GLACIER RECONSTRUCTION WITH GLACPRO

· This model is an iterative approach to the modeling of ice masses.  Such modeling is particularly appropriate because ice behaves in a mechanically predictable fashion (within limits, of course) (Schilling and Hollin, 1981).  Discussion of the mechanics and a step-by-step recipe follow on separate pages.
· As with previous models, you should insert your data in the UPPER-CASE columns, replacing the data from Halfmoon Creek, Colorado, which serves as an example and placeholder.  Arbitrarily, the model starts three steps (6000’) up-valley from the terminus.  There, Ice Thickness is known from BEDROCK ELEVATION and MORAINE CREST elevation; the effective BASAL SHEAR strength can be adjusted to fit the model to up-ice MORAINE CRESTS.  Up-ice from the highest moraine, the model can only be constrained by faint trimlines and breached or unbreached divides.  WARNING:  Steep rock steps may cause the modeled ice surface to intersect the ground – this difficulty can be surmounted by shortening the UPICE DISTANCE (see example).

· To use the model, one simply enters the ground, or BEDROCK, ELEVATION at a regular interval of DISTANCE UPICE from the glacier terminus.  The interval must be short enough so as not to poorly fit a linear model to a sloping ice surface - 1 to 5 times the ice thickness is usually adequate.  As the ice thins over obstructions, shorter steps may be required.  BASAL SHEAR strength must be estimated, either from ice flow theory (1 bar) or from strengths required to fit the ice terminus the former Ice Surface, as indicated by MORAINE CREST elevations.  Finally, the appropriate SHAPE FACTOR must be input at each step.  The shape factor is the ratio between the “hydraulic radius” (defined as the cross-sectional area of the glacier divided by the wetted perimeter - the length of the glacier/ground interface), and the centerline ice thickness.

· The shape factor varies from 1.0 for an infinitely wide glacier (an ice sheet) to as low as 0.6 or so for a glacier in a deep, narrow gorge. [NOTE: Shape factor is calculated in the accompanying worksheet.]

· The result of the model will be calculated ice surface elevations along the glacier.  The model is generally fairly accurate within mountain ranges, where the effective basal shear strength can be reliably estimated as constrained by the presence of breached divides and former nunataks (Locke, 1995).  The model can be block-copied sideways to run parallel models up multiple tributaries.

· Your assignment is to contribute to the modeling of the glacier cover of a region assigned to you.  You should be able to recognize the former ice terminal position - ask for assistance if necessary.  Coordinate with modelers of adjacent flow lines to determine the position of ice divides, thus to complete a glacial reconstruction for the region.
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Ice Reconstruction made simple:  Note that the moraines mark only the outer extent of ice in most valleys.  Within canyons, deposits have largely been eroded away and erosional evidence is too subtle to interpret from these maps.  Similarly, within the accumulation area of a glacier or ice sheet, little physical evidence of ice sheet occupation will be preserved.  How, then, might we reconstruct the ice masses which shaped these regions?  

     Luckily, ice is the geological material that is most predictable in its behavior.  It deforms so that ice strength () is proportional to the sine of the slope angle () times the acceleration of gravity (g), times ice density (), times valley shape (c) times thickness (t):

                     =  gtc(sin).                          (1)

(You've seen this equation before!)


The valley shape is a correction factor to reflect the fact that friction is occurring along the valley walls as well as its floor, thus a glacier acts like it is thinner than it is. The shape factor is generally between 0.5 and 1.0, and is calculated by dividing the quotient of the cross-sectional area (A) and wetted perimeter (p) by the centerline thickness (t): 




c = (A/p)/t.                     

(2)

Thus, the effective thickness (tc) can be calculated as A/p, and is equivalent to a hydraulic radius.


Equation (1) can be written:




 =  gtch/x                                
(3) 

where h is the height of the ice surface and x is horizontal distance, thus  h is the change in height across a given distance (x), and  h/ x = sin . It can be rearranged to yield upice slope:  




 h = (/g)(x/tc). 


(4)

Because the strength of ice is generally predictable, as is its density and the acceleration of gravity, this equation can be simplified (using English units) to:



      
(h = 22.1(x/tc).                              

(5)

In words, this means that the change in height of the ice surface, in the upice direction, can be calculated by multiplying 22.1 (ft) times the distance traveled upice and dividing by the starting effective ice thickness!

     All that remains is to calculate the effective ice thickness.  Alternatively, "c" can be estimated to vary from 0.6 for very steep, narrow valleys to ~0.9 for broad, shallow cirques or glacial termini.  You should calculate A/p once or twice and compare it to centerline thickness at that point to directly determine "c", otherwise, estimate it.

Example: Start your reconstruction from the highest obvious lateral moraine.  Assume the starting centerline elevation is 5400’and the starting ice surface elevation (top of the moraine) is 6400’.  Thus the ice thickness (the difference between the top of the moraine and the floor of the adjacent glacial valley) is 1000 feet.  Assume the shape factor ("c") is 0.75.   In one step-length upice of 2000 feet the ice surface should climb 59 feet, to 6459 feet:

                     (h = 22.1 x (x/tc)

                     (h = 22.1 x (2000/1000 x 0.75)

                     (h = 22.1 x (2000/750)

                     (h = 22.1 x 2.67

                     (h = 59.0

Because our least accurate factor is the shape factor (only two significant figures), our answer can be no more precise than two significant figures.  For the next step, use the NEW ice surface elevation and thickness, and so on to the cirque headwall or ice divide.  This sounds like a procedure that would be ideal for spreadsheet application!

Assignment:  Using the procedure described above and the GLACPRO spreadsheet model, reconstruct a portion of the lastglacial mountain glaciation of the Bitterroot Range according to the attached sheet.

GLACPRO Lab Exercise Recipe

This modeling exercise is, in fact, a research experience.  It calls on you to reconstruct the glaciation in a region which has never even been mapped in detail!  Previous classes have reconstructed the lastglacial ice cover over Yellowstone National Park, Wyoming’s Wind River Range, and Colorado’s San Juan Mountains.  This year I would like you to reconstruct the lastglacial ice cover over the Bitterroot Range of Montana.

1)  FORM new teams of no more than two.

2)  READ the accompanying discussion of the model (GLACPRO) and open the Excel file.
3)  SELECT and SIGN UP FOR a river draining your lab’s assigned mountain range.

4)  FIND the 1:24,000 quadrangles which cover your river from the moraines to the divide OR use TopoZone or Topofinder2 to acquire data (note: scale varies online!).

5)  INTERPRET the lastglacial (Pinedale-age, Wisconsinan, Tioga…) terminus.

6)  ENTER upice distance in column A every 1000 feet (or less up rock steps), starting at the terminus, up the main stream, to AND several steps across drainage divides.

7)  DETERMINE centerline valley-floor elevations at each step and ENTER them in column B.

8)  DETERMINE lateral moraine elevations at the same steps as far upvalley as possible, and ENTER them in column I.

9)  At one step within your lateral moraines, CALCULATE the shape factor – Effective Thickness/Centerline Thickness, where Effective Thickness is Cross-section Area divided by Wetted Perimeter – using the worksheet provided.

10)  Use that value to VARY the shape factor appropriately near the terminus (column C).

11)  VARY the Effective Basal Shear Strength (column D) as required to match near-terminus ice thickness to the moraines.

12)  Within the bedrock canyon, CALCULATE the Shape Factor one time (as above); vary that value as necessary upvalley.

13)  USE a 1.0 bar Effective Basal Shear Stress within the mountains.

14)  MEET with adjacent groups to negotiate ice divide positions.

15)  GRAPH your longitudinal profiles as shown in the example, with the vertical axis spanning 4000 to 14,000 feet, and the horizontal axis spanning 100,000 feet (use multiple pages if necessary).

16)  POST your graphs in my outer office, in order.

17)  Color the posted synthesis map to show the moraines you used to start the model, the ice margins as interpreted from topography (e.g., moraine crests), and your modeled ice margins AND color in ALL areas within your basin you infer to have been ice-covered at the peak of the last glaciation.

18)  Briefly (1-2 pp.) DISCUSS, in writing, your results and those of the rest of the class.

DUE AT START OF LAB IN TWO WEEKS! 
