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Overview of Geomorphic Processes
• Coasts

– Storm surges, sedimentation, salinization, permafrost 
degradation

• Floodplains
– Changing flooding, sedimentation, 
– Channel migration

• Coastal Plain-Lowlands
– Thermokarst lakes, waterbody creation
– Lake expansion and shrinkage 
– Paludification, organic matter accumulation
– Ice-wedge Degradation

• Uplands
– Loss of permafrost aquatard, drainage
– Thaw slumps
– Thermokarst Lakes in Extremely ice-rich loess (yedoma)

• Mountains
– Slope Failure 
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Coastal 
Ecosystems

• Sedimentation (up to 10 cm in big year)
• Storm Surges (1970 to 2 m)
• Salinization (up to 15 km inland)
• Sea Level Rise (3 mm/yr)



Coastal Geomorphic Processes





October 2002 
Storm at Barrow

2000 Beaufort Lagoon

-1.0

-0.5

0.0

0.5

1.0

1.5

7/13/2000 7/23/2000 8/2/2000 8/12/2000 8/22/2000 9/1/2000 9/11/2000 9/21/2000

DATE

W
A

TE
R

 L
E

V
E

L 
(m

)

Mininum
Maximum

Mean tidal range = 0.31 m

1.0 m on 11-12 August

Storm Surges



Coastal 
Erosion



Deltaic Environments



Salinization: Salt-killed tundra



FLUVIAL PROCESSES

Changing flooding, sedimentation, 
Channel migration



Changes over Time:

Increasing height, 

Decreasing flooding 
frequency, 

Decreasing sedimentation, 

Increasing organics, 

Decreasing thaw depths, 

Decreasing water depths

Decreasing pH 

Increasing ground ice, 

Increasing susceptibility to 
thermokarst, 

GEOMORPHIC PROCESSES ON RIVER FLOODPLAINS
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Decreasing Flooding and 
Sedimentation
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Lowland and Lacustrine Ecosystems

Lowland Hydrology:
8-11 ka surface
Poorly integrated surface
Snow-melt recharge
Summer Draw-down



Coastal Plain Geomorphic Model
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Thaw Lake

Coastal Plain with 
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Ice-rich Thaw Basin 
with Wet Tundra Ice-poor Thaw Basin 

with Wet Tundra
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Shoreline Erosion and 
Lake Basin Development



0.7% of land was eroded over 45-56 year period, 0.01%/yr
At this rate it would take 8400 years to rework the surface.



In-filling of Lake Margins
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Time Series: Beaufort Coastal Plain
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Micro-topographic Effects of Ice-wedge Degradation
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Water-tracks

Hillslope Geomorphic Processes

Increased drainage, south-facing slopes
Thaw slumps
Thermokarst Lakes in extremely ice-rich 
loess (yedoma)



Foothills Model
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Thermokarst Gullies and Water Tracks, Healy



Thaw Slumps

Photo by Andrew Balser



Deep Thermokarst Lakes



Seward Peninsula



CONCLUSIONS
• Regional Factors
– Cold climate leading to permafrost development

• Coastal Processes (16% of Coastal Plain including 
Lagoons, 5% land)
– Sediment deposition, salinization, thermokarst
– Spread of halophytic vegetation, salt-killed tundra

• Fluvial Processes (9% of area)
– Flooding leading to sediment deposition
– Channel migration, erosion, and thaw lakes
– Feedback from ice aggradation of flooding regime
– Willow thickets, legumes, productive wet sedge



Lacustrine Processes 
(14% areas in lakes, 39% in basins)
Differential sediment deposition
Shoreline Erosion (0.1%/yr)
Lake Drainage (3% of landscape over 100’s yrs)
Carbonate inputs, strong pH gradients

Thermokarst
Ice Wedge Degradation (>3%, up to 20%)
Tussock loss, wet sedge increase, redistribution 

of water
Hillside Processes

Deeper Drainage,
Gully formation, 
Thaw slumps
Deep Thermokarst Lakes

CONCLUSIONS


