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Context: This activity is the field portion of a two-week lab that runs during the third and fourth week of an undergraduate geomorphology class “Physics of the Earth: Surficial Processes”. The students will have read about and attended lectures on physical weathering, mass wasting, infinite slope analysis, Mohr-Coulomb theory, and the hydrometer method.

Goals:

1. To learn field techniques for determining the relative strength of unconsolidated material.

2. To learn laboratory techniques for determining soil texture and the sediment size distribution of fine (<2mm) sediment.

3. To use repeat aerial photography to estimate the rate of shoreline retreat.

4. To use geomorphic surveys to discern the type of mass movement.

5. To infer the failure mechanism based upon field data and observations

6. To work collaboratively within groups and between groups to effectively share data and disseminate results.

Instructors Notes:

This field lab takes place on the western shores of Lake Michigan north of Two Creeks, WI. The site is owned by the Nature Consrvancy so public assess is assured – even though there is a nuclear power plant just 2 miles north! This site is the type location for the Two Creeks buried forest which is interpreted to represent the warm interval before the Younger Dryas period. In the 30’ banks there are well preserved logs, and boreal forest litter. The purpose of the trip however is to look at the stability of these slopes which fail episodically. The failure mechanism is likely increased pore water pressure within the sandy unit after heavy spring rains. A perched water table forms within the sands that rest on the Cary till. It is not uncommon to see water seeping out of the sandy layers in the spring .When the lake level is low (as it has been for the past 10 years) the toe of the slope is protected so failures are inhibited.  High lake levels enable winter storms to clear the beach of colluvium and allow enable fresh failures to take place. It is unlikely that students will think of all of these nuanced factors, but that is part of what makes it such a rich activity. Each group is equipped with a GPS enabled tablet PC computer which has the reference readings.

This is also the first lab where I require a formal lab write up. I provide handouts and discuss what this entails and how this is different from previous labs.
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In lab one you were asked to suggest ways of quantifying the driving and resisting forces operating on Union Hill. Today we will look at ways to quantify the strength  characteristics (resisting forces) of unconsolidated materials. Today’s activity is part 1 of a two-week lab. We will take a field trip to Lake Michigan's western shore just north of Two Creeks in Manitowoc County (where Route BB dead ends). Our goal is to determine the type of mass movement and likely cause of a mass wasting event that occurred several years ago. Today we will make field observations and measurements, and gather samples for laboratory analysis (to be conducted next week). The combined field/lab portions of these two weeks of work are worth 20% of your final grade. 

Leaning Objectives: in completing this lab you should learn to 

1. determine the relative strength of unconsolidated materials using two simple field measures

2. use geomorphic features of the landscape to interpret the type of mass movement

3. measure fine fraction sediment size distribution using the hydrometer method

4. determine the rate of shoreline retreat using aerial photography

5. synthesize your observations into a cogent argument indicating the type and mechanism of failure for this mass movement.

6. express this argument in the form of a scientific report including tables of your data and supporting figures/diagrams.

Methodology:  1) To determine the cause of failure you will assess the relative strength of each of the layers listed in the stratigraphic column of the unconsolidated deposits at Two Creeks (See page 3). The penetrometer gives an estimate of the unconfined compressive strength (v) in kg/cm2, which is plotted as P above. The shear vane apparatus provides a field estimate of the shear strength of the material also in kg/cm2 (plotted as S). We can use these parameters to make a Mohr-Coulomb failure envelope and estimate the angle of internal friction and the cohesion of the material. Note: Some layers might be covered by colluvium so you will need to walk along the shore looking for good exposures and may need to excavate contacts. Be careful climbing around on and digging into the cliffs.  Obviously they are not that stable! 

2) To determine the type of movement, use the auto level and tape measure to measure the morphometric parameters D and L (See below). Then use the D/L index to classify the movement. 

3) Take samples of each layer for laboratory analysis of sediment size. We will conduct those analyses next week. Lastly, don’t forget to consider and record other observations. 
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4) In addition to the sediment size analysis next week you will also use aerial rephotography to determine the shoreline migration rate. For now walk the top and bottom of the bank with your GPS enabled tablet PC. Your position will automatically plot on the 2006 DOQQ. Next week we will discuss how to digitally overlay these data with scanned photographs from 1937, 1966, 1978, and 1989 using ArcGIS.

Equipment needs: 2 autolevels, rods, and tape measures, 2 tripods, soil test kits, and shovels, field computers, cameras.

Background Reading: Please read the field guide excerpt by Black (1980) and the paper by Lee and Horn (1972). They will give you provide you with background information and the overall significance of the site we visited. This information might be useful in the introduction and discussion sections of your papers. You can find these papers in the class share drive and on your tablet PCs.

What to hand in (2 weeks):

A formal group lab report (see handout in share drive) which will include the following elements and answers to the following questions:

1. Detailed sketches of the site (in cross section and in plan view) highlighting important the features of the slide and the layers that you sampled. You may also include annotated photographs but these will supplement, not supplant the sketches.

2. A table of descriptions (thickness, color, field texture, % sand, % silt and % clay, strength characteristics, etc.) of each layer.  

3. Your methodology and results in measuring D/L.

4. What kind of failure is this based on the D/L ratio?  

a. What kinds of morphologic features would you expect to see with this type of failure?

b. Did you observe these features in the field?  If not, suggest why.

5. Suggest a likely mechanism for this failure. That is, what do you think caused the slope to fail?  Support your ideas with field evidence/observations including an assessment of relative strength of the slope materials.

6. Speculate on other surficial processes operating here that could lead to instability.

7. What is the rate of shoreline retreat? Do you think it is constant or episodic. Considering that highway 42 is nearby would you recommend that the DOT do anything to prevent shoreline erosion? If so, what?

Note: This group lab is a model for how much of science works. Today work is rarely conducted by individuals, rather teams of scientists work together to solve complex problems. This lab report therefore should be a group effort, but it should neither read, nor appear like group work. What I mean is you need to work collaboratively on putting the final draft together rather than cobbling different sections together just before it is due. You can assign tasks and divide up work (e.g. Joe will write the Methodology section and will make the planview sketch, Sally will make the data tables and write the Results section, etc.), but you should save at least one day for final editing to make sure that everything is seamless, well integrated, and well reasoned. How you do this is up to you, but your grade will be based upon how well you present your work as well as the work itself. 
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