Puzzling Plates

Dr. Leslie Sautter, Department of Geology, College of Charleston, SC
(reprinted with permission from TASA Graphic Arts, Inc.)
Focus Question

How is the earth’s surface fractured into pieces of crust and mantle?

Activity Synopsis

This activity was written to use with the Plate Tectonics 3-D Puzzle, developed by Dr. Leslie Sautter.  The activity was designed to follow “Introduction to the Seafloor” and “Quakes and Plates,” and begins to explain our understanding of how the earth’s outer surface is fractured into large pieces of crust and upper mantle, referred to as lithospheric plates.

Time Frame

One hour
Student Key Terms

· crust 

· continental crust

· oceanic crust

· upper mantle

· lithosphere

· plate

Objectives

The learner will be able to:

· Investigate the components of the lithosphere and lithospheric plates

· Identify the associations among various seafloor features, continental features and plate boundaries

· Compare different types of plates (oceanic plates, continental plates)

· Compare and contrast the difference between the major ocean basins with respect to the types of plates found in each

· Demonstrate why a continent is unable to “drift” across the seafloor (oceanic crust)

Fifth Grade Standards Addressed

Science Standards


IIIA2a,b

Background

Relevant pages in Of Sand and Sea (2000) by Paula Keener Chavis and Leslie R. Sautter: pp. 1-16.

Key Points

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

· We have determined that the outer layer, or crust, is strongly coupled with the uppermost portion of the mantle and together, they comprise the lithosphere.
· Crustal material within the lithosphere may be either continental crust or oceanic crust, depending on its origin, composition, and location.
· The theory of how and why plates move is known as the Theory of Plate Tectonics.
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.

Excerpt from Of Sand and Sea:

In the early 1900’s the German meteorologist Alfred Wegener first theorized that over 240 million years ago, the continents were once part of one large super-continent called Pangaea (also spelled Pangea).  Wegener also theorized that Pangea broke apart and the segmented continents shifted and moved apart until they reached their present-day locations.  He believed that continents drifted across the oceans, bulldozing sediments before them.  Wegener’s idea, known as the Continental Drift Hypothesis, is not accepted today in part because there was no evidence of bulldozed sediments and Wegener could not explain the mechanism that caused the continents to move.  The existence of Pangaea, however, is supported by a great deal of geological evidence and is to this day considered to be a plausible concept.

Since the 1950s we have learned much about the structure of the outer layers of the earth.  We have determined that the outer layer, or crust, is strongly coupled with the uppermost portion of the mantle and together, they comprise the lithosphere.  The lithosphere is characteristically brittle, or rigid.  Crustal material within the lithosphere may be either continental crust or oceanic crust, depending on its origin, composition, and location.

Because of the lithosphere’s rigid nature, earth movements often cause it to break.  The result is that lithospheric plates are formed.  The surface of these plates, viewed on a map, includes oceanic floor and continental land masses.  Therefore, a continent is only part of a larger piece of lithosphere.

The occurrence of earthquakes and volcanic eruptions along the edges of lithospheric plates is evidence that plates are in continual motion.  Volcanoes are very common among these plate boundaries where molten, or melted, rock makes its way to the surface through cracks and faults.  Movement and friction along the plate boundaries frequently cause large amounts of energy to be released in the form of earthquakes.  Scientists are able to measure minute movements of plates with very sensitive instruments, and have shown that plates move very slowly around the earth.  In fact, most plates are presently moving at a rate of 1 to 4 centimeters (0.4 to 1.6 inches) per year, yet some exceed 10 centimeters (3.9 inches) in a year.  Compare these rates to the rate of your fingernail’s growth which is approximately 2 centimeters (0.8 inches) per year!

The study of the earth’s lithospheric plates involves investigation of their formation, interactions and destruction through time and helps us to understand the mechanisms for plate motions.  The theory of how and why plates move is known as the Theory of Plate Tectonics.  It has only been in the last four decades that we have compiled enough information on the earth’s lithosphere to piece together like a puzzle the complex processes involved with plate motions and interactions.  In the 1960’s, Tuzo Wilson and numerous other scientists were able to utilize advanced technology and drilling ships to verify the movement of plates through time

Wegener’s concept of Continental Drift differs from the Theory of Plate Tectonics because Wegener believed that continents behaved independently from the ocean floor.  We now understand that there are many lithospheric plates that contain both continental crust and oceanic crust which travel as a unit.  Continents do not float or “drift” across the ocean floor.  The Continental Drift Hypothesis is sometimes referred to synonymously with the Plate Tectonics Theory, but they are different concepts.  Without question, the theory of Plate Tectonics developed as a result of Wegener’s early ideas regarding Pangaea’s existence.

Plate tectonics is a very complex subject and much is still unknown about the mechanisms of plate motion.  New evidence is uncovered continually.  Thus, Plate Tectonics remains a theory.  There are several types of interactions between plates at the plate boundaries.  Two plates may be moving in opposite directions away from one another, resulting in a divergent boundary.  Or, they may be on a collision course with one another, creating a convergent boundary.  Also, two plates may slide past each other, as each move in an opposite direction.  This last example is referred to as a transform boundary.  Different topographic and bathymetric features, both above and below sea level result from these three major boundary types.

Scientists have several ideas of the mechanisms that cause plate movements.  Most agree that the earth’s internal heat plays the most significant role.  Beneath the rigid lithosphere tremendous heat causes solid rock to flow very slowly.  This mobile rock is located within the asthenosphere, simply defined as the interior of the earth below the lithosphere.  Because lithospheric plates are more rigid and do not flow internally, their movements as plates are most likely aided by the mobility of the upper asthenosphere on which they rest.  But how does heat drive lithospheric movements?

Consider a large pan of water on a stove burner.  As heat is applied to the center of the pan’s bottom, the warm water expands and rises because of its lowered density.  As the warm water reaches the surface it is cooled and becomes more dense.  Eventually the cooled water sinks because of its increased density.  With a continuous source of heat applied to the center of the pan’s base, a circular motion of rising heated water and descending cooled water is created.  This circular motion is known as a thermal convection cell.  Scientists believe that rising heat from the mantle causes overlying lithosphere to expand and may be the initial cause of breaking the lithosphere into plates.  In areas where thermal convection cells diverge, divergent plate boundaries are formed.  This idea is referred to as the Thermal Convection Hypothesis.  The details of the depth of circulation are still unknown, but are being studied by geologists around the world.

There are still many unanswered questions of how and why lithospheric plates move.  Certainly, heat alone does not move the plates, but without heat rising from within the earth, most scientists believe there would be no plate motion.  Elevated ridges are formed where the lithosphere has expanded from the heat and new oceanic crust is being produced.  Gravity may actually cause the plates on either side of the ridge to slide away from the fractured boundary, initiating plate motion.  As scientists learn more about the structure of the earth and the internal flow of heat, many of the pieces of the plate tectonics puzzle will fall together.

Procedures

Materials

· Plate Tectonics 3-D Puzzle*, with the accompanying color physiographic map of the ocean floor
· globe (optional)
· Post-It Notes and pencil or pen
*To order the Plate Tectonics 3-D Puzzle from TASA Graphics, Inc.:

Visit www.tasagraphicsarts.com, call (800) 293-2725 or (505) 758-5535, or mail your order to:
TASA Graphic Arts, Inc.

1337 Gusdorf Road, Suite O 
Taos, NM 87571-6298

Procedure

The instructions that follow are for the teacher’s use.  

To begin the activity, separate the Plate Tectonics 3-D Puzzle into 3 piles:  upper mantle, oceanic crust and continental crust.  The bottom layer of the puzzle is the rigid upper mantle.  The continental crust is represented by the thickest puzzle pieces and the oceanic crust is represented by the thin pieces that are adjacent to the continents.  Note that the continents do not look exactly as we normally see them (e.g., see that Florida is unusually large).  Continental crust extends well beyond our modern shorelines, often to a water depth of 200 feet.  The continental crust puzzle pieces therefore show in some areas of the globe there is much hidden below sea level!

Hide each pile from view.  Do not use the puzzle's tray for the activity and do not tell students about the puzzle, or that the puzzle relates to the ocean floor map.

1.
Pass out the upper mantle layer of the puzzle.  Do not tell students what the pieces represent.  Have the students assemble the puzzle in cooperative groups.


Next, have students relate this layer of the puzzle to the ocean floor map.  Ask them to identify the part of the Pacific Ocean they previously traced on the ocean floor map in “Introduction to the Seafloor”: the trenches and ridges they connected that nearly encircle the Pacific Ocean.  The same shape should be identifiable on the puzzle (it is the largest piece -- the Pacific Plate).


Note: at this point, continue to refer to this plate as a puzzle piece. 


Students should place the puzzle piece in its proper location, observing the seafloor features that surround its edges.  This puzzle piece is very large and lies completely within the Pacific Ocean.  No continents are included.

Ask students to find and place on the map other puzzle pieces that lie completely within the Pacific Ocean and contain no continents.  Students should describe the seafloor and continental features that surround each of the pieces.

The Pacific Ocean will now be almost completely covered with puzzle pieces.  Ask students to relate the shapes of the pieces to the distribution of earthquake epicenters observed in the “Quakes and Plates” activity.


You may now tell the students that the puzzle pieces show the shape of plates that together make up the Pacific Ocean.  Emphasize that there is more to a plate than what they see

3.
If the students are now oriented to the seafloor map, ask them to locate the puzzle piece that best represents the Atlantic Ocean.  They will not be able to agree on one “Atlantic Ocean” puzzle piece, but will identify four major pieces that all are part of the Atlantic.


What seafloor feature is related to these four major pieces?



• The Mid-Atlantic Ridge is the boundary between these pieces.

4.
Discuss differences between the major oceans as they relate to puzzle pieces (i.e., Pacific is one major piece, Arctic is two, Atlantic and Indian have several pieces).

5.
Refer to the puzzle pieces as representing the shape of the earth's lithospheric plates.  The layer they have assembled is the upper mantle portion of the lithosphere.

6.
Locate and remove from the puzzle the South American Plate upper mantle piece.


Do the pieces look the same as the earth's surface? 



•  No, it's too smooth and the continent is not there.  So, what's missing?

7.
Pull from your "continental crust" pile the South American continental crust piece and position it on the South American Plate.

8.
Have students use the ocean floor map to find the proper location (i.e., the correct plate) for other continental crust pieces:  Eurasia (in 2 pieces in the upper corners), South America, India, Australia, Saudi Arabia and Africa.  Antarctica is in 3 small pieces on the puzzle.  NOTE:  Some pieces will be difficult for students to identify, so encourage students to use the map to identify them.  

9.  
Pull from your "oceanic crust" pile of puzzle pieces the South American Plate oceanic crust piece.  This piece represents the western portion of the South Atlantic Ocean.


Now the South American Plate is complete!  Stress that a lithospheric plate consists of upper mantle, continental crust and oceanic crust.  


Hold up the entire South American Plate.  Explain that the South American continent does not drift across the ocean, but that the plate moves as a unit.

10.
Add the oceanic crust pieces to the North American Plate, the Eurasian Plate, the African Plate and the Caribbean Plate (the Central America continental crust is already glued to the oceanic crust on this small plate).


Add the Scotia Plate oceanic crust (small elongate piece) and the Antarctic Plate oceanic crust (2 pieces).  The entire Atlantic Ocean is now constructed!  


Discuss the Atlantic Ocean as it relates to the plates.  The Atlantic Ocean is comprised of all these plates.  

11.
Once again, have students locate the Pacific Plate upper mantle piece.


Does this plate have continental crust?


• It does not.  The Pacific Plate is almost solely made of upper mantle and oceanic crust (with thousands of volcanic islands).


Add the Pacific Plate's oceanic crust piece to the puzzle.

12.
Add oceanic crust to the other plates that make-up the Pacific Ocean.  


Identify these plates using the attached figure.

13.
Repeat 12 for the Indian Ocean to complete the puzzle.

14.
Using Post-It Notes and the reference map, add labels to all the plates.

15.
Discuss the Antarctic Plate.  This plate is mostly continental (not all of it is shown on the puzzle) and it is surrounded by a ridge that connects the 3 oceans.


Scientists often refer to the waters surrounding Antarctica as the "Southern Ocean" because it is so important oceanographically to transfer water, nutrients, living organisms and heat between the Atlantic, Pacific and Indian oceans.

16.
Again, emphasize that the continents do not drift around the globe, that they are part of much larger pieces of lithosphere.  

17.
Find the boundary between the North American Plate and the Eurasian Plate (in the Atlantic Ocean).  


What seafloor feature is located at that boundary?  



•
The Mid-Atlantic Ridge divides the two plates and continues southward, dividing the South American and African Plates as well.


How did the ridge form?  How did the Atlantic Ocean form?


•
Approximately 240 million years ago, the continents were all joined, forming the supercontinent of Pangaea.  Heat beneath Pangaea caused the brittle continental crust to expand and fracture, forming what is referred to as a rift valley.  Magma rose through the rift valley's fractures and formed new crust of a denser material (basalt).  Eventually Pangaea broke into numerous pieces (today's continents) as the newly fractured continental pieces pulled apart at the rift valley, continually adding more and more basalt material.  The newer, denser basalt crust was formed below sea level and over time the rift valleys connected to the sea and new oceans were "born" as the valleys flooded.  


Continued addition of magma at the original fracture zone has caused the apparent "drifting apart" of the continents, when in actuality, the basalt crust (= the oceanic crust) is being produced at the fracture zone which we commonly referred to as a mid-ocean ridge.  Oceanic crust is added to two new plates that are moving in opposite directions away from each other at the ridge.  We call this a divergent plate boundary.  Each of these plates has continental crust and newly formed oceanic crust..


Although they lie well below sea level, mid-ocean ridges are mountainous because of the excess heat beneath them that causes the oceanic crust rock to expand.  The process of creating new oceanic crust and causing divergence (separation) between two plates is known as seafloor spreading and is wonderfully demonstrated using the activity, “Constructing a Seafloor Spreading Model.”


The Atlantic Ocean has an enormous ridge system, known as the Mid-Atlantic Ridge (no great surprise!).  The growth of this ridge has caused the separation of the continents on either side of the Atlantic from their original positions, when they were part of Pangaea.  To examine the evidence for the existence of Pangaea, refer to the activity, "Pangaea Revisited."

18.
Once again, look at the Pacific Plate.  Remember that trenches are found along about half of the plate's perimeter.



How are trenches formed?  


• Trenches form when two plates move toward each other and converge.  The area where the plates meet is called a convergent boundary.  When the edge of one of the plates has oceanic crust, the oceanic crust slides underneath the other plate.  This sliding is called subduction and occurs because of the fact that oceanic crust is dense and relatively thin.  Sometimes the edges of both plates have oceanic crust.  In that case, one of the plates will subduct beneath the other.  A long trench marks the line of convergence between the two plates, at the top of the subduction zone.  Because of the curvature of the earth, many of these trenches are arcuate (example: the Aleutian Trench on the northern edge of the Pacific Plate).



The Pacific Plate has many areas with trenches, indicating that it has subducted beneath several of its neighboring plates (Eurasian, North American, Indian-Australian Plates).

19.

Why are so many volcanoes associated with trenches?


• When subduction occurs, the subducted oceanic lithosphere heats up and partially melts.  The melted crust rises (because it is less dense once melted) and, if it reaches the surface, erupts as a volcano.  Chains of volcanoes can be found parallel to trenches.  The volcanoes are located on the side of the trench of the plate that did not subduct.  (The Aleutian Islands are found north of the Aleutian Trench, indicating the Pacific Plate subducted beneath the North American Plate in this location.)

20.
Explore the various plates by removing them (all layers!) one by one from the puzzle and comparing the location of the plates' edges to seafloor features on the map.  



Compare and contrast the different plates and their boundaries.

21.

Discuss the different types of interactions at plate boundaries (divergent, convergent and transform) and the resultant seafloor and/or continental features.

22.

Continue your exploration of Plate Tectonics!  

* NOTE:  the actual boundary between the North American Plate and the Eurasian Plate (north of the Pacific Ocean) is not well defined and is in debate.  The 3-D Plate Puzzle uses the extension of the Aleutian Islands through Siberia as the boundary.

Assessment

Assess the students’ understanding of plate tectonics by their use of the 3-D puzzle.  Were they able to relate the puzzle to the ocean floor?  Were they able to describe seafloor features that surround each puzzle piece?  Were the puzzle pieces put in the correct locations? 
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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

Written by Dr. Leslie Sautter and revised with permission by TASA Graphic Arts, Inc.

**For more information on the 3-D Plate Puzzle, contact:

Dr. Leslie Sautter, Dept. of Geology, College of Charleston, Charleston, SC 29424

Phone: 843-953-5586; Fax: 843-953-5446; E-mail: sautterl@cofc.edu
Figure 1: Plate Tectonic Map of Earth

Reprinted with permission from TASA Graphic Arts, Inc.
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Figure 2: The Earth’s Lithosphere
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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.
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