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G355 Lab Write-up

May 18, 2010

Laboratory Title:  The Mid-Atlantic Ridge! Plate Boundaries in Ocean Exploration 

Lab Goals:


-Plate tectonics,  types of boundaries between lithospheric plates


-Divergent plate boundaries 

- How various land features (mountains, faults, ridges) form as a result of plate movement    through modeling.
- Features of the ocean floor; 

- The concept of sea-floor spreading

Lab Objectives:

· Students will investigate the movement of plates and their resulting land forms by using Graham crackers.


· Will understand and demonstrate divergent boundaries, particularly in terms of the Mid-Atlantic Ridge

· Will see how the Mid-Atlantic Ridge is formed, and results in the feature that we can observe and model

Benchmark(s) Addressed:  

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.1 Plan a simple investigation based on a testable question, match measuring tools to their uses,

and collect and record data from a scientific investigation.

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.

3.4 Engineering Design: Engineering design is a process that uses science to solve problems or address needs or aspirations.

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.

4.1E.1 Identify properties, uses, and availability of Earth materials.

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.

4.3 Scientific Inquiry: Scientific inquiry is a process of investigation through

questioning, collecting, describing, and examining evidence to explain natural phenomena and artifacts.

4.3S.1 Based on observations identify testable questions, design a scientific investigation, and collect

and record data consistent with a planned scientific investigation.

4.3S.2 Summarize the results from a scientific investigation and use the results to respond to the

question being tested.

4.3S.3 Explain that scientific claims about the natural world use evidence that can be confirmed and

support a logical argument.

5.2 Interaction and Change: Force, energy, matter, and organisms interact within living and non-living systems.

5.2P.1 Describe how friction, gravity, and magnetic forces affect objects on or near Earth.

5.3 Scientific Inquiry: Scientific inquiry is a process of investigation based on science principles and questioning, collecting, describing, and examining evidence to explain natural phenomena and artifacts.

5.3S.1 Based on observations and science principles, identify questions that can be tested, design an

experiment or investigation, and identify appropriate tools. Collect and record multiple observations

while conducting investigations or experiments to test a scientific question or hypothesis.

5.3S.2 Identify patterns in data that support a reasonable explanation for the results of an investigation

or experiment and communicate findings using graphs, charts, maps, models, and oral and written reports.

5.3S.3 Explain the reasons why similar investigations may have different results.

Materials and Costs:  

(Memory Game worksheet is also attached in lesson as an optional addition)

Activity 1:

Consumables

· **One large graham cracker broken in half (only if doing all plate tectonic demos)......$1.99

· Two 3-inch squares (approx.) of fruit roll up ..................................................................$1.49 

· Cup of water ....................................................................................................................$ --

· Frosting ............................................................................................................................$.99

· Sheet of wax paper ..........................................................................................................$2.50

· Plastic knife or spoon ......................................................................................................$.79

Activity 2:

Consumables

· 2 sheets of 8.5 x 11" binder paper...................................................................................$ --

· transparent tape ..............................................................................................................$.50

· masking tap ....................................................................................................................$.99

· colored pencils or crayons..............................................................................................$1.99

Equipment

· Maps of the ocean floor  ................................................................................................$4.99

· scissors ...........................................................................................................................$2.99

· ruler ................................................................................................................................$.79

( Suggestion: Make your own model ahead of time to show students before they make their models). 


Estimated total, one-time, start-up cost:
$20.50


For a class of 30..................$40-50              Each Year:...........................$10-15

Time:

Preparation time: Buying, sorting supplies: 60 minutes

Instruction time: 60 minutes

Clean-up time: 10 minutes

Assessment:

Have students draw out as a cross section what they expect to see at a divergent plate boundary such as the Mid-Atlantic Ridge. Or make an informative poster on what they have learned about the Mid-Atlantic Ridge.

PROCEDURES

Activity 1:

Make the model 

a. 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. 

b. 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 

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

b. 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. 

c. 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. 


Activity 2:

Follow the steps on the student activity sheets. Students can measure the placement of subduction zones and the mid-ocean ridge for their model as shown in Figure 1 in the student activity sheets, or you can give them the ready-made template provided. You may wish to copy the template onto file folder or similar cardboard for a sturdier model. 

1) Place one sheet of binder paper so that the long side is towards you  

2) Draw a vertical line in the middle of the paper with a height of 11.5 cm leaving 5 cm on either side of the line. This line represents a mid-ocean spreading center (See Figure 1). 
3) Draw a second vertical line to the right of the center line so that it lies 3 cm from the right edge of the paper. This line represents a subduction zone. 
4) Draw a third vertical line to the left of the center line so that it lies 3 cm from the left edge of the paper. This line represents another subduction zone. When you are finished, your piece of paper should look like the diagram in Figure 1. 
Label the mid-ocean ridge and subduction zones. 
5) With a pair of scissors, cut the vertical lines so there will be three slits on the paper all the same height and parallel to each other. To reinforce the slits you have made, place masking tape over each one and re-cut the slit though the tape. 
6) On the second sheet of paper draw 11 bands each 2.54 cm (1 "wide) perpendicular to the long edge of the paper. 
7) Choose one color to represent normal polarity and a second to represent reversed polarity. Color alternate bands to represent periods of normal and reversed polarity. Color the band on the far left as reversed polarity. 
8) Cut the paper in half parallel to the long edge to get two strips of paper as shown in Figure 2. Mark the bands on each strip with arrows to indicate alternating periods of normal (up arrow) and reversed (down arrow) polarity.





9) Insert one end of each strip of paper through the spreading center line on your first piece of paper (see Figure 3). 
10) Pull each strip of paper towards the slits nearest the margins of the paper (the subduction zones). Tape each strip to make a loop as shown in Figure 3. 
11) Circulate the ribbons of paper (which represent oceanic crust) to simulate the movement of ocean floor from the mid-ocean spreading center to the subduction zone. 
Start the movement of the ribbons with bands representing normal polarity.

Modifications: For younger children, omit explanation of magnetic stripes and reversals of polarity. Use the model to show them the creation of new sea floor at spreading centers and the disappearance of old sea-floor at subduction zones. You may wish to cut the paper model pieces for the students ahead of time, or use a model you have made as a demonstration for the class. 


Extensions: Hydrothermal vent systems, called black and white smokers, found at oceanic spreading centers are one of the most exciting discoveries made during the last fifteen years of marine exploration. These smokers are the sites of mineral deposits and unique ecosystems that exist in total darkness. Integrate a unit on sea-floor spreading and ocean floor topography with biology by having students research the unique creatures associated with hydrothermal vent communities. Some suggested references are given below. 

Background:

As the 12 major plates of the earth’s crust move due to the convection of heated magma in the mantle, this causes many events.  Where two plates slide past one another laterally enormous amounts of 

built up pressure is released in the form of earthquakes. This is illustrated by the transform fault. The side-to-side movement causes a great deal of friction. 

A third type of plate movement is compressional or convergent boundaries. As the name suggests, the plates are pushing together. This movement is like a slow-motion car crash. When two plates collide (at a convergent plate boundary), some crust is destroyed in the impact. Depending on what types of plates are involved different results occur. 

“Extensional” is more often called “divergent” boundaries. This occurs when two plates are pulling away from each other. The plates are thought to pull apart because of the upwelling of the heat from the convection current in the mantle below the two plates. As the upwelling magma rises, it strikes the bottom of the plates, and pulls the two plates apart. In the void left by the two plates parting, magma wells up in its place. This is best illustrated in the Mid-Atlantic ridge. This is also called Sea-Floor Spreading. 

**Oceanic Plate and Continental Plate - When a thin oceanic plate collides with a thick 

continental plate, the denser oceanic plate is forced under the continental plate. This 

type of event is called subduction. This occurs along the west edge of South America 

where the Pacific plate is being pushed under the S. American plate. This forces the 

continent to rise, forming the Andes Mountains. The type of rock formed is andesite, 

hence the name “Andes”. 

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 and rocks 

metamorphose under the pressure. An example is the Himalayan Mountain range 

The Ocean Floor — A map of the ocean floor shows a variety of topographic features: flat plains, long mountain chains, and deep trenches. Mid-ocean ridges are part of chain of mountains some 84,000 km long. The Mid-Atlantic Ridge is the longest mountain chain on Earth. These ridges are spreading centers or divergent plate boundaries where the upwelling of magma from the mantle creates new ocean floor. 



Continental drift — The idea that continents move is an old one; Alfred Wegener, a German meteorologist, proposed the hypothesis of continental drift. in the early 1900's. Wegener used several lines of evidence to support his idea that the continents were once joined together in a supercontintent called Pangaea and have since moved away from one another: (1) the similarity in shape of the continents, as if they once fit together like the pieces of a jigsaw puzzle; (2) the presence of fossils such as Glossopteris, a fossil fern whose spores could not cross wide oceans, on the now widely-separated continents of Africa, Australia, and India; (3) the presence of glacial deposits on continents now found near the equator; and (4) the similarity of rock sequences on different continents.


Wegener's hypothesis of continental drift was not widely accepted because he had no mechanism to explain how the continents move. The idea was not revived until new technology made exploration of the ocean floor possible. 

Sea-floor spreading — In the early 1960s, Princeton geologist Harry Hess proposed the hypothesis of sea-floor spreading, in which basaltic magma from the mantle rises to create new ocean floor at mid-ocean ridges. On each side of the ridge, sea floor moves from the ridge towards the deep-sea trenches, where it is subducted and recycled back into the mantle (Fig. 2). A test of the hypothesis of sea-floor spreading was provided by studies of the Earth's magnetism. 

The Earth's Magnetic Field — The Earth's magnetic field is thought to arise from the movement of liquid iron in the outer core as the planet rotates. The field behaves as if a permanent magnet were located near the center of the Earth, inclined about 11 degrees from the geographic axis of rotation (Fig. 4). Note that magnetic north (as measured by a compass) differs from geographic north, which corresponds to the planet's axis of rotation. 

Placing a bar magnet beneath a piece of paper with iron filings on it will create a pattern as the filings align themselves with the magnetic field generated by the magnet. The Earth's magnetic field is similar to that generated by a simple bar magnet. At present, the lines of force of the Earth's magnetic field are arranged as shown in Figure 4; the present orientation of the Earth's magnetic field is referred to as normal polarity. In the early 1960s, geophysicists discovered that the Earth's magnetic field periodically reverses; i.e. the north magnetic pole becomes the south pole and vice versa. Hence, the Earth has experienced periods of reversed polarity alternating with times (like now) of normal polarity. Although the magnetic field reverses at these times, the physical Earth does not move or change its direction of rotation. 

Basaltic lavas contain iron-bearing minerals such as magnetite which act like compasses. That is, as these iron-rich minerals cool below their Curie point, they become magnetized in the direction of the surrounding magnetic field. Studies of ancient magnetism (paleomagnetism) recorded in rocks of different ages provide a record of when the Earth's magnetic field reversed its polarity.


During World War II, sensitive instruments called magnetometers were developed to help detect steel-hulled submarines. When research scientists used magnetometers to study the ocean floor, they discovered a surprising pattern. Measurements of magnetic variations showed that, in many areas, alternating bands of rocks recording normal and reversed polarity were arranged symmetrically about mid-ocean ridges (Fig. 5). 

In 1963, F. Vine and D.H. Matthews reasoned that, as basaltic magma rises to form new ocean floor at a mid-ocean spreading center, it records the polarity of the magnetic field existing at the time magma crystallized. As spreading pulls the new oceanic crust apart, stripes of approximately the same size should be carried away from the ridge on each side (Fig. 5). Basaltic magma forming at mid-ocean ridges serves as a kind of "tape recorder", recording the Earth's magnetic field as it reverses through time. If this idea is correct, alternating stripes of normal and reversed polarity should be arranged symmetrically about mid-ocean spreading centers. The discovery of such magnetic stripes provided powerful evidence that sea-floor spreading occurs. 

The age of the sea-floor also supports sea-floor spreading. If sea-floor spreading operates, the youngest oceanic crust should be found at the ridges and progressively older crust should be found in moving away from the ridges towards the continents. This is the case. The oldest known ocean floor is dated at about 200 million years, indicating that older ocean floor has been destroyed through subduction at deep-sea trenches. 

It took exploration of the ocean floor to discover sea-floor spreading, the mechanism for the movement of continents that Alfred Wegener lacked. The hypothesis of continental drift gained renewed interest and, when combined with sea-floor spreading, led to the theory of plate tectonics. The history of thought about the movement of continents provides a wonderful example of how hypotheses such as continental drift and sea-floor spreading are thoroughly tested before a new theory emerges. For an overview of the history of plate tectonics, see Tarbuck and Lutgens (1994).

Mid-Atlantic Ridge Memory

Mid-ocean ridge


The longest chain of mountains in the world
sea-floor spreading


The process that continually adds new material to the ocean floor

Sonar


A device that bounces sound waves off underwater objects and then records the echoes of these sound waves
3 examples of sea-floor spreading


Molten material, magnetic stripes, drilling samples

Iceland


Is an example of mid-ocean ridge
molten material


Looks like toothpaste squeezed from a tube and quickly dried

What happens at the mid-ocean ridge?
Molten material rises from the mantle and erupts. The molten material then spreads out, pushing older rock to both sides of the ridge.
magnetic stripes


Rock that hardens with iron, that is like tiny compass needles

Deep-ocean trenches and subduction


2 processes that allows part of the ocean floor to sink back into the mantle, over tens of millions of years
drilling samples


Pieces of the sea floor from 6 kilometers deep that was brought up

Pacific Ocean


Shrinking ocean
deep-ocean trenches


The ocean floor plunges into deep underwater canyons

Atlantic Ocean


Expanding ocean
Subduction


The process of ocean floor sinks beneath a deep-ocean trench and back into the mantle

Sites Consulted:

http://www.platetectonics.com/oceanfloors/africa.asp
http://www.wwnorton.com/college/geo/egeo/animations/ch2.htm
http://www.kidcrosswords.com/kidoutdoors/where%20to%20go/underwater_mountains.htm
http://www.ucmp.berkeley.edu/fosrec/Metzger3.html
http://www.windows2universe.org/teacher_resources/teach_snacktectonics.html
http://jclahr.com/science/earth_science/cr06/workshop/activities/snack/snack_tectonics.html



