Glaciology final exam

2 hours

Humphrey, May 05
This exam is open book and notes.  The questions require minimal calculations.  

1. We are doing a basal ice experiment, and place two similar-sized (about 1cm) cubical objects on the glacier bed.  We then let the glacier flow over the cubes.  One cube is made of steel and one is made of plastic. Which cube has the highest normal stress on the upstream face and why? (hint: the objects are small enough that the ice mainly regelates past them).
2. You are a geologist looking at a large gravel pit on the Canadian border.  A freshly cut, 50 ft high, face has a beautifully exposed sequence of beds recording the advance and retreat of a lobe of the continental ice sheet.  Describe what you see in the walls of the pit. (a sketch might help)

3. The Malaspina Glacier in coastal Alaska is the largest ice mass outside of Antarctica and Greenland.  Its ablation region is very low angle at about 0.25 degree (sine about 0.005) and fans out across a low plain to the ocean.  The ice surface is about 1000m above sea level.  How far below sealevel is basal ice of the Malaspina Glacier. 

4. Explain in a few words each of the following with regards to the last major glaciation a) reversals of flow in the upper Mississippi drainage  b) a land bridge between Siberia and Alaska  c) An ice free corridor in northern Canada, between the Cordilleran and Laurentide icesheets  d) Holland has been sinking relative to sealevel, while England has been rising for the last centuries (two reasons for this one!)
5. What is the approximate surface elevation of the ice at the center of a 1000Km (radius, round) ice sheet, assuming a 1 Bar basal shear stress?

6. What are the two stable positions for a fiord type glacier and why does the glacier tend to occupy these two positions? (a sketch would help)

7. What is the approximate time scale for the response of a typical small ice cap in the northern Canadian Archipelago to a change in climate?  These ice sheets are typically quite small, with a radius of 100Km, flow velocities of only a couple of meters per year and they are characterized by low snowfall and ablation rates of only a few 10s of cm per year.  Try to give 2 estimates.
8. a) Why is basal ice very close to the bed sometimes banded with thin layers of clean and dirty ice? b) How can you get striations on the downvalley side of bedrock bumps that were under a glacier? c) Do you find more striations where the ice was extending or where it was compressing near the bed?
9. Central West Antarctica is currently sitting on land that is 1000m below sealevel, while the surface elevation is about 3000m above sealevel.  The ice has been there for over 100,000yr.  If it was to break up and float away, could isostatic rebound lift the sub-sea region so it was eventually above sealevel? What would be the final elevation relative to sealevel?
