Erosional Forms and
Landscapes




Erosional
Landscapes

e Areal Scour vs.

e Selective Linear
Erosion




Cirgues




Form and Morphology
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Many Forms







Process

Rotational Flow
Headwall
— Back movement

Floor
— Overdeepening

= WA
— Max. erosion

—————

Direction of ice flow
Frost weathering of backwall supplys
debris to the glacier surface

Bergschrund

Former surface debris (supraglacial) that has been covered
by snowfall and incorporated into the glacier

N i The rock debris that is transported
Plucking maintains ' . : by the glacier is deposited at the
the steepnesss of s o snout to form a moraine ridge
the backwall and : e

supplys debris to the

base of the glacier

Abrasion deepens the basin

British Geomorphological Research Group
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Cirque
Orientation

e Any orientation Is
possible

— Commonly to NE In
Northern Hemisphere

(b)
MNorwegian Dralnage Basing Swedish Drainage Basins
(Total 1122 glacier units 3 (Total 369 glacier units 1
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Cirque Orientation

B3B3

LIVINGSTONE LEWIS MISSION BEARTOOTH

BIG HORN
I_ wCSs




Backwall — processes?




Where is the closest cirque to Portland?







Arétes

 Jointing and
mass wasting
(two cirques)




Arétes and
Horns

 Jointing and
mass wasting
(two cirques)

e Coalescence
of three or
more cirgues

www.ski-zermatt.com










e Cirque vs. valley
glacier

e Altitude




Altitude (m)
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Glacial buzz-saw: do average cirque
elevations 2> Cascade erosion?

30001 modern glaciers | cirque outlets

2000 .

Swath 1 , Swath 1

120 160 ‘ 80 120 160

west Horizontal distance (km) 3%t West Horizontal distance (km) 2t

Figure 5. Cross-range trends in average glacier (feft) and cirque outlet (right} altitudes shown on the three topographic subswaths. Linear least-squate regressions of
cirque and glacier altitudes are shown as thick gray lines; slope and 22 values are in Table 1,




are there cirgues on Cascade volcanoes?
why or why not?




Roche Moutonee

A rock which has been shaped by ice flowing over it.

The side from which the ice came is smooth which
the side in the direction in which the ice departed
is steep and has been plucked by the ice.

This asymmetrical erosion indicates the direction of
ice movement. It often has striations (scratches)
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Troughs

e “U” shaped
— Like a
stream, but
slower!

— X-section
area = f(Q)




Troughs

e “U” shaped
— Like a
stream, but
slower!

— X-section
area = f(Q)

— Elevation =

f(Q) at

common
surface




Trough Erosion
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Trough
Evolution

e Real form
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Trough
Evolution

e Real form

 Modeled
form
(Harbor,
1992,
GSAB)

L

7000

6000

5000

cen

Unglaciated Valley
A-A Unglaciated Valley

Maximum Vertical

Ice Extent

A-A Glacial Valley

M-M Active Glacial Channel
M-M Zone of Glacial Influence

Ice Extent

Less Than Maximum

A-A Glacial Valley

M-M Zone of Glacial Influence

B-B Active Gldcial Channel

After Deglaciation
A-A Glaciated Valley
M-M Zone of Glacial Influence

—Talus and Alluvium

(Harbor, 1992)




Erosion

A=kF,CU,

k - constant

F - contact force

C - concentration

U, — basal ice velocity (sliding)

Sliding
17,
(pgh-P,, ) - -
£9 W P, is the subglacial water pressure

where j and q are empically
determined constants

U, =
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Trough Erosion

* Erosion = f (effective
pressure)

— N = f (water pressure)
e Erosion = f (velocity)

e Morphology =
complex function!




Trough
Evolution

 Modeled by
Harbor (1992)

e Results In
“realistic”
erosion

e Sequence =
less realistic!

(Harbor, 1992)
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Trough
Evolution




Paternoster
Lakes

e Local
overdeepenings

— Rel. erodibility?

— Extension/
compression?

e Some evidence of
cyclicity
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Fiords

e Definition:

— Drowned
glacial troughs

e Appearance:

— Steep wallls
rising from the
sea




Fiords
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Thresholds and Strandflats
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Areal Scour (ice sheet)
 Depends heavily upon basal processes = f(T)
* Results in a suite of landforms
 May show superimposed patterns

WARM-BASED
, WARM-BASED ICE —

;” . COLD-BASED
' "~

abrasion and meltwater abrasion freeze-thaw minor
and antralnment abrasion
meltwater

. WARM
COLD-BASED ICE ooy -BASED

i u“J or
no erosion (uniess supply no abrasion N\ ™~ .b".'rans:on

of debris availlable) erosion and freeze-thaw
(Trenhaile, 1990) meltwater ®Ntrainment




Areal Scour (ice sheet)

Ice sheet

Jauction, destruction. reorientation of jangy,,
er Mms

No basal Basal
—sliding . silding

Preservation of landforms
Dry-bed system

Weat-bed system

g\‘
Production O “t'l‘:“‘
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SLE
(ice sheet)

 Examples:
Finger Lakes

erosion

— Edge of
Allegheny
Plateau

— Possibly locally
wet-based,;
feedback?

— Fluvial?




SLE
(Ice sheet)

 Examples:
Finger Lakes

:

M

— Selective Ilnear r. '-:__:',3
erosion * :grf ) 5:: B TUNNE
J i 3 J :‘1___ : .xl.‘ i

— Edge of
Allegheny
Plateau

— Possibly locally = |
wet-based: '
feedback

» Notthe only
such example!




Breached
Divides

 New England
“notches”

— |lce advances
through notch

— Subglacial
drainage?
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Figure 12. Total flux of ice and water across the entire Puget lobe

as functions of longitudinal position. All values spatially averaged (that

is, no channelization of water assumed). Equilibrium-line position and
mass flux data are from Booth (1986a).
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Trough Erosion

e Erosion =f
(effective pressure)
— N = f (water
pressure)
e Erosion =f
(velocity)
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Model Evolution

e “Equilibrium o
glacial trough” [y b value
—“b” value
between 2 1.5 7
and 2.5
— Form ratio Lot Form Ratio
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(mass | W\/\
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