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Geography 123B -The Natural Environment

Assignment 4: Glacial Mass Balances and Glacial Landscapes
 Due: 7:00 PM, April 6, 2005                                      Name:       __________________ 
 Total: 40 marks; worth 8% of your final grade       Student #: __________________
 Readings: Christopherson, Chapter 17.
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Part I: Alpine Glacier Net Mass Balance (Budget)

The terms budget or mass balance are used to describe the input of snow into a glacier,
its transfer as ice along the glacier, and its ablarion (or loss) by melting, evaporation, or calving
of icebergs. A positive balance implies that the glacier accumulation is greater than the ablation
and a negative balance the reverse. A zero balance implies that accumulation and ablation are
equal. Although accumulation and ablation occur on all parts of the glacier surface, the higher
clevations of the glacier usually receive more accumulation and experience less ablation than the
lower reaches of the glacier, where the opposite is true. Somewhere along the glacier there is a
change from net accumulation to net ablation: this position is known as the equilibrium line. The
equilibrium line divides the accumulation zone (above) from the ablation zone (below). This
relation is described in your textbook in Figure 17.7 b

Table I presents mass balance data and the elevation of the equilibrium line for Gulkana
Glacier, Alaska for the period from 1966 to 1999.

Table I: Net mass balance and equilibrium line data for Gulkana Glacier, Alask:

- Net Equilib, Line ~ Equili Line
B{',Lf' Balance ‘Altitude B“;ﬂgf‘ Balance ‘Altitude
ear (cm) (meters) ear (cm) (meters)
1966 -16 1670 1083 -13 1751
1967 2 1743 1984 -44 1768
1968 1791 1985 56 1650
1969 1841 1986 -6 1682
1970 1664 1987 1737
1971 1728 1988 1759
1072 1814 1989 -85 1791
1973 1656 1990 -81 1794
1074 1852 1991 -19 1708
1975 1788 1092 -33 1758
1976 1815 1093 -180 1880
1977 1758 1094 =71 1777
1978 1755 1095 -81 1806
1979 1785 1996 -65 1768
1080 1738 1997 -183 1865
1081 1687 1098 -76 1793
1082 1746 1999 1842
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Figure 1 visualizes the time series of net mass balance data. Do you think that the glacier has
advanced or retreated between 1966 and 1999 and why? (2 marks)

When are the two most active years in terms of net loss of mass (i.<. ablation)? (2 marks)

To calculate the average accumulation rate (or ablation rate if it is negative) for a decade,
sum the net mass balance for that period and divide it by 10. What is the aver:
accumulation/ablation rate from 1970 to 1979? What is the average accumulation/ablation
rate from 1990 to 19992 How do the accumulation/ablation rates compare between these two
decades and what does this mean about the rate at which the glacier is advancing or
retreating? (6 marks)

‘What climatal

al factors could explain the change in mass for Glukana Glacier? (4 marks)

Figure 1b shows the altitude (elevation) of the equilibrium line over for the period from 1966
to 1999, Examine Figure 1a and Figure 1 closely. How does the altitude of the equilibrium
line respond to changes in the net mass balance? (3 marks)

Calculate the average altitude of the equilibrium line from 1966-1999. Draw a contour line of
this average altitude on Figure 3 by interpolating its position between existing contours (see
Figure 2 for an example). Remember to label your line. (4 marks)

Label the aceumulation zone and ablation zone on Figure 3. (2 marks)

Draw some arrows to indicate the direction of flow throughout the glacier on Figure 3. Label
the glacier’s terminus. (3 marks)

The accumulation zone, designated by your average location of the equilibrium line, is what
percentage of the total glacier area? What is the main problem with this calculation? (2 mark)

How is it possible for ice to continue to flow down slope if the terminus is receding? (5
‘marks)

Part II: Identifying Landforms of Alpine Glaciation

11

12,

Notice the exposed bedrock in the foreground of Figure 4. (3 marks)
a) How did the parallel lines on this bedrock form?
b) Where did the debris covering portions of the bedrock come from?
<) What type of glacial landform is the letter “A” pointing to?

Examine Figure 5 and answer the following questions. (4 marks)
a) What type of glacier is the letter "A" sitting on top of?
b) What type of landform is the letter "A" pointing to?

) What type of landform is the letter "B" pointing to?
d) What type of glacier is the letter “C” sitting on fop of?
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Figure 2: An example of how to guess the location of a
contour line.
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Figure 3: Topographic map of Glukana Glacier.
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