Plate Tectonics Lab (Teacher Page)
California Content Standards:

· Earth Science 3a: Students know features of the ocean floor (magnetic patterns, age, and sea-floor topography) provide evidence of plate tectonics. 

· Earth Science 3b: Students know the principal structures that form at the three different kinds of plate boundaries.
· Investigation & Experimentation 1d: Formulate explanations using logic and evidence.
· Investigation & Experimentation 1g: Recognize the usefulness and limitations of models and theories as scientific representations of reality.
Learning Objectives:

· List the three types of plate boundaries.
· Describe the motion of the three types of plate boundaries (convergent, divergent, transform).
· Compare/Contrast the principle structures that form at each type of plate boundary.
· Explain how sea-floor magnetism and the age of rock at divergent plate boundaries provide evidence of plate tectonics.
Content-Area Vocabulary:
Plate boundary, density, oceanic, continental, lithosphere, asthenosphere, convergent, divergent, transform, subduction, volcano, trench, mid-ocean ridge, rock
Pre-Requisite Concepts:
· Density

· Earth’s Structure/Interior
Materials: (for a class of 35)
****Ranges of values for materials are given due to varying lab group sizes and the preferences of the teacher.
· 18 manila folders
· 36 strips of “new lithosphere” (6 copies)

· Coloring pencils (at least six colors including blue, green, yellow & orange)
Tips & Suggestions:
· This lab can be done without coloring the plates, but the visual component seems to help.
· The procedures for Parts 1 & 2 can be done before students are given the materials, if only one class period is desired.

· Minimally, have the slits in the folders pre-cut and labeled

· One class of students can complete procedures 1 & 2 in about 45 minutes with all students completing a variety of tasks (coloring, taping, cutting)

· This was done with one class that was a day ahead creating the plates for the rest of the sections.  

· If students can bring their own folders, or they can be provided, each student can create his/her own plates

· After students complete the procedure for Part 3, check to see that they are set up correctly.  Many will have the crust coming through the wrong slit—a chance to identify students struggling with the basic-level concepts
· Students may also struggle with how to orient/fold the new crust as it comes through the proper slit.

Adapted from original lab published  in

Holt’s ​Science Spectrum- A Physical Approach
Lab: Plate Tectonics

Pre-Lab:

1. Draw each type of plate boundary.

a. Include arrows to show the type of plate movement.

b. Include the basic principle structures that form at each type of plate boundary

2. For each boundary, write a caption explaining the movement and how each principle structure forms.

3. A sample of rock was taken from a mid-ocean ridge in the Atlantic.  Older rock was found to be farther away from the ridge, and younger rock was found closer to the ridge.  Explain this observation.

Part 1: Creating the Plates

1. Begin with a manila folder that has three pre-cut slits in it, labeled A, B, & C.

2. Open the folder so that you are looking at the slits 

3. Using a pencil, draw three separate lines, in line with slits A, B, & C that go from the top to the bottom of the folder. You should now have four (4) regions on the face of the folder.

4. Make the middle line extra dark.

5. Color the outer regions lightly.  Do NOT use blue, green, yellow, or orange.  Label these as continental plates
6. Color the inner regions darker than you did in step 4.  Do NOT use blue, green, yellow, or orange.  Label these as oceanic plates.

7. For the leftmost continental plate, draw an arrow pointing to the right.  For the rightmost continental plate, draw an arrow pointing to the left.

8. For the left oceanic plate, draw an arrow pointing to the left.  For the right oceanic plate, draw an arrow pointing to the right.

Analysis of Part 1:

1. What type of plate boundary is occurring at:

a. Slit A

b. Slit B
c. Slit C

2. Compare or contrast the relative densities of:

a. the two oceanic plates.

b. a continental plate and an oceanic plate.

3. The manila folder represents the lithosphere.  What layer of Earth’s interior is beneath the lithosphere?

4. In general, compare or contrast the densities of the two layers from Q3.

5. Which general type of plate boundary is not represented in this model?

6. Evaluate the model.  Identify one strength and one weakness of the model as it represents real life.

Part 2: New Lithosphere

1. Obtain two strips of new crust from your teacher.  

2. Color these strips as directed.  You will need: blue, green, yellow, & orange.

3. Use a piece of tape to connect the two orange sections (arrow pointing in the same direction) so that it makes one long strip.

Analysis of Part 2:

7. While it is still beneath the surface, describe the form/state of matter of this new lithosphere.

8. Based on your answers to the Analysis of Part 1, at which boundary (A, B, or C) should the new lithosphere come through? Explain why.

Part 3: Plate Movement

1. Gently fold the taped strip of new lithosphere so that the colored sides are facing in. 

2. From the bottom side of the folder, push the non-folded end of the new lithosphere through the appropriate slit/plate boundary.  Only push the new lithosphere through until the all of the blue lithosphere is showing, then stop. Have your teacher check to make sure you are set up properly.

3. Slowly, pull the new lithosphere until each end just reaches Boundaries A & C.  Green and blue colors should be showing.

Analysis of Part 3:

9. A rock sample is taken from the middle of the blue section on the right, and another is taken from the middle of the blue section on the left.  Compare or contrast the age of those two rock samples.

10. A rock sample is taken from the blue section on the right, and another is taken from the green section on the right.  Compare or contrast the ages of those two rock samples.

11. When the blue sections get to boundaries A & C, will it slide over onto the continental plate, or go under the continental plate?

12. What was your reasoning for your previous answer?

Part 4: Continuing Plate Movement

1. Pull the strip of new lithosphere until all of the blue is gone, and only the green and yellow portions of the strip are showing.

Analysis of Part 4:

13. Where did the blue portion of the lithosphere go? What is the term for this process

14. At plate boundary A, what two types of principle structures (landforms) would you expect to see present?

15. At plate boundary B, what two types of principle structures (landforms) would you expect to see present?

Part 5: Analysis

16. If the oldest continental rocks are 4.6 billion years old, use this model to help explain why the oldest ocean rocks are only 200 million years old.

17. Near which type of plate boundary would you expect to find the oldest ocean rocks?

18. The strip of new lithosphere has different colors, with arrows pointing in opposite directions.  Explain why this is so.

Part 6: Extension

19. Use what you know about Earth’s lithospheric plates and suggest two places on the globe that Slit B might represent. (cite your source for where you find your answer)

20. Use what you know about Earth’s lithospheric plates and suggest two places on the globe that Slit A might represent. (cite your source for where you find your answer)

21. If the region to the leftmost side of the folder was oceanic rather than continental lithosphere, how would the principle structures that develop be different than the model?

22. Assume that the two regions surrounding Slit B were continental, rather than oceanic.  How would the principle structures be different?

Computer Lab: eField Trip to the Hawaiian Islands

California Content Standards:

· Earth Science 3e: Students know there are two kinds of volcanoes: one kind with violent eruptions producing steep slopes and the other kind with voluminous lava flows producing gentle slopes. 

· Earth Science 3f*: Students know the explanation for the location and properties of volcanoes that are due to hot spots and the explanation for those that are due to subduction.
Learning Objectives:

· Compare and Contrast all types of volcanoes based on size, structure and magma.

· Explain what role heat, pressure, and water have in making volcanoes.

· Define viscosity, silica content, gas content, and contrast how these relate to each type of volcano.

Content-Area Vocabulary:


volcano, magma, lava, hot spot, eruption, pahoehoe, a’a, pyroclast, shield, composite
Pre-Requisite Concepts:

· Earth’s Structure/Interior

· Plate Tectonics
Tips & Suggestions:
· Since this is a website with a strange URL, create a link on your web page. Or, go to my website (http://achsscience.googlepages.com) and have students follow that link.
· Questions for the eField Trip are designed to be an introduction to volcanoes.  There is no prior knowledge regarding volcanoes in the construction of the questions.

· However, it is assumed that plate tectonics have already been taught.

· The document designated for language learners has very similar is not the same questions. There are some provided sentence frames and fill-in-the-blanks.  

· This is to remove some of the linguistic demand on these students. Since it is an introduction, the familiarity with the concepts was favored over expression of processing.

eField Trip to the Hawaiian Islands: Volcanoes- The Earth At Work

Slide 1 

1. What is the name of the first person you see?

2. What do you think “superintendent” means?

Slide 2

3. What are two things that Joni Mae Makuakane-Jarrell will teach you today?

Slide 4 (Lithospheric jigsaw puzzle)

4. How many lithospheric plates are there on Earth?

5. What do the plates float on top of?

Slide 5 (Plate Boundary)

6. What are the three ways that tectonic plates can move?

7. What type of plate boundary is pictured in the image on this slide?

Slide 6 (Hot Spot cross-section)

8. Were the Hawaiian Islands formed at a plate boundary?

9. Draw the hot spot where the Hawaiian Islands formed.

Slide 7 (Hot Spot side view)

10.  As the plate moves over the hot spot, what happens to older volcanoes?

Slide 8 (Overhead map)

11. Look at the map on this slide.  What is the name for this type of map with contour lines?

12. What can be said about the elevation along one of the contour lines?

13. Define the three types of volcanoes discussed on this page.

14. Use your mouse to move along the island.  Which is the tallest volcano on this island?  Is it active?

Slide 9 (Eruption animation)

15.  What causes a volcano to erupt?

16. Click on the volcano to cause the volcano to erupt.  Do you think this is a quiet eruption or an explosive eruption?

Slide 10 (eruption)

17. What are the three things that erupt from a volcano?

Slide 11 (chalkboard)

18. What are the three types of lava?

Slide 12 (pillow lava)

19. Where is pillow lava produced?

20. Is there a lot of pillow lava in the world, or not much?

Slide 13 (Pahoehoe lava)

21. Describe pahoehoe lava?

22. Does this type of lava travel long or short distances?

Slide 14 (A’a lava)

23. Describe a’a lava?

24. Does a’a lava move faster or slower than pahoehoe lava?

Slide 15 (pyroclasts)

25.  What are pyroclasts?

26. What are some of the forms that pyroclasts can take?

Slide 16 (steam eruption)

27. What are two examples of active volcanoes?

28. Based on what you know about hot spots, describe the location of these volcanoes relative to a hot spot?

Slide 17 (Aerial image of shield volcano)

29. What are the two main types of volcanoes?

30. Draw a shield volcano.

31. Do shield volcanoes have quiet or explosive eruptions?

Slide 18 (Mauna Loa)

32. What are two examples of shield volcanoes?

33. What is the total elevation of Mauna Loa above its sea-floor beginning?

Slide 20 (Ocean Image)

34. What is the name of the next Hawaiian Island to form?

35. Where is this island currently?

Slide 21 (Two composite volcanoes)

36. How is the structure of a composite volcano different than a shield volcano?

37. What are two examples of a composite volcano?

38. Are these volcanoes more or less explosive than the Hawaiian Islands?

Slides 22-26 (Craters, Lava tubes, lava lakes, lava forests)

39. Choose two of the landforms that volcanoes develop and describe them.

Slide 27 (ferns)

40. After a lava flow, how does life begin to re-establish itself in the area?

Slide 28-30 (seismographs, inflation, gas emissions)

41. Describe the three ways that geologists study volcanoes and predict eruptions.

Slide 31-33 

42. List some of the hazards to humans that are present near an active volcano.

Slide 34-38 (mythical images)

43. Who is the goddess of volcanic activity?

44. Describe the Hawaiian myths about how volcanoes and the oceans interact?

eField Trip to the Hawaiian Islands: Volcanoes- The Earth At Work

Slide 1 

45. What is the name of the first person you see? ___________________

46. What do you think “superintendent” means? ____________________________________________

Slide 2

47. What are two things that Joni Mae Makuakane-Jarrell will teach you today? 

​​​​​​​​​​____________________  ________________________________

Slide 4 (Lithospheric jigsaw puzzle)

48. There are ______________ lithospheric plates on Earth?

49. These plates float on top of _____________?

Slide 5 (Plate Boundary)

50. The three ways plates can move are: _________________ ________________ ______________.

51. What type of plate boundary is shown in this picture? _________________

Slide 6 (Hot Spot cross-section)

52. Were the Hawaiian Islands formed at a plate boundary? _________________

53. Draw the hot spot where the Hawaiian Islands formed.

Slide 7 (Hot Spot side view)

54.  As the plate moves over the hot spot, the magma forces its way to the _____________.

Slide 8 (Overhead map)

55. Look at the map on this slide.  

a. What is the name for this type of map with contour lines? ____________________.

56. The elevation of all points on a contour line is the _____________ (same or different).

57. Define the three types of volcanoes discussed on this page.

a. An active volcano_________________________________________________________.

b. A dormant volcano________________________________________________________.

c. An extinct volcano_________________________________________________________.

58. Use your mouse to move along the island.  

a. What is the name of the tallest volcano on this island?

b. Is it active?

Slide 9 (Eruption animation)

59.  What causes a volcano to erupt?

60. Click on the volcano to cause the volcano to erupt.  Do you think this is a quiet eruption or an explosive eruption?

Slide 10 (eruption)

61.  The three things that erupt from a volcano are ___________  ______________  _____________.

Slide 11 (chalkboard)

62. What are the three types of lava? _______________ ________________ _________________.

Slide 12 (pillow lava)

63. Pillow lava is produced by _________________ under water.

64. Is there a lot of pillow lava in the world, or not much?

Slide 13 (Pahoehoe lava)

65. Pahoehoe lava looks like ________________________________________________________.

66. Pahoehoe lava can travel __________ distances.

Slide 14 (A’a lava)

67. A’a lava has a ____________________________________________________ surface.

68. Does a’a lava move faster or slower than pahoehoe lava? _____________

Slide 15 (pyroclasts)

69.  What are pyroclasts? _________________________________

70. What are some of the forms that pyroclasts can take? 

Slide 16 (steam eruption)

71. What are two examples of active volcanoes? ____________________ ______________________

72. Are these active volcanoes likely to be on top of a hot spot?

Slide 17 (Aerial image of shield volcano)

73. What are the two main types of volcanoes? ___________________ ____________________

74. Draw a shield volcano.

75. Do shield volcanoes have quiet or explosive eruptions? ____________________

Slide 18 (Mauna Loa)

76. What are two examples of shield volcanoes? __________________ _______________________

77. What is the total elevation of Mauna Loa above its sea-floor beginning? ______________

Slide 20 (Ocean Image)

78. What is the name of the next Hawaiian Island to form? ________________________

79. This next island is currently ____________________.  Soon it will be ____________________.

Slide 21 (Two composite volcanoes)

80. Composite volcanoes are __________________________________________________________.

81. What are two examples of a composite volcano? ___________________ ___________________.

82. Are these volcanoes more or less explosive than the Hawaiian Islands? _________ explosive.

Slides 22-26 (Craters, Lava tubes, lava lakes, lava forests)

83. Choose two of the landforms that volcanoes develop and describe it.

Slide 27 (ferns)

84. After a lava flow, how does life begin to re-establish itself in the area?

Slide 28-30 (seismographs, inflation, gas emissions)

85. Describe the three ways that geologists study volcanoes and predict eruptions.

Slide 31-33 

86. List some of the hazards to humans that are present near an active volcano.

Slide 34-38 (mythical images)

87. Who is the goddess of volcanic activity? _____________

88. Describe the Hawaiian myths about how volcanoes and the oceans interact?

Classifying Rocks (Teacher Page)

California Content Standards:

· Earth Science 3c: Students know how to explain the properties of rocks based on the physical and chemical conditions in which they formed, including plate tectonic processes.
· Investigation & Experimentation 1d: Formulate explanations by using logic and evidence.
Learning Objectives:

· Identify the three types of rocks and explain how they differ

· Compare/contrast intrusive and extrusive igneous rock, based on texture, composition, & formation

· Compare/Contrast clastic and chemical sedimentary rocks based on texture, composition & formation

· Compare/contrast foliated and non-foliated rocks based on texture, composition, & formation

Content-Area Vocabulary:

Rock, igneous, sedimentary, intrusive, extrusive, foliated, non-foliated, clastic, chemical, metamorphic, 
Academic Language:

· Forms: observation, hypothesis

· Functions: identify, define, compare, contrast, describe, observe, explain
Pre-Requisite Concepts:

· Earth’s Structure/Interior

· General Plate Tectonics

· Volcanoes

· Rock Types & Basic Rock Cycle

Materials: (Amounts of necessary rocks will vary according to class size.  These numbers are for one progression.  Multiply as needed for the number of progressions that you will require)
· Igneous rocks (4 total: Intrusive (1), Extrusive (2), Either (1))
· Sedimentary rocks (5 total: Clastic (1), Chemical (1), Either (3))
· Metamorphic rocks (3 total: Foliated (1), Non-Foliated (1), Either (1))
· Rock Identification Charts (one per station—only necessary if extensions will be included)

· Magnifying lenses/glasses (one per station)

· Not inherently necessary, but may allow for more detailed observation of crystal size, etc.
Tips & Suggestions:

· For 35 students

· Groups of 2 = ~18 rocks stations

· Groups of 3 = ~12 rocks stations

· Groups of 4 = ~9 rock stations
· Questions are written for 5 stations.  Have these stations in duplicate as needed so that the class will have multiple parallel progressions.

· Students can be given either the lab handout, or the questions for each station can be divided up and located at each site.

· Possible Extension Ideas:

· Provide students with a chart for specifically identifying rocks (i.e. granite vs. igneous intrusive). Students who finish the questions faster at each station can then work to identify the specific rocks using the classification charts (included- taken from Prentice Hall Earth Science, 2006)
Lab: Classifying Rocks

Tasks: 

1. Make physical observations of rock sets/pairs and answer questions about their formation.

2. Use the magnifying lenses as needed to inspect and make relevant observations

3. Challenge: If you finish the station before the class rotates, try to identify the specific rocks using the charts provided.
Station 1: Igneous & Sedimentary 

Given- one of these rocks is igneous and the other is sedimentary.

1. What makes a rock “igneous”?

2. What makes a rock classified as “sedimentary”?

3. Classify each rock as either igneous or sedimentary.  Provide your reasoning for your choices.

4. One rock was found near a volcano. The other was dug up from the bottom of a dried riverbed.  Which rock was likely found in each place?  Explain your reasoning.

Station 2: Intrusive vs. Extrusive Igneous 

Given: These are both igneous rocks. One is intrusive and the other is extrusive

1. Define an intrusive rock.

2. Define an extrusive rock.

3. What is one way that you could tell the difference between an intrusive and extrusive igneous rock just by looking at it.

4. Look at the two rocks and classify each as either intrusive or extrusive.

5. One of these rocks was found on the surface, half a kilometer away from a volcano.  The other rock was found when a rock climber went into a cave in the volcano. Which rock was found in each situation, and how do you know?

Station 3: Foliated vs. Non-foliated Metamorphic

Given: Both of these rocks are metamorphic.  One is foliated, and the other is non-foliated.

1. What makes a rock “metamorphic”?

2. What is a foliated metamorphic rock?

3. What is a non-foliated metamorphic rock?

4. Look at the two rocks present here.  Which of these would you consider foliated?  Explain your reasoning.

5. Describe where metamorphic rocks are likely to form.  Explain why they would form there?

Station 4: Extrusive Igneous (Pumice), Sedimentary, Metamorphic

Given: Each of the three main types of rocks is present here.

1. Write one observation about each rock that clearly distinguishes it from the others. (If you told somebody that one observation, they would know exactly which rock to pick up)

2. Write an observational statement that compares two of the rocks (find a similarity).

3. Write an observational statement that contrasts two rocks, different from the two you chose in Q2 (find a difference).

4. Hypothesize about how AND where each rock might have been formed.

Station 5: Clastic vs. Chemical Sedimentary Rock (three rocks if possible)

Given: All of these rocks are classified as sedimentary. Two of these rocks are clastic, and one is chemical.

1. How does a clastic sedimentary rock form?

2. How does a chemical sedimentary rock form?

3. Which of these rocks are clastic and which is chemical?  Explain your reasoning.

Lab: Household Water Use (Teacher Page)

California Content Standards:

· Earth Science 9c: Students know the importance of water to society, the origins of California’s fresh water, and the relationship between supply and need.
· Investigation & Experimentation 1a: Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.
Learning Objectives:
· Classify and quantify some of the basic water needs of a household for one 24-hour period.
Content Area & Laboratory Vocabulary:

none
Pre-Requisite Concepts:


None

Materials:
· Data Table

· Calculator
Tips & Suggestions:

· Guide students through the math for the different categories

· The first table of values are estimated per person (multiply by number of people in family), 
· The second table is estimated per use (students will need to tally)
· Be prepared for students who won’t be home or out of town.

· Have a few generic sets of data available for legitimate student needs.

Adapted from original published in

Prentice Hall’s Earth Science (2008)
Lab: Household Water Use
Pre-Lab: 

1. What do you think is the total amount of water (in liters) that your household will use in 24 hours?

2. We will be monitoring only personal/household water use.  What general water use consumes the more water than all others in California?

Procedure: 

1. Copy the data table below.

2. Track your household’s water use for one 24 hour period, based on the categories below.

3. Complete the data table.

Data:

How many people are in your household? _______

	Activity
	Liters of water use per person each day
	Household’s total water use in this category

	Taking a bath


	130
	[image: image1.png]




	Brushing Teeth w/ water running
	7
	

	Brushing teeth w/o water running
	1
	

	Cooking and Drinking


	19
	

	Flushing toilet


	106
	


	Activity
	Rate of water use
	Tally

(total minutes or loads used)
	Household’s total water use in this category

	Taking a shower

	15 per minute
	
	

	Running washing machine
	57 per load
	
	

	Running dishwater
	171 per load
	
	


Calculations:

1. Calculate the total water use for your household during this 24 hour period.

2. Calculate the average water use per person. (total water use / number of people in household)

Analysis Questions:

1. What activity in your household used the most water?

2. Do you think your answer to Q1 was true for all households? Why/Why not?

3. Compare your measured total to your prediction before the lab.  Were the two numbers the same or different?  By how much?

4. What is one way that YOU, personally, can decrease your personal water use?

5. What is one way that your HOUSEHOLD can decrease its water use? (Think of something different than your answer to Q4.)
Rock’n Roller Coaster (Teacher Page)

California Content Standards:

· Earth Science 9b: Students know the principal natural hazards in different California regions and the geologic basis of those hazards.
· Earth Science 3d: Students know why and how earthquakes occur and the scales used to measure their intensity and magnitude.
· Investigation & Experimentation 1m: Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings.
Learning Objectives:

· Identify the main hazards associated with earthquakes in California.

· Explain the geologic basis for the seismic hazards.

· Communicate findings based on an analysis of data
Content-Area Vocabulary:
seismo-, earthquake, fault, hazard, tsunami, liquefaction, landslides, seismic shaking, 

Academic Vocabulary:


proposal, pros, cons, argument, opinion, site, 
Pre-Requisite Concepts:

· General earthquake mechanics

· Introduction to earthquake hazards

Pacing: 1-3 class periods depending on the level of depth and revisions assigned

Tips & Suggestions:
· This lab was adapted for my classroom from the original created by R.J. Henchy, Rio Mesa High School.

· Mr. Henchy’s lab was adapted for Ventura County from a project first published by the Sacramento Area Science Project.

· The content can be included in either an earthquake unit, or the California geology standard set, depending on the course design of the teacher.

· Students were paired in groups of three and could divide the work.

· This has also been executed as an individual assignment.

· Strategic grouping will help support students with lower proficiencies in academic English.

· Possible Extension Idea: Provide students with the opportunity to research how to prevent or mitigate the hazards at each site.  Students can incorporate that information into their proposal.

· Copies of the county map can be made for individual groups.  

· I have simply projected the map on a PowerPoint slide and had only one or two copies available for absent students or any potential visual impairments.

· Students have naturally tended to base their decision on marketing factors (e.g. Lake Casitas is a nice resort area) rather than sticking to just the engineering, which is the relevant content.

· Possible Extension Idea: Allow students to include a marketing proposal in addition to the seismic hazard arguments.

· Students have tended to struggle with the content of the introductory paragraph.

· Students have tended to struggle with the meta-analysis for the conclusion.  When a site is chosen, it has been difficult to explain why that site is specifically better than the other two sites.
Adapted from original created by R.J. Henchy, RMHS
Rock’n Roller Coaster

Introduction: You are a team of engineers working for Seismic Hazard Analysis & Knowledge Engineers (SHAKE) which has been hired by Walley World to find a suitable location to build a new, multi-million dollar amusement park in the Ventura County area.  Walley World’s marketing department has narrowed the search to three sites: Oxnard Shores, Lake Casitas, and Fillmore.  At SHAKE, your team’s job is to examine the map of Ventura County that includes fault lines and seismic hazard data.  Use this map to evaluate each location and determine the likelihood of life-threatening damage that could occur in the event of an earthquake. 

Proposal: Write a statement that includes your recommendation for which would be the best site for an amusement park.  


Requirements for the proposal:
· Typed, 1 inch margins, double-spaced, 12 pt. Times New Roman font

· Include ALL components of proposal

· Introductory paragraph (Describe the purpose of the study)

· A brief review of the four main earthquake hazards

· Include the arguments for and against each site (each site gets its own paragraph)

· Conclusion Paragraph

· Choose the best location from the three potential sites.

· State the reasons for this choice over the others.

Also submitted:

· Review of Earthquakes and earthquake hazards (see below for details)

· Table of arguments for and against each site (make sure to label who did what)

· Rough draft for proposal that contains the handwriting of each group member.

Tasks: (to be completed before the proposal is written)

· Review of earthquake hazards

1. Write or draw the cause of an earthquake.

2. List AND describe the four main hazards that can result from an earthquake.

· Comparison of potential sites

3. Create a table of the arguments for and against each site, similar to the sample below. These arguments should be related to potential earthquake hazards.

	Arguments for Oxnard Shores
	Arguments against Oxnard Shores



	Arguments for Lake Casitas
	Arguments against Lake Casitas



	Arguments for Fillmore
	Arguments against Fillmore




· Rough Draft

4. Write a draft of the proposal that contains all of the requirements of the proposal.  This must be written by the group.  The handwriting of each person must be present on the draft.

· Final Draft

5. This is similar to the rough draft, but is typed, and ready to be submitted.

Rock’n Roller Coaster Grading Rubric

Individual Work (Tasks 1-3)

	Requirement
	Point Value
	
	
	

	Task 1: Cause of earthquake is explained (more than one sentence) or drawn
	4
	
	
	

	Task 2: List AND Describe the four hazards of an earthquake

· Seismic Shaking, Liquefaction, Tsunamis, Landslides:  
	6

· Listing (2);

· correct description (4)
	
	
	

	Task 3: Compare/Contrast the three potential sites

· Each site has arguments for and against

· Within each site, all of the four hazards are addressed
	12

· Each site (4)

(one point for each hazard)
	
	
	

	TOTAL
	20
	
	
	


Rough Draft (Task 4)

	Requirement
	Point Value

	Introductory Paragraph present
	1

	Review of Earthquake Hazards (Four Hazards)
	2

	Three body paragraphs (one for each site)

· Oxnard Shores, Fillmore, Lake Casitas
	3
· Each site (1)

	Conclusion paragraph

· An opinion is made, Reasons are stated for that opinion
	2

	Group Participation

· Three distinct sets of handwriting are present
· One piece of paper, not a compilation
	2

	TOTAL
	10


Final Draft (Task 5)

	Requirement
	Point Value

	Introductory Paragraph
	3

	Review of Earthquake Hazards

· Four Hazards described

· Grammar & Spelling
	7

	Body Paragraph 1-3

· Contains arguments for the site

· Contains arguments against the site

· Grammar and spelling
	15 

· Each site (5)

	Conclusion Paragraph

· Choice is made, and clear

· Explanation of choice, more than just EQ hazards

· Grammar and spelling
	5

	TOTAL
	30


TOTAL POINTS FOR PROJECT: 60
Lab: Hot Air Extraordinaire (Teacher Page)

California Content Standards:

· Earth Science 8a: Students know the thermal structure and chemical composition of the atmosphere.
· **Optional Extension** Earth Science 8c: Students know the location of the ozone layer in the upper atmosphere, its role in absorbing ultraviolet radiation, and the way in which this layer varies both naturally and in response to human activities.
Learning Objectives:

· Determine the relationship between atmospheric pressure and altitude. 

· Determine the relationship between temperature and altitude. 

· **Determine the location of ozone in the Earth’s atmosphere.**
Content-Area Vocabulary:


atmosphere, air, altitude, kilometers (km), pressure, temperature, millibars (mb), Celsius (°C), ozone 

Pre-Requisite Concepts:


none
Academic Language:

· Forms: increase, decrease, relationship

· Fluency

· As ________ increases, ___________ decreases.
Tips & Suggestions:
· Since this is a website with a strange URL, create a link on your web page. Or, go to my website (http://achsscience.googlepages.com) and have students follow that link.
· There are two versions of this lab, electronic and paper.

· The paper version can be used to replace the electronic one if resources are not available or students without computer access are absent.

· Most directions given assume students will be completing the lab exercise on a separate piece of paper.  The document can be easily modified to become a consumable.

· The computer simulation will do the graphing of the data.  I included the graphing requirement as a means to practice plotting points, and setting scale ranges.  

· For the paper version, the questions that are included are the same as those provided by the simulation.

· More analysis questions regarding the thermal layers and the details of those layers can be included if some prior direct instruction was given.  Or, such questions can be incorporated for extension opportunities for gifted/fast-paced students.

· The ozone section is included on the electronic version only, and as an extension opportunity.  I do not believe that this simulation would supplant other instructional strategies regarding ES standard 8c, but can serve as an introduction for students that move faster than their peers.
Lab:  Hot Air Extraordinaire

Comparing Pressure, Temperature and Ozone with Altitude

Visit the URL: http://achsscience.googlepages.com, click on EARTH SCIENCE COMPUTER LABS, then click on HOT AIR EXTRAORDINAIRE.  

Or go to: http://aspire.cosmic-ray.org/labs/atmosphere/atm_measure2.html
Objectives: List the three objectives for this lab on the top three lines of your paper.

Directions for getting started: 

1. Click on the INSTRUCTIONS link that is blue and underlined

2. Read the instructions.

3. Click on the picture of the balloon.

Altitude vs. Pressure

Directions:

1. Read the instructions for PRESSURE, then click on the arrow.

2. BEFORE BEGINNING!! Create the data table and graph below on your paper. (put them next to each other)


	Altitude (km)
	Pressure (mb)

	 0
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




3. Data points are taken by clicking on the blue button on the balloon. Your first data point should be at 0 km.

4. Move the balloon to 15 different altitudes and record the different pressures given in the data box in the lower right hand corner.  Your balloon can go to 80 km, but you can try to go higher.

5. After your data is complete, graph the data points.  Plot the points carefully. 
6. When your graph is finished, click on the arrow in the CONTORL PANEL.

7. Use your data and the graphs to answer the questions that follow.  Use complete sentences to answer the PRESSURE questions. Write these responses on your paper underneath the data table and graph.
Altitude vs. Temperature

Directions:

1. Read the instructions for TEMPERATURE, then click on the arrow.

2. BEFORE BEGINNING!! Create the data table and graph below (just like the PRESSURE).  You will need to take at least 15 data points.  Take about four data points for every 20 km of altitude.
	Altitude (km)
	Temperature (°C)

	 0
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





3. Carefully graph your data points the same way you did with PRESSURE. Place Altitude on the vertical axis and Temperature on the horizontal axis.

4. After you have graphed your data, click on the next arrow and go through the simulated balloon rise.  Compare your graph to the one that the autopilot produced.

5. Use your data and your knowledge of the atmosphere to answer the analysis questions relating to TEMPERATURE.  Use complete sentences to answer the questions. Write these responses on your paper underneath the data table and graph.

Extension Opportunity:

1. Read the directions for OZONE.  

2. Take 15 data points as before.  

3. Graph the data

4. Answer the Ozone Analysis Questions

5. Click on the VIEW DATA button on the CONTROL PANEL.

6. Write a statement for 3 different relationships that you see between the variables.  

Lab: Hot Air Extraordinaire

Comparing how Pressure, Temperature and Ozone change with Altitude

Altitude vs. Pressure
Directions:

1. The data below was taken from a weather balloon as it rose through the atmosphere. Graph this data on the grid to the right.

2. Answer the Analysis Questions below that relate to the weather balloon and the resulting graph.


	Altitude (km)
	Pressure (mb)

	0
	1013.25

	5
	540.56

	10
	264.56

	15
	102.95

	20
	54.79

	25
	24.95

	30
	11.72

	35
	5.58

	40
	2.67

	45
	1.43

	50
	0.75

	55
	0.39

	60
	0.2

	65
	0.09

	70
	004

	75
	0.02

	80
	0


Pressure Analysis Questions:

1. Does atmospheric pressure increase or decrease with altitude?

2. The line generated by your data is not straight.  What does this mean about rate that pressure decreases compared to the altitude?

3. Atmospheric Pressure is defined as the weight of the air above.  According to your data, the majority of earth’s atmosphere is located in the lowest ____km.

a. 10

b. 20

c. 30

d. 40

4. When the curve in the line generated by your data slopes up almost vertical (straight up and down), this means that

a. There is not much air above that point to generate a higher atmospheric pressure

b. There is no air above that point in the atmosphere.

c. There is no atmospheric pressure at that point in the atmosphere.

5. At sea level, the average pressure is slightly more than 1000 millibars.  Do you think the atmospheric pressure would be greater or smaller if you were to go scuba diving below sea level?

6. The hot air balloon popped when it reached an altitude above 80 km.  Why did it pop?

7. If the atmospheric pressure is reduced and you are not wearing a pressurized suit, hypothesize what would happen to your body (in theory) if you were to reach an altitude of 85 km (assuming that there was still enough oxygen for you to breath).

8. Some people say that the air is thinner in the mountains than it is at sea level.  Knowing what you do about atmospheric pressure being caused by the weight of the air above, explain in 2-3 sentences what you think people mean by the term “thinner.”

9. What do you think is keeping the atmospheric gases from floating off into outer space?

10. The atmosphere may seem pretty thick, but actually it’s thin in comparison to the size of the planet.  Which of the following do you think is the best comparison for the average thickness of the atmosphere compared to the size of the Earth?

a. A basketball covered with one layer of aluminum foil.

b. The thickness of the skin of an orange compared to the size of the orange.

c. The fuzzy part of a yellow tennis ball compared to the size of the ball.

Altitude vs. Temperature
Directions:

1. The data below was obtained from a weather balloon as it rose through the atmosphere.  Graph this data on the grid to the right.

2. Answer the Analysis Questions below relating to the weather balloon and the resulting graph.

	Altitude (km)
	Temperature (°C)

	0
	15

	4
	-11

	8
	-37

	12
	-56.5

	16
	-56.5

	20
	-56.5

	24
	-52.5

	28
	-48.5

	32
	-44.5

	36
	-33.3

	40
	-22.1

	44
	-10.9

	48
	-2.5

	52
	-5.3

	56
	-16.5

	60
	-27.7

	64
	-38.9

	68
	-50.1

	72
	-60.5

	76
	-68.5



Temperature Analysis Questions:

1. Temperature appears to _____________ for the first approximately 10-12 km of atmosphere closest to Earth.

2. According to your data, what is the approximate range in km when the temperature reaches the freezing point (0°C)

a. 1-3 km

b. 4-6 km
c. 7-10 km

3. When a storm system approaches a mountainous area, the precipitation that occurs is snow in the mountains and rain in the valleys.  Hypothesize why you can get two types of precipitation out of the same cloud (2-3 sentences).

4. What happens to the temperature of the atmosphere from 12-20 km?

a. It increases.
b. It decreases.

c. It remains fairly constant.

5. What happens to the temperature from approximately 20-50 km in this layer of the atmosphere?

a. It increases.
b. It decreases.

c. It remains fairly constant.

6. From approximately 50-80 km is a layer of the atmosphere called the mesosphere.  What happens to the temperature of the atmosphere in this layer of the atmosphere?

a. It increases.
b. It decreases.

c. It remains fairly constant.

Multiply the number of people in your household by the average use per day for each category.
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