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Using the Maps in Class
We have used the maps in 3 ways:

1. As a 2-hour self-contained exercise with in-service teachers. The teachers are asked to divide the map up based on textures (‘pretend it is Mars’), describe the textures, and then to interpret them. This is capped by a discussion and a slide show that reviews the background to the variety of glacial and fluvial environments represented on the map.

2. As a 2-hour introductory exercise that ‘engages’ students in the surface features, and is essentially a segue to 2-5 classes, labs, or lectures on the surficial and glacial history of Minnesota and on fluvial and glacial processes in general.

3. As an introductory exercise in an upper-level (Junior) College Class that is used initially to focus their attention, and generate a list of questions. The map is continually revisited as the class examines glacial and surficial processes, and as they learn about the Quaternary geologic history of the Upper Midwest.  I have used the map as the basis for the final exam in this class.

Materials Required

1. 3D Anaglyph Maps – downloadable from http://www.nced.umn.edu/Maps.html. I generally laminate them.

2. Red/Cyan Glasses – we have found that the hand-held glasses are easiest (and cheapest) to use. 

3. See-through ‘film’.  I have used sheets of laminating film that have been laminated together without any paper inside. I get students to put these sheets over the map, and to draw their texture (geologic) boundaries on to the film with non-permanent markers. It can also be projected onto a whiteboard, and then turned off.
4. Non-permanent sharpies – set of 4 colors to draw boundaries and units on the laminating film.
5. White card or whiteboard – to put film with boundaries on, so we can separate the interpretations from the data, and discuss the map units and boundaries.

6. Reference Materials (see over page)
References
Depending on the level at which I am teaching, I have used a variety of reference materials.  In the upper-level college class, I direct the students to journal articles, which they are responsible for ‘finding.’  The reference materials here are extremely biased towards Minnesota, this is because I tend to focus on places I can take the students. If you have good sources for other Upper Midwest/Great Lakes States, please let me know about them. Some general (mostly Minnesota) references are:

Introduction to Surficial Geologic Features shown on the Upper Midwest Map, compiled by NCED: http://www.nced.umn.edu/Map_Interpretation.html
More Detailed Information on features associated with the Des Moines Lobe are summarized by NCED: http://www.nced.umn.edu/Midwest_Map_Interpretations.html
General Background Information on the Quaternary Glacial Geology of Minnesota in particular is summarized in the Minnesota-At-A-Glance Series, published by the Minnesota Geological Survey: http://www.geo.umn.edu/mgs/Education/edmatrls.htm (you will need to scroll way down to find it).
The USGS has a series of pages on the Coteau tied to their ‘Tapestry’   http://www.geo.umn.edu/mgs/Education/edmatrls.htm
The Minnesota Geological Survey Publication:
Patterson, C.J., and Wright, H.E., Jr., eds., 1998, Contributions to Quaternary Studies in Minnesota: Minnesota Geological Survey Report of Investigations 49, 208 p.

Summarizes the state of knowledge regarding Quaternary Studies as of 1998; it does requires general knowledge of Minnesota Quaternary Geology – it is not written for the non-specialist.
The Minnesota County Geologic Atlas Series includes plates relating to the Quaternary sediments in all of the county atlases – see http://www.geo.umn.edu/mgs/ for more information.
For virtual Geologic Field Trips in South Dakota: http://plantsci.sdstate.edu/woodardh/
Prof. Allan Ashworth’s home page has links to various resources and publications regarding North Dakota http://www.ndsu.nodak.edu/instruct/ashworth/
Sources of Information on Glacial lake Agassiz

http://www.lib.ndsu.nodak.edu/govdocs/text/lakeagassiz/ 
http://www.state.nd.us/ndgs/Agassiz/Lake%20Agassiz.htm
Using the maps in one single 2-hour session

Students work in groups of 3 or 4 on a map

1. Make sure students are using the glasses correctly; they have to look at the map ‘right-way-up’ 

2. Give students see-through overlay and sharpies. Tell students to start by forgetting anything they already know, and to divide the map up into areas, based on the map textures. Tell them they have to make decisions about the placement of boundaries (contacts) between the map units. Depending on their background, and the amount of time you have to review their maps, you can guide them towards being ‘lumpers’ (5-6 units) as opposed to splitters (12 plus units).
3. Once they have made their visual divisons and recognizing map units, I discuss the problems they have had making decisions, and then get them to think about how they will interpret each unit they have recognized in terms of geologic/geomorphic/surficial  processes (generally, they have already mixed interpretations with observations; I try to be really strict about this). They have to be able to say what the basis for their interpretation is.  Then I get them to suggest an order of events; this is the point where I start letting them refer to existing knowledge.
4. I give a wrap-up presentation on essential subdivisions of the map and the various glacial and surficial processes represented with reference to modern examples.

Using the Maps as an introduction to a series of 2-5 classes/lectures/labs)

I essentially follow the first three steps, but when they are interpreting the units, I get them to 
(a) write down what they know about that depositional environment that made them choose it, and at least one question about it.

(b) I give a short summary of the map units; depending on the number of follow-up classes I either lump them or split them into 2-5 groupings.

(c) in each follow-up class I start with reference to the map, then I discuss the processes and features of the environment in question (e.g. moraines or lakes), and with the use of some short, in-class exercises, and sample examination, together with more information on MN Glacial history, I get them to examine specific moraines in their groups, and identify specific features (e.g. tunnel valley lakes); alternatively I get them to focus on streams / drainage networks and their characteristics.  I get the students to write a short (1-2 page) paper on one of the depositional settings  / geomorphic units they have identified on their map. 
Using the Maps to frame an entire Upper-level College Course (‘Surficial and Glacial Geology’)
In the first class I get the students to divide the map into units (steps 1-3 of 2-hour exercise).

Then, in the second class (after assigning some reading on Quaternary/Glacial Geology of Minnesota) I get them to brainstorm everything they think they know about the landforms, their origin, and the history of events. I build this list on the board so that it ends up being essentially an outline of the Surficial and Glacial Geology Course.  I get them to build a list of questions they have about the map, making sure that each student has at least one ‘investigable’ question, or ‘area they are curious about’ (and they can explain why they are curious about it).  At that point I then get them to each choose a landform that relates to their question.  Their next assignment is to use Georef to produce a list of references regarding the processes associated with development of the landform, as well as examples in Minnesota. 
From here on my aim is to cover the ‘Big Picture’ aspects of different depositional settings, and their context in Geomorphology, as well as focusing on ‘nit picky’ detailed aspects of outcrop and core examination, as well as the use of topo maps and aerial photos. At the end of each class I will refer back to the 3-D map, and discuss briefly how the material we have covered relates to the map.  Each student writes a paper on the surficial/glacial history of the area they are curious about, paying special attention to the role that ‘their’ landform and associated processes plays in providing evidence for the timing and geomorphic development of the area. 
General Plan for 13-week Semester (timing of field trip depends on season). 
	
	Topic
	Assignment

	Week 1
	Introduction to Map
	Map, Reading on Regional geology,

Georef exercise for reference list

	Week 2
	Fluvial
	Stream profiles, terraces

	Week 3
	Fluvial & associated (Field Trip?)
	Grain size analysis

	Week 4
	Fluvial & associated
	Topo map, Aerial photos

	Week 5
	Glacial, Geologic-scale climate change
	Glaciology, Rates, Time scale 

	Week 6
	Glacial
	Provenance studies, Tills

	Week 7
	Lacustrine
	Varves, Pollen

	Week 8
	Aeolian, Soils
	Sed Structures, Soils

	Week 9
	Dating Techniques & MN
	Radiometric Calculations 

	Week 10
	Marine Record, 
	Diatoms, Oxygen Isotopes

	Week 11
	GISP, Climate Change, Anthropology
	Ice Core, Archeology

	Week 12
	Tectonics & Geomorphology

(Field Trip?)
	Rates, Maps

	Week 13
	Regional Wrap-up
	Presentations
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