Geology/ENTS 120

Introduction to Environmental Geology

Spring 2002

Post-settlement deposition and erosion in the Cannon River (Rice County) Wilderness Park (CRWP)

Together we are going to visit one of my favorite places in the Northfield area, variously called the Cannon River Wilderness Park or the Rice County Wilderness Area.  We will focus on a small section in the northeast of this rather large park area, but the processes we observe occur throughout the small, steep-sided valleys that form much of the park area. Early spring is a particularly good time of year to visit this area, because it is generally free from the mosquitoes and nettles that thrive here in the summer and we should see some excellent spring wildflowers.

The general problem we are going to work on has to do with the recent erosional history preserved in the slopes and valleys of this area.  We will work in groups of three to try to find answers to these questions:


1) How much material was removed from slopes during the earliest post-settlement phases of erosion? 


2) How much material is currently being removed from hillslopes?  What erosional processes are taking place and where is that material going?


3) In his 1999 Science paper, Stan Trimble shows that soil erosion rates in the Coon Creek, Wisconsin basin since 1973 are much less than those measured in the 1930s.  Also, the nature of the sediment budget has changed over time. Do his conclusions apply to this small basin in Minnesota?  (Note that Coon Creek at about 360 km2 is much, much larger than the basin we will study today.  In fact, in Coon Creek parlance, this CRWP basin is a "tributary."  However, the topography near Coon Creek is similar in many respects to the CRWP).

Field report:

Another purpose of this lab exercise is to write a scientific paper. Your report on this field exercise will also be done in groups of three (one report for each group).  It should be structured like a scientific paper with these sections:  Abstract, Introduction, Methods, Results, Conclusion and Discussion, References Cited.  You will probably have figures which should be labeled consecutively and referred to in the text.  The total length of text should be no more than 3 pages. Here is some information on what each of the sections should contain:  

An abstract briefly summarizes your conclusions about erosion.  An introduction describes the setting and presents the problems you plan to address (the three questions listed above).  A very brief statement on your methods (both the field techniques and your mental grappling with the problems) will be next and then a statement of your results and finally a conclusion and discussion (the appropriate place for generalizing your results to other basins, comparing your results with Trimble's  and suggesting the limits of your data and need for further work).  

Note that the 1999 Science paper by Trimble is organized in the same way (although the sections aren't labeled).  You can use it as a model for your writing.

The paper is due at 5 p.m. on May 16. (This is a different date than the one on the syllabus). 

History of the Wilderness Park:

The following excerpt comes from a history of the Wilderness Park written by Paul Jensen:

At the beginning


When Ken and Jackie May built a home (1954-1955) on the east side of the Cannon River off State Highway 20 on the edge of the future park, there were only two farmhouses along the highway. On the other side of the river there were also a scattering of farmhouses atop the bluffs. Some of the local people hunted the woods for deer and grouse each fall. Others, perhaps all, enjoyed walking the old logging roads. On the east side of the river, cattle could be encountered ambling down these roads or grazing anywhere from the May place south to Fiske’s hermitage. On the west side, cattle grazed all the bottom-land except for a small section toward the south end. Both bottom-lands were heavily grazed until 1968. Within the park area, toward the southeast in a shack near a sacred, burbling spring lived Henry Fiske (nee Feisk?), a hermit. Fiske had a garden, raised potatoes and, at some times, had a cow or a horse, chickens for sustenance, all supported by occasional shopping trips to Faribault or Northfield. At the south end of the future park Aylmer (Barney) Code operated a small portable sawmill supplied with logs from the surrounding woodlands especially black cherry. With his aid the Mays cut trees  for an addition to their home. At that time, the park woodlands were all obviously second or third growth, a product of the complete lumbering of the park area in earlier years.. In the ravine below the May property a huge gully (8-10 feet deep in spots) formed in deep prairie soil was seen by the writer in 1956. Similar gullies could be found elsewhere in the park. 

[Note from Mary:  I am confident that Paul is talking about the discontinuous gully that dissects the valley floor (ravine) we will be visiting.]

What to bring to lab:



Metric ruler



Notebook and sharp hard pencil for taking notes



Field clothes (long pants, long sleeves, boots)

We will provide:

50 m tapes

Two meter sticks

Field and analysis procedure:

Note that you should think about the questions inserted below, but your report should focus on the three main questions listed above.

1) We'll begin by walking through the central and lower part of the drainage basin, looking at the major land forms.  Be sure  that you can identify these features and locate them on your base map:

Main stream and tributary valleys

Slopes

Floodplain

Valley floor

Bedrock exposures (what units do you see?)

Valley floor gully and headscarp (draw a picture for your notes)

Discontinuous gully

Streambank erosion

Gullies and rills on hillsides

Landslide scars and deposits

Cannon River floodplain

Confluence of small stream with Cannon River, delta

2) After observing the valley features, we'll have a brief discussion about sediment budgets. Stan Trimble uses a "sediment budget" technique for analyzing erosion and deposition in areas like this one.  You can think of a "sediment budget" just as you do an economic budget.  For instance, you have  sources of income (your parents, your campus work, summer work, etc.) and also places where your money goes (tuition and board, pizza, books, car insurance, etc.).  Each of these items varies in quantity (and may change at various times too).  It would be a rare student whose costs for pizza exceeded the cost of tuition and board.  Besides these inflows and outflows (see how even the language relates back to geology?) you also have places where your money is in storage (bank account, under your mattress, in your pockets, in trust, etc.).  These storage elements also vary in magnitude (we hope that you have more money in the bank account than in your pockets) and in residence time, a concept you are already familiar with. After we've had a chance to see the drainage basin, we'll try to fit the features we have observed into a sediment budget context, defining sources, sinks (storage elements) and efflux.

3) After our discussion, you will want to estimate volumes of a) the material in storage in the main floor of this valley and b) the material presently being removed by erosion.  The material now in storage in the main valley floor presumably came from the slopes some time in the recent past.  What constraints can we put on the age of this erosion and deposition in respect to the glacial history of the area and the Cannon River?  (Remember that the last glaciation affected this area about 14,000 years ago and at that time outwash flowed down the Cannon River and across it - at least to a depth of 50 feet above the modern river.  The valley we will be in this afternoon was not directly affected by glacial ice.  How can you tell that from the topographic map)? 

a) Each group will estimate the total volume of material stored in the valley floor by making field measurements of valley width and sediment thickness. (Hints:  you'll need to locate the most upstream place in the upper part of the valley where sediment deposits appear. Your downstream limit will be the junction with the Cannon River floodplain, as shown on the base map. You'll need to measure the width of the valley fill at several places, and also get a few estimates of the depth of the fill.)  Why will your volume estimate be a minimum? Once you have calculated this volume (in cubic meters) you can divide by the slope area (in square meters, derived from the map) to get a minimum estimate of the depth of material eroded during the phase that produced the valley fill. All these results should be reported in your final paper.

b) The preceding measurements tell you about the initial valley-filling, but it is perfectly obvious that erosion,  redeposition and efflux of sediment are occurring now.  What processes are occurring now?  To what extent are they contributing to storage or to direct efflux of sediment into the Cannon River?  I think that you can make a minimum estimate of recent erosion from the valley floor storage by calculating the volume of the discontinuous gully in the valley floor.  Use methods similar to those described above to determine the length of this gully, and its depth and width at several points.  What percent of the material stored in the main valley has been eroded?  Has this valley changed from being a net sink to a net source (or does the answer to this question vary depending on where in the valley you look)?  How about the hillslope erosional features?  Does sediment eroded from these features move into storage or out with the stream into the Cannon?

4) Finally, how does this system compare with the Coon Creek watershed described by Trimble?  Do you think that sediment being removed from upland areas, hillslope gullies, and tributaries has decreased since settlement?  In order to carry out this comparison, you should locate and read carefully the following papers:

1. Trimble, Stanley W., 1999, Decreased Rates of Alluvial Sediment Storage in the Coon Creek Basin, Wisconsin, 1975-93:  Science, v. 285, p. 1244-1246.

2. Glanz, James, 1999, Sharp Drop seen in Soil Erosion Rates: Science, v. 285, p.1187-1189

(Both of the previous are in the August 20 1999 issue).

3. Pimentel, David, Skidmore, Edward L., Trimble, Stanley W., 1999,  Rates of Soil Erosion: Science, v. 286: p. 1477. (19 November issue)

 (This is a comment and response to Trimble's original article) 

4. Trimble, Stanley W. and Pierre Crosson, 2000, U. S. Soil Erosion Rates - Myth and Reality:  Science, v. 289, p. 248-250.  (14 July 2000 issue)

5. M. A. Nearing, M. J. M. Romkens, L. D. Norton, D. E. Stott, F. E. Rhoton, J. M. Laflen, D. C. Flanagan, C. V. Alonso, R. L. Binger, S. M. Dabney, O. C. Doering, C. H. Huang, K. C. McGregor, A. Simon; Stanley W. Trimble, and Pierre Crosson, 2000, Measurements and Models of Soil Loss Rates:  Science, v. 290, p. 1300-1301 (17 November issue) (This is a letter and response to the Trimble and Crosson article).

Here's how to get to the papers:  Carleton has an on-line subscription to Science.  Use a Carleton computer that will be recognized by the website (maybe one in the library or the geo labs?).Go to http://www.sciencemag.org/ (main site for Science Magazine). The main page is busy.  Look in the upper middle for the Browse button, and say you want to browse Archives of Science.  This brings you to a list of the volume numbers and from there, you can get to individual issues and find all of the references listed above! 

Criteria for evaluation:

From syllabus: "When reading written work, Mary looks for well-defined questions, good understanding of the subject, careful and complete observations of geologic processes, sound logic connecting the observations to the conclusions, clearly stated conclusions and complete discussion of the implications of the conclusions.  All sources of information, including web sites, should be cited completely."

For this assignment specifically:

· Does the paper have appropriate sections and subheadings?

· Do each of the sections contain the appropriate content?

· Are all three questions addressed in the discussion?

· Are results reported accurately and clearly? Were enough measurements taken?

· Does the paper show a reasonable level of understanding of the geological history and how humans may have influenced this history?

· Can I tell from the paper that the students have read the Trimble article and its relatives?

