Mapping Surficial Geologic deposits: 

Pleistocene/Holocene stream deposits in Red Canyon

OBJECTIVES:   This project is designed to give you:  (1) experience in mapping the details of surficial geologic deposits that you have previously ignored (Qal), (2) an understanding the geomorphic relations among surficial deposits and underlying/associated bedrock units, and (3) an appreciation for geomorphic characteristics that can be used to measure the relative ages of surficial deposits.

METHODS:  The general mapping methods will be similar to those you’ve used on Dallas and Derby domes.  You should use your topographic map and air photo to determine your specific location(s).  You will map the contacts between stratigraphic units using the same basic methods you’ve used before.  The only real differences you will find from mapping bedrock/subsurface units to mapping surficial units are the geomorphic relations of which you will need to be aware, which will affect the locations of your unit boundaries.

   You should draw the map units on your topographic base maps, but you can also use the orthophoto that is registered to the topographic map to understand the landscape relations you see here.

   The boundaries of your map area are not the same as the topographic map; however, the specific boundaries also will be shown to you in the field and are discussed below.  As before, the contacts on your topographic base map should be drawn using solid, dashed, or dotted lines as appropriate.

   As before, we expect the members of each team to work together, but not together with other teams.  

EACH GROUP WILL SUBMIT THE FOLLOWING MATERIALS: 
1.   A surficial geologic map of the of the project study area on a topographic base map.  A clean topographic base map will be provided for your final report copy.  Your final product should be constructed on posterboard (with an appropriate legend). I will grade the map on the correct identification of the number of Quaternary stratigraphic units in the valley, the accuracy of your unit boundaries, and the relations between the stratigraphic units and underlying bedrock formations.  

As before, each party will submit only one clean copy of your map, but everyone will have a base map and everyone will be expected to draw the geology on your field maps.  As before, we will collect the working maps from each party member, although they will not be reviewed in detail.

2. A graph of the terrace heights with the appropriate colors assigned to each terrace unit (see below).  Include a short 1-paragraph description/discussion of what the graph represents. 

3. A 1-page description of unit characteristics that help you to discriminate between the terrace units and their ages.  You will also be graded on the quality of your discussion of the geomorphic characteristics of the units that illustrate their relationships. 

SOME BASIC STREAM GEOMORPHOLOGY

 “Equilibrium” is the term used to describe the situation that is present when a stream has just enough energy (no more / no less) to move the kind(s) of sediment that is provided to it.  Any stream gets its energy to move material from the kinetic energy (energy of motion) of its system.  The amount of kinetic energy (KE) generated by a stream depends on the mass of water (m) moving in the stream and the velocity (v) of the water: 
KE = 1/2(mv2)

Notice that the MOST IMPORTANT factor is the velocity of the water in the channel.  The velocity depends most directly on the gradient (slope) of the channel and the gradient of the channel depends on the stream’s relation to its base-level.  So, the higher the stream gradient = the more energy to move sediment; the lower the stream gradient = less energy.  Thus, when we say that a stream goes out of equilibrium, we mean that it has either gained energy (and can move more material) or it has lost energy (and can’t move as much material as before). When this happens, a stream either begins to deposit sediment (fills its valley with alluvium) or it begins to erode sediment (removing alluvium from its valley to somewhere further downstream). 

Many environmental changes cause stream systems to shift in/out of equilibrium.  The most common changes to stream equilibrium are the following:  [For this exercise, we’ll ignore factors internal to stream systems and just concentrate on external factors that cause discharge and sediment loads to change.]

· Tectonic uplift or subsidence causes changes in regional or local base-levels that cause streams to gain or lose energy so that they either aggrade or erode their valleys.  

· Groundwater levels: Local effects of changes in stream hydrology can mimic the effects of both tectonic change and climate change in stream systems, so stream aggradation or degradation is often caused by a rise or decrease in local/regional groundwater levels.  

· Glacial/interglacial cycles occurring in a stream’s headwaters generally are assumed to cause stream aggradation during the glacial cycle and stream downcutting during the interglacial cycle.  That is, the stream doesn’t have enough energy to move all the glacial outwash provided to it during glaciations

You’ve probably already thought that, of course, it is difficult to separate changes in regional or local groundwater levels from regional tectonic or climate forcings.  So, the reasons behind any specific change in a stream system sometimes just ain’t easy to figure out!

Stream Terraces

For this project, we are concerned with the areal extent, formation and age(s) of stream terraces.  Terraces are old stream floodplains that have been abandoned as streams go out of equilibrium and begin to downcut their valleys.  These old floodplains (now called terraces) are now found at some elevation above the modern stream level (see Figure 1).  Terraces come in many forms because stream systems are so dynamic – that is, streams can aggrade and degrade their valleys in numerous ways as they respond to the forcings that we noted above.  Figures 1.7, 1.8, and 1.9 illustrate how terraces can reflect MANY different deposition-erosion histories in a stream valley.
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Figure 1.
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Figure 1.7 The stages in development of a terrace. Two sequences of events
leading to the same surface geometry are shown in diagrams A-B and C-D-E.
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Figure 1.8 Valley cross sections showing some of the possible stratigraphic
relations in valley alluvium.




Strath (‘cut’) vs. Fill Terraces

Terraces generally come in 2 geomorphic flavors: (1)‘Cut’ or ‘strath’ terraces and (2) ‘fill terraces.  Those that occur by reworking valley fill alluvium generally are termed fill terraces.  In theory, a stream will fill its valley with alluvium to some level, then later change its regime and begin to erode that material and cut down to a new floodplain level, as shown in Figures 1.7-1.9.  The terrace exposure will usually show a sequence of alluvial deposits above the valley floor bedrock (often not seen except in drill cores). This can occur in MANY different sequences that can be absolutely annoying to figure out without a LOT of drilling.

   Terraces that exhibit a thin veneer of alluvium over bedrock generally are termed strath terraces. In theory, streams that form their floodplain in this way move a large load (generally gravels/boulders) and use this material over time to wear away the underlying bedrock (think of sandpaper).  Then, when the stream goes out of equilibrium and cuts a new floodplain at a lower elevation, the terrace exposure will show a thin alluvial deposit over the bedrock unit (see below). 
[image: image7.jpg]Paleosol

Eastern
Wyoming

Northeastern
Navajo country

Central
Navajo country

3000-4000 BP

Marin County, Calif.

Figure 1.9 Generalized cross sections of alluvial valleys in four areas of the
western United States. In each, previous epicycles of erosion have cut down to
bedrock, as has the modern gully. The stratigraphic units are briefly described in
Table 1.2.




Why is it important to tell the difference?  We could spend a lot of time discussing this – but in general, Fill terrace sequences are thought to reflect changes in stream equilibrium that are due to smaller-scale climate/hydrologic (droughts, groundwater level changes) or land use changes, while Strath terraces often are assumed to more directly reflect major climate (glacial/interglacial) or tectonic activity.  However, it should be obvious that these are only generalities, and each stream system will have its own local/regional factors that come into play. Note that a change in base-level downstream (e.g., falling sea levels during glacial events) will have the same effect on a stream as tectonic uplift.  Also, streams may exhibit strath terraces upstream and fill sequences downstream; this reflects the changing stream energy as the stream’s gradient changes away from the headwaters.  So, it can be very difficult to tell what specific factors affect any one stream’s equilibrium.

Project Description

Deadline:  10pm each night 
Remember that you are competing against the other groups, so any extra effort you put into the project can only improve your project grade. 

The science office of the Nature Conservancy wants information concerning the alluvial history of the Little Popo Agie system as it responds to glacial episodes in the alpine headwaters to the west of Red Canyon Ranch.  They want to know (1) how many glaciations might have occurred in the Little Popo Agie system and (2) what are their ages.  They also want to expand the irrigation system from where it is presently located. So they want to know (3) which units north of the Li’l Popo and south of cherry Creek correspond to the units in between.

For the purposes of this project – we will assume that (1) the Little Popo Agie River simply has been responding to glacial/interglacial cycles in its headwaters along the Continental Divide and (2) that Red Canyon Creeks and Cherry Creek respond sequentially to the changes that occur along the Little Popo Agie.  The handout map is a portion of the Wolf Point 7.5’ USGS quadrangle and includes the area in the northern portion of Red Canyon that each of your groups will map.

For this project, each group will:

· Identify and map:

· The Pleistocene and Holocene stream terraces and the modern floodplain associated with the Little Popo Agie River, Red Canyon Creek, and Cherry Creek.

· The map area will include the floodplains and terraces on BOTH sides of the stream downstream past the ‘Madison Creek School’ to Madison Creek. [I will point out the map limits when we get into the field.]

· Gather data concerning the relative age(s) of the terraces.

· Note any problems that that occur with the terrace identifications and with correlations among the terraces along each of the streams.
1.  Map (5 pts)

Identify each separate terrace (or terrace remnant) associated with the Little Popo Agie River, Red Canyon Creek and Cherry Creek.  Map all the terraces and terrace remnants that you can identify between the Little Popo Agie and Cherry Creek.  Northwest of the Little Popo Agie and southeast of Cherry Creek, please map only up to the “2nd Pleistocene terrace”  (To do this, you’ll have to use a combination of in-the-field arm-waving and correlations of terrace heights.)   

· Unit boundaries will correspond to lithostratigraphic units (the same method you’ve used in your previous mapping exercises). Differentiate the terraces by drawing boundaries that separate the alluvial units from the underlying bedrock units. Identify the stratigraphic units as “F” (floodplain), Holocene Terrace H1, H2, etc … Pleistocene Terrace P1, P2, … etc.  Identify bedrock as “BR”.

· For your final map, use the following key (each is worth 0.5 pts):

· Modern floodplain -- Yellow.

· Holocene terrace -- Pink (if more than one, then make one a darker shade).

· First (youngest) Pleistocene terrace -- Green
· Second Pleistocene terrace -- Red.

· Third Pleistocene terrace -- Orange.

· Fourth Pleistocene terrace -- Brown.

· Higher terraces (if any) -- Blue.

· Bedrock – Grey.
· Map Legend (0.5 pts)

Your Map Must Include:
Title:  “Stream Terraces of Red Canyon, Wyoming.”  [Note that your map is a portion of the Wolf Point USGS 7.5’ quadrangle (1953).  Follow the same format you used for the your earlier geologic map exercises.  Be sure to include the date and that you are part of the Branson Field Lab course of 2009]

Legend:  Use the color code above.

North arrow and scale bar: Label each clearly.
2.  Graph (2 pts).   Draw a graph to illustrate the terrace relationships along the Little Popo Agie River and Cherry Creek. 
Draw longitudinal profiles to generalize the heights of the terrace units above the Cherry/Red Canyon creek stream system, similar to the one below.  You’ll have to use the height above the Li’l Popo Agie for the units furthest downstream.   
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The best way to do this is to pick at least 3 points along the extent of each terrace unit (more if possible) and plot each point on your map.  Next, subtract the stream elevation closest to each pt and normal to the strike of the terrace from the elevation of the point - then, just connect the dots.  (Be careful to pick good representative elevation points for each of your units and to take the stream elevation below each separate point or your profile will look pretty weird.) 

    Include a line (see above) for each terrace. As shown above, the X-axis for each graph should be the Distance Downstream from the mouth of Cherry Creek Canyon (in feet); note that the X-axis also will serve to represent the modern stream level.  The Y-axis should be Elevation (in feet) of each point.  When finished, you should have separate lines that represent each of the terraces.  Label each of your graphs completely.


Discuss any problems you have with your graphs and their interpretations in 1 paragraph. 
3.  Descriptions and Relative Age-Characteristics of terrace deposits (3 pts).

You will have just enough time to gather descriptive data for the terrace units.  From this data you will be able to assign relative ages to them.  Relative age (RA) data are useful here because the Nature Conservancy cannot afford numeric age-analyses such as radiocarbon or U-Series.  All we can do without numeric ages is give a general description of the units relative to each other.  RA data also allow correlation of stratigraphic units to similar deposits in nearby regions that have numeric ages assigned to them. Useful characteristics that allow you to assign relative ages to the terraces in Red Canyon include the following:

· Height above modern stream channels.

· Geomorphology (landscape weathering & erosion characteristics).

· Depth of soil profiles and thicknesses of different soil horizons.

· Soil development characteristics: In arid regions like this, pedogenic carbonate accumulates in soils, so the thickness of any carbonate horizons and the thicknesses of carbonate rinds on the bottoms of clasts increases over time and so are useful indicators of the relative age of the deposits.

· The mean and standard deviation of rind thicknesses also are good ways to represent the relations among the terrace units.

* Include a descriptive summary of each stratigraphic unit taken from the information above.  Please type a separate description for each stratigraphic unit in sequence, starting with the Floodplain.  Don’t forget to label EACH unit description to coincide with the units you drew on the map (H1, etc).  Use separate subheadings to identify each descriptive characteristic that you include here (Soil Properties, etc).

     A couple of short paragraphs are enough to adequately describe each unit.  Your descriptions should emphasize the characteristics that you find most useful to differentiate one unit from another.  Also be sure to discuss any uncertainties that occur in your data.
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