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Background

ÅThe LaurentideIce Sheet

ïCovered 16-million square kilometers of North 
America at its peak, approx. 18,000 years ago.

ïEstimated to have been 3,000-4,000 meters thick 
at its thickest point, over Hudson Bay.

ïRetreated 12,500 years ago.



Credit:  Natural Resources Canada



Deformation Driven Motion

ÅIce sheets are Dynamic

ïDeform plastically, resulting in:

ÅInterglacial flow

ÅBasal slip

ïDeformation caused by:

ÅAccumulation/Evaporation

ÅGravity/Friction/Shear
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Ice Sheet Mechanics
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Advancing Ice Sheet Reworks Terrain

ÅCrag and Tail
ïSmall to mid-scale positive relief features resulting 
ŦǊƻƳ άǎƘŀŘƻǿƛƴƎέ

ÅStriations and Grooves
ïSmall and mid-scale negative relief features 
ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ άŀōǊŀǎƛƻƴέ

ÅRoche Moutonnée
ïMid to large-scale positive relief features resulting 
ŦǊƻƳ άǇƭǳŎƪƛƴƎέ



Roche Moutonnée
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Striations
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Crag and Tail



Evaluating the Nature of Resulting 
Topography

ÅPresence of scaled features suggests that the 
topography may be fractal.

ïImplies that the distribution of those features is 
not random but instead results from some natural 
process.

ÅScaled features may be the result of grain-size 
distribution of eroded materials.

ïImplies that grain-size distribution may also be 
fractal.



Koch Curve
CǊŀŎǘŀƭ 5ƛƳŜƴǎƛƻƴ Ғ мΦнс



Construction of Topographic Profiles

ÅTotal Station used to measure change in elevation 
along two transects bearing 75° E of N.

ïBearing is perpendicular to accepted direction of 
glacial flow in this area.

ïElevation is relative to location of Total Station.

ïCoordinates are converted to reveal distance relative 
to location of total station.

ÅDistance and elevation measurements used to 
construct topographic profiles.



Selection of Sample Sites

ÅBedrock outcroppings of a similar geology were 
chosen in an attempt to reduce the influence of 
differing material hardness.
ïGranite Heights and Bald Mountain are composed of 

granite, and the metamorphosed equivalent.

ÅAn effort was also made to ensure that the sites 
selected contained a variety of glacially eroded 
features.
ïBoth sites exhibit striations, while Bald Mountain 

alone also exhibits grooves, rochemoutonnée, and 
the occasional crag and tail.
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Granite Heights



Bald Mountain
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Method of Analysis

ÅThe Fractal Dimension of each topographic profile is 
determined according with the equation developed by 
Benoit Mandelbrot:

log[L(G)]=(1-D)log[G]+b,

where L(G) is the profile length measured by a ruler of 
length G.

ÅThe results of three measurements using rulers of different 
length were then plotted on a graph and the slope 
employed to determine Fractal Dimension, D.



Method of Analysis (Cont.)

ÅMeasurements of the profiles were 
automated by the development of a computer 
program written in C++.

ÅThis program utilized the relative distance and 
elevation data collected, along with the 
equation of a circle to measure the length of 
each profile.





Measuring the Profile



Measuring the Profile (Cont.)



Automating Profile Measurement



Automating Profile Measurement



Automating Profile Measurement



Automating Profile Measurement





Fractal Dimension

ÅGranite Heights

1.0524

ÅBald Mountain

1.0689

ÅBald Mountain to Granite Heights

1.0035



Interpretation of Results

ÅSimilarity between the fractal dimension of the 
Granite Heights and Bald Mountain topographic 
profiles suggests that the two locations were 
likely reworked by sediments of a similar grain-
size distribution.
ÅThe fractal dimension of the Bald Mountain to 

Granite Heights profile differs substantially.  This 
most likely occurred because the majority of the 
bedrock surfaces along that profile have been 
covered over by a substantial amount of glacial 
till.



Grain-Size Distribution of Glacial Till

ÅPotential Fractal Grain-Size Distribution evaluated 
using the following equation developed by soil 
scientists Scott W. Tylerand Stephen W. 
Wheatcraft:

log[M(RL<RU)/M(RU)]=(3-D)log[RL/RU],

where RL and RU are the lower and upper limits 
of particle radius in mm, M is mass of particles in 
grams, and D is fractal dimension.



Glacial Till



Interpretation of Results

ÅGrain-Size analysis revealed a Fractal Distribution with 
a dimension of 2.93.

ÅThis is consistent with distributions observed beneath 
the Antarctic and Greenlandic Ice Sheet, both of which 
are receding at a greater rate than previously 
predicted.  (Hooke, et. al., 1992)

ÅObservations of the West Antarctic Ice Sheet have 
revealed basal water pressures capable of counter-
acting the influence of friction at the base of the ice 
sheet.  (Engelhardt, et. al., 2009)



Conclusions

ÅGiven the similarity described above, it can be 
said that the ice sheet above Farmington, 
Maine some 12,500 years ago experienced an 
accelerated rate of disintegration similar to 
that being observed in Antarctica and 
Greenland today.




