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Connor-Cutting EDGE Teaching Climate Change Workshop

MSU Bozeman MT August 14 & 15, 2006


Geology 310 Glaciation and Climate Change

Glacier Valley erosion through Time Lab 40 points
Modeling Athabasca Glacier’s Erosive Capabilities 

For this Lab Refer to: 

Chapters 5 and 6 in Bennet and Glasser, 2003, Glacial Geology Ice Sheets and Landforms, published by John Wiley & Sons 

Jonathan M. Harbor, 1992, Numerical modeling of the development of U-shaped valleys by glacial erosion by Geological Society of America Bulletin, vol. 104, #10, pp 1364-1375

Fabel, Derek ; Harbor, Jon; Dahms, Dennis; James, Allan; Elmore, David; Horn, Linda; Daley, Kelly; Steele, Charles, 2004,  Spatial patterns of glacial erosion at a valley scale derived from terrestrial cosmogenic (super 10) Be and (super 26) Al concentrations in rock. In: Annals of the Association of American Geographers 94, no. 2 (200406): 241-255
FOR FACULTY ONLY REFERENCE BELOW
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In class on Monday we watched a 1973-vintage video entitled Glacier on the Move, which depicts Richard Kucera, University of British Columbia, doing research at that time. For his study, Kucera used still photos and time-lapse photography to document the normally unobservable progress of the Athabasca Glacier in the Canadian Rockies over a 4 year period. 
In the mid 1970s, the Athabasca Glacier was one of two glaciers fed by the Columbia Icefield, covering about 12,000 square km over the mountainous boundary between British Columbia and Alberta. It was 7.2 km long and averaged 1.2 km in width. It descended from an accumulation area beginning at 2,896 m above sea level and terminated at about 1,935 m above sea level. Above its ELA, which occurred at about 2,592 m at that time, annual snowfall was estimated to be between 6.1 to 9.1 m of snow on the glacier. This generated the normal force that pushed the glacier down its valley. 

The ice in this glacier traveled at a rate of 0.05 to 0.20 m per day requiring between 150 to 200 years to complete its journey from headwall to terminus. Glacial melt water flows into Sunwapta Lake created after 1935. 
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The July  2004  photo above was taken by Ben W. Bell, of the Athabasca Glacier in the Columbia Icefield of the Canadian Rockies. The glacier has retreated 1,500 m in the last century., July 2004. Visit http://en.wikipedia.org/wiki/Image:117.27471W_52.19759N.gif to see an animation of Glacier/Columbia  Icefield change between 1990 and 2000

In this exercise we will look at a cross section or slice of the Athabasca Glacier from the 1970s time period. The contour lines in the cross section represent lines of equal velocity of the ice in ma-1 (meters per annum or year). The 50 ma-1 velocity contour position shows you that ice flow is most rapid in the upper central portion of the glacier. 

The glacier discharged 2.4 x 104 meters3 per year of sediment that was generated from an area of 12 x 106 meters2. 
  

Scenario 1: Assume the erosion rate E at the base of the glacier, is equal at all points along the cross section. 
  

Scenario 2: Assume the erosion rate along the base of the glacier is controlled by the basal velocity given by: 

E=Aub2 

where E=local erosion rate in meters per year 

A= a constant 

Ub =the local basal ice velocity in meters per year 
  

Scenario 3:
Assume the erosion rate at a point at the base of the glacier is controlled by ice thickness (d) as given by: 
  

E=Bd
where B is a constant and d is in meters.

1. Complete the spreadsheet and cross section velocity map provided for each of the 3 scenarios outlined above. Create new profiles for each of the three models models. (5 points) 
  

2. Determine the average erosion rate (Eav) for the Athabasca Glacier in meters per year and millimeters per year. (1 point) (hint: divide volume of discharge by contributing area.)
3a. Use cross section velocity map and the erosion rate that you have just calculated to construct a new cross section (Profile 1) depicting the Athabasca Glacier 100,000 years from now, assuming Scenario 1 that the erosion rate is equal at every point on the bed and that erosion operates perpendicular to the bed according to erosion rate =E. (5 points) 

3b. You will need to draw the surface of the glacier in your new profile to show how it has changed in the 100,000 year interval. (2 points) 
3c. What are the limitations of your prediction for this future cross-section profile? (2 points)   

4. Use your original cross section and the erosion rate you calculated in question 1 to construct Profile 2, a cross section of Athabasca Glacier 100,000 years from now assuming Scenario 2 that the erosion rate varies across the section with basal velocity according to (E=Aub2).Justify the choice you made for the location of this glacier’s ice surface. (5 points) 

(hint: You know the average erosion rate for the cross section, and have to now work out how this varies across the section. To do this you will need to divide the section into small segments. (making the segments uniform lengths is probably the easiest but you could vary segment widths to correspond to velocity contour intercepts with base of cross section). Erosion rate for each section will be determined using the erosion constant A, the segment bed width W and a representative basal velocity for the segment Ub.. The average erosion rate for the entire section will be the sum of the erosion rates for each of the segments divided by the total width of the section measured along the bed Wt . Because you already know the average erosion rate for the entire cross section (question 1)  you should be able to solve for A. Once you know the value of constant A you can calculate an erosion rate for each segment and total erosion over 100,000 years. (use the spreadsheet to help you) 
  

5.  Next use the original cross section and assume Scenario 3 to construct Profile 3 for Athabasca Glacier. For this cross section assume the erosion rate varies across the bed with ice thickness according to E=Bd. You will need to draw in an ice surface for this new iteration of Athabasca Glacier and justify its position. (5 points) (use your spreadsheet data to help you) 
  

6. Compare and contrast your 3 profiles. What conclusions can you draw about the glacial erosion processes? What are the limitations of the predictions you have made? (5 points) 

7. In 2004 Fabel, Harbor et al were able to test this model on various western glaciers. Read their paper and describe briefly what information they collected from the field to validate the model. (10 points) 
Model of X-section on next page
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