COURSE:   Earth and Environmental Science

I.
Grade Level/Unit Number:    9 – 12/Unit 7

II:
Unit Title:
Earth History
III.
Unit Length:
  Block: 1-1.5 wks      Traditional: 2 to 3 wks
IV. Major Learning Outcomes:

In this unit, the learner will build an understanding of the origin and evolution of the earth system.  Specifically, students should be able to:

· Compare absolute and relative age, understand the laws associated with relative age of rock formation and explain how half-life is used to determine actual age.

· Relate geologic changes to major events including extinction and ice ages.

· Diagram the main types of unconformities.

· Explain how different types of fossils are formed.

· Explain the theory of earth’s origin and early characteristics including the processes of volcanic out-gassing with the formation of the ocean and atmosphere.

· Discuss hypotheses of the origin of life.

· Relate current North Carolina geologic landforms to North Carolina’s geologic history.

V. Content Objectives Included (with RBT Tags):

	Objective Number
	Objective
	RBT Tag

	3.01
	Assess evidence to interpret the order and impact of events in the geologic past:

i. Relative and absolute dating techniques.

ii. Statistical models of radioactive decay.

iii. Fossil evidence of past life.

iv. Uniformitarianism.

v. Stratigraphic principles.

vi. Divisions of Geologic Time.

vii. Origin of the earth system.

     viii.   Origin of life.
	Organized by sub-objective:

i. C3

ii. B2

iii. A4

iv. B4

v. C3

vi. A2

vii. A2

     viii.      A2  

	3.02
	Evaluate the geologic history of North Carolina.
	B5


VI.
English Language Development Objectives (ELD) Included:

NC English Language Proficiency (ELP) Standard 4 (2008) for Limited English Proficiency Students (LEP)- English Language learners communicate information, ideas, and concepts necessary for academic success in the content area of science.
Suggestions for modified instruction and scaffolding for LEP students and/or students who need additional support are embedded in the unit plan and/or are added at the end of the corresponding section of the lessons. The amount of scaffolding needed will depend on the level of English proficiency of each LEP student. Therefore, novice level students will need more support with the language needed to understand and demonstrate the acquisition of concepts than intermediate or advanced students.

VII. Materials/Equipment Needed: 

	Activity
	Materials

	A Relative Age Dating Activity
	Student pages with background information and cross sections

	Lesson 1 Assessment: Geologic Cross-Section and Column
	Colored paper (construction, computer, even old wrapping paper will work)

Scissors

Glue

What’s Up? student pages for reference and rock names and symbols 

	Model of Radioactive Decay


	Scissors

A piece of paper about 14 inches x 9 inches

Watch or clock with a second hand

	Radioactive Decay of Candium

	M&M™ candy pieces
Small paper cup 
graph paper 

	The Fossil Record
	Computers

Question guide

	Geological History: Events and Evidence

Option 1- Mural or Panel
Option 2: Earth History Tours
	Computers
Bulletin board paper

Markers

Coloring pencils

Crayons


VIII. Detailed Content Description: 

Please see the detailed content description for each objective in the Earth/Environmental Science support document.  The link to this downloadable document is in the Earth/Environmental Standard Course of Study at: http://www.ncpublicschools.org/curriculum/science/scos/2004/25earth
IX. Unit Notes

Notes to Teacher
In our view, learning Earth/Environmental science is an iterative process.  The objectives in the North Carolina Standard Course of Study (NCSCoS) are visited and revisited at varying depths of coverage throughout the course.  This gives the students a sense of the interconnectedness of the Earth/Environmental sciences as well as multiple chances to enhance their knowledge of and skills with the science.  A deep understanding of earth systems results from an ability to connect and relate processes occurring within and between different spheres of the earth.  As an Earth/Environmental science teacher, it is your responsibility to help students to acquire this deep understanding.  If this seems like a daunting task, don’t worry—the multiple passes you make through the NCSCoS objectives will allow students to build this deep understanding over time.  
Background  
Goal 3- Geological History is a small but important goal in that it connects all of the other goals through the context of past events and the processes that caused them.  Students have a difficult time with the concept of geologic time and therefore have a sense that “events” happen quickly.  It is important to review the constructive and destructive processes in Earth Systems.  It is the sequence of the events and the evidence of the processes that caused the events that allows us to either relatively place events and evidence or absolutely place events and evidence in the context of Earth’s history. 
Events in Earth’s history can be communicated in several different ways. Scientists use techniques of relative dating and absolute dating to arrange the events and evidence in SOME kind of chronological order. There are several fields of study that focus on specific Earth systems and these individual systems have unique processes and bodies of evidence that when combined with other specific evidence, reveal a more holistic picture of Earth at a given point in history. 

The Rock Record:

Geologists who work in stratigraphy carefully diagram and label the cross section of a rock group. This is called a stratigraphic column or a geological cross section. It is understood that if rock layers are laid down horizontally, then the oldest rock layer will be at the bottom of the geological cross section. Sedimentary rocks are stratified or layered while igneous and metamorphic rocks are unstratified or not layered.  The cross section of one area is compared to the cross sections of other areas and similarities and differences in the rock layers are accounted for on larger maps and diagrams.  At this point, the geologists can make a determination about what events happened in an area and in what order they occurred. 

The Fossil Record:

The fossil record provides evidence about past living organisms, climates, events and how things have changed over time.  Fossils are found mostly in sedimentary rocks because fine sediments are lighter and can fill in the tiny cracks and crevices of a dead organism without causing much structural damage. Fossils found in sedimentary rocks can be correlated with other fossils in other rock strata to see if the rocks or past environments were connected in some way.  Sediments that cover a dead organism quickly can reduce the decay process thus preserving the specimen in a more complete way. Organisms can be preserved in a number of different ways and each way is a clue to the environments in which the fossil formed.

The Geological Time Units

It is currently accepted that Earth is about 4.6 billion years old. Because this is such a long period of time, conceptualizing this amount of time is very difficult for the high school student-even for some adults.  Geologic time is broken down into smaller chunks of time so that living things, events, and evidences can be grouped according to when they occurred. The following link is a comprehensive overview of Geological History. It is will be most useful to the new teacher and the “seasoned” teacher will find the diagrams and explanations nice additions to their already existing knowledge. http://www.kean.edu/~csmart/Observing/04.%20Geologic%20time.pdf
Vocabulary:  Below is a list of vocabulary terms that should be addressed in this unit.
Strata

Stratigraphy

Alluvium

Fossil

Relative Dating

Absolute Dating

Isotope

Radioactive isotope

Daughter Isotope

Radioactive decay

Half-Life

Era

Periods

Epochs

Shields

Pangaea

Laurasia

Gondwanaland

Craton
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Laws and Principles of Geological History:  Below is a list of laws and principles that should be addressed in this unit.

· Principle of Uniformitarianism

· Law of Superposition

· Principle of Original Horizontality

· Principle of Crosscutting Relationships

· Principle of Inclusion

· Principle of Faunal Succession
In each unit, Goal 1 objectives which relate to the process of scientific investigation are included.  In each of the units, students will be practicing the processes of science: observing, hypothesizing, collecting data, analyzing, and concluding. 

The Unit Guide gives an overview of the activities that are suggested to meet the North Carolina Standard Course of Study Goals for Unit One.  Detailed activity pages follow the guide.  The guide includes teacher notes on how to weave the activities into the content and supplementary notes related to other issues such as preparation time and time to complete the activity.  If a teacher follows this unit (s)he will have addressed the goals and objectives of the NCSCoS.  However, teachers may want to substitute other activities that teach the same concept.  

Teachers should also refer to the support document for Earth/Environmental Science at http://www.ncpublicschools.org/curriculum/science/scos/2004/25earth for the detailed content description for each objective to be sure they are emphasizing the specified concepts for each objective.  

If a teacher follows this curriculum (s)he will have addressed the goals and objectives of the SCOS.   However, teachers may want to substitute other activities that teach the same concept.  The unit length has extra time built in for quizzes, going over homework, additional practice depending on the nature of the class, and assessment.  Teachers should utilize the textbook as a resource by assigning homework each day and providing additional guided and independent practice.  

Reference Tables:

The North Carolina Earth/Environmental Science Reference Tables were developed to provide essential information that should be used on a regular basis by students, therefore eliminating the need for memorization.  It is suggested that a copy be provided to each student on the first day of instruction.  A copy of the reference tables can be downloaded at the following URL:

http://www.ncpublicschools.org/docs/curriculum/science/scos/2004/earth/referencetables.pdf
Modified Activities for LEP Students:


Suggestions for modified instruction and scaffolding for LEP students and/or students who need additional support are embedded in the unit plan and/or are added at the end of the corresponding section of the lessons. These suggestions are presented in italics in a text box. The amount of scaffolding needed will depend on the level of English proficiency of each LEP student. Therefore, novice level students will need more support with the language needed to understand and demonstrate the acquisition of concepts than intermediate or advanced students.  Teachers should also consult the Department of Public Instruction website for English as a Second Language at: http://www.ncpublicschools.org/curriculum/esl/  to find additional resources.  
 
Safety:  Students should wear chemical splash goggles during any lab activity involving chemicals.  This includes household substances.  It is extremely important for the safety and success of your students that you do ALL activities and labs prior to assigning them to students.  At the beginning of each lab, the teacher should address any specific safety concerns relating to the activity.
Computer Based Activities:

Several of the recommended activities are computer based and require students to visit various internet sites and view animations of various biological processes.  These animations require various players and plug-ins which may or may not already be installed on your computers.  Additionally some districts have firewalls that block downloading these types of files.  Before assigning these activities to students it is essential for the teacher to try them on the computers that the students will use and to consult with the technology or media specialist if there are issues.  These animations also have sound.  Teachers may wish to provide headphones if possible.  

X. Global Content:  Aligned with 21st Skills:
One of the goals of the unit plans is to provide strategies that will enable educators to develop the 21st Century skills for their students. As much as students need to master the NCSOS goals and objectives, they need to master the skills that develop problem solving strategies, as well as the creativity and innovative thinking skills that have become critical in today’s increasingly interconnected workforce and society.  The Partnership for 21st Century Skills website is provided below for more information about the skills and resources related to the 21st Century classroom. 

http://www.21stcenturyskills.org/index.php?option=com_content&task=view&id=27&Itemid=120
	NC SCS Earth/Environ.
	21st Century Skills 
	Activity

	
	Communication Skills
	

	1.01, 1.02
	Conveying thought or opinions effectively
	

	1.05, 1.06
	When presenting information, distinguishing between relevant and irrelevant information
	

	1.02
	Explaining a concept to others
	

	1.02
	Interviewing others or being interviewed
	

	1.02
	Computer Knowledge
	

	1.02, 3.01 & 3.02
	Using word-processing and database programs
	· The Fossil Record
· Geological History:  History and Evidence

	1.02 & 3.01
	Developing visual aides for presentations
	· The Fossil Record



	1.02
	Using a computer for communication
	

	1.02, 6.05
	Learning new software programs
	

	
	Employability Skills
	

	1.02, 1.04, 3.01 & 3.02
	Assuming responsibility for own learning
	All activities

	1.02, 2.05
	Persisting until job is completed
	All activities

	1.01, 1.02, 2.03, 2.05, 3.01 & 3.02
	Working independently
	

	1.02
	Developing career interest/goals
	

	1.02 & 3.01
	Responding to criticism or questions
	· The Fossil Record



	
	Information-retrieval Skills
	

	1.01, 1.05, 3.01 & 3.02 
	Searching for information via the computer
	· The Fossil Record

· Geological History:  History and Evidence

	1.01, 1.05, 1.06
	Searching for print information
	

	1.05
	Searching for information using community members
	

	
	Language Skills - Reading
	

	1.04, 3.01 & 3.02
	Following written directions
	Most of the activities can be presented as opportunities for students to follow written directions.  The teacher will have to work with most students to develop this skill over time.  The following activities are well suited to developing skills in following directions:

· A Relative Age Dating Activity
· Lesson 1 Assessment:  Geologic Cross-Section and Column

· Model of Radioactive Decay

· Radioactive Decay of Candium

· The Fossil Record

· Geological History:  Events & Evidence (Options 1 & 2)

	2.01, 2.06
	Identifying cause and effect relationships
	

	1.05, 1.06
	Summarizing main points after reading
	

	1.01, 1.02, 1.05, 1.06, 3.01 & 3.02
	Locating and choosing appropriate reference materials
	· Geological History:  Events & Evidence (Options 1 & 2)

	1.01, 1.05
	Reading for personal learning
	

	
	Language Skill - Writing
	

	1.02, 3.01 & 3.02
	Using language accurately
	All the activities

	1.02, 3.01 & 3.02
	Organizing and relating ideas when writing
	All the activities

	1.02
	Proofing and Editing
	

	1.01, 1.05, 1.06, 3.01 & 3.02
	Synthesizing information from several sources
	· Geological History:  Events & Evidence (Options 1 & 2)

	1.02, 1.05, 1.06
	Documenting sources
	

	1.02
	Developing an outline
	

	1.02
	Writing to persuade or justify a position
	

	1.02
	Creating memos, letters, other forms of correspondence
	

	
	Teamwork
	

	1.01, 1.02, 1.04, 1.05, 1.06
	Taking initiative
	

	Goal 1
	Working on a team
	Most of the activities are designed to be done and discussed in teams.  

	
	Thinking/Problem-Solving Skills
	

	1.01, 1.02, 1.06
	Identifying key problems or questions
	

	1.03, 1.05, 2.06, 2.07, 3.01, 3.02, 4.02, 4.03, 4.04, 4.05, 5.01, 5.02, 5.03, 6.01, 6.02, 6.04, 6.05
	Evaluating results
	

	1.06
	Developing strategies to address problems
	

	1.02, 3.01 & 3.02
	Developing an action plan or timeline
	· Geological History:  Events & Evidence (Options 1 & 2)


Lesson 1

 NC SCOS Objective: 3.01

· Evidence to interpret order and impact of past geological events and environments

· Principle and Laws of Relative dating methods
· Stratigraphic principles and unconformities

Engage: Give the following situation to the class and ask how students would solve the problem.


On Monday you wore a pair of pants with several sets of pockets. At some point in the day, a friend gave you his/her new cell phone number.  Since you didn’t have your phone with you, you shoved the paper into one of the pockets. At the end of the day, you threw your dirty clothes on the floor. By the end of the week, the pile of dirty clothes was as tall as your desk. You need to call your friend to arrange a time to study for the upcoming Earth and Environmental Science exam but you can’t find the number. You know that you got the number early in the week. Where would you start to look for the paper? Explain the reasons for your decision.
Explore: A Relative Age Dating Activity, by Christine McLelland
Topic: Relative age dating of geologic cross sections

Grade Level: 7-14

Time: 2 Forty-five minute classes or 1 block class

Content Standard: National Earth and Space Science Standard

Content Objective: This exercise will introduce your students to the concept of relative age dating, and allow them to practice their new skills by determining the age sequence of geologic events in a cross section. They will learn the geologic principles that help geologists in their study of the Earth’s crust.

The activity linked below is designed to help students understand how to interpret and infer past events and environments using the principles and laws of determining relative age.

http://www.geosociety.org/educate/LessonPlans/Relative_Age.pdf    
This activity, along with many others, is housed at the Geological Society of America website. The PDF file contains teacher notes, answers and suggestions for the classroom. The lesson can be done with all levels of students. The vocabulary and presentation of new terms and ideas is accessible and useful. 

Materials: Student pages with background information and cross sections.
Explain: Lesson 1 Assessment: Geologic Cross-Section and Column

As an assessment, use the Geological Cross Section http://www.geosociety.org/educate/LessonPlans/geologic_Xsection.pdf
This assessment can be a class activity that would require approximately 1 to 2 block periods, or 4 traditional days. For honors students, you may elect to assign this as homework. 

Have students pay careful attention to the requirements. For standard level students you may wish to have the paragraph requirement as extra credit. For Honors level students, the paragraph requirement could include a more detailed description of the types of environments that produced the rocks, types of plate tectonic activity that caused folding and/or faulting, and climate variables that may have influenced deposition patterns.


Materials:


Colored paper (construction, computer, even old wrapping paper will work)


Scissors


Glue


What’s Up? student pages for reference and rock names and symbols 

Explore:

Lesson 2: Absolute Dating
While relative ages of rocks only tell us which rock layer is younger or older than another rock layer, absolute dating involves using techniques and technologies that give geologists the actual age of a rock or fossil.  One method used to estimate actual age is sediment erosion rates.  With this method, geologists determine a rate of erosion (number of feet per year) and then using a reference point; determine when a feature was first formed. This works pretty well for erosional features that are under 10,000 years old. Radioactive decay is another way geologists can determine an actual age of a rock. Using elements that are radioactive, geologists can determine the age of a rock by measuring how much of an element’s isotope is left in a sample. The isotope most commonly used to date rocks is Uranium 238. Carbon 14 is used to date once living material but it is only successful back to 50,000 years.
It may be a good idea to review the parts of the atom, the meaning of an isotope and the relationship of radioactive energy found in Earth’s core to the distribution of the uranium isotopes in Earth’s rock record. A radioactive element decays in a constant and known quantity called a half life. For more teacher background, visit: http://science.howstuffworks.com/dinosaur-bone-age1.htm

Engage: This simple paper and scissor activity is excellent in helping students understand that a radioactive isotope decays at a constant and predictable rate. Put the following questions on an overhead, LCD projector, or make one handout per two students. Use the questions as a way of processing the lab. Highlight important vocabulary and reference the common radioactive isotopes and their respective half-lives.
Model of Radioactive Decay
Adapted from Modern Earth; Holt, Rinehart, and Winston; Harcourt Brace & Company; 1998.
Materials:

Scissors
A piece of paper about 14 inches x 9 inches

Watch or clock with a second hand

Begin: 

1. Have students define half-life.
2. Record the start time and wait 20 seconds and then cut the paper strip in half.

3, Select one piece of the paper, wait 20 seconds and then cut the paper in half.

4. Repeat step 3 until 9 “20” second intervals have passed.

Answer the following:

5. What did the whole paper strip represent?

6. Each time you made a cut, you set aside one piece paper. What did this piece of paper represent? 

7. What did the piece of paper that you cut in each 20 second interval represent?

8. How much of your paper element was left after 2 cuts? After 4 cuts? After 6 intervals? Report your answer in percentages.
9. What is the half-life of the paper element?

10. What two constants were essential for the model? Explain your answer.
Explore

Radioactive decay processes occur in accordance with first order kinetics. This simulation (Radioactive Decay of Candium) provides a simple example of the rate at which a radioactive isotope decays. * Check for peanut and other food allergies before doing this lab. Skittles are a reasonable substitute. M&Ms use peanut oil in the coating.  

Countertop Chemistry activity used by permission of The Science  

House at NC State University, www.science-house.org
Radioactive Decay of Candium
Radioactive decay processes occur in accordance with first order kinetics. This simulation provides a simple example of the rate at which a radioactive isotope decays. * Check for peanut and other food allergies before doing this lab. Skittles are a reasonable substitute. M&Ms use peanut oil in the coating.

Materials 
M&M™ candy pieces
Small paper cup 
graph paper 

Procedure 

1. Place 50 atoms of candium (pieces of candy) in the bag. 

2. Cover the top of the cup and gently shake for 10 seconds. 

3. Gently pour out candy. 

4. Count the number of pieces with the print side up—and record the data. These atoms have "decayed". 

5. Return only the pieces with the print side down to the bag. Cover and shake the cup again. 

6. Consume the "decayed atoms”. 

7. Gently shake the sealed bag for 10 seconds. 

8. Continue shaking, counting, and consuming until all the atoms have decayed. 

9. Graph the number of undecayed atoms vs. time. 

Data and Observations 

	Half-life
	Total Time
	# of Undecayed Atoms 
	# of Decayed Atoms

	0
	 
	 
	 

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 

	6
	 
	 
	 

	7
	 
	 
	 

	8
	 
	 
	 


Questions 

1. What is a half-life? 

2. In the experiment, what was the half-life of the element candium? 

3. At the end of two half-lives, what fraction of the atoms had not decayed? 

4. Describe the shape of the curve drawn in step 9. 

5. Repeat the experiment three more times, starting with 30 atoms, 80 atoms, and 100 atoms of candium. Compare the resulting graphs. 

6. Repeat the experiment using half-lives of 5 seconds, 20 seconds, and 1 minute. Compare the resulting graphs. 

Teacher's Notes 

Some naturally occurring isotopes of elements are not stable. They slowly decompose by discarding part of the nucleus. The isotope is said to be radioactive. This nuclear decomposition is called nuclear decay. The length of time required for half of the isotope to decay is the substance's half-life. Each radioactive isotope has its own particular half-life. However, when the amount of remaining isotope is plotted against time, the resulting curve for every radioisotope has the same general shape.

Hint: Make sure you use candies with printing on one side (plain M&Ms™). 

Answers to Extensions 
1. Half-life is the length of time required for one half of an isotope to decay. 

2. The half-life of candium in this activity was 10 seconds. 

3. At the end of two half-lives, 1/4 of the original sample remained and 3/4 of the sample had decayed into a new element. 

4. The graph is a decreasing logarithmic curve. 

5. The shape of the graphs will be almost the same. 

6. The shape of the graphs will be almost the same. 

Additional web support and activities:

http://www.accessexcellence.org/AE/AEPC/WWC/1995/teach_rad.php
Primarily focuses on Carbon 14. Great introduction for evolution topics in biology

http://www.colorado.edu/physics/2000/isotopes/radioactive_decay3.html
Nice JAVA applet that models decay of several widely used isotopes

http://einstein.byu.edu/~masong/HTMstuff/Radioactive2.html
Animation that show decay curves

http://nemo.sciencecourseware.org/VirtualDating/
From the same folks who brought us Virtual Earthquake-Virtual Dating…it is excellent.
Evaluate:

The Fossil Record
This online tutorial is fun and loaded with information. Students can use the handout attached to collect notes throughout the fossil collecting expedition.  You will need 1 block period or 2 traditional days and internet access.
http://www.ucmp.berkeley.edu/education/explorations/tours/fossil/index.html


Materials:
Computers

Question guide
Getting into the Fossil Record
http://www.ucmp.berkeley.edu/education/explorations/tours/fossil/9to12/Intro.html
Student Page

Directions: Navigate your computer’s browser to the site above. Follow all instructions on the screen.  The “next” or “more” buttons will not appear unless you’ve completed all page tasks. Have fun!

1. What are the objectives of the tutorial? List all.

2. What is the history of the word “fossil” and what does it mean?

3. Click on the hot linked words and define them.


Fossil Record:


Paleontologist:

4. Look at the various fossils in the slide show. How do you think the acorn fossil formed?  How about the fern?

5. After viewing the types of fossils, list the types and give a brief description of each

6. How are fossils formed? Answer with as much detail as possible. How can the types of fossils found provide clues to past environments?

7. Which organism do you think is most likely to be preserved?

8. What biotic factors are important to fossil formation?

9. What abiotic factors can interrupt or prevent a fossil from forming?

10. In each of these examples the organism was buried in sediment. But does an organism always have to be buried in sediment to become a fossil?

11. What are some other ways, besides sediment coverage, that fossils can be formed? 

12. What types of structures are more likely to become fossilized? Explain your answer.

13. What environments contribute positively to the fossilization process?

14.  What variables contribute to the incomplete fossil record?

15. Of all the organisms alive today, what percent do you think will eventually become fossils?

16.  What dynamic forces can destroy fossils? Give an example of each. 

17. What are the three rock types and what type is most likely to contain fossils? Explain your answer.

18. How do paleontologists use geologic maps to “estimate” where to find fossils?

19. The very earliest fossils of animals actually occur in rocks more than 540 million years old! This is referred to as the Precambrian Time. Take a look at the map again. Would Montana be a good place to find fossils of the Precambrian?

20. Explain why scientists often search for fossils on the sides of hills or areas where there is topographic relief.

21. Copy the flow chart for future study.

22. Take the quiz and record your answers for future study.

Geological History: Events and Evidence



The following is the Geologic Time Chart and analysis questions for the above activity.

A Trip Through Geologic Time
	Geologic Era
	Precambian
	Paleozoic
	Mesozoic
	Cenozoic

	Time Span
	
	
	
	

	Period
	
	
	
	

	Forms of Life


	
	
	
	

	Geologic

Events


	
	
	
	

	Adaptations of plants/animals


	
	
	
	


Analysis:

1. Arrange these organisms in the order in which they first appeared on Earth: insects, sponges, humans, birds, dinosaurs, bacteria, ferns, fish, cycads, horses, amphibians, flowering plants.

2. What seems to be the major trend in the development of life forms during geologic history?

3. Explain how adaptations can increase an organism’s chances for survival. Give examples of animal adaptations from the chart and why they were necessary.

4. How might the collision of a huge asteroid with Earth result in the extinction of the dinosaurs? (Hint: Assume the dinosaurs were not killed by the impact alone.)

5. There is evidence that Earth’s climate is getting warmer.  How might such global warming affect the change in living things?

Two options (a mural or panel and a travel brochure) are explained below. You may combine different features of both depending on what you want your students to experience.

Most textbooks have good support materials for this topic. Check your materials before taking on something new.   The link below will take you to a word document that has a nice series of activities for students. There is a good bit of vocabulary in this lesson. Flashcards may help many students get a better grasp on the vocabulary. 
http://eeb.bio.utk.edu/biologyinbox/documents/Unit1-Exercise2.doc
Most students find geological history interesting. The following project(s) can be modified in a number of different ways to accommodate a variety of learners.  The potential for student success is very high and students will have a chance to be creative.  It is suggested that honors students create a true mural-pictures that show change over time in the areas below- while standard level students complete the following template:
	Name 

Of

Time

Period

Vertically

Positioned
	Animals and plants

	
	Climate

	
	Geological Events and Impacts

	
	North Carolina’s geological history


If you choose to have your students do the mural, you may want to give each group a standard length of paper. Teachers who have done this before suggest a 6 foot minimum. It is important that students, no matter which format they use, demonstrate the interconnectedness of the non-living environment and the living environment.   
Complete the following Concept Map using the Vocabulary Words listed below.

Geologic Time Scale, Paleozoic Era, Precambrian Era, Mesozoic Era, Cenozoic Era, Tertiary Period, Cretaceous Period, Jurassic Period, Quaternary Period, Triassic Period.


[image: image1] 

Option 1: A Mural of Earth’s History: A visual timeline

Teacher Preparation: 
Divide your class or classes into groups of 3 or 4. Three students per group seem to work best.  It is suggested that the project be distributed over at least two classes so that no team has to do more than one period.  Using bulletin board paper (the kind on the big rolls), pre-cut the following lengths of paper in the color scheme suggested or in a color scheme of your choice. Each piece will be filled in by the various period teams. 
	Time Period
	Length in inches or feet
	Color

	Precambrian
	17 feet 

Approximately 1” = 20 my
	Light blue

	Cambrian
	17.5”
Approximately 1/2” = 1 my
	Yellow

	Ordovician
	33.5”
	Yellow

	Silurian
	15”
	Yellow

	Devonian
	24”
	Yellow

	Mississippian
	20”
	Yellow

	Pennsylvanian
	16”
	Yellow

	Permian
	19”
	Yellow

	Triassic
	21”
	Green

	Jurassic
	32”
	Green

	Cretaceous
	39”
	Green

	Tertiary
	32”
	White

	Quaternary
	2”
This is a little large
	White


For each team, distribute the following student pages per group. Students will have 2 to 3 block periods (or 4 or 5 traditional days) for research. It is suggested that students use books and internet resources.  For standard level and honors classes, have students collect specific pieces of information each day. There is a status sheet for teacher use at the end of this lesson. 

Day 1 Research: Research position of continents and specific animals and plants. Vary the plants and animals based on continent position. For the Precambrian group, remind these students that they will need to document the establishment of Earth’s surface and atmosphere. This group will not have many “true” animals or “true” plants. Students should generate a works cited page for documentation and make sketches of plants and animals that the group would like to include in the mural or visual timeline. 
Research the climate variability based on continent positions. Include information about the climate at the beginning of the period and at the end. Students will work on making connections between climatic conditions and animals and plants. Students should generate a works cited page for documentation.
Day 2 Research: Research volcanoes, mountain building, astronomical impacts, faulting, folding, and placement of significant igneous intrusions. Be sure to make sketches of maps or print internet pictures of maps that show where plate boundaries may have existed.
Research North Carolina’s geological history. Use the NC DPI reference tables for help. Additionally, the North Carolina Geological Survey has online information about North Carolina’s history. You may also check out http://pubs.usgs.gov/gip/birth/. A google search will yield a number of good sites as well.
Day 3 Research: At this time, groups will begin to plan their mural or time poster. Each poster/mural frame must have a minimum of 5 animals, 3 plants, depiction of continents at that time, map with geological events highlighted, climate information, and NC information. Remember-students are to demonstrate their knowledge visually –as much as possible.
By the end of this period, students should have a plan for their mural, who will be responsible for what items, and a proposed finished time. If this will require outside work, it is best to decide this now.

Day 4: Drawing and putting together. This can occur when ready. Groups that are very organized will be able to complete all tasks in 5 days. 
Day 5  : Drawing and putting together. Begin presentations.
Student pages:

HELPFUL WEBSITES

REMINDER: DOCUMENT ALL SOURCES FOR ALL PROJECTS!!

1. Follow links for animations showing land areas through time and information about the different geologic periods

http://www.ucmp.berkeley.edu/geology/tectonics.html
 2. Paleo-map Project – History and Climate in each of the Geologic Periods

http://www.scotese.com/earth.htm
 3. How the Different Geologic Periods Got Their Names

http://pubs.usgs.gov/gip/geotime/divisions.html
 4. The Paleozoic Era

http://pubs.usgs.gov/gip/geotime/divisions.html
 5. The Mesozoic Era

http://www.bobainsworth.com/fossil/mesozoic.htm
6. The Cenozoic Era

http://www.bobainsworth.com/fossil/cenozoic.htm
7. EXTINCTION OF DINOS - CENOZOIC ERA AND ADVENT OF MAMMALS AND HUMANS

http://darwin.bio.uci.edu/~sustain/bio65/lec02/b65lec02.htm#MAMMALS
 8. PREHISTORIC TIMELINE - BIOLOGICAL AND GEOLOGICAL CHANGES

 http://www.science501.com/PTGeologic.html
9. GEOLOGIC TIME LINE - NICE OUTLINE AND EASY TO SKETCH PICS OF ANIMALS

http://www.science501.com/PTGeologic.html
10. CENOZOIC ANIMALS

http://users.telenet.be/educypedia/education/beastsafterdinosaur.htm
11. Summary of All Geologic Periods

http://www.portobello.com.au/timerock/library/time/geological_periods.htm
 12. Summary of All Geologic Periods

http://www.science501.com/PTGeologic.html
13. EXTINCTION OF DINOS - CENOZOIC ERA AND ADVENT OF MAMMALS AND HUMANS

http://darwin.bio.uci.edu/~sustain/bio65/lec02/b65lec02.htm#MAMMALS
14.  PREHISTORIC TIMELINE - BIOLOGICAL AND GEOLOGICAL CHANGES

http://www.science501.com/PTGeologic.html
15.  GEOLOGIC TIME LINE - NICE OUTLINE AND EASY TO SKETCH PICS OF ANIMALS

http://www.science501.com/PTGeologic.html
 16. CENOZOIC ANIMALS

http://users.telenet.be/educypedia/education/beastsafterdinosaur.htm
17. National Geologic Map Database

http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html
TIMELINE GRADING RUBRIC –145 TOTAL POINTS

RESEARCH DAYS:

Day 1 (5 points per person) ______________

Day 2 (5 points per person)  ______________

Day 3 (5 points per person)  ______________

WORKDAYS:

FOLLOW EXPECTATIONS (on task, work cooperatively, put away materials, etc) (5 pts per day)

Day 4 ______

Day 5 ______     

*Day 6 (If needed)  ______  

TIMELINE Check list and point value

	Check when finished
	Content represented: 

	Point Value
	Points Earned

	
	At least FIVE Animals


	5
	

	
	At least THREE plant


	5
	

	
	Mention of major extinctions and significant “firsts”


	5
	

	
	Information about climate and continent position


	5
	

	
	Information about geologic events (major orogenies, giant impacts, glaciation) 

Reference plate movements with current names of plates


	5
	

	
	Location of land masses during the geologic period


	5
	

	
	Mention important geological formations that have historical geology significance

i.e. formations containing abundant or important fossil finds for that period


	5
	

	
	Information about the geological events of North Carolina


	5
	

	
	Accuracy:  The flora and fauna depicted is from this period.  Geological events and current understanding of where the continents or land masses were at the time, as well as the climate are accurate (according to most current information available)
	30
	

	
	Text:  Neat and easy to read. (Please word process any text )  Geologic period is displayed in specific location for consistency.
	10
	

	
	Illustrations:  Neatly drawn, eye-catching, appropriate representation of this era.  (Please use copied illustrations if drawing is not an option for any member of your group)
	20
	

	
	Works Cited: All reference material both written and electronic is typed and attached to the back of the panel.
	15
	

	
	Signature:  You must sign or print your names within your geologic period mosaic.  Your names should NOT be printed any larger than the size of the text.
	5
	


Option 2: A Mural of Earth’s History: Earth History Tours
Students are assigned a time period to research and then generate a marketing campaign to get people to travel to that time period. The travel brochure must have all of the information outlined in the timeline project.  It is suggested to have small groups (2 people). 

EVALUATE:
Sample Assessment Questions for Earth History - Aligned with RBT Tags:
1.
Approximately how old are the oldest rocks found on the planet Earth?


a) 565 million years old

b) 1 billion years old

c) 65 million years old

d) 4 billion years old

RBT: 1A
NC SCOS Objective: 3.01

2.
Which rock type are fossils most likely to be found? 

a) metamorphic rocks
b) intrusive igneous rocks
c) sedimentary rocks
d) extrusive igneous rocks

RBT:  1A
NC SCOS Objective: 3.01
3.
Estimated to be about 65 million years old, an enormous round impact crater off the Yucatan Peninsula of Mexico is thought to be related to

a) The first appearance of hard-bodied invertebrates

b) The breakup of Pangea

c) The retreat of the most extensive polar ice cap

d) The extinction of the dinosaurs

RBT: 1A    NC SCOS Objective: 3.01
4.
What is the basis for divisions of geologic time into eras, periods and epochs?

a) Assumed positions of the earth’s landmasses

b) The advance and retreat of continental glaciers

c) Fossil record of plants and animals on Earth

d) Large climate fluctuations

RBT: 2B     NC SCOS Objective: 3.01
5.
A project involves constructing a geologic timeline of the Earth from its beginning to the present time using a scale of 1 meter = 500 million years.  Based on this scale, how long is the timeline?

a) 9 meters

b) 4.5 meters

c) 18 meters

d) 12 meters

RBT: 3B      NC SCOS Objective: 3.01
6.
Sedimentary rock formations from the Silurian period do not exist in North Carolina.  Which statement below best explains why?

a) The land that makes up present day North Carolina did not exist until after the Silurian Period.

b) The Silurian Period had numerous extinction

c) Silurian sedimentary deposits were either eroded away or never formed in North Carolina

d) Only metamorphic rocks of Silurian age are found in North Carolina

RBT:  2B        NC SCOS Objective: 3.01 & 3.02
7.
The most accurate information about the climate in the Mesozoic Era can best be deduced by which of the following:

a) The sedimentary rocks deposited in an area

b) The types of vegetation found in an area

c) The present surface features of an area

d) Historical records of past climate

RBT: 2B        NC SCOS Objective: 3.01
8.
Fossil evidence shows that the majority of organisms that lived in the past

a) still exist in the present

b) have become extinct

c) have been identified

d) have evolved into the present day lifeforms

RBT:  2B        NC SCOS Objective: 3.01
9.
When a piece of 3,000,000 year-old sandstone formed, 4,000 atoms of a radioactive parent element were present.  The rock contains only 500 radioactive parent atoms today.  What is the half-life of the radioactive element?


a) 300,000 years

b) 1,200,000 years

c) 1,000,000 years

d) 20,000 years


RBT:  3C
NC SCOS Objective: 3.01


10.
(Simple diagram:  4 sedimentary strata, A,B,C and D with A as the youngest at the top.  A diagonal fault cuts through the layers, offsetting sedimentary strata B,C and D)  Please insert diagram.
Approximately when did the fault occur?


a) after layer B was deposited

b) after layer C was deposited

c) after layer D was deposited

d) prior to all the deposition of all sedimentary strata


RBT:  2B
NC SCOS Objective: 3.01


(Language (ELP) Objective for LEP students:


Use vocabulary to identify relative age relationships between rocks.


Read background information and write answers to questions based on background reading.








(Modifications for LEP students:


Review each principle used to determine relative age relationships by explaining each term.  For example: Divide the word superposition into two words – super and position – and explain how each word is used together to determine relative age relationships between rock formations. Identify prefixes and suffixes in the terms and relate them to an understanding of the specific principle.   


Provide individual copies of the printed background and allow students to use highlighters to highlight words and phrases that will help them understand each principle.


To help familiarize students with rock patterns show examples of each type of rock mentioned in the background information. If actual examples are not available, show colored pictures of each rock.








(Language (ELP) Objective for LEP students:


Use vocabulary terms to label layers of a student constructed geologic cross-section.





(Modifications for LEP students:


Demonstrate the construction of the model for LEP students. Consider pairing intermediate high students with novice students to assist with using the vocabulary terms. Consider reducing the number of requirements for the geologic cross-section. 








LEP Accommodation Considerations


The following are general suggestions for accommodating English second language:


Assess the prior knowledge of your LEP student and make sure that he or she has adequate background information in order to execute this activity.


Provide graphic organizers or roadmaps illustrating the specific procedures and expectations of each activity.


Provide highlighted text which target key vocabulary and concepts. Review this text prior to activity.


Elicit verbal response of understanding from student. For, example, “Explain to (or show me) me what you need to do next.”


Include marginal notes in activity outline to re-emphasize terms and concepts.


Provide visual demonstration in conjunction with verbal instructions


Provide immediate feedback and or assessment in order to reinforce objectives.


Provide for alternate forms of assessment such as concept maps, graphic organizers, verbal explanations, written explanations, or actual performance rather than strictly pen and paper tests.


 Provide LEP students the opportunity to peer tutor, pairing those who are on different proficiency levels.


Provide opportunities to demonstrate effective test- taking strategies, regularly exposing students to sample questions.





(Language (ELP) Objective for LEP students:


1.	Use vocabulary to identify relative age relationships between rocks.


Read background information and write answers to questions based on background reading.





(Modifications for LEP students:


Review each principle used to determine relative age relationships by explaining each term.  For example: Divide the word superposition into two words – super and position – and explain how each word is used together to determine relative age relationships between rock formations. Identify prefixes and suffixes in the terms and relate them to an understanding of the specific principle.   


Provide individual copies of the printed background and allow students to use highlighters to highlight words and phrases that will help them understand each principle.


To help familiarize students with rock patterns show examples of each type of rock mentioned in the background information. If actual examples are not available, show colored pictures of each rock.





(Language (ELP) Objective for LEP students:


Read about the contributions of four scientists and write answers to questions based on the background reading.


Explain to a partner what “radioactive decay” means.


Answer questions to analyze the results of the radioactive decay simulation.





(Modifications for LEP students:


Review the parts of atoms with the students. Include a discussion of isotopes.


Discuss with the students what decay means by relating the word to a familiar object and then discuss it in terms of atoms and isotopes.


Provide hard copies of the contributions made by the four scientists. Allow students to work together to highlight the answers to the questions provided in the website.


Demonstrate how to find the half-life or do the first few simulations with the students.


Pair struggling language students with more proficient students to assist with understanding the directions and answering the analysis questions.








(Language (ELP) Objective for LEP students:


Write definitions for vocabulary.


List and describe different types of fossils.


Write a description of the best place to find fossils.





(Modifications for LEP students


Demonstrate for the students how to move through the information on the website.


Reduce the number of questions for less proficient readers.


Pair students together to answer the questions related to the website.








(Language (ELP) Objective for LEP students:


Read descriptive text to identify characteristics of geologic eras.


Use vocabulary to identify eras and periods of geologic history.


Discuss the physical and biological changes in geologic history








(Modifications for LEP students:


1. The following activity is designed to help build background for LEP students 


        The Time of Your Life


This activity will help students grasp the meaning of a geologic time line.  Once students have developed a time line of significant events in their lives, they should have little trouble comparing a personal time line with a geologic time line.


Student Instructions:


On white index cards, write several important events that have happened to you in your life time.


Arrange the cards in the order in which the events happened.


On colored index cards, write one of the following on each: Birth – 4 years old,  


      5 – 7 years old, 8-10 years old, 11 – 13 years old, 14 – (their age at this time). 


Insert each colored index card in front of the group of events that occurred during those years.


Ask the students to explain how they think the arrangement of the cards resembles a geologic time line?





(Modifications for LEP students (continued)


2. a. To develop key vocabulary read and repeat vocabulary terms relating to Geologic Time together as a class. Example: Geologic time line, era, period, Precambrian, Paleozoic, Mesozoic, Triassic Period, Jurassic Period, Cretaceous Period, Cenozoic, Tertiary Period, Quaternary Period


    b. Discuss together the difference in era and period.  Using a Geologic History of the Earth chart identify the order of the geologic eras and periods.


    c. Use visuals to show examples of plants and animals in the different periods. Discuss characteristics of each.


   d. A possible suggestion for helping students comprehend the information presented for each era and period is the Jigsaw Reading Strategy. 


	Jigsaw Reading Strategy and Cooperative Learning Activity:


Divide students into “home” groups, each group having equal numbers.  Give each home group a name or number.


Everyone in the home group numbers off (1,2,3, etc). Students identified as Novice and/or Intermediate Low can be pared with a student higher English proficiency skills.


“Home” groups disband and “expert” groups form.  All the #1s work together; all the #2s work together, etc.  Each “expert” group should include mixed-level students working together.


Each “expert” group receives reading material for one of the four geologic eras.


Members of the “expert” group will first silently read the material then take turns reading the material aloud to the members of their group. 


Members of the “expert” group will discuss the information about their geologic era using the A Trip Through Geologic Time chart as a guide. Students will complete the portion of the chart for their geologic era. 


Each member will prepare a visual that includes pictures and words 


that will help them teach the material to their “home” group.


“Expert” groups disband and “home” groups reform.  Each student, who is now an “expert”, teaches his material to his “home” group.  Each student completes the A Trip Through Geologic Time chart as students present their information.








Modifications for LEP students (continued):


3. As a closing activity students can complete the following concept map using the necessary vocabulary.  





(Modifications for LEP students:


ESL students will have more success if paired with students who speak English. Many electronic sites are available in Spanish such as � HYPERLINK "http://www.windows.ucar.edu/tour/link=/earth/past/geologic_time.html" �http://www.windows.ucar.edu/tour/link=/earth/past/geologic_time.html�


Have students create 4 corners vocabulary cards. The word goes in the center of the page or card, the top left quadrant has the definition, the right top quadrant has a picture; the bottom left quadrant has related or connected terms, and the bottom right quadrant has the student use the word in a meaningful sentence.





�
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