? /bar.a and

(Case 16).

A>W\NMN>MAOOZ—~ MAIACHNTOT

.6 2.8 1

COSCGAMMAD

A>W\NMN>MAONZ—~ MOCHOMAOT 8-60r

-8.3
LOG19@ COSCGAMMAD

-0.2 ~-0.1 5}




bar for an incompressible

iln

Figure 5.33

Pressure contours

100 alu /bar.a

linear rheology with bed of S

(Case 20).
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Figure 5.34
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against

cosy

for an incompressible

linear rheology with bed of S = 10 alu /bar.a

and vd

= 10 alu / a-

(Case 18).
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Figure 5.35 p' against «cosy for an incompressible
linear rheology with bed of S = 400 alu /bar.a

and Vg = 400 alu / a. (Case 22).
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bar for an incompressible

iln

s

Pressure contours

Figure 5.36

= 200 alu/a (Case 25).
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Figure 5.37 p' against cosy for an incompressible

MACOHNIMAT
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Glen rheology with. v, = 10 alu/a (Case 23).
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Figure 5.38

p' against cosy for an incompressible

Glen rheology with v

d

400 alu/a (Case 27).
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~Pressure contours in bar for an incompressible

Figure 5.39

Glen rheology with a cavity and

jO alu/a

M

(Case 27).
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Figure 5.40

A>WN\MN>MAOOZ~ - MAOVCHNMAY

A>WN\NMN>MOOZ— MOCOHMAOT O-—=n0r

(Case 27).

Glen rheology with a cavity and

p' against cosy for an incompressible

v, = 10 alu/a
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Pressure contours in bar for a compressible,

Figure 5.41

Glen rheology with

1 alu® /bar.a and

X

(Case 29).
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Figure 5.42

p'

rheology with

V4

against

" cosy

x:

1 alu? /bar.a

= 200 alu/a (Case 30).

for a compressible Glen

and

160 //{////ﬁ

140 =
P ri///
B 120
S /
g
U
B 1ee : 2
& ;/s////f
c

80
8
; |
s /
E  eo
: //z/////
A
R

42 =

Ny /

5 2 2.4 2.6 2.8
COSC GAMMA )
=
2 /;}/
[=]
L
! ///////
G
o / o
P 1.5
E
g
2
0
R
E
,{l 1
c
g
E
A
g
7
B 9.5 ////
A
) /
] /

-3

LOG1@ COSCGAMMAD




D>W\MNPMBOZ~ MACHNMAT -0

A>W\MN>MOOZ—~ MOCHNMOT

Figure 5.43
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p' against cosy for an incompressible

Glen rheology with bed of S = 10 alu/bar.a

and vy = 10 alu/a (Case 34)
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Figure 5.44 p' against position for flow over a truncated

sine ridge (Cases 40 - 49).
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Figure 5.45

Pressure con tours in bar for an incompressible
" Glen rheology with V4 = 100 alu/a for flow

over a truncated sine ridge (Case 47).
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Figure 5.“6 e

i a
v n

-1

rheology with

v

400 alu/a (Case 12).

for a compressible linear

1 alu? /bar.a and

- _d.
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Figure 5.47

€
v

a for a compressible linear

rheology with

10 alu® /bar.a and

V4 200 alu/a (Case 16).
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Figure 5.48 in a for a compressible Glen
rheology with x = 1 alu®/bar.a and
v 10 alu/a (Case 29).
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Figure 5.49

. -1
in a

rheology with

for a compressible Glen

x = 1 alu®*/bar.a and

= 400 alu/a (Case 33).
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Figure 5.50 Regf‘ession exponent for év against P
for a compressible Glen rheology with
X 1 alu? /bar.a (Cases 29 - 3;3)_.
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Figure 5.51 ¥ in bar.a for an incompressible Glen

rheology with V4 = 10 alu/a (Case 23).
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Figure 5.52

B 1in bar.a for an incompressible Glen

f?ﬁi}?gy with V4 = 400 alu/a (Case 26).
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in bar.a for an incompressible Glen

Figure 5.53 u
rheology with a cavity and 10'alu/a
(Case 27).
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Figure 5.54

¥ in bar.a for a compressible Glen

rheology with

vy = 10 alu/a (Case 29).

X = 1 alu®/bar.a and
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Figure 5.55 u

rheology with

v

in bar.a for a compressible Glen

X = 1 alu? /bar.a with

P 400 alu/a (Case 33).
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Figure 5.56 . w in bar.a for an incompressible Glen
rheology with - S = 10 alu/bar.a and

Vg = 10 alu/a (Case 34).
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Figure 5.57 # in bar.a for an incompressible Glen
rheology with vy = 10 alu/a for flow over

a truncated sine ridge (Case U45).
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Figure 5.58 # in bar.a for an incompressible Glen
rheology with v, = 400 alu/a for flow over
a truncated sine ridge (Case 49).
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Figure 5.59 Regression exponent of 1y against V4 for

flow over a truncated sine ridge

(Cases 45 - 49),
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Figure 5.60 Semi-analytic interfacial stress for

incompressible linear rheology with
vy = 10 alu/a.
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Figure 5.61

Semi-analytic interfacial stress for

compressible linear:rheology with

X = 1 alu?/bar.a and vy = 10 alu/a.

-3.5

o
Cm
>
7]
v
o
[
a
[T
-
K=
S5
7 7
1
@
@
/ =
/ @’
o
(V. ~— [00] w <t N
— (W] (\N] (e8] [a]

O N\ O

-0.5

-2.35

DISTANCE/ALU




Figure 5.62

Semi-analytic interfacial stress for
compressible linear rheology with

x = 10 alu® /bar.a and v, = 10 alu/a.
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Figure 5.63 Semi-analytic interfacial stress for
incompressible Glen rheology with

o Vq = 10 alu/a.

Water pressure
2

-
=
5
/ 3. ~
. //’ v )
[1)
=
/ 7
ot
ﬁ & "
o~
|
/ ™

O
3.5

(o) [\
@ w

40
20

120 AN
4

100

Q. IDEILN <<

DISTANCE/ALU



Figure 5.64 Semi~analytie interfacial stress for
compressible Glen rheology with

Xx = 1 alu*/bar.a and vy = 10 alu/a.
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Figure 5.65

Finite element mesh for uni—axial flow

modelling.
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10 alu/a

Velocity contours in alu/a for A

Figure 5.66

0-002 alu/bar.a,

and a bed of S

wide-hummocked case.
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Vg = 10 alu/a

lu/a for

in a

Velocity contours

Figure 5.67

= 0-01 alu/bar.a,

and bed of S

wide-hummocked case.




lu/a for

in a

Velocity contours

Figure 5.68

0:02 alu/bar.a,

10 alu/a and a bed of S =

d
wide-hummocked case.
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Velécity contours in alu/a for

Figure 5.69

0+1 alu/bar.a,

10 alu/a and a bed of S

d
wide-hummocked case.

v




lu/a for

ln a

Velocity contours

Figure 5.70

0-2 alu/bar.a,

vy = 10 alu/a and a bed of S

wide-hummocked case.
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lu/a for

in a

Velocity contours

Figure 5.71
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Velocity contours in alu/a for

Figure 5.72
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ey P T Ty .

0-01 alu/bar.a,

50 alu/a and a bed of S

d
wide-hummocked case.

Velocity contours in alu/a for

v

Figure 5.73
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lu/a for

in a

Velocity contours

Figure 5.74

100 alu/a and a bed of S

0-01 alu/bar.a,

Va

wide-hummocked case.




Velocity contours in alu/a for

Figure 5.75

001 alu/bar.a,

200 alu/a and a bed of S =

Va4

wide-hummocked case.
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0+02 alu/bar.a,

Velocity contours in alu/a for
10 alu/a and a bed of S

narrow-hummocked case.
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lu/a for

in a

Velocity contours

Figure 5.77

0-002 alu/bar.a,

10 alu/a, bed of S

narrow-hummocked case.
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lu/a for

in a

Velocity contours

Figure 5.78

400 alu/a, bed of S = 0:02 alu/bar.a,

Vd

narrow-hummocked case.
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lu/a for

in a

Velocity contours

Figure 5.79

ilmum

10 alu/a, bed of max

S = 0-02 alu/bar.a, smoothed-crested case.
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Crestal velocities in alu/a for the

wide-hummocked case.
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+Figure 5.82 Crestal velocities in alu/a for the

smooth-crested case.
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Figure 5.85 Trough velocities in slu/a for the

smooth-crested case.
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. Figure 5.86 . Crest/trough velocity ratios for the

wide-hummocked case.
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Figure 5.89 Crestal viscosity in bar.a for the

wide-hummocked case.
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Crestal viscosities in bar.a for the’
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Figure 5.92 Trough viscosities in bar.a for the

wide-hummocked case.
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Figure 6.1

Clast at the base of a temperate -glacier.
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FIGURE 6.2 ICE-CLAST CONTACT GEOMETRIES
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Figure 6.3 _ The effect of ice-clast contact geometries'

on the water pressure beneath the .elast.
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Figure 6.4 The effect of a generalised normal velocity

on water pressure,
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- Figure 6.5 The effect of having pressure turning-points

away from the clast edge.
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Figure 6.6 The effect of having a pressuré turning
point away from the clast-edge when a

cavity exists.
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Distance from leading edge

Figure 6.7 _ Sub-clast water pressures when the upstream

end is less transmissible.
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Figure 6.8 Sub-clast water pressures when the downstream
end is less transmissible.
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Figure 6.9 Sub-clast water pressures when the boundary

pressure decline is slower than linear.
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Distance from leading edge

Figure 6.10

Sub-clast water pressures when the boundary

pressure decline is faster than linear.

1.0 |
- 5 S _—
Tl 15
/‘; 2 T
/3G 39 N?S ]
—?35 N N_
, /“G/————ﬁs \
| 65— 43 sp ol .
. /””’—_,____————————— —ﬁ——-~\\\\\\\‘\\\\\\\
/ SQ 55 : 75
,’//”’*’____________
_/ 99 /,___—-——-——'—'50 Sal_
/ 60 /’——55 \55
_4__L//f/////,53;,””f—"_________-___7@—_--~N§\\\\\\‘\\\\\\\fb__
/7@/_’______75 \6‘5
—?ﬁ/—_————————sa\% B
. 75
V////////em : ;:‘_~‘~‘\\\\\\\\\\\\\\&9
. 2___ 85 \\ —
/ 90 85|
90
—#//’d’_,;_gs SS—-_____-__~‘\‘~\\\
-.0 88 A — 98- ] | T
.0 .2 4 .6 .8 |

Transverse distance -

.0



Figure 6.11 Dependence of abrasion rate on velocity

and pressure.
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Figure 8.1
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Figure 8.2 Four species

mass-balance analysis.
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Figure 8.3 . Four species mass-balance analysis ﬁith

foolsupply independent of abrasion rate.
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