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Purpose:  Upon the completion of this lesson the student will be able to describe the relationship between the mantle and the crust through isostasy and predict the effect different surface features would have on the depth of the crust in the mantle.  Students will use gravity data maps to identify areas where the crust and mantle have not yet adjusted to reach isostasy.

1) Background:  In middle school Earth science, students learn about the layers of the Earth and the interaction between the layers through plate tectonics and isostasy.  Isostasy occurs when the crust of the planet adjusts to changes in mass over time by rising or sinking in relation to the mantle.  Isostasy occurs on both Earth and Mars.  However, the crust on Mars is much cooler and more rigid.  Current technology on the Mars Global Surveyor is being used to explore the surface features on the crust of Mars, and it will be used by scientists to create an understanding of the internal processes and history of the planet.  

Student Background: Before this lesson, students should be familiar with the layers of the Earth and the concept of density specifically that less dense objects will float.  Students should also have a basic understanding of Mars as the fourth planet from the sun. Mars is similar to Earth in land area, crustal composition, and surface features.  Humans have not traveled to Mars, but instead they learn about Mars through remote sensing technology

1) Preparation:  Students will need: a metric ruler, container of water, a wood block, 20 washers, a triple beam balance, calculator (optional), student data sheet, and Olympus Mons gravity anomaly map.  The teacher will need a container of ice frozen solid and a metal container with hot water for a demonstration.  For this activity, students should work in cooperative groups of three or four students depending on class size.  This lesson should require 60 minutes.

Procedure: 

2) Students should each use a scrap sheet of paper to first draw a landscape cross sectional view (mountains, valleys, craters).  Then students should be instructed to draw the boundary between the crust and the boundary.  The teacher should ask the question “Do you think that the features on the surface affect the depth of the crust in the mantle?” Teacher can take yes/no responses with reasons.

3) Before the students begin work, call their attention to the demonstration of the tub of ice at the front of the room.  Explain to the students that they will be looking at a model of isostasy with water, and that this is a model of isostasy with ice.  Place the container of hot water on the ice.  Explain to the students that you will come back to the demonstration after they have finished collecting the data for their lab.
4) Students will be divided into cooperative learning groups and begin the investigation with the wood blocks and washers using the student data sheet.
5) As they finish with their analysis, students can read the “Isostasy of Earth and Mars”.
6) Call the students’ attention back to the demonstration.  Allow them to come up in groups to look at the results and record their observations while other groups are working.
7) The teacher may demonstrate to the class or allow the class to read the directions for reading gravity data map for Olympus Mons. 

8) Teacher should allow students to discuss their answers for gravity maps with other groups and show the NASA interpretation for comparison.

State/National Education Standards:

National Benchmarks for Science Standards:  By the end of eighth grade, students should know that:

3. Science and Technology, A. Technology and Science:  Technology is essential to science for such purposes as access to outer space and other remote locations, sample collection and treatment, measurement, data collection and storage, computation, and communication of information.

4. The Physical Setting C. Processes the Shape the Earth: The interior of the earth is hot. Heat flow and movement of material within the earth cause earthquakes and volcanic eruptions and create mountains and ocean basins. Gas and dust from large volcanoes can change the atmosphere. 

4. The Physical Setting C. Processes the Shape the Earth: Some changes in the earth's surface are abrupt (such as earthquakes and volcanic eruptions) while other changes happen very slowly (such as uplift and wearing down of mountains). The earth's surface is shaped in part by the motion of water and wind over very long times, which act to level mountain ranges. 

Maryland Core Learning Goals:
1.8.18 apply scientific principles and/or concepts to understand a new situation. (MLO 1.3.1)

2.8.6 explain how Earth’s crustal plates are influenced by activity in the mantle and core to produce major geologic events (i.e., mountain building, earthquakes, volcanic eruptions, ocean basin formation, sea-floor spreading, and sub-duction). (MLO 2.3)

2) Lesson Plan: (This lesson should require 60 minutes.)
Engagement:  Students should have the opportunity to make a drawing of a cross sectional view of the crust and the mantle including areas with mountains and craters   (5 minutes)

Exploration:  Data collection in the wood block and washer experiment and ice and hot water demonstration (20 minutes)

Explanation:  Analysis of data in the wood block and washer experiment and “Isostasy on Earth and Mars”(10 minutes)

3) Extension:  Analysis of gravity data maps (15 minutes)

4) Evaluation:  Individual student observation and review as a class: Students will state their findings in the conclusion and discuss their interpretations of the gravity maps and compare their findings to NASA interpretations. (10 minutes)
Resources:

American Association for the Advancement of Science: Project  2061.  Benchmarks of Science Literacy.  1993. As Found at: http://www.project2061.org/tools/benchol/bolintro.htm
Gravity Anomolies and Shaded Relief Maps for Olympus Mons and Valles Marineris courtesy of the MOLA Science Team, NASA: Goddard Space Flight Center. 

Maryland State Content Standards: Science.  2000.  As found at: http://www.mdk12.org/mspp/standards/science/index.html
Planet Masses: DE200 constants from JPL's navigation team.  2001.

Isostasy:  How does the Mass of the Crust Affect the Depth it can Float in the Mantle?
Problem:  How does the mass of the crust effect the depth it floats on the mantle?

Independent Variable: _______________________________________________________________________

Dependent Variable: ________________________________________________________________________

Hypothesis: ____________________________________________________________________________________________________________________________________________________________________________________

Materials:  
metric ruler


container of water


wood block

5) 40 washers


triple beam balance


calculator (optional)

Procedure:  

6) Take the mass of the wood block and record it in the data table below.

1) Place the wood block into the container of water and allow it to float.  Use the metric ruler to measure the measure from the top edge of the block to the bottom of the water container in centimeters.  

7) Take the mass of ten washers together.  Record this mass in the table below.  Place the five washers on top of the wood block floating in the water.  Again use the metric ruler to measure from the top edge of the block to the bottom of the water container in centimeters.

2) Continue to mass the washers in sets of ten and record their mass in the table below.  Add each set of ten washers on top of the wood block floating in the water. Use the metric ruler to measure the measure from the top edge of the block to the bottom of the water container in centimeters
Results:

The Effect of Mass on Depth of Submersion
Trial
Mass (g)
3) Depth (cm): Water

Wood Block alone



Wood Block + 10 washers



Wood Block + 20 washers



Wood Block + 30 washers



Wood Block + 40 washers



Use your data to create a best fit line graph comparing the mass to the depth of the water. 
The Effect of Mass on Depth of Submersion



















































































































































































































































































































































































































9) Observations from the demonstration with hot water and ice: ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Analysis:  Answer the following questions using complete sentences.

4) What happened to the submersion depth of the wood block in water as the mass increased? ________________________________________________________________________________________________________________________________________________________________________

5) Why did the wood block float on top of the water? ________________________________________________________________________________________________________________________________________________________________________

6) The wood block represents the crust of the Earth and the water represents the mantle.  Which has a greater density: the mantle or the crust of the Earth?  How can you tell from the model? ________________________________________________________________________________________________________________________________________________________________________
7) What happened to the submersion depth of the wood block in ice as the mass increased? ________________________________________________________________________________________________________________________________________________________________________
10) How did the change of depth the hot water in ice compare to the change in depth of the block in water? ________________________________________________________________________________________________________________________________________________________________________

8) The ice and the hot water represent the crust and the mantle on Mars.  How did the temperature of the mantle affect the speed that the crust is able to adjust through isostasy?  ________________________________________________________________________________________________________________________________________________________________________

9) Predict if the size of the block affected the depth was submerged in water.  Why? ________________________________________________________________________________________________________________________________________________________________________

Isostasy on the Earth and Mars
Just as the wood blocks float on top of the water, density allows the crust of planets to float on top of the mantle.  In fact the difference between the densities of the crust and the mantle is about 0.6 g/cm3.  This value is very close to the difference in densities between water and a wood block.  As different surface features form such as mountains, volcanoes, oceans, or impact craters, the crust of a planet slowly adjusts by rising or sinking in relation to the mantle. In an attempt to equal out the total mass of an area, crustal rock is pushed deeper into the mantle by the weight of heavy rocks or water pushing the dense mantle material out of the way.  As the depth of the crust on the mantle changes, the ultimate goal is to balance the densities of the two sections to have a similar amount of mass at every point at the planet. 

1) If a mountain range is formed through the collision of two plates on Earth, how would the crust adjust in relation to the mantle? ________________________________________________________________________________________________________________________________________________________________________

2) If a volcano forms over time and mass is added to the surface, how would the crust adjust in relation to the mantle? ________________________________________________________________________________________________________________________________________________________________________

3) If an asteroid impacts on the surface of Mars ejecting crust and creating a crater, how would the crust adjust in relation to the mantle? ________________________________________________________________________________________________________________________________________________________________________

However, geologists on Earth know that rocks move very slowly, so new features like a new mountain formed on Earth or a volcano or crater impact on Mars may not have had enough time to adjust the depth of crust below the mantle.  If a surface feature has not been balanced through isostasy, it will show up as an area with a different amount of mass than the surrounding areas.  Using the Doppler effect in spacecraft signals, NASA scientists are able to identify these areas based on differences in gravity.

4) Predict one reason why a surface feature may not have been balanced through isostasy. ________________________________________________________________________________________________________________________________________________________________________

5) Scientists know from studies on Earth that rocks are able to move at different speeds based on the temperature inside of the Earth. Based on craters and geological evidence, scientists already have a general idea of the age of features on Mars.  By looking at changes in gravity, scientists can understand how the temperature of the crust on Mars has changed at different points in history based on the amount of adjustment that has taken place.

6) Based on your experience with the water and the ice, what temperature would allow rocks to move more quickly? ________________________________________________________________________________________________________________________________________________________________________

7) Look at the gravity anomaly map of Olympus Mons, and answer the following questions using complete sentences.

8) How large is the gravity anomaly at Olympus Mons on Mars? ________________________________________________________________________________________________________________________________________________________________________
9) If zero is the average gravity for the planet, positive numbers show that there is a larger amount of gravity than expected and negative numbers show there is a smaller amount of gravity than expected.  Remember that large amounts of gravity show the force of attraction between large amounts of mass.  Does Olympus Mons have more or less mass than the surrounding areas on Mars?  How can you tell? ________________________________________________________________________________________________________________________________________________________________________
10) Based on the gravity anomalies that surround Olympus Mons, do you believe that isostasy has been achieved in that area?  Why or Why not? ________________________________________________________________________________________________________________________________________________________________________
11) In general, gravity anomalies on Earth range from –100 to 100 mgals.  Olympus Mons has an anomaly of almost 2500 mgals.  Based on the differences between the gravity anomalies, which planet is closer to achieving isostasy? ________________________________________________________________________________________________________________________________________________________________________
12) What are two reasons that it is easier for that planet to achieve isostasy? ________________________________________________________________________________________________________________________________________________________________________
Conclusion: Communicate your findings in writing using complete sentences.  Remember to include the problem you were investigating, the results of your investigation, and the accuracy of your predictions. ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Isostasy:  How does the Mass of the Crust Affect the Depth it can Float in the Mantle? Teacher Key

Independent Variable: Mass
Dependent Variable: Depth

1) As the mass of the wood block in water increased, the depth of submersion also increased.

2) The wood block floated on top of the water because it had a lesser density.  Although the types of wood may vary, the difference in densities between wood and water is very similar to the actual difference of 0.6 g/cm3 between the crust and mantle of the Earth.

3) The mantle of the Earth has a greater density at 3.3 g/cm3, because the crust floats on top of it.
11) As the time of the hot water was on the ice increased, the depth of submersion changed very little but slowly increased.

4) The change of depth in the ice was very small compared to the change of depth in the water.

5) The colder temperature of the mantle on Mars greatly decreased the speed that the crust was able to adjust through isostasy.

12) Individualized student response.  Because the density of water is equal to one, the volume of the wood block submerged under water should be equal to the weight of woodblock and washers.  Therefore, the size of the block does determine the submersion depth.
1) Isostasy on the Earth and Mars
2) A mountain range adds mass to the crust, so the crust would sink deeper into the mantle to adjust.

3) A volcano adds mass to the crust, so the crust would sink deeper into the mantle to adjust.

4) An asteroid impact subtracts mass from that area of the crust, so the mantle would rebound higher in that area to adjust.

5) Individualized student response.  Some reasons may include that the feature is very young or that the interior of the planet is colder.

6) Based on this experience with water and ice, warmer temperatures allow rocks to move more quickly.

7) The gravity anomaly on Olympus Mons is 2500 mgals.

8) Olympus Mons has more mass than the surrounding areas, because it has a positive gravity anomaly indicating there is a larger amount of gravity in that area which is caused by greater mass.

9) Isostasy has not been achieved in the area of Olympus Mons, because the gravity anomaly shows that there is a large amount of mass that has not been equalized through isostasy.

10) Because there are fewer and smaller gravity anomalies on Earth, Earth is closer than Mars in achieving isostasy.

13) It is easier for Earth to achieve isostasy because it has a warmer interior and a thinner, more flexible crust.

