Hot Spots!

Dr. Leslie Sautter, Department of Geology, College of Charleston, SC

Focus Questions
How is a chain of volcanoes formed by a hot spot?  How can plate rates be determined from chains of volcanoes?
Activity Synopsis

Students create a model of a plate (a small window screen) that moves across a mantle plume of magma called a hot spot (can of shaving cream).  As the model’s “plate” moves, the “hot spot” will have periodic eruptions which form volcanoes. Students will observe the volcanoes forming and determine the age relationships of the volcanoes as compared to the distances from the hot spot.  They will relate the volcano formation with the formation of the Hawaiian Island chain of volcanic islands and seamounts.

Time Frame

20 minutes
Student Key Terms

· mantle plume

· hot spot

· magma

· plate

· seamount

· volcanic island

· guyot

Objectives

The learner will be able to:

· identify how volcanoes form on a plate that is moving over a hot spot.
· model the movement of a plate over a hot spot.
· determine the relationship of volcano age and its distance from the hot spot.

· relate the modeled volcano formation to the formation of the Hawaiian Islands
Fifth Grade Standards Addressed

Science Standards


IIIA2a,b,c

Background

Relevant pages in:

Keener-Chavis, Paula and Leslie R. Sautter. 2000.  Of Sand and Sea: Teachings from the Southeastern Shoreline.  S.C. Sea Grant Consortium, Charleston, SC, pp. 7-15.

Key Points

Key Points will give you the main information you should know to teach the activity.

· Hot spots are sources of rising heat beneath the earth’s lithosphere in the mantle that result in the development of huge magma chambers.

· If volcanoes are formed on the seafloor they are called seamounts.  

· If a seamount becomes large enough to grow above sea level, we refer to the seamount as a volcanic island.  

· If the top of a seamount is flattened by the erosion of waves, it is called a guyot.

· The islands of Hawaii were each formed by the same hot spot as the Pacific Plate moved across the hot spot.
· There is recent evidence that hot spots are not completely fixed to one location through time, however, the general concept of this activity is still very plausible.
Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

In this activity, students will create a model that shows the development of a chain of volcanic islands formed by a moving plate over a “hot spot.”  Hot spots are sources of rising heat beneath the earth’s lithosphere that result in the development of huge magma chambers, or magma plumes.  Because of magma’s lower density, it rises through the overlying denser rock and periodically reaches the surface of the earth.  When the magma erupts (becoming lava), a volcano is born.  Over millions of years these volcanoes grow from repeated eruptions, adding layer upon layer of newly formed igneous rock, specifically, basalt.  Often these hot spots are found beneath the sea floor’s oceanic lithosphere and produce underwater volcanoes called seamounts.  If a seamount becomes large enough to reach above sea level, we refer to the seamount as a volcanic island.  The islands of Hawaii were each formed by the same hot spot.  

Because we are able to use radiometric techniques to date the volcanic rock produced by these hot spots, we have discovered that some volcanic island chains, such as the Hawaiian Island Chain, consist of volcanoes of very different ages.  As the Pacific Plate passes over the hot spot, a volcano is “born” directly above and is active for several million years.  With time and movement of the plate, the volcano is carried far enough past the hot spot location to cause its dormancy and extinction.  As it moves away from its position above the hot spot, the volcanic island cools and contracts, eventually sinking below the ocean waves.  (Erosion by waves of the top of the volcanic island often results in a flat-topped seamount, called a guyot.)  The result is a chain of volcanoes where increasingly older and 
smaller (from contraction and sinking) volcanoes can be found with increasing distance from the hot spot that created them.  Figure 1 illustrates how the passing plate over a hot spot creates a series of seamounts.    
Ancient seamounts that lie beneath the sea surface to the northwest of the Hawaiian Islands are as old as 43 million years.  The following activity will demonstrate how a chain of volcanic islands of varying ages can form.  Far to the northwest of Hawaii lies another chain of seamounts, called the Emperor Seamount Chain.  This chain is oriented north-south and connects to the oldest seamount of the Hawaiian chain.  The ages of the Emperor Seamounts range from approximately 43 million years (the southernmost seamount) to over 65 million years.  These seamounts tell us that the Pacific Plate used to move directly northward, 65 to 43 million years ago, as the hot spot created the chain of seamounts.  Approximately 43 million years ago the plate direction shifted to its current track of heading northwest, forming the Hawaiian seamount chain.
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Figure 1.  Chains of volcanoes form from the passage of a plate over a hot spot.  If the plate is an oceanic plate, as shown above, the volcanoes are referred to as seamounts, and may be volcanic islands, or guyots (see text, above).  The youngest seamount is always directly above the hot spot.  (Figure from Of Sand and Sea, p. 15)
Procedures

Materials

· window screen with frame

· toothpaste – either a tube or the type that stands with the hole at the top 
· watch with a second hand

· masking tape

· pen that can write on the tape

· physiographic map of the seafloor (or of the Pacific Ocean)

Procedure

Part I – the Hot Spot Model

The window screen represents a lithosphere plate and will be referred to as a “plate” and its motion will be referred to as the “plate rate.”

1. One student will be assigned as the volcano-maker.  [If the student is a girl, you may wish to call her, “Pele” – Goddess of the Volcanoes.  If the student is a boy, he could be “Vulcan” – God of Lava].    The volcano-maker will hold the toothpaste tube in one place throughout the activity.  The toothpaste tube is the “hot spot” and the activity simulates that the hot spot is stationary.

2. Two students will hold the window screen, or “plate” above the hot spot so that the toothpaste tube’s nozzle is under one corner of the screen.  In this example, the plate is the oceanic lithosphere – the volcanoes will form on the seafloor as seamounts. 

3. A fourth student is in charge of labeling the volcanoes.  A fifth student is in charge of stating the times of eruption.  Other students should record the times of eruption.
4. Before the plate’s movement is initiated, the teacher should explain that the screen’s motion over the hot spot needs to be very, very slow during the volcano formation.  Five volcanoes will be formed as the plate is moved slowly.  The path will be in a diagonal direction, beginning in one corner of the screen and ending in the opposite corner.

Have students name the plate they are using in the model.
When the plate movement begins, the volcano-maker will gently squirt a small amount of toothpaste (“magma”) so that it “erupts” through the plate to simulate the formation of a “volcano” (or “seamount,” since it’s on the seafloor).  Volcanoes tend to erupt episodically as mantle plumes rise to the surface; so one or two short squirts will be enough.  Students should name the volcano and label it with the masking tape.

5. As soon as plate movement is initiated, the timer should state the starting time so that it can be recorded.  The plate-holding students should begin to move the plate over the hot spot – very, very slowly!  After a few centimeters of motion, Pele/Vulcan should create a second volcano – the time of which should be recorded – while the plate continues to move.  This volcano should be named and labeled.  

Note:  as the plate moves, the speed may vary (real plates do!).  Also, the volcanoes do not need to be evenly spaced.  Pele/Vulcan should be encouraged to vary the timing of eruptions.

6. The plate should continue to move slowly towards the farthest corner opposite of the starting point and Pele/Vucan should form three more volcanoes (age and name should be recorded and labeled).  When the far corner is reached, there will be five volcanoes, each formed at a different time, with varying distances between each pair of volcanoes.

7. Students should then answer the questions on the Student Sheet, based on their observations.

Which volcano is oldest?  Which is youngest?  Where is the hot spot now?  Label the hot spot.

8. Using the time (seconds) you recorded for each volcano, figure out the ages of each.  BE CAREFUL – REMEMBER WHICH VOLCANO IS OLDEST!!  The age of each volcano is actually the total elapsed time minus the time it formed.  


volcano age  =  total elapsed time – time of volcano formation
9. Note that real volcano ages are determined by dating the ages of the rocks and do not use this method at all!
So, if the elapsed time for the formation of all five volcanoes was 90 seconds, then the first volcano’s age is 90 seconds – 0 seconds = 90 seconds (i.e., it is the oldest of the modeled volcanoes).  The last volcano’s age is 90 seconds – 90 seconds = 0 seconds (i.e., it is the youngest).
10. Label the ages in seconds on the masking tape (or add another piece of masking tape).  


11. Calculate the rate (R) of the model plate’s motion between each pair of volcanoes.  For example, students will measure the distance between the first two volcanoes (D) and they will determine the time elapsed between the formation of the two volcanoes (T).  The units will be cm/sec. 
The physical relationship being used is, simply, speed (rate).
R = D/T

12. Students should create a data table that includes the following for each of the 5 volcanoes: 
· volcano name
· distance from the hot spot
· age of volcano
· plate rate during volcano’s formation (note that the plate rate during the formation of the first volcano cannot be determined so the table should have a blank place)

13. Students should graph the relationship of their volcanoes using axes of “distance from the hot spot (cm)” on the y-axis and “age of volcano (sec.)” on the x-axis.  They should examine their results and interpret what the different slopes of the line segments between points represents.  The slopes of these segments represent the variations in plate rate, where the steeper slope is the faster rate. 

14. Students should then use their notes, table and graph to answer the questions on the Student Sheet.

Part II – the Hawaiian Islands/Seamount Chain
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from: http://www.colorado.edu/geography/cartpro/cartography2/spring2001/campbell/final/front_pg.html
1. An excellent website has been generated by James Campbell related to the Hawaiian Hot Spot.  (figure above is from this site) 
http://www.colorado.edu/geography/cartpro/cartography2/spring2001/campbell/final/front_pg.html
2. Students should examine the web site and study the animation of the formation of the Hawaiian-Emperor Seamount Chain.  They should research the formation ages (in “millions of years ago,” or “Ma”) of the oldest and youngest of the Emperor Seamounts, and the oldest and youngest of the Hawaiian Seamount Chain.  They should also research the direction of the Pacific Plate’s motion over time.
3. Following their research, students should complete the Student Sheet for Part II.
Assessment

1. Students should be able to apply the knowledge gained from the model activity to the real world.  They should be able to write a short explanation as to how the Hawaiian Island Seamount Chain was formed.  

2. Students should also explain how the formation of the Emperor Seamount Chain differed from the formation of the Hawaiian Island Chain.
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COASTeam Aquatic Workshop Curriculum Development Team: Katrina Bryan, Jennifer Jolly Clair, Stacia Fletcher, Kevin Kurtz, Carmelina Livingston, Leslie Sautter, and Stephen Schabel

Student Sheet – Hot Spots!
Part I – the Hot Spot Model
1. Explain what the tube of toothpaste represents in your model.

2. Explain what the window screen represents in your model.

3. Explain what is being simulated as the window screen is moved across the stationary tube of toothpaste.

The following questions relate to the graph you have produced from the hot spot model activity.  Be sure to attach your graph when handing in the student sheet.

4. Which volcano is oldest (refer to by name)? _____________________________
Which volcano is youngest? _____________________________


5. a.  Between the formation of which two volcanoes (refer to them by name) was your plate rate the fastest?  

Between _______________________ and ________________________

b.  How can you tell which rates are faster by looking only at the graph?

c.  Between the formation of which two volcanoes (refer to them by name) was your plate rate the slowest?  

Between _______________________ and ________________________

On earth, plate rates vary tremendously, and range between 0 and 10 cm/yr.  Volcanoes erupt for thousands to millions of years as the plate moves slowly across the hot spot. Many hot spots do not move and are active for tens of millions of years.

6. Proceed with Part II of the activity, then complete the Part II Student Sheet.

Student Sheet – Hot Spots!

Part II – the Hawaiian Islands/Seamount Chain
The following questions relate to the Hawaiian Hot Spot.
1. Where is the hot spot located with respect to the Hawaiian Islands (specifically)?

2. In which direction is the Pacific Plate currently moving?  How do you know?

3. In which direction did the Pacific Plate move 55 million years ago?  How do you know?

4. At what time did the direction of the Pacific Plate’s motion change?  How do you know?

5.  A new volcano is being formed.  Where is it located (in comparison to the existing Hawaiian Islands)?

From COASTeam Aquatic Workshops: Oceans (Grade 5); a joint effort between the S.C. Aquarium and The COASTeam Program at the College of Charleston – funded by S.C. Sea Grant Consortium.

