8th Grade Science:  Unit 2


Comprehensive Curriculum

Concept Correlation

Unit 2:  Earth’s Crust

Time Frame:  6 Weeks

	Big Picture: (Taken from Unit Description and Student Understanding)

· Rocks are made of minerals, which can be identified by using established procedures.

· Plate movement helps shape the surface of the Earth.

· The processes that shape the surface of the Earth today have been at work throughout geologic time.

· Rock layers reveal evidence of the geologic and biological history of an area.



	Guiding Questions
	Activities

Essential Activities are denoted with an asterisk
	GLE’s
	Documented GLEs

DOCUMENTATION
GLE Bloom’s Level

GLEs

Date and Method of Assessment

Identify and describe the four density layers of Earth (ESS-M-A1) (Knowledge)
ESS 8

Explain the historical development of the theories of plate tectonics, including               continental drift and sea-floor spreading (ESS-M-A2) (Comprehension)
ESS 9

Illustrate the movement of convection currents (ESS-M-A2) (Comprehension)
ESS 10

Illustrate the movements of lithospheric plates as stated in the plate tectonics theory  

(ESS-M-A2)

(Comprehension)
ESS 11

Identify the edges of plate boundaries as likely areas of earthquakes and volcanic  

action (ESS-M-A3) (Knowledge)

ESS 12

Describe the processes responsible for earthquakes and volcanoes and identify the effects of these processes (e.g. faulting and folding) (ESS-M-A3) (Comprehension)
ESS 13

Compare the physical characteristics of rock and mineral specimens to observe that a rock is a mixture of minerals (ESS-M-A5) (Analysis)

ESS 16

Describe the properties of minerals (e.g., color, luster, hardness, streak) (ESS-M-A5) (Analysis)

ESS 17

Describe how sedimentary, igneous, and metamorphic rocks form and change in the rock cycle (ESS-M-A6) 

(Comprehension)

ESS 18

Interpret a geologic timeline (ESS-M-B1) (Comprehension)

ESS 30

Compare fossils from different geologic eras and areas of Earth to show that life changes over time (ESS-M-B1) (Comprehension)

ESS 31

Interpret a timeline starting with the birth of the solar system to the present day 

(ESS-M-B2) (Comprehension)

ESS 32

Design, predict outcomes, and conduct experiments to answer guiding questions (SI-M-A2) (Synthesis)

SI 4

Record observations using methods that complement investigations (e.g., journals, tables, charts) (SI-M-A3) (Comprehension)

SI 7

Use data and information gathered to develop an explanation of experimental results (SI-M-A4) (Analysis)

SI 12

Develop models to illustrate or explain conclusions reached through investigation              (SI-M-A5) (Evaluation)

SI 14

Identify and explain the limitations of models used to represent the natural world 

(SI-M-A5) (Analysis)

SI 15

Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, 

spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)

SI 19

Use evidence and observations to explain and communicate the results of investigations  (SI-M-A7) (Analysis)

SI 22

Use relevant safety procedures and equipment to conduct scientific investigations (SI-M-A8) (Application)

SI 23

Evaluate models, identify problems in design, and make recommendations for            improvement (SI-M-B4) (Evaluation)

SI 33

Recognize the importance of communication among scientists about investigations in progress and the work of others (SI-M-B5) (Comprehension)

SI 34



	Concept 1: Rocks and Minerals

6.  Can students classify a given rock or a mineral by its appearance and other physical characteristics?

7. Can students explain what changes the identity of one rock formation to another?


	*Activity 6: Mineral Identification 

GQ 6
	ESS 16, 17
SI 1, 3, 4, 6, 7, 8, 11, 19, 22, 23, 34
	

	
	*Activity 7:  Rocks and the Rock Cycle 

GQ 7
	ESS  16, 18
SI 1, 3, 14, 19
	

	Concept 2: Origin of Earth

8. Can students explain how scientists know what conditions existed on Earth long ago?

9.  Can students describe the types of evidence that are available to scientists to interpret the history 

of Earth?


	* Activity 8: Earth’s Timeline

GQ 8
	ESS 30, 31, 32

SI 14, 15, 29. 40
	

	
	*Activity 9:  The Layers of Our Earth 

GQ 9
	ESS 8
SI 14, 15, 19
	

	Concept 3: Plate Tectonics

10.  Can students discuss convection currents as an explanation of plate tectonics?

11.  Can students compare causes and locations of earthquakes and volcanoes?

12.  Can students describe the historical background and current theory of plate tectonics?


	*Activity 10:  Convection Currents 

GQ 10


	ESS 10
SI 7, 12, 22
	

	
	*Activity 11:  Plate Tectonics 

GQ 10, 11
	ESS 11
SI 1, 2, 3, 14, 15, 19, 33
	

	
	*Activity 12:  Historical Perspective of Plate Tectonics 

GQ 12
	ESS 9
SI 16, 19, 21, 28, 37
	

	
	Activity 13: Reconstructing Gondwana

GQ 12
	ESS 31

SI 13, 14, 16, 21
	

	
	*Activity 14:  Earthquakes and Volcanoes 

GQ 11
	ESS 12, 13

SI 19
	

	
	Activity 15: Faulting and Folding

GQ 11
	ESS 13
SI 7
	


Unit 2 Concept 1:  Rocks and Minerals

GLEs

*Bolded GLEs are assessed in this unit.

ESS 16 Compare the physical characteristics of rock and mineral specimens to observe that  

             a rock is a mixture of minerals (ESS-M-A5) (Analysis)

ESS 17 Describe the properties of minerals (e.g., color, luster, hardness, streak) (ESS-M-A5) 
(Analysis)

ESS 18 Describe how sedimentary, igneous, and metamorphic rocks form and change in the  

             rock cycle (ESS-M-A6) (Comprehension)

SI 1      Generate testable questions about objects, organisms, and events that can be answered through scientific investigation (SI-M-A1) (Synthesis)

SI 2 
Identify problems, factors, and questions that must be considered in a scientific investigation (SI-M-A1) (Knowledge)

SI 3
Use a variety of sources to answer questions (SI-M-A1) (Application)

SI 4
Design, predict outcomes, and conduct experiments to answer guiding questions (SI-M-A2) (Synthesis)

SI 6
Select and use appropriate equipment, technology, tools, and metric system units of measurement to make observation (SI-M-A3) (Application)

SI 7
 Record observations using methods that complement investigations (e.g., journals, tables, charts) (SI-M-A3) (Comprehension)

SI 8
 Use consistency and precision in data collection, analysis, and reporting (SI-M-A3) (Knowledge)

SI 11
 Construct, use, and interpret appropriate graphical representations to collect, 

             record, and report data (e.g., tables, charts, circle graphs, bar and line graphs, 

            diagrams, scatter  plots, symbols) (SI-M-A4) (Application)

SI 19
 Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, 

 spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) 
(Comprehension)

SI 22
 Use evidence and observations to explain and communicate the results of investigations  (SI-M-A7) (Analysis)

SI 23
Use relevant safety procedures and equipment to conduct scientific investigations (SI-M-A8) (Application)

SI 34   Recognize the importance of communication among scientists about investigations in progress and the work of others (SI-M-B5) (Comprehension)

SI 37
 Critique and analyze their own inquiries and the inquiries of others (SI-M-B5) (Evaluation)
Unit 2  Concept 1: Rocks and Minerals

	Key Concepts:

· Compare physical properties of materials (density, freezing or boiling point, solubility, malleability, conductivity)

· Identify characteristics and classify major rocks and minerals

· Describe or illustrate the rock cycle and differentiate among igneous, metamorphic, and sedimentary rock

· Explain why scientists question other scientist’s work.


	Vocabulary: 

· Luster

· Color

· Specific gravity

· Fracture

· Cleavage 

· Hardness

· Rock cycle

· Rock types (igneous, sedimentary, metamorphic)



	Assessment Ideas:

· See the assessment options page at the end of this unit.

Activity-Specific Assessments: 

Activity 6


	Resources:
· Teacher-Made Supplemental Resources

· Rock Cycle website at (http://www.minsocam.org/MSA/K12/rkcycle/rkcycleindex.html



Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

Activity 6: Mineral Identification (ESS GLEs: 16, 17 ; SI GLEs: 1, 3, 4, 6, 7, 8, 11, 22, 23, 34, 37;)

Materials List: safety goggles, gloves (acid may burn skin), several mineral samples, Moh’s hardness scale, plate of glass, iron nail, penny, water, beaker, spring scale in grams, magnifying lenses, streak plates (or porcelain tile-white and black), string, and diluted hydrochloric acid (10%), science learning logs

Safety Note: Students should wear safety goggles and gloves when using dilute hydrochloric acid (HCl), as it is hazardous and may cause acid burns to the skin or eyes. Use a dropper bottle and only apply one or two small drops to the sample.

Part A: Begin the activity by displaying several rock and mineral samples. Ask students probing questions such as “What is the difference between rocks and minerals? How can you tell if a substance is a mineral?” Continue to ask probing questions until student responses cover the basic characteristics for minerals: naturally occurring from inorganic material, crystalline structure, and definite composition. Emphasize that rocks are a mixture of minerals. Use magnifying lenses to examine samples of rocks such as granite, gneiss, diorite, conglomerate, or sandstone. In their science learning logs (view literacy strategy descriptions), students should draw and color the different minerals (crystals) they observe in the rock samples. Have the students generate a list of questions in their science learning logs about their observations of the minerals in the rocks; they will use these to test later after acquiring the necessary skills of mineral identification. 

Part B: Students should review the safety procedures and equipment that will be used during this investigation such as safety gear and proper handling of chemicals prior to this investigation. 

Ask the students to explain what is meant by physical properties of an object. Make a list on the board or on an overhead transparency of what the students think a mineral’s physical properties may consist of while examining the samples. Typical responses will include shape, texture, color, hard or soft, shiny, etc. Students will identify the physical properties of common minerals such as talc, gypsum, calcite, quartz, hematite, sulfur, galena, and pyrite. Students will create a chart in their science learning log to record the sample’s physical properties by using the steps of mineral identification. The chart should have the mineral name in rows on the left side and the properties (color, luster, hardness, streak, specific gravity) in columns at the top of the chart. Students may work in pairs or in groups of four depending on the number of samples available.  Lead a whole-class discussion on why the students should use consistency and precision in data collection, analysis, and reporting for this investigation.

Using magnifying lenses, the students will examine each sample to determine its color. Students should be aware that the true color of the mineral samples is occasionally hidden by tarnish, rust, corrosion, or even soil. It should be noted that a specific mineral might be found in a wide variety of colors. 

Luster is the way light reflects from a mineral. Nonmetallic minerals are often glassy, pearly, dull, or even sparkling but contain no metal. They often feel very light when tossed in your hand. Metallic minerals typically have reflective surfaces but can be covered with tarnish, rust, or corrosion. Metallic minerals feel heavier than nonmetallic minerals when tossed in the hand. 

Provide students a copy of the Moh’s Scale of Hardness (see MINERALS under Resources), an iron nail, a penny, and a glass plate. The resistance of a mineral to being scratched is known as hardness. Use the Moh’s Scale of Hardness to determine the hardness of each sample. This scale uses common objects (fingernail, penny, nail, glass) of a known hardness to scratch the minerals and rank its hardness from 1 to 10. Have the students predict the hardness of the sample before testing it.

Distribute streak plates to students. Streak is one of the most reliable properties used in identifying minerals. Students should predict what the “true” color would be before testing for streak. Students will rub the mineral across the surface of a streak plate. The resulting color should be rubbed on the student’s finger and then examined with a magnifier. Streak is occasionally affected by tarnish, rust, corrosion, or even soil. Minerals with a hardness of 5 or above are usually too hard to leave a streak. A characteristic “high pitch” scratching sound is produced while conducting the streak test. Nonmetallic minerals often produce white streaks or none if they are too hard, and metallic minerals usually produce dark streaks.

Specific gravity is the comparison of the mineral’s density to the density of water (1g/mL). This can be determined using a mass spring scale, string, and a beaker of water. Gently tie one end of the string around the mineral.  Tie the other end around the spring scale hook.  Allow the mineral to hang and note the mass in grams. Now gently place the mineral (still tied to the spring scale) into the beaker of water. Measure the mass, again. Subtract the second measurement from the initial, and divide this difference into the initial mass; this is the mineral’s specific gravity. Remind the students that specific gravity is a ratio. If a sample weighs 60 N in air and 45 N in water then the weight loss is 15 N. The specific gravity is 60 N/15N or 3. This sample would be three times as heavy as the equal volume of water.

Part C: Take this activity further by asking the students to identify samples of unknown minerals using mineral identification charts often found in textbooks, magnifying lenses, streak plates, tools to conduct hardness tests, and dilute Hydrochloric Acid (HCl); carbonate minerals effervesce (fizz) in the presence of dilute hydrochloric acid, producing bubbles of carbon dioxide gas (the same type of harmless gas bubbles that are found in carbonated beverages. Dilute HCl (a 10 percent solution) can be easily made by combining 1 part-HCl and 9-part water (1mL of HCl and 9 mL of distilled water).  

Afterwards, organize students into cooperative groups. They will share their results of their investigation with other groups. This will allow them to recognize the importance of communication. Scientists communicate about investigations so that they can further develop their own ideas and understandings. This opportunity will allow them to criticize and analyze their own inquiries as well as the inquiries of others.

If mineral samples are unavailable, see MINERALS under Resources section at the end of this unit for virtual mineral identification lab ideas.

Activity 7:  Rocks and the Rock Cycle (ESS GLEs: 16, 18; SI GLEs: 3, 19)
Material List: Internet access for student groups; magnifying lenses; rock samples of sedimentary, metamorphic, and igneous rocks; Rock Cycle Concept Map BLM; rock and mineral field guide or appropriate resource guides; teacher-selected information resources on rock types; science learning logs; computer for each student or student pair with publishing software program

Note: Students need to realize that most of the rocks that they find in Louisiana have been transported here by river action or human activity.  If actual rock samples are unavailable see ROCKS under Resources section for virtual lab possibilities.

Part A: If possible, have students collect several different kinds of rocks from the local area or provide the students with simple classroom rock sets. While observing the different kinds of rocks, have the students group categorize the rocks into different groups in their science learning logs (view literacy strategy descriptions). Students may group the rocks by physical characteristics such as color, shape, etc. Next, they will use a rock and mineral field guide or appropriate resource guides and magnifying lenses to identify as many as possible of the minerals that make up each rock. Students should focus on the texture and color of the rock. Typical classroom rock kits usually contain samples of the three major rock types—igneous, metamorphic, and sedimentary.

Part B: Assign students a specific rock sample such as granite, pumice, sandstone, chert, limestone, salt, coal, or marble and challenge the students to use available resources to discover common everyday uses and the economic values of the assigned rock. Assign students or student pairs to a computer with a publishing software program. Students will prepare a brochure advertising the rock and prepare a presentation explaining the economic importance of their sample.

Part C: Using teacher-selected information resources, students will conduct their own study of the three major types of rocks and then create a graphic organizer (view literacy strategy descriptions) such as a concept map to summarize information gathered and the understandings they developed.  An example of such a concept map is the Rock Cycle Concept Map BLM. Using a computer program, students can create their concept map and add pictures similar to the ones in the Rock Cycle Concept Map BLM. Students should create this concept map in their science learning logs and document at least two resources used for each rock type. Students may present their findings and post the concept maps for a teacher-led summarizing class discussion.

Part D: Visit the Rock Cycle website (http://www.minsocam.org/MSA/K12/rkcycle/rkcycleindex.html) or use a picture of the rock cycle to identify the processes that change the rocks from one type into another. Have the students develop a science story chain (view literacy strategy descriptions) to summarize information and their understandings about the rock cycle. The science story chain can begin with the type of rock, but they must include the conditions or forces that must exist for one type of rock to change into another. The students are to write the science story chain from the point of view of the rock, giving it a name and a personality. Put students in groups of four. On a sheet of paper, ask the first student to write the opening sentence of a rock cycle story chain. The story will describe the possible processes that created their rock sample. The student then passes the paper to the student sitting to the right, and that student writes the next sentence in the story. The paper is passed again to the right to the next student who writes the third sentence of the story. The paper is now passed to the fourth student who must finish the story with the rock type of their sample. All group members should be prepared to revise the story based on the last student’s input as to whether it was clear or not.

Unit 2  Concept 2: Origin of Earth
GLEs

*Bolded GLEs are assessed in this unit.

ESS 8
 Identify and describe the four density layers. (ESS-M-A1) (Comprehension)

ESS 30 Interpret a geologic timeline (ESS-M-B1) (Comprehension)
ESS 31 Compare fossils from different geologic eras and areas of Earth to show that life 

 changes over time (ESS-M-B1) (Comprehension)


ESS 32 Interpret a timeline starting with the birth of the solar system to the present day 

             (ESS-M-B2) (Comprehension)

SI 6
Select and use appropriate equipment, technology, tools, and metric system units of measurement to make observation (SI-M-A3) (Application)

SI 14
Develop models to illustrate or explain conclusions reached through investigation 

(SI-M-A5) (Evaluation)

SI 15
Identify and explain the limitations of models used to represent the natural world 

(SI-M-A5) (Analysis)

SI 19
Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, 

spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)

SI 29
 Explain how technology can expand the senses and contribute to the increase and/or  

             modification of scientific knowledge (SI-M-B3) (Analysis)

SI 40
 Evaluate the impact of research on scientific thought, society, and the environment 

 (SI-M-B7) (Analysis)
	Key Concepts:

· Describe the structure of the four density layers of Earth (crust, mantle, outer core, inner core)

· Identify the processes and data used to estimate the age of Earth
	Vocabulary: 

· Density

· Lithosphere 

· Asthenosphere

· Inner core

· Outer core

· Mantle

· Crust



	Assessment Ideas:

· See the assessment options page at the end of this unit.

Activity-Specific Assessments: 

Activity 8


	Resources:
· Teacher-Made Supplemental Resources

· www.unitedstreaming.com
· www.sciencespot.net



Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 8: Earth’s Timeline (ESS GLEs: 30, 31, 32 ; SI GLEs: 6, 14, 15, 29)

Materials List: calculators (one per student), metric ruler, calendar pages, adding machine tape 

Discuss with students the concept of relative age, perhaps asking what is the oldest thing that they know of, which now exists. Engage the students in a discussion of the unit of measurement of one million. Compare examples of what a million is to a billion. Ask the students if dinosaurs lived millions or billions of years ago. What lived before the dinosaurs?

Students will create a scaled timeline of the geologic history of Earth from the birth of the solar system to the present day, showing time periods, and drawing and labeling major developments/events, fossils in different geologic eras, and illustrations that show how life changed over time. Students can choose to present the information on a yearly calendar or students could create the geologic time on adding machine tape. 

The model of choice should include first microscopic life (algae), first multi-cellular life (fish), formation of Pangaea, emergence and disappearance of dinosaurs, age of the mammals, appearance of humans, etc. Students will first need to sequence the events and then research to find the absolute time needed to determine the position on the timeline. If students choose a calendar, they should determine the month, day, and time each of the major developments occurred. (See the Kentucky Geologic Survey website http://www.uky.edu/KGS/education/calendar_time2a.htm for instructions on how to convert geologic ages into a calendar year.) If students choose the linear timeline on adding machine tape, then decide on an appropriate scale that will allow the model to fit in the classroom such as 1 million years equals 1 millimeter. Students should be encouraged to identify and explain the limitations of their models.
*Activity 9:  The Layers of Our Earth (CC Activity 1) 

(ESS GLE:  8; SI GLEs: 14, 15, 19) 

In groups of four, students will construct a model of Earth’s four layers from different colors of clay or other student-selected materials: an inner core, an outer core, a mantle, and a thin outer crust. Students will research dimensions of the Earth’s layers to make models to scale. Through a jigsaw activity, each member of the group will serve as the “expert” for one of the four main layers of Earth’s structure.

Divide students into “home groups” of four. Have students in each home group number themselves from one to four. All the ones will form one “expert group,” all the twos will form the second “expert group,” all the threes will form the third group, and all the fours will form the last group. Indicate that expert Group 1 will study the inner core, Group 2 the outer core, Group 3 the mantle, and Group 4 the crust. Students should then move to their expert groups and include in their study the answers to the following questions:

· What is the composition of the layer?

· What is the density and thickness of the layer?

· What makes the layer unique?

· How was information about this layer determined by scientists?

Students in the expert groups will determine how and what information they will share with their home groups. Students will then move back to their home groups for expert presentations. The home groups will then develop their physical model of Earth’s interior for display to the class. Students should point out the limitations of their models during their presentations. A common misconception often found in models of Earth’s interior, as though it was cut in half, depicts the layers in perfect concentric circles. Students need to understand that the each layer is of varying thickness and not one specific shape.

Unit 2  Concept 3: Plate Tectonics

GLEs

*Bolded GLEs are assessed in this unit.

ESS 9
 Explain the historical development of the theories of plate tectonics, including  

             continental drift and sea-floor spreading (ESS-M-A2) (Comprehension)

ESS 10 Illustrate the movement of convection currents (ESS-M-A2) (Comprehension)

ESS 11 Illustrate the movements of lithospheric plates as stated in the plate tectonics theory  

             (ESS-M-A2) (Comprehension)

ESS 12 Identify the edges of plate boundaries as likely areas of earthquakes and volcanic  

             action (ESS-M-A3) (Knowledge)

ESS 13 Describe the processes responsible for earthquakes and volcanoes and identify the 

             effects of these processes (e.g., faulting, folding) (ESS-M-A3) (Comprehension)

ESS 31 Compare fossils from different geologic eras and areas of Earth to show that life 

 changes over time (ESS-M-B1) (Comprehension)


SI 1
 Generate testable questions about objects, organisms, and events that can be 

             answered through scientific investigation (SI-M-A1) (Synthesis)

SI 2
 Identify problems, factors, and questions that must be considered in a scientific 

 investigation (SI-M-A1) (Evaluation)

SI 3
 Use a variety of sources to answer questions (SI-M-A1) (Knowledge)
SI 7
 Record observations using methods that complement investigations (e.g., journals, tables, charts) (SI-M-A3) (Comprehension)

SI 12
Use data and information gathered to develop an explanation of experimental results (SI-M-A4) (Evaluation)

SI 13
Identify patterns in data to explain natural events (SI-M-A4) (Evaluation)

SI 14
Develop models to illustrate or explain conclusions reached through investigation 

(SI-M-A5) (Evaluation)

SI 15
Identify and explain the limitations of models used to represent the natural world 

(SI-M-A5) (Analysis)

SI 16
Use evidence to make inferences and predict trends (SI-M-A5) (Evaluation)

SI 19
Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, 

spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)

SI 21
 Distinguish between observations and inferences (SI-M-A7) (Analysis)
SI 22
 Use evidence and observations to explain and communicate the results of 

 investigations (SI-M-A7) (Analysis)

SI 23
Use relevant safety procedures and equipment to conduct scientific investigations (SI-M-A8) (Application)

SI 28
 Recognize that investigations generally begin with a review of the work of others 

             (SI-M- B2) (Knowledge)
SI 33
 Evaluate models, identify problems in design, and make recommendations for  

             improvement (SI-M-B4) (Evaluation)

SI 37
 Critique and analyze their own inquiries and the inquiries of others (SI-M-B5) (Evaluation)
	Key Concepts:

· Explain the significance of fossils and why similar fossils are found on two or more separate continents
· Identify the effects of convection currents on tectonic plates of Earth’s crust and upper mantle (volcanoes, earthquakes, seafloor spreading, mountain building, faulting, and folding)

	Key Concepts and Vocabulary: 

· Density

· Pangaea

· Plate tectonics theory

· Convection currents

· Continental drift

· Divergent boundary

· Convergent boundary

· Transform boundaries

· Plate motion

· Earthquakes 

· Volcanoes 

· Ring of Fire

· Hot spots

· Oceanic and continental plates

· faulting 

· folding 

· sea-floor spreading



	Assessment Ideas:

· See the assessment options at the end of this unit.

Activity-Specific Assessments: 

Activity 11
	Resources:
· Teacher-Made Supplemental Resources

· www.unitedstreaming.com
· www.sciencespot.net
· GEMS Plate Tectonics: The Way the Earth Works.
· Historical Perspective of Plate Tectonics. Available online at http://pubs.usgs.gov/publications/text/historical.html..

· Plate Tectonics. Available online at http://gpc.edu/~pgore/Earth&Space/platetectonics.html.

· Plate Motion. Available online at http://pubs.usgs.gov/publications/text/understanding.html.

· http://home.earthlink.net/~mjkrech/ideas.htm 




Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 10: Convection Currents (ESS GLE: 10 ; SI GLEs: 7, 12, 22, 23)

Materials List: water; 1 hot air balloon picture; 1 hair dryer; 1 plastic grocery sack or trash bag; goggles; aprons; ring stand; two clear 2-liter soda bottles with the pouring spout cut off or some other large clear container; 1 baby food jar or small beaker; colored pencils or markers; 1 per group: large test tubes, source of heat (candle, Bunsen burner, etc.) match or lighter, plastic cup (hole cut in bottom large enough to accommodate the test tube when cup is upside down), test tube adjustable clamp or tongs, graduated cylinder, 20ml of light olive oil, 20ml of glycerin, red and blue food coloring, test tube clamp or container sized so that the test tube will sit in it upright, Scientific Process Record Sheet BLM

Safety Note: Students should safety wear goggles when heating glycerin as there is a slight fire hazard when exposed to heat or flame. Above flash point, 199C (390F), vapor-air mixtures may cause flash fire. Use any means suitable for extinguishing surrounding fire. Water spray may be used to extinguish surrounding fire and cool exposed containers. Water spray will also reduce fume and irritant gases.
Part A: Before starting the experiment, students should identify relevant safety procedures and equipment that will be necessary to conduct this scientific investigation. Students may be familiar with the phrase “convection currents” from listening to local weather forecasters discuss the formation of convection currents when warm and cold air masses meet in the atmosphere. They may not, however, be familiar with the fact that there are convection currents inside the Earth.  In this activity, students will create a model to demonstrate these convection currents that are found inside the mantle of the Earth by layering a test tube with two liquids of different densities, the more dense liquid, glycerin, represents the superheated magma that wants to rise to the top. The less dense liquid, olive oil, represents another layer of magma that—in geologic terms—when cooled, becomes denser and cycles down to a lower level of the mantle where it will be superheated. Thus the principle behind hot matter rising and cool matter sinking is the basis for convection currents.  The model shows hot glycerin becoming less dense and rising, allowing the cooler now denser red olive oil to sink. Bubbles of gas are formed and rise to the top much like gases inside the Earth’s crust rise and escape through volcanoes and other geothermal activity. Students should reflect upon the parallels modeled by the experiment and the actual activity related to convection currents within the Earth’s’ mantle and crust in their science learning logs (view literacy strategy descriptions). As students write, they should identify the difference between a description and an explanation of the activity.
Ask the students how heat affects the density of the air. Show a picture of a hot air balloon and then heat up the air inside of a plastic grocery sack with a hair dryer. After heating the air in the sack for about 20 seconds turn off the hair dryer and release the sack. Lead the students into a discussion about heat and density (e.g., the heat from the hair dryer warms the air in the plastic grocery sack, causing the air mass to now be less dense than the air outside the plastic grocer sack), which should enable student understanding on the following key points: Hot air balloons rise because warm air is less dense than cold air. Similarly, warm water is less dense than cold water. Now direct the students to write a purpose question that addresses the influence heat has on the density of liquids. 

Guide students throughout the completion of the purpose question, hypothesis, and procedure sections of the Scientific Process Record Sheet BLM.

Procedure: Note- The following can be done as a teacher demonstration or as a group activity:

1. Place a large test tube inside the plastic cup that has been prepared and placed upside down on the table. 

2. Measure out 20mL of glycerin syrup and carefully pour it into the large test tube. 

3. Mix 20mL light olive oil and a few drops of red food coloring thoroughly in a container.  

4. Carefully pour the 20mL of light olive oil/dye mixture into the large test tube containing the glycerin.

5. Fill a cup or beaker with room temperature water and set aside.

Hot over cold: Instruct students to put on their safety goggles and then light their heat source. Instruct students to gently remove the test tube from the plastic cup holder and secure the test tube clamp around it. Students should hold the bottom of the test tube over the heat source and note any observations as the densest material (glycerin) on the bottom heats up. After a period of time when the glycerin heats up, its density will change and it will begin to rise. The olive oil/red dye mixture will begin to slowly drop, as the heat does not directly affect its density while the glycerin rises to the top because its density is less than the oil/dye mixture, due to the heat. After the glycerin has risen to the top, remove the test tube from the heat source and slowly immerse it into the cup of room temperature water to cool off. 

Have students complete the observation and conclusion sections of the Scientific Process Record Sheet BLM.

Part B: Cold over hot: This is a similar process to Part A, but uses hot and cold water. (Caution students to slowly lower the jar into the container, making sure it is not tilted.)

Procedure:

1. Fill one baby food jar with ice-cold water and dye it blue. 

2. Place it in an open 2-liter bottle filled with warm water. The denser blue cold water stays in the baby food jar and the less dense warm water is confined to the top of the 2-liter bottle.

3. Fill a second baby food jar with warm water, dyed red.

4. Place it in another open 2-liter bottle with cold water; the denser cold water replaces the red warm water. The movement of warm and cold water inside the containers is referred to as the convection current.

In our daily life, currents can occur in oceans, like the warm Gulf Stream moving up north along the American Eastern seaboard. According to the theory of plate tectonics, Earth’s surface (the rigid rocky layer of the lithosphere) is broken, or divided, into about a dozen “plates” that are moving relative to one another. These plates ride atop a part of Earth’s mantle that is hot, dense, and partially molten (but not liquid). This part of the mantle is called the asthenosphere and moves as part of a convection cell.

Have the students use colored pencils or markers to record, and illustrate their observations in their science learning logs. Culminate the activity by holding a class discussion to review the results of the heating and cooling of materials and the effect it has on density.

*Activity 11:  Plate Tectonics (ESS GLE: 9, 11; SI GLEs: 1, 2, 3, 14, 15, 19, 33)

Materials List: materials provided by students for models, Plate Tectonic Summary Chart BLM (one per student), Plate Tectonic Model Rubric BLM (one per student group), Internet, computer software, library books, text book covering plate tectonics and plate movement

Students will work in groups of 3-4 to design, construct, and present a working model of one of the plate tectonic concepts from the Plate Tectonic Summary Chart BLM. Inform students well ahead of time of their assigned concept so they can begin thinking of ideas and collecting materials for the project. Reflect on Activity 5; have students develop an explanation of continental drift and sea-floor spreading processes from an historical viewpoint.
Groups should first work together to complete the Plate Tectonic Summary Chart BLM, using a variety of sources, such as the Internet, computer software, library books, text book, etc. They will use the Plate Tectonic Summary Chart BLM as a primary resource for their model. Students will be required to complete 7 tasks:

1. generate questions that can be answered through investigations,

2. record what materials will be needed to construct a model of a plate tectonic process,

3. construct the model,

4. answer questions,

5. demonstrate how it works,

6. explain how this process causes changes on Earth’s surface, and

7. evaluate their model – identify problems in design and make recommendations for improvement.

Review the Plate Tectonic Model Rubric BLM with students and instruct them to review it often as they design their project. Students should bring their materials to school and construct their model in class. Upon completion, each group should present their model to the class.  Student groups should evaluate their models, identify problems in design, and make recommendations for improvement. The limitations of the model should be included in their presentation.
*Activity 12:  Historical Perspective of Plate Tectonics  (ESS GLE: 9; SI GLEs: 16, 19, 21, 28, 37) 

The forerunner to the theory of plate tectonics was the theory of one landmass. Scientists have called this landmass Pangaea. It is important for students to understand that many investigations of ocean floor dynamics, such as sea-floor spreading, are based on the studies of plate tectonics. Explain to students that they will reconstruct Pangaea based on inferred evidence that this landmass did exist. Have students trace the continents and Greenland from a world map onto unlined paper and label each landmass. They are to cut out the landmasses. Students will recognize that the landmasses were separated by great internal forces and presently do not fit together exactly. Students should be challenged to explain why. Direct students to try to fit the shapes together in as many ways as they can. They are to keep track of the number of ways they tried. Provide students with the following table:

	Evidence of Pangaea

	Type of Evidence
	Symbol
	                                 Location

	Type A mountains
	AAA
	Eastern North America, western Europe, southern tip of Greenland

	Type M mountains
	MMM
	Southern end of South America, southern end of Africa

	Evidence of glaciers
	GGG
	Western Australia, southern tip of India, southern Africa, southeastern South America, Antarctica

	Type F fossils
	FFF
	Southern tip of Africa, southern tip of South America

	Type S fossils
	SSS
	Western Australia, southern tip of India, southern Africa, southeastern South America, Antarctica


Students are to put the symbol found for each type of evidence in the location on the landmass as listed in the table. Using the new data, students are to try again to fit the labeled landmasses together. They are to compare their first attempt with this one and record observations in their journals or notebooks. When the best fit has been achieved, they are to glue the pieces to a large piece of paper to represent “Pangaea.”

Through class discussion, elicit student response and understanding to the following:

· What is the difference between an observation and an inference? Students should give examples. 

· How does this reconstruction of Pangaea help explain the evidence of glaciers in Africa where no glaciers currently exist?

· From what evidence can you infer that India may once have been separated from Asia?

· What is continental drift? How does sea floor spreading support the hypothesis?

· Guided by the current direction of continental drift, predict the position of the continents in the next 100 million years. 
Activity 13: Reconstructing Gondwana (ESS GLE 31; SI GLEs: 13, 14, 16, 21, 38)

Materials List: Gondwana Continents BLM, scissors, Gondwana Student Instructions BLM, Internet connection, science learning logs

Part A: Begin by presenting students with this SQPL - Student Questions for Purposeful Learning (view literacy strategy descriptions) statement: “Coal and oil have been found in frozen Antarctica.” Students should turn to a partner and think of one good question they have about the statement. As students respond, write their questions on the board. Tell students to listen carefully for the answers to their questions as you read the online article found at http://www.parks.tas.gov.au/factsheets/geodiversity/Gondwana.pdf (used with permission by the Utah State Office of Education). Pause periodically and ask students to reflect on which questions have been answered.  They may write answers to their own SQPL questions in their science learning logs (view literacy strategy descriptions).

Part B: Tell students that the understanding of plate tectonics began from the work of the German scientist Alfred Wegener and Alexander Du Toit, a South African geologist. In early 1915, the Alfred Wegener developed a theory that the continents once formed a giant supercontinent that Wegener called Pangaea. He speculated that Earth took this form about 245 million years ago, during the Triassic period of the Mesozoic era. (The Mesozoic is the era in which dinosaurs lived.) A few years after Wegener proposed his theory, Alexander Du Toit further theorized that Pangaea divided into two supercontinents 205 million years ago. Du Toit called the northern supercontinent Laurasia and the southern one Gondwana. The scientists used many kinds of evidence to advance their theories. They found similar fossil remains of plants and animals on different present-day continents. The scientists hypothesized that the continents were once connected. From the early idea found in this activity, with the evidence and information gathered through exploration and the use of instruments scientists have advanced the understanding of Earth processes.
Tell students that in this activity they will follow steps to model those of Wegener and Du Toit to see if fossil evidence supports the theory that one supercontinent divided into two. Students will focus on Gondwana, the supercontinent that includes continents now called South America, Antarctica, Australia, Africa, Madagascar, and India.
Pass out the Gondwana Student Instructions BLM and Gondwana Continents BLM and instruct students to complete the activity as written. Before the students cut out the continent outlines, they will label and show supporting evidence of Gondwana on each continent (see Gondwana Student Instructions BLM). As a challenge have the students rebuild Laurasia with the remaining continents (see Resources).

Host a whole-class discussion with the following questions: 

1. What is the difference between an observation and an inference? (Examples should relate to historical scientists and the development of plate tectonics.)
2. Scientists have found Mesosaurus fossils on the east coast of the southern tip of South America and the west coast of South Africa. Give evidence to support your ideas. (Even though we know this animal could swim, the presence of Mesosaurus fossil remaining in two places supports Wegener and Du Toit’s theory.)

3. Do you think that the breakup of Pangaea into Gondwana and Laurasia affected organisms originally living on Pangaea? Do you think that the breakup of Gondwana into the southern continents affected the organisms living in Gondwana? Give evidence to support your ideas. (The breakup might trigger organisms to adapt to the new climates. If they remain in the original climate, then the breakup might cause changes in the food web, which also bring about adaptations.)

4. How does this reconstruction help explain the evidence of glaciers in Africa where no glaciers currently exist? (Africa was once in the upper latitudes, near the poles)
5. Why do the continents not fit together exactly? What conclusion can be made about how the continents’ coastlines changed? (The true edge of a continent is around the continental slope; the junction between continental and oceanic crust usually occurs below sea level. The processes that were in effect still are working.)

6. Scientists have evidence that Glossopteris was found in what is now India, Antarctica, Australia, and Madagascar. What does this tell you about Glossopteris? What can you conclude about the climate and environment of Gondwana? (It lived in cool to warm climates with a lot of moisture.)
7. Based on the geologic past, we can assume that Earth is always changing. What modern-day evidence supports this idea? Guided by the current direction of plate movement, predict the position of the continents in the next 100 million years. (El Nino, global warming, and the increase in strength and number of tropical storms are some examples. The Paleomap Project, online at http://www.scotese.com/future.htm, shows an image of Earth’s projected landscape 50 million years from present day.)

As a culmination activity, show students the animation from the Exploratorium website (http://www.exploratorium.edu/origins/antarctica/ideas/gondwana2.html) which shows the breakup of Gondwana with a geologic timeline.

*Activity 14:  Earthquakes and Volcanoes ( ESS GLEs: 12, 13; SI GLEs: 19) 

Materials List: Internet access or teacher-selected research material on earthquakes and volcanoes, copies of Understanding Plate Motion (one per student), STARLAB Plate Tectonics Cylinder access (optional)

Part A: To begin the activity, students should generate questions they have about earthquakes and volcanoes based on a Student Questions for Purposeful Learning, SQPL, (view literacy strategy descriptions) statement (e.g., Plate boundaries are likely areas for earthquake and volcanic activity). The statement generated is related to the material that would cause students to wonder, challenge, and question. The statement does not have to be factually true as long as it provokes interest and curiosity, as in the example provided. Write the SQPL statement on the board. Next, students turn to a partner and think of one good question they have about the statement. As students respond, write their question on the board. A question that is asked more than once should be marked to signify it is an important question. When students finish asking questions, the teacher should contribute his/her own questions to the list in order to address concepts not asked by the students. 

Next, provide students with copies of Understanding Plate Motions (http://pubs.usgs.gov/gip/dynamic/understanding.html). The web site leads to information on the Ring of Fire (Part B of this activity). If a computer is not available for research, students may be taken to the school library to research information for this activity or use teacher-selected reading resources. As students read the article, including the main boundary types and how they are used to explain earthquakes and volcanic activity and the effects of these processes, they should look for the answers to their questions. Ask the question from the SQPL list that is to be answered first. Allow students to confer with a partner before responding. Mark off questions as they are answered. 

Part B: Students should develop a graphic organizer (view literacy strategy descriptions, such as a concept map, to summarize information gathered from researching studies and theories about the Ring of Fire (http://www.crystalinks.com/rof.html) and understandings developed. Students can view the web page and its contents on a computer. Afterwards, they will discuss their graphic organizer with a partner and display the graphic organizer. The teacher will lead a class discussion to emphasize the key points found on graphic organizers by asking questions such as What information is similar on all the graphic organizers? What did you find to be major causes of earthquakes? What factors determine a volcano’s activity?

A unique compilation of activities focusing on plate tectonics, earthquakes, and volcanoes is available for the STARLAB Planetarium and the Plate Tectonics Cylinder, should a district have access to this technology.

* Activity 15: Faulting and Folding (ESS GLEs: 11, 12, 13; SI GLEs: 7, 14, 15, 22) 

Materials List: One large graham cracker broken in half (makes 2 square graham crackers), Two 3-inch squares of fruit roll ups, cup of water, red frosting, sheet of wax paper, plastic knife or spoon, and graphic instructions (overheads) in teacher resources binder

Safety Note: Students should be cautious of using a plastic knife. 

The main force that shapes our planet’s surface over long amounts of time is the movement of Earth's outer layer by the process of plate tectonics. The rigid outer layer of the Earth, called the lithosphere, is made of plates that fit together like a jigsaw puzzle. These plates are made of rock, but the rock is, in general, lightweight compared with the denser, fluid layer underneath. This allows the plates to "float" on top of the denser material. The fluid dense material is called the asthenosphere and in this activity it is represented by the frosting. However, plates are not all the same. Plates made of continental crust are thicker but less dense than plates made of ocean crust, which are denser but thinner. In this activity, ocean plates are represented by fruit roll ups and continental crust is represented by graham crackers.

Movements deep within the Earth, which carry heat from the hot interior to the cooler surface, cause the plates to move very slowly on the surface, about 2 inches per year on average. There are several different hypotheses to explain exactly how these motions allow plates to move.

Interesting things happen at the edges of plates. At divergent plate boundaries, rift valleys and spreading ridges form as plates pull away from each other. At convergent plate boundaries, where plates are coming together, subduction zones form when an oceanic plate and a continental plate collide and mountains build when two continental plates collide. Large faults form when plates slide past each other making the Earth tremble with earthquakes.

The Students will create a model of the Earth’s plate boundaries using edible materials.  Give each student about a square foot of wax paper and a large dollop of frosting. Instruct students to spread frosting into a layer about half a cm thick. Tell students that the frosting in this model represents the asthenosphere, the viscous layer on which Earth’s plates ride. The plates in this model are represented by fruit roll up (oceanic crust which is thin and dense) and graham crackers (continental crust which is thick but less dense). 

1. 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.

2. Continental-oceanic collision 

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

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

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

3. Continent-continent collision 

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

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

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

d. Slowly push the graham crackers towards each other. 

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

4. Transform plate boundaries 

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

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

5. Final step 

a. Eat all remaining model materials (except, of course, wax paper and plastic utensils!) 

Sample Assessments

General Guidelines

Assessment will be based on teacher observation/checklist notes of student participation in unit activities, the extent of successful accomplishment of tasks, and the degree of accuracy of oral and written descriptions/responses. Journal entries provide reflective assessment of class discussions and laboratory experiences. Performance-based assessment should be used to evaluate inquiry and laboratory technique skills. All student-generated work, such as drawings, data-collection charts, models, etc., may be incorporated into a portfolio assessment system. 

· Students should be monitored throughout the work on all activities via teacher observation of their work and lab notebook entries.

· All student-developed products should be evaluated as the unit continues.

· Student investigations should be evaluated with a rubric.

· For some multiple-choice items on written tests, ask students to write a justification for their chosen response.

General Assessments 

· The student will compare the layers of Earth with an apple or a cross-section of a hardboiled egg.

· The student will construct a timeline of the theory of plate tectonics and continental drift.

· The student will describe how convection currents might be the cause of plate tectonics.

· The student will construct a model of the rock cycle that includes the processes that show how rocks are changed.

Activity-Specific Assessments

· Activity 6:  The students will use the steps of mineral identification to identify unknown mineral samples. The students will work individually to conduct all tests.

· Activity 8:  Given a map, students will plot the locations of earthquakes, volcanoes, and plate boundaries. Students should relate the features to the plate activity that occurs at these locations.

· Activity 11:  Students’ model of plate tectonics will be assessed using the Plate Tectonic Model Rubric BLM.
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Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
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* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
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