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Why? The Pacific plate is the largest tectonic plate on the globe. One of its most striking features is the 6,000 km-long Hawaiian-Emperor Seamount chain. We use the ages of volcanic rocks to study the history of the chain, its formation above a hotspot, and motion of the Pacific plate over the last 70-80 Ma. Students are encouraged to think about the timing and nature of the distinctive bend in the chain. 
The Hawaiian Islands are just one small part of a very long chain of islands and extinct underwater volcanoes. The accepted explanation of the formation of the Hawaiian-Emperor seamount chain is that of motion of the Pacific plate over a stationary hotspot. In this activity, the dated ages of volcanic rock samples supports the hotspot formation model. Age and distance data are used to calculate the rate of plate motion, and the timing of the bend in the chain is considered in context of the collision of the Indian and Asian plates. 

Red text provides pointers for the teacher. Each GeoMapApp mini-lesson is designed with flexibility for curriculum differentiation in mind. Teachers are invited to edit the text as needed, to suit the needs of their particular class.

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 activity, you should be able to:
· ( Analyze data related to the age of volcanic rocks

· ( Calculate the speed of plate motion using age and distance data

· ( Analyze and compare speeds at different times in Earth’s history

· ( Speculate about the effects of tectonic activity on plate motions

· ( Assess evidence for the hotspot volcano formation model

· ( Load and explore data tables in GeoMapApp

· ( Use the distance profiler tool in GeoMapApp
1. ( Start GeoMapApp. 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 168oW, 25oN and draw the zoom box to 153oW, 18oN. This will zoom the image to the region of Hawaii.

2. ( We are going to explore a data set that tells us the age of volcanic rocks collected from the Hawaiian islands and seamounts. The ages are determined using complex radiometric age-dating techniques. Click on the following menu options to load the data set: Datasets -> Volcanoes and Seamounts -> Ages of Pacific islands and seamounts: Clouard and Bonneville 2005. The map [image: image6.jpg]Ma
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changes size and the data table is displayed below the map. Use the cursor to widen the middle (third) column which lists the Average Age (Ma) and the fifth column which lists Name. The grey symbols on the map give the location of each data point that is listed in the table. When one of the grey dots on the map is clicked, the relevant data record is highlighted in the data table below the map. This allows us to quickly find information associated with each of the symbols.
3. ( ( Starting at Loihi seamount near the southeastern edge of Hawaii’s Big Island, click on each of the symbols on each of the islands. Read the average age from the data table and write each average age in the appropriate space on the map on your answer sheet. (On the map on the answer sheet, you will see “Ma”. It stands for mega-annum. It is the scientific abbreviation for million years. Example: 2 Ma means 2 million years.)
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Average ages start at about zero which indicates current volcanic activity on the Big Island, and they progressively increase to the NW, reaching 1.8 Ma (million years) at Molokai, 2.6 Ma at Oahu, and 5.1 Ma at Kauai. For each locality, the age is the average obtained from analyzing many rock samples. On the Big Island, the location with current volcanism is Kilauea, site of intense volcanic study. The location south of the Big Island, Loihi seamount, is an underwater volcano that is also actively erupting. It is assumed to lie over the location of the hotspot. A USGS publication (http://pubs.usgs.gov/gip/117/gip117.pdf) provides excellent photos, images and explanations of Hawaii volcanism. Note that the ages on the map are not perfectly linear. This is a good example of how variable and complex is real-world geology. Overall, we find a trend of progressively older ages towards the NW.
4. ( ( Continue clicking on the age symbols for the next one or two seamounts towards the northwest beyond Kauai. Are these ages progressively younger or older than on the islands?
The ages of the seamounts progressively increase to the NW. For example, at La Perouse Pinnacle (at 166o15’W), the data table shows that age of the volcanic rocks is about 12 Ma. The word “seamount” is given to an underwater mountain that is more than 1000m tall but that does not come above sea-level. Seamounts are usually extinct volcanoes. Seamounts in the Hawaiian-Emperor chain were formed by volcanic eruption over the hotspot and many of the seamounts probably built up higher than sea-level to become island, like the present day Hawaiian islands. Erosion and landslides whittled them down until their tops lay below sea-level. 
5. ( ( Our working hypothesis is that the volcanoes that make up the Hawaiian islands and seamounts are thought to have formed at a mantle hotspot burning through the Pacific plate (see image at right). 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. On your answer sheet, explain if the age progression of the volcanic rocks is consistent with this model.
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Consistent! The hotspot currently lies about 35 km off the SE coast of the Big Island. Ages should increase towards the NW, away from the hotspot, and this is indeed what we see. One way to have students conceptualize the action of the hotspot on the overriding plate is to have one student hold a red marker pen vertically with the tip pointing upwards, and have another student move a piece of paper over the pen in a constant direction. The resultant red line drawn on the underside of the paper is analogous to the line of volcanoes formed by the hotspot.
6. ( Click the [image: image2.bmp] button in the toolbar to activate the distance/profiling tool. You may have to wait a few seconds for the tool to activate. 
7. ( In the Layer Manager window, use the up arrow on the right to move the Data Table to the top of the list. This once again overlays the age dots on the map.
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8. ( ( Place the cursor on Loihi seamount. Click and drag the cursor towards Kauai. As you drag the cursor, look in the upper right corner of the GeoMapApp window. The distance of the cursor from the start point is displayed there. It is given as the corresponding distance that the cursor would have moved across Earth’s surface. The units are kilometers. Drag the cursor all the way to Kauai and write this distance on your worksheet. Also, from the data table, write down the age of Loihi seamount and of Kauai.
Even though the student moves the cursor only a few inches on the computer screen, the distance displayed in the upper part of the GeoMapApp window is the corresponding distance across the surface of Earth. The distance between Loihi and Kauai is about 560 km, and the ages are 5.1 Ma for Kauai and 0 Ma for Loihi. Loihi is currently right above the hotspot.
9. ( ( The island of Kauai once sat above the hotspot, just as Loihi seamount does today. The motion of the Pacific plate has carried Kauai far away from the hotspot. It took a long time to move Kauai from the hotspot to its present location. How long?
5.1 Ma.
( To determine the rate at which the Pacific plate is moving over the hotspot we divide the distance the seafloor moved by the time it took to move from place A to place B.

The average speed of motion is given by:
Distance moved by Pacific plate / time it took to travel

( A large distance in kilometers and a time span in millions of years are quite hard for us to grasp. The large scales are easier to understand if we convert to units that are more familiar to us. We can convert from kilometers to millimeters and from millions of years to years. 
( There are 1000 mm in 1 m, and there are 1000 m in one km.  There are, then, 1 million mm in 1 km. So, for example, there are 100,000,000 mm in 100 km.

( Example: If a tectonic plate moved 100 km in 10 Ma, the average speed of motion can be calculated as

(100 km / 10 Ma) = 100,000,000 mm / 10,000,000 years = 10 mm/yr

10. ( ( Use the ages of Kauai and Loihi and the distance between them to calculate the average speed at which the Pacific plate has carried the Kauai volcano away from the hotspot. 

Age difference is 5.1 – 0 = 5.1 million years. Distance is about 560 km. Using average speed = distance/time, we derive an average speed of about 560 km / 5.1 Ma = 560,000,000 mm / 5,100,000 years = 110 mm/yr. 
11. ( ( Other data sets and other lines of evidence show that the Pacific plate moves about the length of one hotdog each year in a northwesterly direction. Does your calculated value agree or disagree with this rate?

It agrees: a hotdog is about 4-5 inches long (= about 100-125 mm). 
12. ( ( La Perouse Pinnacle seamount is located at 166o20’W, 20o35’N. Identify its location on the map on screen. Find its age from the data table by clicking on the symbol at that point. Write that age on the answer sheet. Place the cursor on Loihi seamount. Click and drag the cursor to La Perouse Pinnacle. Write this distance between these two locations on your worksheet.
Average age at La Perouse Pinnacle is 12 Ma. Distance is about 1250 km.
13. ( ( Use the ages of La Perouse Pinnacle and Loihi seamount and the distance between them to calculate the average speed of motion of the Pacific plate between the two locations. How does this speed compare to the one calculated for Loihi-to-Kauai – are they similar or different? What does this tell us about the rate of plate motion over this time span?

Age difference is 12 – 0 = 12 Ma. Distance is about 1250 km. Like before, we use the equation speed = distance /time, and derive an average speed of about 104 mm/yr. We could repeat this procedure for other islands and seamounts and would find that the motion of the Pacific plate has been remarkably constant at around 100-110 mm/yr for approximately the last 30-40 Ma.
14. ( Exit GeoMapApp by clicking the [image: image4.bmp] button in the upper right corner.

We need to de-activate the distance-profiling tool and zoom out to a larger region. The easiest way to do this is to kill GeoMapApp and then restart the program.

 ( ( Restart GeoMapApp. Activate the zoom button and click twice on the north Pacific area to zoom in. The whole of the Hawaiian-Emperor seamount chain becomes visible. What are the most striking features about the volcanic chain?
The chain has a distinctive bend halfway along, separating two remarkably straight arms. The Hawaiian islands and seamounts trend roughly southeast-to-northwest and the Emperor seamounts trend almost south-to-north. 
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15. ( ( Re-load the data set of the age of volcanic rocks: Datasets -> Volcanoes and Seamounts -> Ages of Pacific islands and seamounts: Clouard and Bonneville 2005. Click on the age data symbols on the map to find the age of the oldest volcano in the Hawaiian-Emperor chain. Where is this volcano located along the chain? Describe if its position in the chain make sense compared to the motion of the Pacific plate over the hotspot.
The oldest volcano, called Detroit(1203), is about 76 million years (Ma) old. It is at the far northern end of the chain, close to the Aleutian arc. Assuming that each volcano in the chain formed at the present day hotspot and then moved away, we expect that the oldest volcano is furthest from the hotspot, as we see here.
16. ( ( How long has the hotspot in the vicinity of Hawaii been active? 
Assuming that the Hawaii-Emperor chain formed by moving over one hotspot, that hotspot must have been active for at least 76 million years which is the age of the oldest seamount. Note, however, that activity could have been going on for longer with older seamounts having been subducted beneath the Aleutian arc and Kamchatka area..
17. ( ( Click on the symbols to estimate roughly how long ago did the bend on the Hawaiian-Emperor seamount chain occur. Write the age estimate on your worksheet. Explain how you deduced the value. 
Some time between 41.5 and 47.3 mya (million years ago). We estimate this by looking at the age data on the now-extinct volcanoes bracketing the bend.
18. ( ( The bend in the Hawaiian-Emperor seamount chain is a major feature on the earth’s solid surface. It probably resulted from some major plate tectonic event. Relative to the hotspot, in which direction was the Pacific plate moving at about 60 mya (million years ago)? And, in which direction is the plate moving today? Suggest an explanation for the change in plate motion direction. 

About 60 mya, the plate was moving in a northerly direction relative to the hotspot. Current the plate is moving in a northwesterly direction. The bend correlates roughly – within a few million years – with the drastic change in spreading rate observed between the Australian and Antarctic plates. (See the GeoMapApp Learning Activity on seafloor spreading.) We think that there was a major change in the organization of global plate motions around 45-55 mya. One common explanation is that the bend is related to the slightly earlier collision of the Indian and Eurasian plates that began forcing up the huge Himalayan mountain range. Another explanation could include a temporary locking of the subduction process in the NW Pacific. Yet other scientists suggest that the hotspot has actually moved with respect to the mantle and that motion of the hotspot within the mantle is the prime cause of the bend. Whilst a fixed hotspot model and the India-Asia collision tend to be the favoured reason, a combination of the possibilities could be used to explain what we see today.
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