Exploring Mass-Wasting and Slope Stability

GLS 210 Geomorphology Lab

Dr. Lindley Hanson, Department of Geological Sciences

Objectives:

Following completion of this lab you are expected to be able to:

1. Identify and describe landslides

2. Recognize indicators of slope instability

3. Construct profiles and calculate slope angle in Excel

4.  Evaluate human influence on slopes

5.  Understand regional variations in slope stability related to geology, climate and relief.

Part I:   Preliminary exercise: Complete this before lab

Read the following webpages and documents illustrating landslide occurrence and susceptibility in the continental U.S.:

1. Landslide Overview Map of the Conterminous United States USGS Open-File Report 97-289  
(Compare this map with Google Maps Terrain.  Do you see anycorrelation?) 

2.  Southern California Landslides – An overview USGS Fact Sheet 2005-3107

3. Landslide Types and Hazards USGS Fact Sheet 2004-3072


a.
List several specific locations that have a high susceptibility to landsliding.


b.
Which 3 environmental factors appear to be most important in generating landsliding?  Briefly explain your choices.

Part II: Laboratory exercise

.  Open the mass-wasting KMZ file  It will automatically load into Google Earth the markers and maps used in the lab.

2.
Go to Earthquake Lake, MT.  The program will take you to a narrow, mountain lake, and you will want to zoom in on the lake’s downstream end.  In 1959, a large earthquake resulted in a massive landslide, called the Madison Slide, into Madison River Canyon.  The landslide deposits dammed the river and created the lake.  Check out some quick information about this event by clicking on the orange and purple information dots located in the deposit at the lake’s downstream end.  With the Terrane option selected Zoom in on the deposits, tilt for a partial side-view, and rotate to view the slope on the southern side of the valley.  This was the source region for the landslide, and the scarp is still clearly visible.   Note: when measure distances the terrane option should be off.  

a.   On a separate piece of paper that you will attach to this lab draw a quick concept sketch of the slide profile. Label the areas where material was remove and deposited.  Describe the shape of the down-valley and cross-valley profile.   What is the evidence that a landslide took place? (photo Hebgen Landslide)

b.  Read landslide types and processes (USGS) and classify the slide.

c.  Quantifying  slope adjustments resulting from the slide:



Turn off the terrane tool and activate the topomap layer. (The measuring tool is not accurate with terrane activated).  Use the measuring tool and map elevations to construct post (line a) and preslide (line b) profiles in excel.  Label the toe (area of accumulation) and the slide slope


     Concept application – space time analysis: Because the preslide slope has failed we cannot measure it.  However, we can possibly infer preslope geometry from spatially adjacent slopes having similar geology and preconditions, but has not yet failed.

d.
Determine the slope angles for the slide area and the toe. 



Here’s how:  In Excel the formula is: DEGREES(atan(rise/run)). On your caluculator use the tan-1 key (rise/run). For a math review go to How to solve a problem that asks for an angle. 



Compare both with a typical angle of repose of around 35 degrees for unconsolidated sediment.   


d.  What part of the slope most likely failed first and why? 


e.  Explain how the stability of the slope has changed in response to the slide.


f. What processes observable may promote reactivation of slope movement.

4.
Go to La Conchita, California.  This is an upscale community with an upslope problem.   On March 1995 600,000 tons of debris slide down and buried nine homes. In 2005 portions of the 1995 slide remobilized destroying 13 houses, damaging 23 other, and killing 10 people.  Like much of coastal California the region is underlain by  uplifted Miocene sediments.  Slope instability is worsened by earthquake activity, wildfires, and California’s monsoonal climate, to name a few.


a. View the  2005 failier on  YuTube.   How would you classify this landslide?


b.
The topographic overlay show the slow configuration prior to the 1995 and 2005 slide.   Using the topographic map and Google Earth’s distance measure tool construct a profile along the yellow line.  Adjust your profile to remove any vertical exaggeration.    List and discuss any features on the map and your profile indicating that this slope may be a candidate for failer.


c. Evaluate the slope above the other houses in the community.  What would you advise these people to do and why? 

5.
Go to: “Lanzhou, China”.  This is the famous Loess Plateau region of China, where thick loess (silt) deposits from the glaciation of the Himalayas have been deeply dissected to form narrow canyons.  

a. Carefully study the slopes.  What evidence indicates that these slopes are composed of  unstable and erodable sediment and not bedrock?

b.  How have many of the slopes been modified by human activity? Why?

6.  Hazardous landslides in New England. 


a.  Landslides are rare along the Massachusetts coast and yet are quite common along the coastal bluffs of Maine.   After reading Coastal Landslide Hazards and a General Introduction to the Presumpscot Formation formulate a hypotheses explaining why these differences exist.

b.  Revisit Landslide Overview Map of the Conterminous United States.  What are of New England is most prone to landslides.   Propose an explanation.
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