Plate Boundaries

Name: Nafisa Skeie

Grade Level: 3rd - 4th 

Concepts Addressed: 

Earth Science: Plate Tectonics, Divergent, Transform, Subduction, Earthquake, Volcano, Oceanic, Continental

Lab Goals: 

Students will identify layers of the Earth, briefly be introduced to plate tectonics, and recognize which type of motion causes the various natural disasters.

Lab Objectives: 

· Students will identify the layers of the Earth

· Students will briefly describe plate tectonics movements

· Students will recognize the various natural disasters/creations that are caused by the plate motions

Benchmarks Addressed (3rd and 4th Grade)

3rd Grade

3.1 
Structure and Function: Living and non-living things vary in their characteristics and properties. 

3.1P.1 
Compare and contrast the properties of states of matter.

3.2 
Interaction and Change: Living and non-living things interact with energy and forces. 

3.2P.1 
Describe how forces cause changes in an object’s position, motion, and speed.

3.3 
Scientific Inquiry: Scientific inquiry is a process used to explore the natural world using evidence from observations and investigations. 

3.3S.2 
Use the data collected from a scientific investigation to explain the results and draw conclusions. 

3.3S.3 
Explain why when a scientific investigation is repeated, similar results are expected.

4th Grade

4.1  Structure and Function: Living and non-living things can be classified by their characteristics 


and properties. 

4.1P.1 Describe the properties of forms of energy and how objects vary in the extent to which  
they absorb, reflect, and conduct energy. 

4.2  Interaction and Change: Living and non-living things undergo changes that involve force and energy. 

 4.2P.1 Describe physical changes in matter and explain how they occur.  

4.2E.1 Compare and contrast the changes in the surface of Earth that are due to slow and rapid 
processes. 

Materials & Costs: 

List the equipment and non-consumable material and estimated cost of each

Item
$

Computer
Provided by school
Handouts of plate movements
Provided by school
Projector
Provided by school

Sponge and soap for clean-up
Provided by school
Plastic Knives (1 for each student. A box of 100)
2.49
Plastic cups (45 total needed)
1.98
Estimated total, one-time expense for equipment:
$4.47
List the consumable supplies and estimated cost for presenting to a class of 30 students

Item
$

Reynolds Wax Paper (1 for each student, 12-18” each)
1.11
Graham Crackers (2 for each student.) 
4.28

Fruit Roll Ups (2 for each student) 
1.82

Frosting ($2.25 each x 5 – 1/6 container/student)
11.25
Estimated maximum total for consumables:
$18.46

Time:

· Initial preparation: 2 hours to gather information and buy materials

· Preparation: 10 minutes to divide materials and to set up all of the materials such as putting the frosting in cups and separating the supplies

The Background:

Continental Drift & Plate Tectonics

= http://www.youtube.com/watch?v=ANeH9W-HMPc
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 HYPERLINK "http://pubs.usgs.gov/gip/dynamic/graphics/Fig1.jpg" 

http://pubs.usgs.gov/gip/dynamic/graphics/Fig1.jpg

In geologic terms, a plate is a large, rigid slab of solid rock. The word tectonics comes from the Greek root "to build." Putting these two words together, we get the term plate tectonics, which refers to how the Earth's surface is built of plates. The theory of plate tectonics states that the Earth's outermost layer is fragmented into a dozen or more large and small plates that are moving relative to one another as they ride atop hotter, more mobile material. Before the advent of plate tectonics, however, some people already believed that the present-day continents were the fragmented pieces of preexisting larger landmasses ("supercontinents"). The diagrams below show the break-up of the supercontinent Pangaea (meaning "all lands" in Greek), which figured prominently in the theory of continental drift -- the forerunner to the theory of plate tectonics. Plate tectonics is a relatively new scientific concept, introduced some 30 years ago, but it has revolutionized our understanding of the dynamic planet upon which we live. The theory has unified the study of the Earth by drawing together many branches of the earth sciences, from paleontology (the study of fossils) to seismology (the study of earthquakes). 

It was not until 1912 that the idea of moving continents was seriously considered as a full-blown scientific theory -- called Continental Drift -- introduced in two articles published by a 32-year-old German meteorologist named Alfred Lothar Wegener. He contended that, around 200 million years ago, the supercontinent Pangaea began to split apart. Alexander Du Toit, Professor of Geology at Witwatersrand University and one of Wegener's staunchest supporters, proposed that Pangaea first broke into two large continental landmasses, Laurasia in the northern hemisphere and Gondwanaland in the southern hemisphere. Laurasia and Gondwanaland then continued to break apart into the various smaller continents that exist today.

Wegener's theory was based in part on what appeared to him to be the remarkable fit of the South American and African continents, first noted by Abraham Ortelius three centuries earlier. Wegener was also intrigued by the occurrences of unusual geologic structures and of plant and animal fossils found on the matching coastlines of South America and Africa, which are now widely separated by the Atlantic Ocean. He reasoned that it was physically impossible for most of these organisms to have swum or have been transported across the vast oceans. To him, the presence of identical fossil species along the coastal parts of Africa and South America was the most compelling evidence that the two continents were once joined.

In Wegener's mind, the drifting of continents after the break-up of Pangaea explained not only the matching fossil occurrences but also the evidence of dramatic climate changes on some continents. For example, the discovery of fossils of tropical plants (in the form of coal deposits) in Antarctica led to the conclusion that this frozen land previously must have been situated closer to the equator, in a more temperate climate where lush, swampy vegetation could grow. Other mismatches of geology and climate included distinctive fossil ferns (Glossopteris) discovered in now-polar regions, and the occurrence of glacial deposits in present-day arid Africa, such as the Vaal River valley of South Africa.

The theory of continental drift would become the spark that ignited a new way of viewing the Earth. But at the time Wegener introduced his theory, the scientific community firmly believed the continents and oceans to be permanent features on the Earth's surface. Not surprisingly, his proposal was not well received, even though it seemed to agree with the scientific information available at the time. A fatal weakness in Wegener's theory was that it could not satisfactorily answer the most fundamental question raised by his critics: What kind of forces could be strong enough to move such large masses of solid rock over such great distances? Wegener suggested that the continents simply plowed through the ocean floor, but Harold Jeffreys, a noted English geophysicist, argued correctly that it was physically impossible for a large mass of solid rock to plow through the ocean floor without breaking up.

Undaunted by rejection, Wegener devoted the rest of his life to doggedly pursuing additional evidence to defend his theory. He froze to death in 1930 during an expedition crossing the Greenland ice cap, but the controversy he spawned raged on. However, after his death, new evidence from ocean floor exploration and other studies rekindled interest in Wegener's theory, ultimately leading to the development of the theory of plate tectonics.

Plate tectonics has proven to be as important to the earth sciences as the discovery of the structure of the atom was to physics and chemistry and the theory of evolution was to the life sciences. Even though the theory of plate tectonics is now widely accepted by the scientific community, aspects of the theory are still being debated today. Ironically, one of the chief outstanding questions is the one Wegener failed to resolve: What is the nature of the forces propelling the plates? Scientists also debate how plate tectonics may have operated (if at all) earlier in the Earth's history and whether similar processes operate, or have ever operated, on other planets in our solar system. 

The size of the Earth -- about 12,750 kilometers (km) in diameter-was known by the ancient Greeks, but it was not until the turn of the 20th century that scientists determined that our planet is made up of three main layers: crust, mantle, and core. This layered structure can be compared to that of a boiled egg. The crust, the outermost layer, is rigid and very thin compared with the other two. Beneath the oceans, the crust varies little in thickness, generally extending only to about 5 km. The thickness of the crust beneath continents is much more variable but averages about 30 km; under large mountain ranges, such as the Alps or the Sierra Nevada, however, the base of the crust can be as deep as 100 km. Like the shell of an egg, the Earth's crust is brittle and can break. 

Below the crust is the mantle, a dense, hot layer of semi-solid rock approximately 2,900 km thick. The mantle, which contains more iron, magnesium, and calcium than the crust, is hotter and denser because temperature and pressure inside the Earth increase with depth. As a comparison, the mantle might be thought of as the white of a boiled egg. At the center of the Earth lies the core, which is nearly twice as dense as the mantle because its composition is metallic (iron-nickel alloy) rather than stony. Unlike the yolk of an egg, however, the Earth's core is actually made up of two distinct parts: a 2,200 km-thick liquid outer core and a 1,250 km-thick solid inner core. As the Earth rotates, the liquid outer core spins, creating the Earth's magnetic field.
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Not surprisingly, the Earth's internal structure influences plate tectonics. The upper part of the mantle is cooler and more rigid than the deep mantle; in many ways, it behaves like the overlying crust. Together they form a rigid layer of rock called the lithosphere (from lithos, Greek for stone). The lithosphere tends to be thinnest under the oceans and in volcanically active continental areas, such as the Western United States. Averaging at least 80 km in thickness over much of the Earth, the lithosphere has been broken up into the moving plates that contain the world's continents and oceans. Scientists believe that below the lithosphere is a relatively narrow, mobile zone in the mantle called the asthenosphere (from asthenes, Greek for weak). This zone is composed of hot, semi-solid material, which can soften and flow after being subjected to high temperature and pressure over geologic time. The rigid lithosphere is thought to "float" or move about on the slowly flowing asthenosphere.

Earth's Layers

http://volcano.oregonstate.edu/vwdocs/vwlessons/lessons/Earths_layers/Picture3.gif

http://volcano.oregonstate.edu/vwdocs/vwlessons/lessons/Earths_layers/Picture5.gif
http://www.enchantedlearning.com/ogifs/outerlayersearth.GIF
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Plate Boundaries

Scientists now have a fairly good understanding of how the plates move and how such movements relate to earthquake activity. Most movement occurs along narrow zones between plates where the results of plate-tectonic forces are most evident.

There are four types of plate boundaries:

· Divergent boundaries -- where new crust is generated as the plates pull away from each other.

· Convergent boundaries -- where crust is destroyed as one plate dives under another.

· [image: image6.jpg]


Transform boundaries -- where crust is neither produced nor destroyed as the plates slide horizontally past each other.

Examples of plate boundaries:

Three types of plate boundaries exist, characterized by the way the plates move relative to each other. They are associated with different types of surface phenomena. The different types of plate boundaries are:

· Transform boundaries occur where plates slide or, perhaps more accurately, grind past each other along transform faults. The relative motion of the two plates is either sinistral (left side toward the observer) or dextral (right side toward the observer). The San Andreas Fault in California is one example.

· Divergent boundaries occur where two plates slide apart from each other. Mid-ocean ridges (e.g., Mid-Atlantic Ridge) and active zones of rifting (such as Africa's Great Rift Valley) are both examples of divergent boundaries.

· Convergent boundaries (or active margins) occur where two plates slide towards each other commonly forming either a subduction zone (if one plate moves underneath the other) or a continental collision (if the two plates contain continental crust). Deep marine trenches are typically associated with subduction zones. The subducting slab contains many hydrous minerals, which release their water on heating; this water then causes the mantle to melt, producing volcanism. Examples of this are the Andes mountain range in South America and the Japanese island arc.

· Plate boundary zones -- broad belts in which boundaries are not well defined and the effects of plate interaction are unclear.

http://en.wikipedia.org/wiki/Plate_tectonics#Transform_.28conservative.29_boundaries
http://pubs.usgs.gov/gip/dynamic/graphics/Fig13.gif

TYPES OF PLATE MOVEMENT: Divergence, Convergence, and Lateral Slipping

At the boundaries of the plates, various deformations occur as the plates interact; they separate from one another (seafloor spreading), collide (forming mountain ranges), slip past one another (subduction zones, in which plates undergo destruction and remelting), and slip laterally. 
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Divergent Plate Movement: Seafloor Spreading
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Seafloor spreading is the movement of two oceanic plates away from each other (at a divergent plate boundary), which results in the formation of new oceanic crust (from magma that comes from within the Earth's mantle) along a a mid-ocean ridge. Where the oceanic plates are moving away from each other is called a zone of divergence. Ocean floor spreading was first suggested by Harry Hess and Robert Dietz in the 1960's.

Convergent Plate Movement:

When two plates collide (at a convergent plate boundary), some crust is destroyed in the impact and the plates become smaller. The results differ, depending upon what types of plates are involved. 
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Oceanic Plate and Continental Plate - When a thin, dense oceanic plate collides with a relatively light, thick continental plate, the oceanic plate is forced under the continental plate; this phenomenon is called subduction. 

Two Oceanic Plates - When two oceanic plates collide, one may be pushed under the other and magma from the mantle rises, forming volcanoes in the vicinity. 

Two Continental Plates - When two continental plates collide, mountain ranges are created as the colliding crust is compressed and pushed upwards.

Lateral Slipping Plate Movement:

When two plates move sideways against each other (at a transform plate boundary), there is a tremendous amount of friction which makes the movement jerky. The plates slip, then stick as the friction and pressure build up to incredible levels. When the pressure is released suddenly, and the plates suddenly jerk apart, this is an earthquake.

http://weberscience.org/ES_rev20.jpg
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Natural Disasters

At either edge of the ocean (blue) are subduction zones, where the edges of the heavier oceanic plate are slowly sinking below continental plates.

Subduction at the oceanic plate's edges very gradually pulls the plate apart in the middle, forming what is called a "spreading center" or "mid-ocean ridge," shown at middle.

Where continental plates collide, they crunch together and form mountains and cause earthquakes.

When the edge of a cold, rocky oceanic plate sinks into the mantle under a continental plate, it is heated and deformed and becomes part of the mantle. Large earthquakes often occur in these areas. Volcanoes also form within the continental plate when melting occurs in the mantle above the subducting oceanic plate, feeding "magma chambers" within the crust. The magma can find its way to the surface as volcanoes.

As its edges subduct in different directions, the oceanic plate is pulled apart in the middle, forming a "spreading center" or "mid-ocean ridge." Magma percolates up in the middle and cools to form layers of new crust (which gradually sink to the sides, forming a ridge). The birth of new crust is accompanied by earthquakes.

[image: image11.jpg]


Natural Disasters

Ever hear about a big temblor in North Dakota? Probably not. There have been virtually no sizable earthquakes in North Dakota during modern history. Just 1200 miles away, in central California, there's a minor shaker every few weeks. A quick glance at a map of recent earthquake activity in the United Stateswill almost always show a cluster of activity in the western part of the country and very little elsewhere. The same is true for other regions of the globe—some, like Central Asia, have lots of earthquakes. Others, like Australia, have almost none. Why do some people have all the fun?A map of recent quake activity will always show more in the West coast of the U.S. than in other areas. See a real-time map.

The answer is that some places on the earth's surface are, literally, on the edge. During its early years, the earth's outer layer was much hotter than it is today. Over time, the surface of the earth cooled and hardened. Cracks formed in the hardened surface, creating huge plates of rock. These plates carry the continents and make up the ocean floor, floating like islands on the hot, taffylike rock below. Where the edges of those plates meet, the huge slabs bash into each other, grinding, rumpling, scraping, and generally shoving each other around. We experience the more dramatic of these encounters as earthquakes.

These collisions are more than just momentary shake-ups. They are the forces that shape mountains, create volcanoes, and generally affect what the map of the earth looks like. In fact, look at a map and you can see evidence of how the continents have moved around. It's not a coincidence that South America and Africa look like puzzle pieces that could fit together. They, like all the other continents, were once stuck together in a giant supercontinent that scientists call Pangaea. Over the last 200 million years, the continents have moved apart. While we think of their locations now as permanent, they are actually moving around very slowly, on average about 2 inches (5cm) a year.

The theory that describes this movement is called plate tectonics. Plate tectonics is the outcome of thinking that began with an idea posed by German meteorologist Alfred Wegener in 1915. Wegener saw that the continents of the globe looked like a puzle that had broken apart, and he believed this was because they once been one large continent had split up. He gathered a great deal of evidence to support his theory of continental drift. But because he couldn't explain how the continents moved, most geologists at the time didn't agree with him.

Twenty-five years after Wegener's death, scientists discovered a deep trench beneath the Atlantic Ocean where molten rock from inside the earth welled up and then cooled in the ocean waters, creating new rock. This led them to an observation: If the earth is creating new seafloor, old seafloor must be disappearing, or the earth would grow. So what's happening? The answer is that the new seafloor is being created at the edge of a tectonic plate. The plate's opposite edge is moving away from the new seafloor, diving under the plate it is bumping up against in a process called subduction. Researchers recognized this as an engine that could move continents, and realized in the 1960s that Wegener had been right all along.

Most seismic action arises not from diverging plates, but from plates of the earth striking each other. These collisions create land features like mountains and volcanoes, and unleash the forces of earthquakes and tsunamis. Plates that grind past each other can also unleash powerful earthquakes, like the one that occured in San Francisco in 1906. The outcome of these bumps and grinds depends on the angles at which the plates meet and which directions they're moving. These factors characterize the action at a fault zone.

http://www.exploratorium.edu/faultline/basics/tectonics.html
Procedure:

· Lecture:  

· 0000-0010: Slideshow presentation, going through briefly the Egg activity that is in the slideshow, and asking students to participate in listing out some natural disasters that might be the cause of plate tectonic movement (Transform=Earthquakes, Faults / Divergent= Sea-floor spreading, Rift Valleys / Subduction= Volcanoes, Mountain Valleys)

· 0010-0025: Doing the Snack Tectonic activity. Introduce it by telling them about what the procedure is, explain it, and allow the children to explore. Giving them information as they go through each of the movements.

· Clean Up: 5 minutes to put materials away

· Activity: Snack Tectonics 

· Make the model

· Give each student about a square foot of wax paper and a large dollop of frosting. Instruct students to spread frosting into a layer about half a cm thick.

· Tell students that the frosting in this model represents the asthenosphere, the viscous layer on which Earth’s plates ride. The plates in this model are represented by fruit roll up (oceanic crust which is thin and dense) and graham crackers (continental crust which is thick but less dense).

· Divergent plate boundary:

· Instruct students to place the two squares of fruit roll up (oceanic plates) onto the frosting right next to each other.

· Press down slowly on the fruit roll ups (because they are dense and will sink a bit into the asthenosphere) as you slowly push them apart about half a cm.

· Notice how the frosting is exposed and pushed up where the plates are separated? This is analogous to how magma comes to the surface where real plates are moving apart at divergent plate boundaries. Most divergent plates boundaries are located within oceanic crust. When plates begin to pull apart at continents, rift valleys are made, like the great rift valley in Africa, which can become the bottom of the sea floor if the plates continue to pull apart.

· Continental-oceanic collision:

· Instruct students to remove one of the fruit roll ups from the frosting. (They can eat it if they wish!)

· Tell students to place one of the graham cracker halves lightly onto the frosting asthenosphere next to the remaining fruit roll up piece. The graham cracker represents continental crust, which is thicker and less dense than oceanic crust (fruit roll up). It floats high on the asthenosphere so don't push it down.

· Gently push the continent (graham cracker) towards the ocean plate (fruit roll up) until the two overlap and the graham cracker is on top. The oceanic plate is subducted below the continental one.

· Continent-continent collision

· Tell students that they will next model what happens when tow continents collide. Have them remove both the cracker and fruit roll up from the frosting asthenosphere. (Students can eat or discard the fruit roll up.)

· Place one edge of both crackers into the glass of water for just a few seconds.

· Place the crackers onto the frosting with wet edges next to each other.

· Slowly push the graham crackers towards each other.

· Notice how the wet edges crumple? This is how mountains are made at convergent plate boundaries! When continents move towards each other there is nowhere for the rock to go but up!

· Transform plate boundaries

· Pick the two crackers up off the frosting and turn them around so that two dry edges are next to each other.

· Push one cracker past the other to simulate a transform plate boundary like the San Andreas fault!

· Final step: eat all remaining model materials (except, of course, wax paper and plastic utensils!)

http://www.windows.ucar.edu/tour/link=/teacher_resources/teach_snacktectonics.html
Assessment:

1. Drawing each plate tectonic movements with a brief model. (Transform/Divergent/Subduction)

2. Give real examples of each plate movements. (i.e. San Andreas Faults)

3. What layer of the Earth is plate tectonics at and which layer are the plates riding on?

4. Name the layers of the Earth. 

Extra Activity EGG

http://earthquake.usgs.gov/learning/teachers/EarthEgg.pdf

Resources

This Dynamic Earth (USGS) 

http://pubs.usgs.gov/gip/dynamic/dynamic.html
Divergent Boundary Animation

http://earthquake.usgs.gov/learning/animations/animation.php?flash_title=Divergent+Boundary&flash_file=divergent&flash_width=500&flash_height=200
The Earth's Layers

http://volcano.oregonstate.edu/vwdocs/vwlessons/lessons/Earths_layers/Earths_layers1.html
Earth's Continental Plates

http://www.enchantedlearning.com/subjects/astronomy/planets/earth/Continents.shtml
Earthquake Topics: Websites for plate tectonics

http://earthquake.usgs.gov/learning/topics/?topicID=30&topic=Plate%2520tectonics
Plate Tectonics: Wikipedia

http://en.wikipedia.org/wiki/Plate_tectonics#Transform_.28conservative.29_boundaries
Handout: (May help for one of the assessment questions)


http://www.waipahums.k12.hi.us/eportfolio05-06/wisportfolio05-06/team8d_portfolios/by_kealani_e_portfolio/KealaniTectonic%20Plates_files/image012.png
