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Topics to be Discussed

 Ice-shoved ramparts
 Wave-cut scarps
 Reconstructing paleo lake levels
 Recovery from 5000 years of late glacial -

early Holocene drought
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Paleo lake level study lakes

Moosehorn glacial (19 ka) kettle moraine topography 3



Ice-Shoved Ramparts are berms 
around lakes pushed up by lake ice

Rampart

Barabara
Lake 4



Spirit (Elephant) Lake
Ice-Shoved Ramparts
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Elephant (Spirit) Lake 
Ramparts



NE Winds

I. Wind-Driven
Ice Pan Model

Ice pans bulldoze
sediments into
shoreline berm

Ice pan
Ice pan

Ice pan

Ice pan

Spring
Break-Up
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Oldest

Youngest

Multiple
Ramparts
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II. Expanding Ice Model

Ice is frozen onto
beach sediments

Ice shrinks
and cracks
after extreme
cold

1st Step: Ice freezes and 
shrinks, cracks form and fill 
with water which then freezes
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Expanding ice bulldozes
sediments into
shoreline berm

2nd Step: Ice expands 
during warming
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Ice-shoved Ramparts – Cow  Lake
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Lake
70 m

Dick Reger

Cow Lake

Small rampart 

Large rampart 

Site #1



Cow  
Lake

11Site #2

Small rampart

Wave-cut
scarp

Lake
40 m

Dick Reger

Cow Lake



Bare-earth LiDAR reveals ice-shoved ramparts 
(ISR’s) and old shoreline scarps with remarkable
clarity.

Global Mapper software allows easy exploration
of the LiDAR landscape.
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Cow Lake Bare-Earth LiDAR

Cow Lake fits the wind-drive ice pan model, 
with ramparts on the Southwest shore

Two Ramparts
North

(No data)
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Cow Lake detail

Two Ramparts 
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Cow Lake – 3-D LiDAR View from South

Profile
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Cow Lake LiDAR Profile

Wave-cut Scarp
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Two ramparts 

Wave-washed
terrace

Wave-cut scarp

A
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Ice-Shoved Rampart
Excavation Site

Kasilof River

Pollard Lake

Basal peat
14.6 ka

Recent
outlet



18Pollard Lake

ISR detail
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Pollard Lake Ice-Shoved Ramparts

Vertical Exaggeration 3.7x
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Pollard Lake - 2010

Toby Burke and Dick Reger
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Pollard Lake - 2011

Dick Reger and Toby Burke 



Pollard Lake 
Rampart Soil 

Profile

Buried Forest Soils

Rc2  - 11,213 cal years BP
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Rc6  - 10,254 cal years BP
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Higher lake levels – Yes
Colder winters – Probably
Stronger spring winds - Unknown

•

Puzzle: What is different about the climate of 
the last 5000 years?

Outliers
10.2 and 11.2 ka



Detail
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Many of these ramparts were formed when 
lakes were much fuller, i.e., a wetter climate
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Wave-cut Scarps (Shorelines)

 When did they form?
 Erosion features are hard to date!
 We begin with a LiDAR inventory of   

closed-basin lakes
 Then we date “satellite fen” peats lying 

within the old shorelines
 Finally, we reconstruct paleo lake levels

27



Lake level 80 m

Cow Lake

28

Wave-washed
terrace

ISR’s
Wave-washed

terrace?



Lake level 81 m 29



Lake level 82 m 30



Lake level 83 m 31



Lake level 84 m (water is at base of wave-cut scarps)32



Lake level 85 m 33



Lake level 86 m 34



Lake level 87 m 35



Lake level 88 m 36



Lake level 89 m 37



Lake level 90 m  (highest water?, ~12 m above lake level)
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Lake level 91 m 39



Lake level 92 m 40



Height of Wave-cut Scarps 
Above Modern Lake Levels

1-m Height Classes

C
ou

nt

Sc
ar

p 
H

ei
gh

t m Mean Height 3.9 m
Range 1.2 – 11.8 m
N = 33

Mean

*90-m wave-washed
terrace ~12 m

84-m scarp 5.7 m
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Closed-basin Lakes (100%)



How to date these scarp??

Satellite fen peats will give
minimum ages

But fen peats can also reveal
paleo lake levels
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68-m shoreline

Lake elev. 66.5 m

Rainbow Lake

Peat coring site
in satellite fen

51



0

10

20

30

40

50

60

70

80

90

100

Satellite fen

Glacial Deposits
(mineral soil)

Wave-cut scarp
(ancient 

shoreline)

Present lake level

Exposed shore apron
Recent – 1990’s

Terrestrial 
peat

Maximum possible lake level
when the terrestrial
peat started accumulating

Peat core 
sample

20 ft

Basal peat is sampled 
for radiocarbon 
dating, e.g., 12 ka Lake level drawdown = 70  - 50  =  20 ft 

(or more) at 12 ka
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“Satellite fen” concept for dating paleo lake levels



Rainbow Lake
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Rainbow Lake

54

Recent
outlet



68-m shoreline

Lake elev. 66.5 m

ISR

A

A’

A A’

ISR’s

ISR

Rainbow Lake

68-m Scarp
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Ice-shoved rampart

Rainbow Lake 56



Rainbow Lake 
peat coring site

Lake

Peat is 3.4 m (11 ft) thick
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Basal peat
11.3 ka 

Terrestrial (non-aquatic) 
plants
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Paludella squarrosa leaf 200x

Aulacomnium palustre leaf 400x

Scorpidium leafy stem 20x

Drepanocladus leafy stem 40x 61



Menyanthes trifoliata seeds (5x3 mm) 7x Eriophorum leaf epidermis 40x

Sphagnum girgensohnii stem leaf 100xSphagnum girgensohnii branch leaf 400x
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Macrofossil Diagram
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Extremely wet period

Extremely dry period

Increasingly 
wet period

Dry period
post-1968
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Scarps pre-date
~14 ka

Paleo lake level summary



(Repeat)

Puzzle: What is different about the climate of the last 5000 years?
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Higher lake levels – Yes
Colder winters – Probably
Stronger spring winds - Unknown

•
Outliers

10.2 and 11.2 ka



Possible answer:
Rising lake levels

have erased 
the pre-5 ka

ISR’s.
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Paleo lake level summary

•
Outliers

10.2 and 11.2 ka
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Pollard Lake – an exceptional case 
with old ISR’s (10.2 and 11.2 ka)

High water was created by impoundments of the 
Kasilof River. Cause unknown.

32-m water level



The End
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