Volcanology Unit

California state standards addressed:
Grades 9 – 12 Earth Sciences 3e: Students know there are two kinds of volcanoes: one kind with violent eruptions producing steep slopes and the other kind with voluminous lava flows producing gentle slopes.
Grades 9 – 12 Earth Sciences 3f: Students know the explanation for the location and properties of volcanoes that are due to hot spots and the explanation for those that are due to subduction.

Day 1: Mapping locations of volcanoes and intrusion demonstration
Monday/Tuesday, 90 min

Learning objectives:
· Review latitude and longitude
· Locations of volcanoes
· Earth processes that create volcanoes
· Types of volcanoes
· Anatomy of a volcano

The day begins with a review of latitude and longitude.  Then the students map the locations of several volcanoes (all necessary instructions are given in the student worksheet labeled “Map Instructions”.  The teacher explains that volcanoes are mostly located along plate boundaries.  There are three causes of volcanoes: subduction zones, mid ocean ridges, and hot spots.  The teacher shows animations of these three causes.  The three types of volcanoes are shield volcanoes, stratovolcanoes, and cinder cones.  Finally, compare intrusive vs. extrusive eruptions and explain the difference between magma and lava.  Students learn the names of types of intrusive bodies.  Then the teacher demonstrates intrusion with clear gelatin and dyes. (Demonstration adapted from http://www.spacegrant.hawaii.edu/class_acts/VolcanologyDoc.html)

Materials for mapping exercise:
· PowerPoint (with animations of causes of volcanoes)
· Maps of the world with latitude and longitude grid
· Instructions page with locations of volcanoes
· Rulers

Materials for demonstration:
· Premade gelatin mold (lemon or clear)
· Syringe
· Aluminum pie plate with a hole cut in the middle
· Dye mixed with water or punch
· Knife to cut gelatin open
· Tray to collect liquid

Intrusion Demonstration Instructions
Make the gelatin the night before:
1. Mix 4 packets of unflavored gelatin with 2 cups water in a 2 liter bowl.
2. Stir in 5 cups of boiling water until the gelatin is dissolved.
3. Refrigerate overnight.

In class:
1. Have the students make their predictions while you are setting up the demonstration.
2. Loosen the gelatin from the bowl by dipping it in a larger bowl of hot water.
3. Transfer the gelatin upside down onto an aluminum pie plate with a hole cut in the middle.
4. Place the pie plate on top of two bricks or books and place a tray beneath the pie plate to catch punch that drips out.
5. Fill the syringe with red water or punch and squirt a little out to make sure there are no air bubbles in the syringe because they will fracture the gelatin.
6. Have the students gather around to watch and insert the syringe through the hole in the pie plate into the gelatin and slowly inject the punch into the gelatin.
7. Inject the gelatin several more times allowing different students to give it a try.
8. Ask the students to answer questions 2-4 in their notes.
9. Cut the gelatin in half with a sharp knife.
10. Ask the students to answer questions 5-7 in their notes.

Day 2: Lava flows and viscosity lab
Wednesday/Thursday, 90 min

Learning objectives:
· How lava flows
· Understand viscosity
· Composition of magma
· Volcanic rocks

The lesson begins with a discussion of different types of volcanic rock.  There will be samples of rocks for the students to look at and pass around.  It is helpful but not necessary to have hand lenses or magnifying lenses for a closer look.  There is a worksheet for the students to make observations about the rocks and record them while they are looking at the different rock samples.

Next, the teacher describes the different types of lava flows and shows videos of lava flowing.  The teacher will transition by asking the students why they think some lava flows faster than others.

Then we begin the viscosity lab.  Students should make a hypothesis about which liquids will take longer to get to the bottom of the sports cone.  Then they will use different materials and pour them down the side of the cone.  Ask students to wash the cone off after each material.  Make sure that the same volume is used every time.  They will time how long it takes for the liquid to reach the bottom.  The class will discuss why different liquids take different times.  Finally, they will write a conclusion and include a definition of viscosity.

I made sure to emphasize that viscosity was not the same thing as density.  To help drive the point home, I poured oil, water, and syrup in a graduated cylinder and explained that if density and viscosity were the same thing, water would be the least dense and would have to float on top of the oil, but it doesn’t.

Materials for lab:
· Sports cones (6) – cover the hole on the top where the liquid will be poured
· Trays to collect the liquid
· Several different liquids: peanut butter, syrup, oil, water, molasses
· Stop watches
· Lab report worksheets
· Beakers

Materials for volcanic rock activity:
· Samples of rocks from all three categories of volcanic rocks discussed in the lecture, both intrusive and extrusive (if available, pumice, mantle rock, and other special types of volcanic rocks make the lab more exciting)
· Hand lenses or magnifying lenses

Viscosity Lab:  WARNING: This lab will get very messy!
To set up beforehand, have the materials ready for students to take.  Put the students in groups of 3 or 4.  Pass out the lab report worksheets and make sure the students write a hypothesis before they begin.  Go over the procedure written in the lab report worksheets.  Monitor their progress and when they are done, the students should answer the questions at the bottom of their worksheets, and the class can have a discussion about the results.  If time permits, it would be useful for the students to repeat the procedure as many times as possible and average the results of the trials for each liquid to get a more accurate result.
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Rock Samples Activity:
Collect as many samples of volcanic rock as possible.  Students can be put in groups of 2 or 3 to examine each rock and record their observations on the rock samples worksheet.  Pass out the worksheets, rocks, and hand lenses and go over the instructions written on the top of their worksheet.

Day 3: Video
Friday, 50 min

Learning objectives:
· Visualize aspects of volcanoes that can not be described easily
· Tie aspects together/ review previous lessons

This day can be used to give students an understanding of how volcanoes affect people, what an erupting volcano looks like, the experiences of survivors of large eruptions, etc., or just a different explanation of things that were taught previously.  The purpose is to offer an alternative learning style for students who learn well visually.  

Materials:
· Volcano documentary (National Geographic – Volcano: Nature’s Inferno, Volcano: Fountains of Fire, Nova - In the Path of a Killer Volcano, Volcanoes of the Deep Sea, etc.)

National Geographic – Volcano: Nature’s Inferno
	This 60-minute presentation takes a tour of some of the earth's better-known volcanoes, including Mount Pinatubo in the Philippines and Japan's Mount Unzen. The video includes the history of volcanoes, how they were formed, why some are active or inactive, what triggers lava flows down in the earth's core, and interviews the scientists and volcanologists in their exploration to understand and forecast eruptions that could save human lives and property. And, of course, this documentary is powerful and stark with the photographic footage of the volcanoes and a rich, accompanying soundtrack. by Forrest Spencer, Rovi

Volcano: Fountains of Fire – Hawaii’s Volcano National Park Part 1
This documentary gives viewers a vivid look at footage shot while flying over fiery active volcanoes, erupting lava fountains, a tour of Kilauea Iki crater (including its still-molten floor), and explorations of pitch-black lava caves. (40 min)

Nova – In the Path of a Killer Volcano
This video takes you into the middle of a terrifying rescue scene. Mount Pinatubo in the Philippines is about to erupt. Hundreds of thousands of people live in the middle of the volcano's path. Is there time to safely evacuate the townspeople before the volcano erupts? Nova beautifully captures the fear and astonishing footage of the world's largest volcanic eruption in 80 years. ~ Laura Mahnken, Rovi  (56 min)

Volcanoes of the Deep Sea
During its brief 40-minute running time, the film starts out with a 1977 expedition to find life at the bottom of the sea. At depths as low as 10,000 feet, the discovery proved the existence of underwater volcanoes and the plant life they help sustain. Using the deep-sea diving vehicle known as Alvin, the filmmakers capture large-format film footage of some of these underwater ecosystems along with some helpful CGI reconstructions. Ed Harris delivers the narration. ~ Andrea LeVasseur, Rovi
Day 4: Hazards and benefits including effects on the atmosphere, atmosphere demonstration, and dissolved gases demonstrations
Monday/Tuesday, January 10/11, 90 min     

Learning objectives:
· Understand how volcanoes erupt
· Types of eruptions
· Effects on the atmosphere
· Hazards and benefits

The first part of the lesson is a demonstration of the effects of carbon dioxide and volcanic ash on the atmosphere.  The demonstration starts at the beginning of class, sits outside for the duration of the class, and is completed at the end of class.  Begin by placing a thermometer in each of 4 jars.  One jar is a control, empty but sealed; one is empty and open (just measuring the outside temperature), one jar has dry ice or is one quarter full of a carbonated beverage and shaken (as a source for the carbon dioxide emitted by volcanoes), and the last jar is covered in paper (representing volcanic ash).  Measure the temperature inside the jars (without opening them!) and then place them in the sun for the duration of the class (leave the thermometers in the jars).  Dry ice can be found at certain grocery stores or ice cream shops for $2-4/lb., should be bought the night before and stored in a cooler (not a freezer), and one pound was enough for 5 classes.
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Next, the teacher will begin the lecture: describing different types of eruptions and showing videos of each type, and explaining how the type of eruption determines the shape of the volcano.  The second demonstration shows how gases can be dissolved in a liquid, and when the gases come out of solution, it causes an explosion when the pressure on the liquid is released.  Use a half-filled bottle of soda. Either the teacher or a student shakes the bottle and then suddenly takes the lid off to release the pressure.  Explain that there are gasses that are dissolved in the soda even though we can’t see it, and that magma has dissolved gasses as well.  The amount of gas in magma can determine how explosive it will be.

The final demonstration will involve three glasses with liquids of different viscosities.  Separate the students into groups of 2 or 3 and give each group three 500 mL beakers with straws and place them on newspaper.  One beaker is filled with 100 mL of water, one with 100 mL of oil, and one with 100 mL of syrup.  Ask the students to use a straw to blow bubbles into the liquids and see which one holds its bubbles the longest (syrup).  Explain that more viscous fluids trap more gases.  Increased pressure of trapped gases causes a more violent eruption.  (This demonstration was taken from Holt California Earth Science Teacher’s Edition).  Next, the teacher will present the effects of volcanoes on the atmosphere, followed by a summary of volcanic hazards.  

At the end of class, the jars will be brought back inside and the temperature of each jar will be recorded.  Ask the students to answer the questions on their worksheets and discuss the results at the end.

Finally, ask the students what would happen to the soda bottle if a more viscous liquid was inside that held even more dissolved gases.  Remember that soda has approximately the viscosity of water, so what would happen if molasses or peanut butter was inside instead?

Materials for demonstration 1:
· 4 jars
· 4 thermometers that fit inside the jars
· Dry ice
· White paper
· 3 lids or covers for the jars

Materials for demonstration 2:
· Empty 500mL bottle
· 1 liter of soda

Materials for demonstration 3:
For each group of students,
· 3 clear glasses
· 3 liquids of different viscosities
· 3 straws


Day 5: Predicting eruptions, caldera formation demonstration, historic eruptions, and review jeopardy
Wednesday/Thursday, January 12/13, 90 min     

Learning objectives:
· Formation of a caldera
· Predicting eruptions
· Historic volcanoes 
· Tie everything together

The students will learn how a caldera is formed as an introduction into predicting volcanic eruptions.  The teacher will give a demonstration of the formation of a caldera using a beaker filled with sand with a slightly inflated balloon inside.  The beaker will be placed on a hot plate.  After about 5 minutes, the students can check back and there should be a bulge in the sand.  The teacher can pop the balloon to form the caldera.  This is also to help students visualize inflation and deflation caused by volcanic eruptions.  Next, the students will learn about how scientists predict eruptions.  Finally, there is a lesson on a few of the most destructive eruptions in recorded history.  Class ends with a review game that is described below.

Materials:
· Beaker
· Hot Plate
· Balloon
· Sand

Review Jeopardy
45 min

See accompanying list of questions.  I made a set of note cards with the point value and the category of the question on one side and the question on the other and taped the cards to the white board where the columns are the categories and the point values are the rows.  I wrote the name of the category above the column with the cards in that category.  There are two rounds of Jeopardy plus a final Jeopardy if time allows. The game is played in groups.  The first round has 6 categories and 5 questions in each category worth increasing points from 100-500.  The second round has 5 categories with 5 questions each, worth 200-1000 points.  Points will be added up for correct answers, but there will be no points deducted for incorrect answers.  The final round has one question.  The category will be announced and each group will bid any number of points up to the total amount that they have.  The groups will have one minute to discuss the question and come up with an answer.  Each group will announce their answer and teams with the correct answer will win the number of points that they bid.  The teams with an incorrect answer lose the number of points that they bid.  The winner will be the group with the most points at the end of the final round.

Materials: Note cards with the value of the question on one side and the question on the other.

Rules:
1. If a player raises their hand before the host finishes asking the question, that player will not be able to answer the question.
2. Only one player from each group may raise their hand to answer the question.  If more than one player knows the answer, they should consult one another to make sure they have the correct answer.
3. If a player from a group answers the question but gets it wrong, that group will not have another chance to answer the question.







Alternate Activity: Volcano research project

Learning Objectives: 
· Historic volcanoes

If preferred, this activity can be substituted for one or more of the previous lessons or be in addition to the other lessons.  It should take 4 – 50 min class periods or 2 – 90 min class periods.  Student instructions with an explanation of what they will be graded on are available.

Students (in groups of 3) will research a volcano in the computer lab from the following list:
1. 
2. Vesuvius
3. Stromboli
4. Mt. Fuji
5. Mt. Etna
6. Mt. Rainier
7. Krakatau
8. Mt. Shasta
9. Mauna Loa
10. Tambora
11. Eyafjallajökull
12. Yellowstone
13. Mt. Saint Helens
14. Mt. Lassen
15. Pinatubo
16. Kilimanjaro
17. Redoubt
18. Parícutin
19. Cerro Negro
20. Pelée
21. Nevado del Ruiz


Keep in mind that some of the volcanoes have less information than others, so students may need to substitute interesting facts if they cannot find all of the requested information.



Additional possible activities:

Activity: Predicting Volcanic Eruptions
http://cws.unavco.org:8080/cws/modules/yellowstone/

Activity: Build a Volcano (online)
http://www.mnh.si.edu/earth/main_frames.html
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