How steep must a slope be to have a landslide?
Additional questions for student consideration:

Are the hills around here steep enough for a landslide?

Is my home on a slope steep enough to slide?

1.  Prerequisites: 


Students familiar with graphing.

Students become familiar reading contour maps.

2.  Summary:  This lesson is designed as a series of activities to introduce oceanography students to details of ocean bathymetry while increasing their awareness of landslides.  The lesson begins with a slide show, an activity to measure slope from topographic maps, an activity to measure slope of land near the class room.  During these activities students record their actions and information in a lab journal which is then evaluated.  A final assessment is a short writing assignment through which students can demonstrate their new understanding.  

Opening activity and demonstration:

3.  Show slides of various landslides.  Students draw pictures, label and write descriptions of one or two distinctive landslides.  Emphasize the comparison between the slope of the original slope that failed and the slide.
4.  Model a landslide using wet sand.  Build mound of sand and have students draw a contour map of the mound in their journal.  Then mimic a slope failure on one side and have students draw a new contour map and write a description of the differences between the two maps.

Demonstration:  A bucket of wet sand can be turned over on a table.  The sand can be molded by the bucket, or be reshaped by packing into a more hill-like form.  Students can consider the pattern of contour lines and draw examples on the board.  As the sand dries it will slide, but more obvious will be to mimic a slide in the side of the sand with your hands.  Have students draw the change in the contour lines on the board.  
Large submarine landslides have a several characteristic features that can be modeled in the wet sand and that students can learn.  A slide results from slope failure that scoops out a portion of the hill leaving an amphitheater like hollow in the side of the hill.  The scoop-shape of this amphitheater with its very steep head-wall and relatively flat bottom are clues.  Often the debris field is visible at the deep water toe of the slide.  The slides can be huge – a chunk of the Norwegian continental shelf the size of Iceland slid into deep water causing the Storegga Slide about 8100 years ago (http://en.wikipedia.org/wiki/Storegga_slide).  The largest Hawaiian Island slide is the Nuuanu Slide, the debris field of which extends 200 km from Oahu and includes the Tuscaloosa Seamount which is 30 km long, 17 km wide and 2 km tall           (http://starbulletin.com/1999/05/05/millennium/storya2.html,

http://www-odp.tamu.edu/publications/200_IR/chap_01/c1_3.htm, http://www.mbari.org/volcanism/Hawaii/HR-Landslides.htm).
5.  Announce that students are going to measure the slope of land that has slid, but we need to find maps of the slides.  A great place to look for truly massive landslides is in the ocean.  An advantage is that there is no erosion below water so old slides are still visible.

Submarine landslides have become a concern because of the massive tsunamis that can be generated.  As the landslide moves underwater it can generate massive and deadly surface waves.  The 2004 Indian Ocean tsunami killed a quarter of a million people along thousands of miles of coastline.  Of the 36,000 people killed by the 1883 eruption of Krakatoa, 35,000 were killed by tsunamis.  These tsunami waves were up to 30 meters (100 feet) high, but the highest tsunami was created by a landslide in Lituya Bay, Alaska when a cliff collapsed into a narrow deep bay and generated a wave 524 meters (1,700 feet!) high.  Evidence for the height of the wave came from trees washed off the high hills of the bay.
Find pictures to illustrate slides and tsunamis prior to start of lesson.

http://en.wikipedia.org/wiki/Gros_Ventre_landslide

The most common cause of extremely large “megatsunamis” is the collapse of the side of volcanic islands such as the Hawaiian Islands and the Canary Islands.  A small version of these slides occurred November 29, 1975 on the Big Island of Hawaii.  The steep seaward face of the Kiluea volcano suddenly slipped into the ocean generating a tsunami that killed 2 and injured 28.  Evidence for much larger collapses can be seen in topographic maps of the Hawaiian Islands.
Measuring Slope from maps (see MapSlopeProtocol.doc):

NOTE:  At least 2 landslides with measurable adjacent slopes can be found in the main Hawaiian Islands. One is on the SW side of the big island (156.04W, 19.276N), the other is north of Molokai (156.92W, 21.476N). Two more slides can be found but their adjacent slopes may be more difficult to measure.  The most spectacular of these appears to have removed the entire northeast margin of Oahu (157.7W, 21.6N).  Its debris field includes the massive Tuscaloosa Seamount and extends more than 100 km from the site of slope failure.  A third slide can be found south west of Lanai (157.56W, 20.868N), that may also be difficult to measure the angle of the undisturbed slope. 
6.  Teams of students practice looking for landslides using the flashmap tool (http://earthref.org/SBN/index.html) or using printed maps.  Students earn points for showing the instructor where the contours of the original slope were scooped out by the slide, the contours of the slide and evidence of a debris field.
7.  Once they have demonstrated they can find and describe a slide on the flashmap, students write the MapSlopeProtocol in their journals.  Class discusses the protocol so all teams understand the protocol.

8.  Students then plot the angle of the slope that slid using the protocol.  Once their graphs are completed teams enter their data in the class data table and make a copy of their graph on an overhead transparency.  Teams then report and compare their results.

9.  Stack team overheads so that students can compare team results.  Discuss results.  Are they only steep slopes that have slid?  Can students find slopes near school or home that are steeper than the mapped slides?
Measuring the slope of a real hill (see SlopeProtocol.doc):

10.  Students read and write the slope protocol in their journals. (Or you can give students the tools and have teams devise the protocol.)   Class discusses the protocol so all teams understand the protocol.

11.  Teams of students go to a nearby slope and measure the slope using the protocol.

12.  Students then plot the angle of the slope.  Once their graphs are completed teams enter their data in the class data table and make a copy of their graph on an overhead transparency.  Teams then report and compare their results
Final discussion and assessment activity:

13.  Compare team data and transparencies; discuss differences, outliers and technique.  Once the class agrees on how steep the slope is, compare that measurement to the slopes calculated from the map exercise.  Make clear that different slopes fail (slide) for different reasons – composition, loading, groundwater and undercutting for example. 
14.  Students use the comparison between slopes that have slid and slopes near their home and school.  They then draw diagram(s) and write a paragraph(s) answering the question: does the student think a hill near them is more likely to slide.

NOTE: This is a great place to discuss the differences between slides on volcanic islands and slides on land.  Several things contribute to sliding on volcanic island.  Foremost is that the layers of basalt are deposited gently dipping toward deep water.  While basalt rock is hard, it is also brittle; consequently layered lava flows have many joints and fractures.  The fractured flow can be compared to stacking bricks without cement.  The joints between basalt flows become conduits for water and volcanic fluids that slowly weather the basalt to slippery clay – further destabilizing the island.  Erosion of the surface of the island can deposit huge loads of sediment onto the underwater margins of the island.  These deposits can slowly concentrate the mass of the island on the edges of steep underwater slopes until the underlying slope fails.  Furthermore, volcanic activity can push up the center of the island, inflating it and further steepening the sloping lava flows.  Earthquakes associated with volcanism often trigger these submarine landslides.
 
15.   Homework:  Students measure the slopes near their home and report to the class any additional seismic risk.  This can be expanded into a report.
