M&M( Earth

Original source of idea unknown.  Activity write-up by Dr. Leslie R. Sautter, 

Department of Geology, College of Charleston.

Warning: This activity is not appropriate for students with peanut allergies.  

If there are allergic students in class, teachers are encouraged to use the 

activity, “Why is there Lithosphere?”

Focus Question

How does the outer layer of the earth known as lithosphere fracture under pressure, as compared to the asthenosphere that underlies it?

Activity Synopsis

Students will observe how an M&M( model of the earth fractures under pressure, and Students will each bite into a peanut M&M( then observe how the outer candy coating fractures and compare that to the underlying chocolate.  They will illustrate their observations and compare the texture of the outer rigid section (color coating + white candy layer) with the plastic chocolate layer.  

Time Frame

Approximately 20 minutes.

Student Key Terms

· lithosphere

· asthenosphere

· mantle

· crust

· core

· fracture

· rigid texture

· plastic texture

· lithospheric plates

Objectives

The learner will be able to:

· explain how the M&M(’s layers represent the lithosphere, asthenosphere and core.

· compare the texture of the “crust” and “upper mantle” with the underlying “mantle.”

· compare how both the lithosphere and asthenosphere fracture under pressure.

Fifth Grade Standards Addressed

Science Standards


IIIA2a

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. 7-9.

Key Points

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

· The lithosphere is comprised of crust and the upper mantle.

· Crust and upper mantle fracture as a single unit, called lithosphere.

· Broken pieces of lithosphere are called lithospheric plates, or plates.

· Asthenosphere is hotter than lithosphere because it is deeper in the earth.  When pressure is applied, asthenosphere flows, though it remains solid.  This is called plastic behavior and the hot rock has a plastic texture.

· The boundary between the lithosphere and asthenosphere is somewhere near 100 km, where the rock texture changes from rigid to plastic.

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.

Since the 1960s we have learned much about the structure of the outer layers of the earth.  We have determined that the surface rock layer of the earth, the crust, is strongly coupled with the uppermost portion of the mantle, and together these layers comprise the lithosphere.  Crustal material within the lithosphere may be either continental crust or oceanic crust, depending on its origin, composition, and location.  The lithosphere has a rigid texture and when it is exposed to great pressure it fractures into pieces we refer to as lithospheric plates (or, plates).  The reason the upper mantle is included in the lithosphere is that it is colder and more rigid than the mantle beneath it, so that when stresses occur at or near the earth’s surface, the upper mantle fractures the same way that crust fractures.
Below the lithosphere is the asthenosphere, which lies completely within the mantle.  Because the asthenosphere is deeper in the earth, it is much hotter than the lithosphere, and behaves differently to applied stresses.  Even though the asthenosphere is solid, under pressure it has the ability to flow, referred to as plastic texture.  

Therefore, when pressure is applied to the outer portions of the earth, the rigid lithosphere fractures into plates on top of the plastic asthenosphere.  The movement of these plates is referred to as plate tectonics and the lithosphere and asthenosphere are considered tectonic layers of the earth.  The surface of these plates, viewed on a map, includes ocean floor and continental landmasses.  Therefore, a continent is only part of a larger piece of lithosphere.

Procedures

Materials

· Peanut M&M(’s – enough for each student to have 2 or 3

· student sheets

· colored pencils

Procedure

1. Be certain that no students have a peanut allergy.  If any students are unsure, do not proceed.  If no students are allergic, provide each student with a Peanut M&M(.  Tell them not to eat it yet!

2. Students should carefully bite the M&M( so that they cut the M&M( through the peanut center.  (They may eat the part they bite off!).

3. Have students draw and color the cross-section (the cut-away section) of the M&M(.  Emphasize that they should illustrate the color coating, the white candy layer, the chocolate and the peanut.  See the illustration below.


                 Color coating layer


                    White candy layer


                           Chocolate layer

                                                                                                     Peanut   

4. Have the students observe how the color coating and white candy layers have fractured.  They should look at the area where stresses (i.e., their biting teeth) were applied.  

Did the color coating and white candy layers break together or did they break into pieces, on top of the chocolate?

(In most cases, the outer, brittle shell fractures into pieces around the edges.)

5. Explain to students that this M&M( is a miniature model of the earth, where the color coating represents the earth’s crust and the white candy layer represents the upper part of the mantle.  Both the crust and the upper mantle are cold and rigid (i.e., brittle).  The color coating layer (crust) and white candy layer (upper mantle) together make-up a rigid, brittle outer shell that simulates the lithosphere.  When the crust fractures, the brittle upper mantle fractures with it.

The chocolate represents the remainder of the mantle, which includes the asthenosphere.  The asthenosphere is warmer than the overlying upper mantle of the lithosphere; it behaves differently when stress is applied.  Brittle lithosphere fractures into plates that “ride” on top of the plastic, flowing asthenosphere.  

The peanut represents the core.  The core actually has a liquid outer core and a solid inner core, but we haven’t yet found a candy that models the core perfectly!

6.  Have students add the following labels to their drawing (in parentheses):

· brittle crust

· brittle upper mantle

· plastic mantle

· liquid outer core + solid inner core


                 color coating layer

                (brittle crust)


                    white candy layer

                     (brittle upper mantle)

                           chocolate layer

                 (plastic mantle)                                                     peanut                                                              

                                                                                               (liquid outer core 

                                                                                                + solid inner core)    

7. Instruct students to answer the questions on the student sheet.

Which layer or layers represent(s) the lithosphere?

The color coating layer (crust) and white candy layer (upper mantle) together make-up the lithosphere.

When stresses are applied, describe what happens to the lithosphere?

The lithosphere fractures when stresses are applied.

How does the lithosphere differ from the asthenosphere in terms of texture?

The asthenosphere does not fracture.  It is plastic.

8.  Instruct students to clean up after themselves (i.e., eat their model earths).

Assessment

Students may be asked the following questions to assess their understanding of the activity:

1. Explain why the entire candy coating (white candy layer + color coating) is similar to the lithosphere.

2. What layers of the earth are included in the lithosphere?

3. How does the lithosphere fracture under pressure?  How does the asthenosphere fracture under similar pressure?
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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

M & M® Earth – Student Sheet

1. Carefully bite the M &M® so that you cut the M & M® through the peanut center.  (You may eat the part you bite off!).  Draw and color a cross-section (the cut-away section) of the M & M®.  Be sure to illustrate the color coating, the white candy layer, the chocolate and the peanut.  

2. Observe how the color coating and white candy layers have fractured, particularly where you applied the stress (where you bit into the candy).  Did the color coating and white candy layers break together or did they break as separate layers, on top of the chocolate?

3. This M & M® is a miniature model of the earth, where the color coating represents the earth’s crust and the white candy layer represents the upper part of the mantle.  Both the crust and upper mantle are cold and rigid (i.e., brittle).  The color coating layer (crust) and white candy layer (upper mantle) together make-up a rigid, brittle outer shell that simulates the lithosphere.  When the crust fractures, the brittle upper mantle fractures with it.


     The chocolate represents the remainder of the mantle that includes the asthenosphere.  The asthenosphere lies directly below the lithosphere.  Because the mantle of the asthenosphere is warmer than the overlying upper mantle of the lithosphere, it behaves differently when stress is applied.  Brittle lithosphere fractures into plates that “ride” on top of the plastic, flowing asthenosphere.
     The peanut represents the core.  The core actually has a liquid outer core and a solid inner core, but we haven’t yet found a candy that models the core perfectly!

4. Add the following labels (in parentheses) to your drawing:

· brittle crust

· brittle upper mantle

· plastic mantle

· liquid outer core + solid inner core
5. Which layer or layers represent(s) the lithosphere?


6. When stresses are applied, describe what happens to the lithosphere.


How does the lithosphere differ from the asthenosphere in terms of texture?
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