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Lab: Magma Viscosity
Viscosity – a fluids ability to resist flow.  A high viscosity means the fluid does not flow easily, a low viscosity means it does flow easily.  Different liquids have different viscosities due to their chemical makeup.  Other factors can also affect the viscosity of certain liquids.
Explosive character – how explosive a volcanic eruption is.  Since we are creating a model, and not observing a real volcano, we will measure explosive character by how much “magma” is ejected from the magma chamber of our volcanos. 

Purpose: The purpose of this activity is to find the relationship between a magma’s mineral composition and its viscosity. The lab will also investigate the relationship between a magma’s viscosity and its explosive character during an eruption.  This will be done by measuring the flow rate and the explosive character of 2 different lava types – a low and a high viscosity magma. 
PRELAB:
1. Name a fluid substance that has HIGH viscosity:

2. Name a fluid substance that has LOW viscosity:
3. What kind of magma (high or low viscosity) do you think will result in the most explosive volcanic eruptions and why?
DATA:

Key:
· Magma #1:      90% Si & O       10% Minerals rich in Mg & Fe
· Magma #2:      10% Si & O       90% Minerals rich in Mg & Fe
Table #1: Relative Color. Label the magmas below with their relative color (Dark, Light)
	
	Magma #1
	Magma #2

	Relative Color


	
	


Table #2: Paper Clip Dropping Results
PREDICTIONS:

· If a fluid is very thick, will a paper clip drop quickly or slowly through the fluid?

· In which magma (1 or 2) will the paper clip take the longest to reach the tube bottom?

	
	Magma #1
	Magma #2
	Magma #1 + Water

	Seconds (s)
It takes to reach bottom
	
	
	

	Relative Viscosity 
(High or Low)
	
	
	


Table #3: Rate of Flow Results

Describe how the viscosity of each magma type will affect the speed with which the liquid flows down the ramp by answering the following questions: 

· If a fluid is thick, will it flow quickly or slowly down the ramp?

· Which magma (1 or 2) will have the fastest speed down the ramp?

	
	Magma #1
	Magma #2
	Magma #1 + Water

	Time (seconds)

	
	
	

	Distance traveled

 (cm to 1 decimal)
	
	
	

	Speed calculation

(Distance/time)

LABEL with UNITS
	
	
	

	Relative Viscosity 
(High or Low)
	
	
	


Answer the following questions AFTER mixing equal amounts of Magma #1 and water and repeating the tests above.

1. How did adding water affect the speed at which the paper clips dropped to the bottom? 



2. How did adding water affect the speed at which the magma moved down the ramp? 

3. Based upon Questions #1 & #2, how did adding water affect the viscosity of Magma #1?

DEMO of Explosive Character
1. PREDICTION: Which magma (1 or 2) will be the most sudden and explosive?  Explain your choice.

2. Complete the following table after watching the “explosiveness” of water vs. a milkshake:

	
	Water
	Milkshake

	Relative Viscosity 
(High vs. low)
	
	

	Based on viscosity, which lab magma, #1 or #2, does the substance represent?
	
	

	Relative ease for bubbles to escape; (Easily vs. only after pressure built up)  
	
	

	Explosive character rating (High vs. low explosiveness)
	
	


Analysis:

1. Viscous magma:

a. Which magma in the lab was the most viscous?  

b. What data/evidence from the lab supports that magma as being most viscous?  (Be specific.)

c. What were the predominant two elements this type of lab magma was made from? (Think of the elements the Karo syrup and the water represented on page 1.)

2. Based on the video, explain the relationship of gas pressure, ease of gas escape and magma viscosity.

3. According to the lab data, what is the relationship between viscosity and explosiveness?  Support your answer with DATA (numbers) from your data tables.

4. Based on flow rate and explosive character, how might the viscosity of lava from a volcanic eruption affect the outcome of an evacuation?  In other words, do you think magma (#1 or #2) would be the most difficult to evacuate in time?  EXPLAIN.  (NOTE: There isn’t one right answer, as long as your answer is supported by thoughtful and logical reasons.)

5. Scenario Based Upon Your Results: 
a. If you added water to Magma #2, how would the viscosity be affected? 

b. Reorder the magma types listed below from most viscous to least viscous: 

Magma #1

Magma #2
 Magma #1 + Water
Magma #2 + Water

c. What would you need to do to the least viscous magma listed above in order to make it more viscous? 

Lab: Magma Viscosity –PROCEDURE PAGE
Pre-Lab – Making the “lava”

· Karo Syrup (representing quartz & feldspar)
· Water colored with black food coloring (representing minerals high in Fe & Mg)
· 2 Large Beakers

1. In one of the beakers, make a magma that is 9/10th  quartz & feldspar and 1/10th minerals rich in Fe & Mg.  Stir until smooth.  
2. In the third beaker, make a magma that is 1/10th felsic minerals and 9/10th mafic minerals.  Stir until smooth.  
Part 1: Relative Color
1. Complete Table #1 comparing the relative colors of the 2 types of magma.
Part 2: Paper Clip Drop
Materials for Part 2
	· 3 Test Tubes
	· 9 small paper clips
	· Stop Watch

	· Test Tube Rack
	
	


1. PREDICT on DATA SHEET: Complete the Prediction on your Data Sheet before proceeding.

2. Gently swirl or stir the 2 magmas in their beakers.  

3. Fill each test tube with a different “magma” to 1 inch below the top of the tube.

4. Drop 1 paper clip into the 1st magma and time how long it takes to fall as follows:
a. Have 1 group member hold the clip at the surface of the liquid and release it.

b. When it is completely below the surface, another member start time.

c. The stopwatch should be stopped as soon as the clip touches the bottom.

5. Record the results in Table #2

6. Based on the drop rates, determine which magma appeared to have the highest and lowest viscosity.

7. Put tubes in “disposal” rack. Do NOT pour magma back into beakers.

Part 3: Flow Rate

· Textbook or binder

· Plastic wrap or aluminum foil

· Marker
· 3 spoons

· Stop watch 

· Ruler

1. PREDICT on DATA SHEET: Complete the Prediction on your Data Sheet before proceeding.
2. Set up a ramp at your table using a binder or textbook.  Cover your binder or textbook with plastic wrap or aluminum foil to keep it from getting dirty and to make clean up easier.

a. Extend the plastic wrap or aluminum foil past the book onto the table in case something runs off the book.

3. Near the top of your ramp, mark 3 separate starting lines with a marker.
4. Collect a spoonful of each type of lava. 
5. Plop one of the lava samples down at the top of the ramp at one of your start lines.
6. Get out a stopwatch and allow the lava to flow down the ramp for 2 minutes.

7. Measure the distance the lava has flowed from the start line to its current location in centimeters.

a. NOTE: you may want to mark the point with your marker to make measuring easier.

b. NOTE: If the lava flows reaches the bottom of the ramp before 2 minutes is done, you use the time and the distance to the bottom of the ramp instead – be sure to make a notation of the time in your data table if you need to do this.

8. Calculate the flow rate of the lava by dividing the distance it traveled by the time it took to travel that distance.
9. Repeat for the other lava type.

10. Based on the flow rates you found, rate each lava as having either a high and low viscosity 
PART #4 Explosive Character:

· THIS WILL BE DONE By the Teacher, either

· AS A DEMO by the teacher, or
· VIDEO CLIP: Magma Viscosity, Gas Content, & Milkshakes, 5min 15sec: https://www.youtube.com/watch?v=2iaqE0xmsHI
	· 2 types magma

· Plastic bin (to catch “explosion”)

· 2 large (10ml) droppers or pipets

· Spatula
	· 2 Dixie cups, each with 15g baking powder

· Two 50 mL Erlenmeyer flask 

· Test tube/beaker with Vinegar


1. PREDICT on DATA SHEET: Complete the Prediction on your Data Sheet before proceeding.
2. In each of the 2 small Erlenmeyer flasks, pour one of the 15g samples of baking powder.  Shake the flasks to flatten out the layer of baking powder.
3. In each Erlenmeyer flask, slowly fill it to the brim with each of the types of lava, covering (without disturbing if possible) the baking powder.  
4. Fill a dropper with as much acetic acid (vinegar) as you can.
5. Place one of your “volcanoes” (flasks) in the plastic bin.  Insert a dropper filled with vinegar into the bottom of the volcano (NOTE: You WON’T remove the dropper until the reaction is over.)  

6. When ready, squeeze the dropper to release the vinegar into the baking soda, causing the production of carbon dioxide gas.  Observe the volcanic eruption.**DON’T REMOVE THE DROPPER.
7. Measure the amount of lava ejected from the volcano by seeing how much lava remains in the Erlenmeyer flask and subtracting that from the original amount. (Originally, the Ehrlenmeyer flask would have held approximately 60ml)
8. Repeat for the other lava type.

9. Based on the amount of lava ejected from each volcano, include a column in your table for explosive character.  Rate each volcano as having either a low, medium, or high explosive character (refer to our definition of explosive character up top).
10. Clean up your table.  
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