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GRADE 7

CATASTROPHIC EVENTS


 [J.K. Nakata, U.S. Geological Survey] 

Students in 7th grade should know major geological events, such as earthquakes, volcanic eruptions, and mountain building, result from the movement of lithospheric plates. They should be able to describe and predict the impact of different catastrophic events on the Earth including those caused by earthquakes and volcanic eruptions.
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Overview of Learning Experiences

	TEKS
	7.14A – describe and predict the impact of different catastrophic events on the Earth

7.14B – analyze effects of regional erosional deposition and weathering



	Engage
	· Students will simulate liquefaction and discover what happens to land when an earthquake shakes it up 

· Students make an edible model of the layers of the earth.

	Explore
	· Students use the Internet or other reference materials to research two different catastrophic earthquakes or volcanoes.

· Students complete a graphic organizer to record their findings. 

	Explain
	· Students compare different events and draw conclusions as to why some earthquakes and volcanoes cause catastrophic damages and loss of life, while others do not.

	Elaborate
	· Students will understand that one of the causes of damage in an earthquake is the collapse of buildings not strong enough to withstand the shaking. 

· Students will model an investigation that engineers and architects might go through to try to design buildings rigid enough to withstand the shock, but flexible enough to give a little under the stress. 

	Evaluate
	· Students will be evaluated using a rubric to determine how well their building model withstood their “earthquake”.


Catastrophic Events
                                      


   Grade 7
7th Grade Targeted TEKS
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(7.2)Scientific processes. The student uses scientific inquiry methods during field and laboratory investigations. The student is expected to: 

(A)  plan and implement investigative procedures including asking questions, formulating testable hypotheses, and selecting and using equipment and technology; 

(B)  collect data by observing and measuring; 

(C)  organize, analyze, make inferences, and predict trends from direct and indirect evidence; 

(D)  communicate valid conclusions; and

(E)  construct graphs, tables, maps, and charts using tools including computers to organize, examine, and evaluate data. 

(7.3)Scientific processes. The student uses critical thinking and scientific problem solving to make informed decisions. The student is expected to: 

C)  represent the natural world using models and identify their limitations; 

(D)  evaluate the impact of research on scientific thought, society, and the environment;

(7.14)Science concepts. The student knows that natural events and human activity can alter Earth systems. The student is expected to: 

(A)  describe and predict the impact of different catastrophic events on the Earth; 

(B)  analyze effects of regional erosional deposition and weathering; and 
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(7.12)Reading/text structures/literary concepts. The student analyzes the characteristics of various types of texts (genres). The student is expected to:

(A)  identify the purposes of different types of texts such as to inform, influence, express, or entertain (4-8);

(B)  recognize the distinguishing features of genres, including biography, historical fiction, informational texts, and poetry (4-8);

(7.13)Reading/inquiry/research. The student inquires and conducts research using a variety of sources. The student is expected to:

(A)  form and revise questions for investigations, including questions arising from readings, assignments, and units of study (6-8);

(B)  use text organizers, including headings, graphic features, and tables of contents, to locate and organize information (4-8);

(C)  use multiple sources, including electronic texts, experts, and print resources, to locate information relevant to research questions (4-8);

(D)  interpret and use graphic sources of information such as maps, graphs, timelines or tables to address research questions (4-8);

(E)  summarize and organize information from multiple sources by taking notes, outlining ideas, and making charts (4-8);
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Social Studies TEKS


(7.20)Science, technology, and society. The student understands the impact of 
scientific discoveries and technological innovations on the political, economic, and 
social development of Texas. The student is expected to:

(D) evaluate the effects of scientific discoveries and technological innovations on the use of resources such as fossil fuels, water, and land;

(F)  make predictions about economic, social, and environmental consequences that may result from future scientific discoveries and technological innovations.

National Standards

CONTENT STANDARD D:
As a result of their activities in grades 5-8, all students should develop an understanding of
· Structure of the earth system 

· Earth's history 

· Earth in the solar system 

GUIDE TO THE CONTENT STANDARD - STRUCTURE OF THE EARTH SYSTEM
· The solid earth is layered with a lithosphere; hot, convecting mantle; and dense, metallic core. 

· Lithospheric plates on the scales of continents and oceans constantly move at rates of centimeters per year in response to movements in the mantle. Major geological events, such as earthquakes, volcanic eruptions, and mountain building, result from these plate motions. 

· Land forms are the result of a combination of constructive and destructive forces. Constructive forces include crustal deformation, volcanic eruption, and deposition of sediment, while destructive forces include weathering and erosion. 

· Some changes in the solid earth can be described as the "rock cycle." Old rocks at the earth's surface weather, forming sediments that are buried, then compacted, heated, and often recrystallized into new rock. Eventually, those new rocks may be brought to the surface by the forces that drive plate motions, and the rock cycle continues. 
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INTERDISCIPLINARY CONNECTIONS:
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Teacher Background Information

The alteration of earth systems from both human interaction and catastrophic natural events can have devastating effects.  Natural events can include earthquakes, volcanic eruptions, hurricanes, and gradual processes such as weathering, erosion and deposition.  Human alteration can include changes to soil, water, and air as well as the use of natural resources.  

Layered Earth

In order to understand the impact of catastrophic events, such as earthquakes and volcanoes, it is helpful to understand how the earth itself is put together. 
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Lithosphere





The Earth is made up of many layers. The outer most layer is the crust. It is the solid, cool part that we live on. It has an average depth of 30 to 40 km but can reach as deep as 70 km under the mountain ranges. The rock that makes up the continental crust has been dated to be about 3.8 billion years old. The oceanic crust is comparatively thin at only 6 to 11 km. as well as being much younger. It is less than 200 million years old.  

Under the crust is the rocky mantle, which is composed of silicon, oxygen, magnesium, iron, aluminum, and calcium. The upper mantle is rigid and is part of the lithosphere.  The lithosphere includes the extreme upper mantle and crust. The tectonic plates are made of solid lithosphere and are rigid.  So, they move as large sheets across the surface of the Earth.  The asthenosphere, a part of the upper mantle, is near its melting point.  Although 
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most of it is solid, the asthenosphere does contain a small amount of molten rock and exhibits plastic properties. It is located below the lithosphere (the crust and upper mantle), between about 100 and 250 kilometers deep. In total, the mantle comprises about 80 percent of the volume of the Earth and is about 2900 km thick. The lower mantle, totally solid, flows slowly, at a rate of a few centimeters per year.

MISCONCEPTION:  Many students may believe that the Earth’s mantle is liquid and that the tectonic plates “float” on this liquid mantle.  Be sure to stress that although the upper mantle does contain a small amount of liquid material, more than 90% of it is solid. Also, although some magna does come from the asthenosphere or upper mantle, no magma comes from the lower mantle.

At the center of the Earth lies the core. The core contains two layers - the outer core made of molten nickel and iron and the inner core of the same material but under so great a pressure that it cannot melt even at the 3700 C. temperature thought to exist there. 

Because of the great temperature and pressure, huge sideways forces often act on layers of rock which are laying flat on the crust. This sideways force causes the rock to fold and bend. The folds can be very small or so large as to cause a mountain range. Sometimes the rocks crack rather than fold. These cracks are called faults. The crust is made of separate sections or plates somewhat like the shell of a hard-boiled egg when it is broken. These plates move and bump into one another. At the edges, where the plates touch, there are faults in the crust. Both earthquakes and volcanoes have their beginnings in the movement of these plates. 

Earthquakes
The plates move past one another or sometimes under one another. However sometimes the plates become stuck a certain points and huge pressure builds up until there is a sudden release of that strain and the rocks slide past one another. This tremendous release of energy is what causes an earthquake. 

The sudden movement of huge blocks of rock causes the earth to vibrate sort of like a bell. The note it plays may only last for seconds but for that time it sounds so low on the scale we feel it as an earthquake. The ground moves in an up and down motion and also in a side to side motion.  This vibration can shake large masses of land hundreds of miles away or be so small so that you never even notice it. 

The quakes can take place deep in the earth or near the surface; it depends on where the pressure is released. Although people can feel earthquakes in many places on the earth there are areas where the majority of quakes take place. These earthquakes occur where the plates we talked about earlier bump against one another and get stuck. There are two major areas where there are lots of earthquakes. They seem to happen most where we find tall mountains next to deep ocean bottoms. One is a belt that circles the Pacific Ocean; the other 
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includes the mountainous area next to the Mediterranean Sea, a section of Northern Africa and Asia Minor and Southern Asia. 

Effects of earthquakes

Earthquakes are among the deadliest of natural catastrophes. The average death toll in the 20th century has been 20,000 people annually. Most deaths are caused by the collapse of houses, bridges, and other structures. Although buildings located along a fault may be torn apart, more damage is caused by the shaking alone, which can topple structures far from the actual fault. Earthquakes also cause indirect damage through landslides, fires, and the collapse of dams. The civil disorder that follows can lead to disruption of food and water supplies and sanitation systems, causing starvation and the spread of disease. Earthquakes that occur under or near the ocean can also generate tidal waves, more properly called tsunamis or seismic sea waves. With heights up to 15 m (50 ft.), these waves can cross an ocean in several hours, inflicting damage upon shores far from the earthquake itself.

Volcanoes
There are about 1300 volcanoes on the surface of the earth which are active. There are also many more under the surface of the oceans. Volcanoes create different kinds of cones depending on the kind of material that comes out of the earth as well as other factors. A single vent creates a dome volcano. Some volcanoes alternate lava and ash eruptions. These cones are called composite cones. (Mt. Fuji). Splatter cones are made from pancake-shaped lumps of lava and form small steep-sided cones. Sometimes a long crack will form in the surface of the earth. This may happen when two plates pull apart. This causes a fissure volcano with a gentle slope leading up to the edge of the volcano. 

Volcanoes can have drastic effects on the surface of the earth. These can happen over a short period of time such as the explosion of Mt. St. Helens (an andesite volcano) or over a longer amount of time such as the development of the Hawaiian Islands (hot spot). No matter how quickly these events happen they represent the result of the same effect. Essentially this is the escape of molten rock and other materials from the mantle to the surface of the earth. 

There are two main ways that volcanoes are made. The first one is the kind caused by the subduction of one of the dozen or so large plates under one of the other ones. Subduction happens when one plate slides under another one. An example of this is when the Pacific plate is subducted under the North American plate. As the plate is forced down it grinds against the other. A huge amount of pressure and heat is generated causing the rock to melt. This melted rock is forced up through cracks in the crust to emerge as lava from a volcano. This helps to explain why the Pacific Rim is surrounded by volcanoes. 

Some volcanoes are found far from the edge of plates. These are created over hotspots in the crust. The molten rock in the mantle moves, somewhat like water or air when they are heated. The hotter less dense magma moves toward the surface. As it cools it is pushed to 

Catastrophic Events
             TEACHING GUIDE

            Grade 7
the side by more hot magma. The cooler magma then drifts downward to be heated again and flow upward. Hotspots are the points on the crust of the earth where the hot magma reaches the crust. There, it burns a hole in the crust like a blow torch. Some of the magma escapes through this hole to the surface. In the case of the Hawaiian Islands, they are constantly being pulled over this stationary hotspot by the movement of the plate they are on. The hotspot continues to melt its way up to the surface creating another in the chain of islands we know as Hawaii. 

Volcanic Eruptions

Some of the power of volcanic explosions comes from the huge amount of carbon dioxide gas that is dissolved in the magma. Remember that magma is molten rock before it comes to the surface. As the magma gets closer to the surface the pressure on it drops and the gas dissolved in it starts to form bubbles. They get bigger and bigger until they force the magma out of the volcano. 
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ENGAGE – SHAKING IT UP
In this activity students will simulate liquefaction and discover what happens to land when an earthquake shakes it up.  You may decide to do this activity as a demonstration or in small groups.  As the teacher, you should practice first.  Note how dry the sand is and how much water it takes to wet it as prescribed.  Give your students an approximate amount of water to start with, then add a little at a time.  (Sand gets wet faster than anticipated).

Materials needed for each demonstration:

Heavy plastic of metal pan – loaf pan size

Sand

Water

Smooth brick

Rubber mallet

Directions:

Fill the pan about 3/4 full with sand.

Put the pan on a level desk.  Pour water into the pan to just below the surface of the sand.

Insert the brick, skinny end up, into the wet sand so it resembles a building.

Let the pan stand for a few minutes, allowing the water and sand to settle.

Now, gently tap the side of the pan with the rubber mallet.

Notice what happens to the sand and the brick.

What happened?  

Students should notice that the sand got all squishy and the brick fell over.  Mixing water with the sand allows the sand grains to settle until they touch each other.  There will be water in cavities between the grains, but the mixture will behave as a solid.  

By striking the container with the mallet, the sand is squeezed or sheared closer together.  In order to do this, the particles have to push the water between them out of their way.  In the case of an earthquake (simulated by striking the container with the mallet), the squeezing done by the shockwave happens very quickly and the water does not have time to flow out of the way of he sand particles.  This results in the particles pushing on the water and causing an increase in water pressure as the particles try to move into a denser configuration.

This increased pressure causes the force at the contact points between the sand particles to decrease, and if the pressure is high enough it can reduce the interparticle forces to zero, essentially trying to “float” the sand particles away from each other for a very short time.  This is known as liquefaction.   The loss of strength occurs because there is no contact between the grains of sand; the mixture of sand is suspended in water for a short time.

This activity can be repeated with smaller centimeter cubes placed around the “building”.  Have students notice what happens to smaller structures during an earthquake.
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OPTIONAL ACTIVITY: 

In this activity students will create an Edible Model of The Earth's Interior.  They will learn about the three main parts of the earth by making an edible earth and eating it. 

Materials needed for each student:

Red hot candy

Marshmallow

Melted chocolate (can use microwave or crock pot)

Toothpick

Small sheet of wax paper

Directions: First take a red hot candy, which represents the core of the earth and squeeze it into the center of a marshmallow, which represents the mantle. Then take the filled marshmallow, stick a toothpick in it, and plunge it into melted chocolate. Use a crock pot to melt the chocolate, which hardens as it cools to become the thin crust of the earth. Place the chocolate covered marshmallow on wax paper to harden. Then eat. 

Show students a picture of the earth’s layers.  Have them compare the picture of earth's layers to their marshmallow. 

Similarities: They both have a center core that is red hot. The middle is also mushy and soft just like the material that makes up the earth's mantle. The thin outside layer around the marshmallow was a hot liquid but became a thin solid surface when it cooled just like the earth's crust. 

Assessment: Students draw a picture of the earth's layers and label the core, mantle, and crust. 
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EXPLORE -CATASTROPHY
Begin by showing students a slideshow of damaged caused by an earthquake.  http://pubs.usgs.gov/dds/dds-29/slideshow.pdf      

In this lesson, students will consider the threats that natural disasters like volcanoes and earthquakes pose for humans. They will then compare and contrast two disasters.

Ask students why they think some earthquakes and volcanic eruptions harm people and damage property, while other similar events do not. List students' responses on the board or overhead; save the list for later use. The list will likely include ideas such as the intensity or magnitude of the event, the number of people living near the event, methods of warning about the event, and level of preparedness for the event. 

Break the class into at least four small groups. Assign each group to research and make notes about a set of natural disasters listed below (two earthquakes, or two volcanic eruptions). More than one group can research the same set of events. These questions can guide students' research: 

· When did the event occur? 

· Where did it occur? 

· What were the characteristics of the event? 

· How many people were injured or killed? 

· What kind of property was damaged? What was the cost of the property damage? 

Students can compare these two earthquakes (or any earthquakes from two different time periods): 
           Izmit, Turkey, on August 17, 1999   

http://quake.wr.usgs.gov/research/geology/turkey/ 
Loma Prieta, California, on October 17, 1989    

http://pubs.usgs.gov/dds/dds-29/ 

Students can compare these two volcanic eruptions (or any earthquakes from two different time periods): 
           Soufriere Hills, Montserrat, in 1997    

http://www.mvo.ms/ 
Mount Pelée, Martinique, on May 8, 1902    

http://www.zananas-martinique.com/en-saint-pierre-martinique/pele-mount-eruption-1902.htm    

If computers or the internet is not available, these pages can be printed out for student use.  
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CATASTROPHIC EVENT:  

	Topic
	Summary of findings:

	Date of occurrence:
	

	Description of event:
	

	Measurement of event:
	

	Damage caused:
	

	Death toll:
	

	Other information:
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EXPLAIN
As groups finish their research, provide chart paper or poster board. Each group should write the names of the two events at the top of the paper.  Then each group should make a table, Venn diagram (with illustrations, if desired), or illustrate in another way the similarities and differences between the two events.

Discuss and summarize students' findings. Even though groups studied two completely different kinds of natural disasters, students likely gathered data on common aspects, which may include 

· different periods in history - advances were made in scientific understanding, prediction capabilities, and community preparedness); 

· location 

· level of preparation 

· time of day or year  

Refer back to the class list of responses to the opening question: "Why do some earthquakes and volcanic eruptions harm people and property, while other similar events do not?" Ask students which, if any, of their original responses do not seem to apply to their research findings. Would they reconsider any of their original answers? Can they add anything to their original list? 

Assessment:

Evaluate students' work based on the amount of detail and accuracy in oral and written presentations and on the use of research. Students should show that they have compared data for natural disasters, analyzing the magnitude and impacts of these events; and identified and compared past and current knowledge about a natural hazard, citing how the impacts of that hazard might be minimized with scientific research. 

Adapted from: MarcoPolo: Natural Hazards: Same Forces, Different Impacts 

http://www.nationalgeographic.com/xpeditions/lessons/15/g68/fonhazards.html
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ELABORATE – WHOSE FAULT IS IT?

In this activity students will understand that one of the main causes of damage in an earthquake is the collapse of buildings not strong enough to withstand the shaking. They will model some of the investigations that engineers and architects go through to try to design buildings rigid enough to withstand the shock, but flexible enough to give a little under the stress.  

Student Materials
· 40 coffee stirrers or cocktail straws 

· 40 mini marshmallows 

· a metric ruler 

· 2 shallow cardboard boxes (the trays used for cases of soda cans work well) 

· a pair of scissors 

· 10-20 marbles 

· 4 short rubber bands 

· stapler

Student Directions:

· Build a shake tray. 

1. Place one cardboard box on a table and, with the scissors, cut the bottom out of the second box so that it fits inside the first box with a 2-cm clearance around each side.
2. Place the marbles in the first box and rest the cut piece of cardboard on top of them. 
3. Use the stapler to attach one rubber band to each inside corners of the first box and then to the corners of the cardboard insert. The rubber bands should be taut, but not overstretched. 
4. To start the tray shaking, pull the insert toward one side of the box and let it go. 
· Create an earthquake-proof building
1. Using the marshmallows and straws (or stirrers) as building elements, assemble a structure that measures at least 50 cm high. 

2. Place the structure on the middle of the shake tray and see how it stands up to your quake. Try building several different designs to see if one particular shape stands up better than the rest. 

3. Hold a design competition with your friends. See who can build an earthquake-proof structure using the least amount of material. 
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Try varying the amount of time and the strength of the shaking by how hard you pull on 
Questions for students:
1. What structural shapes seem to survive quakes best? Can you think of any existing buildings that use this type of design? 

2. What type of earthquake motion was your shake tray simulating? Are there other motions in a quake? How might you duplicate them? 

3. Do you think that it is possible to build an earthquake-proof structure? Why or why not? 

4. How does the amount of shaking time affect building damage? 

5. How does the strength of the shaking affect building damage?

Hint: 

Students don't really need the marbles at all, but they make an impression as they move around in the box. The rubber bands hold the inside tray up without any problem.  Students should find out that the more space between the inner tray and outer box the greater the "earthquake". You could let students experiment with the spacing between the shake tray and the box to see what effect it has on the structures. 
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Associated Press Photo by Enric Marti
Taken from New York Times, August 20, 1999





Look at the picture above.  During this 1999 earthquake in Golcuk, Turkey very modern buildings were totally destroyed, while the very old mosque was virtually undamaged.  Why do some buildings survive while others fall to the ground?  

In this activity you will test different building designs to see find a model that can survive the stress of an earthquake.
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Materials
· 40 coffee stirrers or cocktail straws 

· 40 mini marshmallows 

· a metric ruler 

· 2 shallow cardboard boxes (the trays used for cases of soda cans work well) 

· a pair of scissors 

· 10-20 marbles 

· 4 short rubber bands 

· stapler

Student Directions:

· Build a shake tray. 

5. Place one cardboard box on a table and, with the scissors, cut the bottom out of the second box so that it fits inside the first box with a 2-cm clearance around each side.
6. Place the marbles in the first box and rest the cut piece of cardboard on top of them. 
7. Use the stapler to attach one rubber band to each inside corners of the first box and then to the corners of the cardboard insert. The rubber bands should be taut, but not overstretched. 
8. To start the tray shaking, pull the insert toward one side of the box and let it go. 
· Create an earthquake-proof building
4. Using the marshmallows and straws (or stirrers) as building elements, assemble a structure that measures at least 50 cm high. 

5. Place the structure on the middle of the shake tray and see how it stands up to your quake. Try building several different designs to see if one particular shape stands up better than the rest. 

6. Hold a design competition with your friends. See who can build an earthquake-proof structure using the least amount of material.
Adapted from an activity by Katharyn Ross, National Center for Earthquake Engineering Research, State University of New York at Buffalo.
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EVALUATION

	CATEGORY 
	4 
	3 
	2 
	1 

	Function 
	Structure functions extraordinarily well, holding up under atypical stresses. 
	Structure functions well, holding up under typical stresses. 
	Structure functions pretty well, but deteriorates under typical stresses. 
	Fatal flaws in function with complete failure under typical stresses. 

	Data Collection 
	Data taken several times in a careful, reliable manner. 
	Data taken twice in a careful, reliable manner. 
	Data taken once in a careful, reliable manner. 
	Data not taken carefully OR not taken in a reliable manner. 

	Directions 
	Directions were followed and creatively modified in ways that made them even better. 
	Directions were followed and there was an attempt at creative modification to make them even better. 
	Directions were appropriately followed 
	Directions were not followed which led to a structure that performed poorly. 

	Plan 
	Plan is neat with clear measurements and labeling for all components. 
	Plan is neat with clear measurements and labeling for most components. 
	Plan provides clear measurements and labeling for most components. 
	Plan does not show measurements clearly or is otherwise inadequately labeled. 

	Journal/Log - Appearance 
	Several entries made and all are dated and neatly. 
	Several entries are made and most of the entries are dated and neatly entered. 
	Several entries are made and most of the entries are dated and legible. 
	Few entries are made AND/OR many entries are not dated or very difficult to read. 
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(asthenosphere)








Math Connections:


Have students use information about the strength of earthquake tremors (Richter Scale) to order the force of earthquakes in history from least to greatest.








CATASTROPHIC EVENTS





Technology connection:


Surfing for Earthquakes and Volcanoes


� HYPERLINK "http://cse.ssl.berkeley.edu/lessons/indiv/coe/summary.html" ��http://cse.ssl.berkeley.edu/lessons/indiv/coe/summary.html�  





History Connection:


Have students locate on a world map where specific earthquakes and volcanoes have occurred. 


� HYPERLINK "http://www.saskschools.ca/~mclean2/earthquakes/onlineactivies.htm" ��http://www.saskschools.ca/~mclean2/earthquakes/onlineactivies.htm�  





Literature Connection:


Earthquakes by Seymour Simon


Volcanoes by Seymour Simon


Have students draw inferences and compare damages from the many pictures in these book as to the damaged caused by earthquakes and volcanoes. 
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