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Hawaiian Islands: Erosion and Giant Landslides
Student Handout
Why? The Hawaiian islands and Emperor Seamounts form an impressive 6,000 km-long chain of volcanoes in the Pacific Ocean. Using land elevation and seafloor depth data, the size, shape, and erosional characteristics of the volcanoes help us to understand the nature of the chain. We compare that evidence to the widely-held view that the volcanoes formed over a hotspot. 

Structure of GeoMapApp Learning Activity: As you work through the GeoMapApp learning activities you’ll notice a box, (, at the start of many paragraphs and sentences. Check off the box once you’ve read and understood the content that follows it.  Doing so will help you keep your place on the worksheet as your attention moves back and forth between your computer screen, your instructions, and your answer sheet.  This ( symbol indicates that you must record an answer on your answer sheet. Action steps are numbered like this: 15. (   Questions are lettered and indicated by the ( symbol, like this: 15a. ((.
Learning Outcomes: By the end of this lesson, you should be able to:
· ( Analyze elevation maps of Hawaiian islands and seamounts and distinguish areas above and below sea-level.

· ( Create topographic profiles and characterize the main features of the profiles.

· ( Recognize the surface expression of erosional features and landslides in on-land and underwater settings.
· ( Examine map-based evidence of erosion and infer a logical sequence of events.

1. ( The NASA Blue Marble image of the earth shows the appearance of Earth from space. We see the land and oceans of our home planet as if we were looking with our own eyes from a spaceship. We call this a true-color image. In this image, the world beneath the ocean waves is largely invisible. Later in this activity, we’ll analyze sonar data that allows us to look at features on the seafloor.
( In GeoMapApp, load the Blue Marble image: Go to the Basemaps tab, select Global Maps, NASA Visible Earth (Blue Marble Imagery) and choose July. 
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2. ( With the zoom tool turned on, click two or three times on the north Pacific Ocean. Then, to refine the area being viewed, place the cursor roughly at 175oW, 28oN and draw the zoom box to 153oW, 17oN. Remember that these longitude values are West of the Prime (Greenwich) Meridian. This will zoom the image to the region of Hawaii as shown in the picture to the right. 
3. ( ( The Hawaiian islands are in the lower right corner of the map. Describe the color of the islands. You may need to tilt the computer screen to provide a better viewing angle. 
4. ( ( Describe the ocean color in the vicinity of the islands.
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5. ( In the Layer Manager window, slide the opacity bar for the Blue Marble image to the left and right. Doing so reveals the underlying falsely-colored image of the GeoMapApp elevation base map which shows the shape of the planet as if there was no ocean water.
6. ( ( In the vicinity of the islands, do the areas of ocean that have true-color shades of light blue correspond to obvious features underwater?
7. ( In the Layer Manager window, click the [image: image2.bmp] button to get rid of the Blue Marble image. 

8. ( An elevation profile – also known as a cross-section or transverse section – allows us to obtain a different view of a feature. It lets us look at the physical outline as if we had sliced the object so that we can look inside.
9. ( Below, is an example of an elevation profile (a cross-section view) taken across the Hawaiian island of Oahu. That island is where Honolulu – Hawaii’s state capital – is found. 

[image: image3]
9a. ( Sea-level, defined as having an elevation of 0m, is shown as the solid red line. Elevations above sea-level are typically defined as being positive upwards. Land is generally – but not always – above sea-level so land elevations are usually given as positive numbers.
9b. ( Elevations below sea-level are called depths and usually defined as being negative downwards. 
9c. ( In a coastal region, the total range of elevation is the sum of the highest land height and the lowest ocean depth. That is, the elevation range is the sum of the absolute values of the elevation extremes.
10. ( Time for you to create your own profile. In the GeoMapApp tool bar, click the profiling button, [image: image4.bmp]. This will load the elevation grid and activate the profile tool. You may have to wait a few seconds for this to happen.

11. ( You are going to create an elevation profile across the Big Island of Hawaii. Place the cursor on the map at 156.6oW, 18.2oN. Click on the map and, keeping the click button depressed, drag the cursor to 154.2oW, 21.0oN. Release the button and the elevation profile will appear in a new window. Your profile should look like the one below. Note the tremendous width (about 175km) of the volcanic island.
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11a. ( The profile across the Big Island is drawn on the answer sheet as profile 1. 
11b. ( ( On Profile 1 on your answer sheet, use a colored pencil to draw sea-level. Also shade the area of the island that is above sea-level. Now look carefully at the profile and Y-axis scale to estimate the height of the highest point of land above sea-level. Write the value in the appropriate box for Profile 1 (Big Island) in the table on your answer sheet. Look again at the profile and estimate the depth of the deepest seafloor. Write that value in the table. Calculate the range of elevation and insert the number in the table.
11c. ( The map below shows the location of profile lines 1 (Big Island), 2 (Maui), 3 (Oahu) across the islands as well as profiles 4 and 5 that are taken further along the volcanic chain.


[image: image6]
11d. ( ( As you did for the Big Island, study the profiles for lines 2, 4 and 5. On each profile, use a colored pencil to draw sea-level and shade the area of the island that is above sea-level. Estimate from the graphs the elevation of the highest and deepest parts of each profile (for profiles 2, 4 and 5). Calculate the range of elevation and write all of the values in the table on your answer sheet.
12. ( ( Use the profile information from the table as well as the shapes of the profiles themselves to describe how the shape and elevation range of the volcanoes change along the chain.
13. ( In the Global Grids window, click the [image: image7.png]Close



 button to dispose the elevation grid.

14. ( The Big Island of Hawaii is centered at 155.5oW, 19.7oN. Zoom in to the Big Island to a zoom factor of about 250 (the zoom factor is displayed in the upper right corner of the GeoMapApp window). 
15. ( ( Which one of the following words best describes the overall surface texture and general surface features of the Big Island? Smooth or Rough.
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16. ( Click the pan button, [image: image8.bmp], and move the GeoMapApp map to the next group of islands to the NW centered at 157oW, 21oN) – a cluster of four islands, Maui, Lanai, Molokai and Kahoolawe. See sketch map to the right.
17. ( ( Look carefully at the northwestern promontory of Maui (156.6oW, 20.9oN) and the island of Lanai (centered at 156.9oW, 20.8oN). Both areas display numerous deeply-incised ravines. What does this tell us about the amount of erosion, and what could be the agent of erosion? 
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18. ( ( Now pan slightly towards the NW so that the islands of Molokai (centered at 157oW, 21.2oN) and Oahu (centered at 158oW, 21.5oN) are both displayed on the GeoMapApp map. (See sketch map to the right.) Write your evidence that active erosion is also occurring on the islands of Molokai and Oahu.
19. ( ( Look carefully at the shallow offshore regions around the coastlines of Molokai and Oahu. On the GeoMapApp map, these shallow areas are represented by shades of white and pale pink. Make a note of any features in these offshore areas that look similar to the ravines on the islands. Describe if there are obvious connections between the ravines and canyons on land and similar features below sea-level.
[image: image13.jpg]


20. ( Look to the area on the deep seafloor directly north of Molokai and NE of Oahu. Many large blocky mounds and hummocks disturb the otherwise smooth deep ocean floor. A particularly pronounced block near 157oW, 22oN is estimated to have a gigantic volume of 5,000 km3 – about enough material to completely fill up the entire Grand Canyon! Amazing! These blocks and hummocks are the remains of underwater landslides that occurred around 1.4 mya; in this case they are thought to have been individual fast-moving debris avalanches where the flank of a volcano suddenly experienced catastrophic failure. Some gravel deposits were dumped 105,000 years ago on the island of Lanai by a tsunami produced by a huge landslide on from the Big Island’s Mauna Loa volcano which lies about 300km away! The resultant tsunami wave was GIANT – depositing the gravel 326m above sea-level!!! In other parts of the Hawaiian chain, landslides are produced by smaller-scale slumping events that result in less blocky terrain.
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21. ( ( Pan to the NW to locate the island of Kauai (centred at 159o30’W, 22o10’N) and examine the seafloor to the north and to the south of the island. Is the deep seafloor very smooth or does it exhibit another texture? Compared to the features seen off Molokai and Oahu, is there evidence of landslide activity?

22. ( ( Continue panning to the NW to locate the flat-topped underwater features. These are called seamounts (large ‘underwater islands’). Is evidence of erosion still clearly displayed or does it seem more muted?
23. ( Our working hypothesis is that the volcanoes that make up the Hawaiian islands and seamounts are thought to have formed at a mantle hotspot that pierces the Pacific plate. We can picture this by imagining a stationary candle and, above it, we move a piece of paper in a constant direction. The candle burns a straight line through the paper. Don’t try this at home! The Hawaiian hotspot currently lies just off the southeastern edge of the Big Island. The Pacific plate moves in a northwesterly direction as it overrides the hotspot. This means that the age of the volcanoes and seamounts increases – the volcanoes get older – the further we are from the hotspot. 

24. ( ( Remember the shapes of the profiles taken earlier, and the observations we made on erosion and landslides? Assuming that the hotspot formation hypothesis is correct, and the volcanoes are older towards the NW, we would expect the amount of erosion, the shape of the islands and the occurrence of landslides to change along the chain. Explain if our observations are consistent with this model.
25. ( By carefully piecing together evidence from different lines of enquiry, as we have done in this activity, we build and test a model – a hypothesis – that best explains our observations. This process can take years, even decades!, and is all part of the scientific method. It may take a while to accomplish, but the results can be exciting!
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