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Many FormsMany Forms



Red Tarn Cirque Basin English Lake DistrictRed Tarn Cirque Basin, English Lake District
British Geomorphological Research Group



ProcessProcessProcessProcess

• Rotational Flow• Rotational Flow
• Headwall

Back movement– Back movement
• Floor

– OverdeepeningOverdeepening
• ELA

– Max erosionMax. erosion

British Geomorphological Research Group



Cirque Cirque 
FFFormForm

E ti l• Exponential
• Process

– Overdeepened
– Max work @ 

ELA
– Tarns



Cirque Cirque 
OrientationOrientation

• Any orientation is 
possible
– Commonly to NE in 

Northern Hemisphere



Why to NE?Why to NE?Why to NE?Why to NE?

• Insolation + sensible 
heat transfer?

• Effect of wind drifting?
• Where to test thisWhere to test this 

hypothesis?



Cirque OrientationCirque Orientationqq

• Any orientation is 
possible
– Commonly to NE in 

Northern Hemisphere



Backwall Backwall –– processes?processes?



Where is the closest cirque to Portland?
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• Jointing and 
mass wasting g
(two cirques)



Arêtes andArêtes andArêtes and Arêtes and 
HornsHorns

• Jointing and 
mass wasting g
(two cirques)

• CoalescenceCoalescence 
of three or 
more cirquesmore cirques
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ELAELA

• Cirque vs valley• Cirque vs. valley 
glacier

• Altitude



• Washington 
CascadesCascades
– ridge and 

averageaverage 
elevations



Glacial buzzGlacial buzz--saw: do average cirque saw: do average cirque 
elevationselevations Cascade erosion?Cascade erosion?elevations elevations  Cascade erosion?Cascade erosion?

Figure 5. Cross-range trends in average 
glacier (left) and cirque outlet (right) 
altitudes shown on the three topographic 
subswaths. Linear least-square 
regressions of
cirque and glacier altitudes are shown ascirque and glacier altitudes are shown as 
thick gray lines; slope and R2 values are in 
Table 1.



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



Roche MoutoneeRoche 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  is steep and has been plucked by the ice. 

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









TroughsTroughs

• “U” shapedU  shaped
– Like a 

stream, but ,
slower!

– X-section 
area = f(Q)



TroughsTroughs

• “U” shapedU  shaped
– Like a 

stream, but ,
slower!

– X-section 
area = f(Q)

– Elevation = 
f(Q) at 
common 

fsurface



Trough ErosionTrough Erosion

• Scour @ bed
Mass asting @• Mass wasting @ 
sides (transport)



Trough ErosionTrough Erosion

• Scour @ bed
Mass asting @• Mass wasting @ 
sides (transport)



Trough Trough gg
EvolutionEvolution

• Real form



Trough Trough gg
EvolutionEvolution

• Real form
M d l d• Modeled 
form 
(H b(Harbor, 
1992, 
GSAB)GSAB)



A = k Fn C Ub

.
Erosion

k  - constant
F  - contact force
C  - concentration
U b l i l it ( lidi )Ub – basal ice velocity (sliding)

Sliding

 q
b

b Pgh
ju 




h b l l wPgh Pw is the subglacial water pressure
where j and q are empically 
determined constants



Trough ErosionTrough ErosionTrough ErosionTrough Erosion

• Erosion = f (effective 
pressure)p )
– “Effective” 

N = f (water (
pressure)



Trough ErosionTrough ErosionTrough ErosionTrough Erosion

• Erosion = f (effective 
pressure)p )
– N = f (water pressure)

• Erosion = f (velocity)Erosion = f (velocity)
• Morphology = 

complex function!complex function!



Trough Trough 
EvolutionEvolution

• Modeled by• Modeled by 
Harbor (1992)
Results in• Results in 
“realistic” 
erosionerosion

• Sequence = 
l li i !less realistic!



Trough Trough 
EvolutionEvolution

• Modeled by• Modeled by 
Harbor (1992)
Results in• Results in 
“realistic” 
erosionerosion

• Sequence = 
l li i !less realistic!



Paternoster Paternoster 
LakesLakes

• Local 
overdeepenings
– Rel. erodibility?
– Extension/ 

compression?
• Some evidence of 

li icyclicity





FiordsFiords

• Definition:Definition:
– Drowned 

glacial troughsg g
• Appearance:

– Steep walls– Steep walls 
rising from the 
sea



FiordsFiords



Trough Trough 
L kL kLake = Lake = 
Fiord?Fiord?

• Two Medicine Lk
• Fiordland (NZ)• Fiordland (NZ)



Thresholds and StrandflatsThresholds and Strandflats

Strandflat

Threshold

Strandflat

Moraine?

• Overdeepen at confluences
Moraine?

Overdeepen at confluences
• Rise to threshold



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



Areal Scour (ice sheet)Areal Scour (ice sheet)



SLESLE
(i h t)(i h t)(ice sheet)(ice sheet)

• Examples:Examples: 
Finger Lakes
– Selective linearSelective linear 

erosion
– Edge of dge o

Allegheny 
Plateau

– Possibly locally 
wet-based; 
feedback?

– Fluvial?



SLESLE
(i h t)(i h t)(ice sheet)(ice sheet)

• Examples: p
Finger Lakes
– Selective linear 

erosion
– Edge of 

AlleghenyAllegheny 
Plateau

– Possibly locallyPossibly locally 
wet-based; 
feedback

• Not the only 
such example!



Breached Breached 
DividesDivides

• New England 
“notches”
– Ice advances 

through notchg
– Subglacial 

drainage?



Puget LobePuget Lobe
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Trough ErosionTrough ErosionTrough ErosionTrough Erosion

• Erosion = f 
(effective pressure)
– N = f (water 

pressure)
• Erosion = f 

(velocity)( y)



Model EvolutionModel Evolution

• “Equilibrium 
glacial trough”
– “b” value 

between 2 
d 2 5and 2.5

– Form ratio 
unstableunstable 
(mass 
wasting?)wasting?)


