INSTRUCTOR’S RESOURCE: The folded moraine of Tokositna Glacier.
This activity grew out of a study of folding in glaciers completed from 2010 through 2012 (NSF GLD#1024264, P.L. Moore). While folded medial moraines were not the primary subject of study, they are among the more spectacular and visible examples of folding in ice masses. They also preserve a time-transgressive record of ductile deformation that develops over space and timescales that may be easier for students to identify with than an ancient nappe. To date, folded medial moraines have received only minimal attention; they have mostly been used as records of tributary surging (in Alaska in particular). However, Ramberg (Journal of Glaciology, 1964 v. 5 p. 207-218) performed some analog experiments with materials of differing competence to investigate whether folds like those in the piedmont lobe of the Malaspina Glacier (Alaska) could be initiated by buckling. There is some merit to the idea that debris-laden ice could be more competent than clean ice (and therefore be prone to buckling), but the relatively low concentration and coarse nature of most moraine-forming debris bands in glaciers would lead to very little impact on ice competence or rheology. See Moore, 2014 (Deformation of debris-ice mixtures, Reviews of Geophysics, v. 52) for more on this.
The primary logistical challenge for students in this activity will be learning to digitize features and make measurements with the recommended software tool (Whitebox GAT). That said, Whitebox is among the most user-friendly GIS packages that I’ve used, and if the instructor has experimented with it for an hour or so before asking students to complete the assignment, he/she will likely encounter any of the problems that students might run into. Be aware of the system requirements for Whitebox as described on its website (http://www.uoguelph.ca/~hydrogeo/Whitebox/): mainly that the system as an up-to-date Java runtime environment. Many other software packages have similar requirements, so it will be rare to encounter problems with this. Also, students should store the executable (.jar) file in their user directory, desktop, or a USB drive, since they may not have execute permissions in system drives on some networked systems. By no means is it essential that the exercise be run in Whitebox. If the instructor is more comfortable with another software package that allows digitization and measurement from a georeferenced satellite image, that should not change the main activity.
It is recommended that students have been exposed to the basic principles of finite strain in 2 and 3 dimensions prior to undertaking this activity. In introducing the tasks that they will need to do, it might be useful to make a drawing on the board similar to the one below. If each full wavelength in the fold train is treated as a separate structure that has experienced a different amount of accumulated strain, the total strains may be inferred in the horizontal plane by measuring the arc-length/wavelength and the amplitude (normalized to some assumed or measured “initial amplitude”) of each fold. Under the recommended assumptions, the third principal strain can be computed from volume conservation. Importantly, ablation will tend to counterbalance some or all of the vertical extension required by volume conservation, and this activity can actually constrain the ablation rate gradients necessary to prevent reversal of the glacier surface slope. 
[bookmark: _GoBack]A surprising result (to me anyhow) is the magnitude of ablation necessary on the lateral margins of the glacier (if all assumptions are valid) to accommodate the transverse strains implied (note that we have no information on flow rate, so ablation can only be quantified in terms of the volume removed per distance transported downglacier). I cannot say confidently that this result is reasonable, and I think students should have to wrestle with this puzzle as well (this will be particularly valuable for glaciology students). One observation that astute students could make is that the high-amplitude folding could also indicate buckling rather than passive folding. A way to test that idea would be to measure – either in the field or from feature tracking across multiple images – differences or divergences between motion of the debris band itself and the surrounding matrix of “clean” ice. Austin Post did something like this on Bering Glacier in Alaska (Journal of Glaciology, 1972, v. 11, p. 219-226), and did not highlight any local flow deviations; nevertheless, my interpretation of his Figure 4 does not completely rule out this possibility.
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