
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Science Eighth Grade                            

	Recommended  Days of Instruction:  3 days
	(one day equals 55 min)

	Standard(s) addressed:  8-2

	The student will demonstrate an understanding of Earth’s biological diversity over time. (Life Science, Earth Science)

	Earth’s Biological History

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-2.6 Infer the 
relative age of 
rocks and fossils 
from index 
fossils and the 
ordering of rock
layers.

	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm 
SC ETV Streamline
http://etv.streamlinesc.org
TLC Elementary School: Prehistoric Earth All Sections
http://player.discoveryeducation.com/index.cfm?guidAssetId=3FF74D22-6652-4502-B8A4-E3ED305DC497&app_user_guid=93d5f60c-b346-4195-997f-c0a01e53b567&CFID=8864977&CFTOKEN=96182159
This video covers the nature and divisions of geologic time, prehistoric life-forms, and fossils.

24.33
Relative and Absolute Time
http://player.discoveryeducation.com/index.cfm?guidAssetId=D6D88A10-D786-41BF-8D1A-F547667F112F&app_user_guid=93d5f60c-b346-4195-997f-c0a01e53b567&CFID=8864977&CFTOKEN=96182159       Geologists have two scales by which to measure geologic time. Relative time, which relies on the principle of superposition, deals with the order in which things happen. Absolute time pinpoints the actual age of a rock and the fossils that it contains. 

Earth Science: Fossils

http://player.discoveryeducation.com/index.cfm?guidAssetId=FDCCD32E-D697-408B-8EA3-28F781244276&blnFromSearch=1&productcode=US
Paleontologists regularly dig treasures out of the earth in the form of fossils. These remains of once-living things can tell us much about life in the past. Using modern technology, even more discoveries are coming to light.

Natural Phenoma: Rocks, Fossils, and Earth’s History

http://player.discoveryeducation.com/index.cfm?guidAssetId=49FF6E72-4A7E-440C-892E-CA0CE63CEDC0&blnFromSearch=1&productcode=US
This thorough program explains the importance of studying a region's rocks and fossils to understand the climate, vegetation and landscape of the past and how this information helps us to predict what the future might hold. Viewers will understand the technique that geologist use to date rocks and fossils. 15:05

Fossils: Windows into the Past

http://player.discoveryeducation.com/index.cfm?guidAssetId=03B5FF39-7E7E-4765-87E1-7A5FEBA881E5&blnFromSearch=1&productcode=US
The diversity of life is incredible; yet what we see today is only a tiny view of all the different kinds of life that existed in the past. Fossils are windows into time that let us see what living things once were like. 20:00

Additional Resources

“Geologic Time”

http://pubs.usgs.gov/gip/geotime/contents.html
Earth Science World (American Geological Institute)

http://www.earthscienceworld.org/index.html
Download images and other resources. Images must be cited for educational purposes only. Geoscience Careers are featured. 

National Park Service Lesson Plans and Teacher’s Guide for the Grand Canyon

http://www.nps.gov/grca/forteachers/lessonplansandteacherguides.htm
National Park Service’s Grand Canyon website http://www.nps.gov/grca/photosmultimedia/virtualtour.htm
Grand Canyon Rock Layers

http://www.bobspixels.com/kaibab.org/geology/gc_layer.htm#kl
Fossil Photos           www.fossilmuseum.net
Florence Bascom

http://www.windows2universe.org/people/modern_era/bascom.html
Florence Bascom

http://www.todayinsci.com/B/Bascom_Florence/Bascom_Florence.htm
University of California Museum of Paleontology website. http://www.ucmp.berkeley.edu/fosrec/McKinney.html

	See Module 8-2.6
Teaching the Lesson 8-2.6 A
Earth’s Biological History –  “Finding Clues to Earth’s History through Rock Layers ”
Teaching the lesson 8-2.6 B -“Finding Clues to Earth’s History through Rock Layers  2”
Teaching the lesson 8-2.6 C – “Finding Clues to Earth’s History through Fossils”

	From Science Support Document

The objective of this indicator is to infer the relative age of rocks and fossils; therefore, the primary focus of assessment should be to draw conclusions about relative age from presented material on layering of rocks and index fossils.  
However, appropriate assessments should also require students to interpret drawings or diagrams that show data about rock layers and fossils; compare rock layers in order to determine common points of relative time; or recall the law of superposition. 




Eighth Grade
Science

Module 

8-2.6
Earth’s Biological History
Lesson A - C
[image: image25.emf]
From the South Carolina Support Documents:

Indicator 8-2.6 Infer the relative age of rocks and fossils from index fossils and the ordering of rock layers.
Taxonomy level of indicator:

Understand Conceptual Knowledge (2.5-B )
Previous/Future Knowledge: 

The concept of relative age using ordering of rock layers and index fossils is new content for this grade.  This concept will be further studied in high school Earth Science.

It is essential for students to know that the relative age means the age of one object compared to the age of another object.  Relative age does not tell the exact age of an object.  The relative age of rocks and fossils can be determined using two basic methods: ordering of rock layers and index fossils:  

Ordering of Rock Layers

· Scientists read the rock layers knowing that each layer is deposited on top of other layers.  

· The law of superposition states that each rock layer is older than the one above it.  

· So using this layering, the relative age of the rock or fossil in the rock is older if farther down in the rock layers.  

· Relative dating can be used only when the rock layers have been preserved in their original sequence.

Index Fossils

Certain fossils, called index fossils, can be used to help find the relative age of rock layers.  To be an index fossil –

· an organism must have lived only during a short part of Earth’s history;

· many fossils of the organism must be found in rock layers;

· the fossil must be found over a wide area of Earth;

· the organism must be unique.

The shorter time period a species lived, the better an index it is.  A key example of an organism used as an index fossil are trilobites, a group of hard-shelled animals whose body had three sections, lived in shallow seas, and became extinct about 245 million years ago.  Therefore, if a trilobite is found in a particular rock layer, it can be compared with trilobites from other layers to estimate the age of the layer in which it was found. 

Fossils that are found in many rock layers, therefore living long periods of time, do not qualify as index fossils. 
It is not essential for students to know how to interpret complex layering due to intrusions and extrusions, faults, or unconformities, although some students may be challenged with this task.  Complex layering is part of the high school Earth Science course.  It is also not essential for students to know the processes involved in absolute dating using radioactive element decay.

Assessment Guidelines:

The objective of this indicator is to infer the relative age of rocks and fossils; therefore, the primary focus of assessment should be to draw conclusions about relative age from presented material on layering of rocks and index fossils.  However, appropriate assessments should also require students to interpret drawings or diagrams that show data about rock layers and fossils; compare rock layers in order to determine common points of relative time; or recall the law of superposition.  

Teaching Indicator 8-2.6:  Lesson A - Earth’s Biological History – “Finding Clues to Earth’s History through Rock Layers ”
Instructional Considerations:
NOTE: In order to build conceptual knowledge it is suggested to teach this lesson after lessons 8-2.4 and 8-2.5. Lesson 8-2.2 can be taught prior to or after these lessons. 
Earth Science Literacy Principles

2.1 Earth scientists use the structure, sequence, and properties of rocks, sediments, and fossils to reconstruct Earth’s history. Decay rates of radioactive elements are the primary means of obtaining numerical ages of rocks and organic remains. Understanding geologic processes active in the modern world is crucial to interpreting Earth’s past.

2.6 Life on Earth began more than 3.5 billion years ago. Fossils indicate that life began with single-celled organisms, which were the only life forms for billions of years. Humans (Homo sapiens) have existed for only a very small fraction(about 0.004%) of Earth’s history.
6.3 Biological diversity, both past and present, is vast and largely undiscovered. New species of living and fossil organisms are continually found and identified. All of this diversity is interrelated through evolution.
6.4 More complex life forms and ecosystems have arisen over the course of Earth’s history. This complexity has emerged in association with adaptations to new and constantly changing habitats. But not all evolution causes greater complexity; organisms adapting to changing local environments may also become simpler.
6.5 Microorganisms dominated Earth’s early biosphere and continue today to be the most widespread, abundant, and diverse group of organisms on the planet. Microbes change the chemistry of Earth’s surface and play a critical role in nutrient cycling within most ecosystems 
(www.earthscienceliteracy.org) 
Students have previously looked at the Geologic Time Scale. Some students may have questioned how geologists KNOW when one time period began and one ended.  In Lesson 8-2.4 the terms relative time and absolute time were introduced.  Now students will observe rock layers and index fossils building upon the concept of relative time and relative age, noting that relative age does not tell us the absolute age. (NOTE: Students will study rocks and minerals and the rock cycle in Standard 8-3.) Relative dating states that the lower layers in any particular cross section are older than the upper layers in that cross section (“The Law of Superposition”) and that an object cannot be older than the materials of which it is composed.  Igneous rocks are dated according to whether they caused metamorphism in the surrounding rock (proof that they intruded into the preexisting rock), whether they cross cut preexisting rocks, or whether sediments were deposited on them after they were formed. The profile from one location is then compared with profiles from surrounding sites to determine the geologic history of a larger area. If fossils are present in the rocks, they may also be used to correlate rock layers across large distances. Once geologists have established an absolute time or age the age of the rocks can be determined. As an extension, the concept of absolute time can be addressed through the technique of radioactive dating. (Decay rates of radioactive elements are the primary means of obtaining numerical ages of rocks and organic remains.)
Misconceptions:

In spite of all of the interest in dinosaurs, they form only a small fraction of the millions of species that live and have lived on Earth. The great bulk of the fossil record is dominated by fossils of animals with shells and microscopic remains of plants and animals, and these remains are widespread in sedimentary rocks. It is these fossils that are studied by most paleontologists. (USGS, Rocks, Fossils, and Time)
Rock units are not part of the geologic time scale. 
Safety Note:

Students should follow all classroom and lab safety procedures.

Lesson time:

One day (1 day equals 55 minutes)
Materials Needed: 
· Photos of stratification (see attached. NOTE: Best viewed when printed in color. Pages can be cut in half)
· Hand lens

· Clay, at least 4 different colors, enough of each color to make a flattened circle approximately 15 cm in diameter
· Small rounded cup or bowl

· Plastic knife (or dental floss)
· Colored pencils
· “Investigating Rock Layers in the Grand Canyon” 

· #1- Transparency (if document camera is unavailable)

· #2- Transparency (if document camera is unavailable)

· #3- Student handout, one for each student

Focus Question:

What do the positions of rock layers tell us about Earth’s history? 
Engage:

1. Ask students to recall what they have learned about Earth’s history. Return to the questions chart generated in Lesson 8-2.4. Have any of these questions been answered for them? Are there any new questions they would like to add?
2. Show photos of stratification (attached.) 
3. Have students do a Quick Write in their notebooks describing what they are seeing in the photos. Photos can be passed around among students, or projected using a document camera. If photos are passed around, provide hand lenses for closer inspection of the rock layers.
4. Allow students to share their thinking. What observations are they making about the photos? (Some observations may be that the layers are different colors, some layers are horizontal, some layers are angled, some layers look to have rocks in them, some layers are wavy, etc.)
5. Ask students what do they think has happened to some of the rock layers in the photos? (Some have been forced vertically, some look as if they have been pushed together, etc.)
6. Tell students that geologists study Earth's history by studying the record of past events that is preserved in the rocks. The layers of the rocks are the pages in our history book. Most of the rocks exposed at the surface of Earth are sedimentary--formed from particles of older rocks that have been broken apart by water or wind. The gravel, sand, and mud settle to the bottom in rivers, lakes, and oceans. These sedimentary particles may bury living and dead animals and plants on the lake or sea bottom. With the passage of time and the accumulation of more particles, and often with chemical changes, the sediments at the bottom of the pile become rock. Gravel becomes a rock called conglomerate, sand becomes sandstone, mud becomes mudstone or shale, and the animal skeletons and plant pieces can become fossils. (USGS, Fossils, Rocks, and Time) 
They will be investigating different types of rocks and minerals and geologic processes such as folding, faulting, and the rock cycle in later lessons. Now, the focus is on what rock layers can tell us about Earth’s history.
Explore:

1. Ask students how do we know what the relative age of rock layers might be? How can we tell which rock layer was deposited first? Have them look at the stratification photos and offer suggestions.
2. Tell students they are going to model rock layer deposition. Students should write this word in their notebooks. Ask for student definitions. (NOTE: Students have studied erosion and deposition in 3rd (3-3.8) and 5th (5-3.1) grade.)  In geology, this word means the final process of erosion. When the sediments fall out of the medium (wind, water) in which they are being transported and settle.
3. Hand out materials for the clay models.

4. Students will create a clay model of rock layers:

a. Flatten 4 colors of clay into circles about 15 cm in diameter.
b. Stack the circles on top of each other. Each color represents a different sedimentary rock layer. 

c. Record in their notebooks which color was “deposited” first, second, third and fourth.
d. Mold the clay circles over the top of a small rounded cup or bowl.

e. Take a plastic knife (or dental floss) and cut off the top of the dome (through the layers) leaving the layer touching the cup or bowl exposed.

5. Students should make observations in their notebooks, sketching the model with colored pencils.

Explain:
1. Ask students which layer is oldest (the first deposited?)  It is now on top of the bowl and exposed. Is it still the oldest? Why? What if you put the stack inside the bowl, would the oldest layer be the same? How might this compare to rock layers?

2. Find two (or more) groups of students with the same color as the “oldest” layer. Ask, would you think that these two layers might be the same relative age? Why? (They were both laid out or “deposited” at the same time.)
3. On the board or on chart paper, write The Law of Superposition.  Have students write this word in their notebooks.
4. Tell (or paraphrase to) students that “As early as the mid-1600's, the Danish scientist Nicholas Steno studied the relative positions of sedimentary rocks. He found that solid particles settle from a fluid according to their relative weight or size. The largest, or heaviest, settle first, and the smallest, or lightest, settle last. Slight changes in particle size or composition result in the formation of layers, also called beds, in the rock. Layering, or bedding, is the most obvious feature of sedimentary rocks. Sedimentary rocks are formed particle by particle and bed by bed, and the layers are piled one on top of the other. Thus, in any sequence of layered rocks, a given bed must be older than any bed on top of it. This Law of Superposition is fundamental to the interpretation of Earth history, because at any one location it indicates the relative ages of rock layers and the fossils in them. (USGS, Fossils, Rocks, and Time.)
5. Ask students what a good, simple definition might be for this term. (The law of superposition states that each rock layer is older than the one above it.  So using this layering, the relative age of the rock or fossil in the rock is older if farther down in the rock layers.  SC Science Support Document 8-2.6) Have students write the definition in their notebooks, or you may want to have this printed on strips of paper so that students can tape or glue into notebooks. Relate that this term will be important as they begin to explore fossils in the next lesson. 
6.  Have students look back at the stratification photos. Can they determine which rock layer is oldest? Allow time for student dialogue in pairs.
7.  Explain that geologists need to make models of the sites they are exploring. One way to do that is to draw the rock layer sequence at which they are looking. Tell students they will be examining some geology stratification models of the Grand Canyon, where some of the photos came from.

8. (NOTE: A transparency of “Investing Rock Layers in the Grand Canyon #1 and #2 will be needed if there is no access to a document camera.)
Show students “Investigating Rock Layers in the grand Canyon #1”
Ask, why do geologists like to study the Grand Canyon?  (The Grand Canyon runs for about 200 miles (300 km) along the Colorado River in the northwest corner of Arizona. The Canyon is about a mile (1.6 km) deep, and about 10 miles (16 km) from north to south rims. The Canyon provides an insight into over 2 billion years of Earth’s History.)
9. Looking at the cross section, ask students what might be the oldest layer of rock? How do they know? What other observations are they making? Why might geologists make models like this one?
10.  Show  students “Investigating Rock Layers in the Grand Canyon #2” 

This is the cross section of the first geologist to see the Grand Canyon. (J.S. Newberry, Ives Expedition of the Colorado River, 1857.)
Ask students to notice J.S. Newberry’s notes.  Why might he have put question marks beside the Geologic time periods? (Newberry may have been hypothesizing the age of the rock layers, noting the similarities and patterns of what he was observing on both sides of the Canyon.)
(NOTE: John Strong Newberry (1822-1892; APS 1867, ANSP 185 3) DAB
Born in Windsor, Connecticut, Newberry graduated at Western Reserve College, took a medical degree, and studied for two years in Europe. Having abandoned a large practice in Cleveland, he was an experienced field investigator by the time of his appointment to the survey, though Lesquereux in 1860 thought him "entirely ignorant of palaeontology" (J.P. Lesley Papers, APS). In 1869 Newberry was appointed Ohio state geologist, and in 1884 paleontologist to the U.S. Geological Survey. He participated in ten surveys and explorations, was active with the U.S. Sanitary Commission during the Civil War, and in 1866 became professor of geology and paleontology at Columbia. Newberry was an original member of the National Academy of Sciences. He contributed to the paleontological report.)

11.  Hand out a copy of “Investigating Rock Layers in the Grand Canyon #3” to each student. With a partner, have them answer the questions on the bottom of the handout. Students should record their answers on the handout or in their notebooks. The handouts should be glued or taped into their notebooks.

12.  In whole class dialogue, have students share their answers to questions on   the handout.

13.  Have students answer the focus question in their notebooks and refer back to their definitions for relative time, absolute time, Law of Superposition, making any additions or edits. Students should also write any questions or “Ah-Ha’s” they now have. 

14.  (NOTE: Allow time for cleanup of clay models. You may wish to save one or two for demonstration purposes in the next two lessons.)
Extend:
1. Have students add questions to the chart began in Lesson 8-2.4. these questions may be used for further research.
2. Students may want to explore the geology of the Grand Canyon. There are virtual tours, multimedia, and photos at the National Park Service’s Grand Canyon website: http://www.nps.gov/grca/photosmultimedia/virtualtour.htm
Especially interesting is the virtual “Mapping the Grand Canyon” site. In the summer of 1923, the USGS organized an expedition to make a new map of the Grand Canyon, which was the last stretch of the Colorado River that had not been accurately surveyed. Up until that time, only 27 men were known to have traversed the length of Marble and Grand canyons and of those, only two had any scientific knowledge (one of those two men was John Wesley Powell, the second director of the USGS, who led the first expedition down the river in 1869).
3. The first woman to work for the USGS was Florence Bascom in 1896. A biographical sketch can be found in the book, Extraordinary Women Scientists (1995) by Darlene Stille. 
Also found at these websites: http://www.windows2universe.org/people/modern_era/bascom.html; http://www.todayinsci.com/B/Bascom_Florence/Bascom_Florence.htm
Stratification Photos
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Grand Canyon

incadventures.com
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Grand Canyon

travelet.com
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Machtesh Ramon
Bibleplaces.com
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Cerro de Cristo Rey, New Mexico, rock layers in the Anapra 
bio-geo-terms.blogspot.com
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http://www.petrostrategies.org/Learning_Center/Exploration.htm
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Pen Summit, UK Madaboutmountains.com
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Santa Rosa Island, Channel Islands, CA (cga, 2001)
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Santa Rosa Island, Channel Islands, CA (cga, 2001)
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Channel Islands, CA (cga, 2001)
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Mojave Desert, CA (cga 2007)
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Atacama Desert, Chile (cga, 2007)
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Bruce Molnia US Geological Survey. Image Courtesy United States Geological Survey; Image source: Earth Science World Image Bank http://www.earthscienceworld.org/images. For educational purposes only.
Investigating Rock Layers

In the Grand Canyon

#1
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Investigating Rock Layers

In the Grand Canyon
#2
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E.D. McKee U.S. Geological Survey Photographic Library
Caption: Stratigraphic section of the Grand Canyon west of the Little Colorado River. This section is by J. S. Newberry, who was with the Ives expedition and was the first geologist to see the Grand Canyon. 
Image Courtesy United States Geological Survey; Image source: Earth Science World Image Bank http://www.earthscienceworld.org/images. For educational purposes only.

Investigating Rock Layers

In the Grand Canyon
#3
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Based on your observations, answer the questions below:
1. What might be the oldest rock layer?
2. What might have happened before and after the Tapeats Sandstone deposit?
3. Notice the Star symbol. What might the black lines represent? Would they be younger or older than the surrounding rock? What evidence can you provide?

Answers:

Based on your observations, answer the questions below:

4. What might be the oldest rock layer?

Vishnu Complex
5. What might have happened before and after the Tapeats Sandstone deposit?

Uplifting or faulting, then erosion, then the deposit of the layer above the Tapeats sandstone
6. Notice the Star symbol. What might the black lines represent? Would they be younger or older than the surrounding rock? What evidence can you provide?
The black lines could represent an igneous intrusion. It would be younger than the rocks surrounding it because the other rocks had already been deposited.

Teaching Indicator 8-2.6: Lesson B - Earth’s Biological History – “Finding Clues to Earth’s History through Rock Layers 2 ”
Instructional Considerations:
NOTE: In order to build conceptual knowledge it is suggested to teach this lesson prior to Lesson 8-2.2 and after 8-2.4 and 8-2.5. 
Students have previously looked at the Geologic Time Scale. Some students may have questioned how geologists KNOW when one time period began and one ended.  In Lesson 8-2.4 the terms relative time and absolute time were introduced.  Now students will observe rock layers and index fossils building upon the concept of relative time and relative age, noting that relative age does not tell us the absolute age. Relative dating states that the lower layers in any particular cross section are older than the upper layers in that cross section (“The Law of Superposition”), and that an object cannot be older than the materials of which it is composed.  Igneous rocks are dated according to whether they caused metamorphism in the surrounding rock (proof that they intruded into the preexisting rock), whether they cross cut preexisting rocks, or whether sediments were deposited on them after they were formed. The profile from one location is then compared with profiles from surrounding sites to determine the geologic history of a larger area. If fossils are present in the rocks, they may also be used to correlate rock layers across large distances. Once geologists have established an absolute time or age the age of the rocks can be determined. As an extension, the concept of absolute time can be addressed through the technique of radioactive dating. (Decay rates of radioactive elements are the primary means of obtaining numerical ages of rocks and organic remains.)
Misconceptions:

See Lesson 8-2.6 A
Safety Note:

Students should follow all classroom and lab safety procedures.

Lesson time:

One day (1 day equals 55 minutes)
Materials Needed: 
· “Grand Canyon Geologic Time Scale” transparency (attached)
· “Investigating Rock Layers In the Grand Canyon #2” (from lesson 8-2.6 A)
· A rock layer clay model from lesson 8-2.6 A
· Stratification photos from Lesson 8-2.6 A displayed
· “Relative Age Dating Information” student sheet (attached)
· “Rock Cross Sections” student sheets (attached)
Focus Question:

How do the positions of rock layers tell us of their relative age? 
Engage:

1. Hold up a rock layer clay model from the previous lesson. Have student volunteers relate observations or new learning.
2. Show “Investigating Rock Layers In the Grand Canyon #2” (from lesson 8-2.6 A) Ask students to think back to what they learned from the Geologic Time Scale, do you think J.S. Newberry was correct with the guesses he made on the relative age of the rock sequences in the Grand Canyon?
3. Now show “Grand Canyon Geologic Time Scale” transparency. (Placing the graphics side by side would allow students to make better comparisons.) Ask students how close was J.S. Newberry in his predictions?
4. Tell students that it is difficult to actually compare these two graphics because it is not certain they were at the same location. Remember the Grand Canyon is over 200 miles long. Newberry did point out limestone formations which he predicted were from the Devonian Period, 400 million years ago. In future lessons you will learn that limestone is actually a sedimentary rock formed from skeletal fragments of ocean dwelling organisms. The fossils of ocean dwelling organisms have been found high up on the Canyon walls suggesting that at one time, about 250 million years ago, the area was covered with a shallow ocean. Now, with absolute dating techniques and tools, geologists are agreed that the bottom layers of the Canyon were formed billions of years ago. 
 (Kaibab Limestone - This layer averages about 250 million years old and forms the surface of the Kaibab and Coconino Plateaus. It is composed primarily of a sandy limestone with a layer of sandstone below it. In some places sandstone and shale also exists as its upper layer. The color ranges from cream to a greyish-white. When viewed from the rim this layer resembles a bathtub ring and is commonly referred to as the Canyon's bathtub ring. Fossils that can be found in this layer are brachiopods, coral, mollusks, sea lilies, worms and fish teeth. http://www.bobspixels.com/kaibab.org/geology/gc_layer.htm#kl) 
Explore:

1. Explain to students that they will now embark on a “virtual” field expedition. Several geologists have drawn cross sections for them to study. They will be investigating the relative ages of the rock formations in the drawings.
2. Hand out the “Relative Age Dating” Student Information Sheet and the “Rock Cross Sections” to each pair of students. Provide time for students to read the information and ask any clarifying questions before beginning the “Rock Cross Sections” activity. Students will work in pairs to “read’ the history of the rock formations on this sheet. (NOTE: Information on intrusions and fault lines [8-3.7] may be needed.)
Explain:
1. Students will answer the questions on the “Rock Cross Sections” sheet.
2. Allow time for whole class discussion of the answers. Students may be confused about igneous intrusions. Intrusive igneous is from magma that hardened underneath the surface. The most abundant is granite. They will learn more about rocks and minerals in Lesson 8-3.4. (NOTE: South Carolina is known for its blue granite, which is fine grained and is the State Stone. South Carolina is one of the US’s top producers of granite.)
3. Ask students how the cross sections compare to the photos seen in Lesson 8-2.6 A or the cross sections from the Grand Canyon.
4. Explain that there were several terms in the information sheet that are used in geology. 

Principle of superposition: in a sequence of undeformed sedimentary rocks, the oldest beds are on the bottom and the youngest are on the top.

Principle of original horizontality: sedimentary layers are horizontal, or nearly so, when originally deposited. Strata that are not horizontal have been deformed by movements of the Earth’s crust.

Principle of crosscutting relations: geologic features, such as faults, and igneous intrusions are younger than the rocks they cut.

Principle of inclusion: a rock body that contains inclusions. 
And others they may have noticed on the Grand Canyon cross sections, such as uncomformity, which is when an old eroded rock surface is in contact with a newer rock layer. (You may want to demonstrate this with the clay model from Lesson 8-2.6 A by pressing a previously unused color of clay on top of the model. The top of the model that was cut away represents erosion and the newest deposited layer is the youngest, however the layer now beneath is still the oldest of all the layers because it was the first layer originally deposited.)
However, it is only essential for students to know the law of superposition. The other terms will be revisited in high school Earth Science.

5. Have students glue or tape the information sheet in their notebooks, perhaps highlighting or circling the term law of superposition.

6. Students should return to the focus question and answer it in their notebooks.
Extend:

1. Show Streamline SC video Clip “Relative and Absolute Time” (2:19) from the TLC Video: Prehistoric Earth ( Relative and Absolute Time ) This will also lead into index fossils in Lesson 8-2.6 C.
2. Provide other examples of cross sections for students to do independently.

“Grand Canyon Geologic Time Scale”
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astro.lsa.umich.edu
Relative Age Dating Information Sheet
Relative age dating states that the lower layers in any particular cross section are older than the upper layers in that cross section (called “the law of superposition”.) Igneous rocks are dated according to whether they caused metamorphism in the surrounding rock (proof that they intruded into the preexisting rock), whether they cross cut preexisting rocks, or whether sediments were deposited on them after they were formed. The profile from one location is then compared with profiles from surrounding sites to determine the geologic history of a larger area. If fossils are present in the rocks, they may also be used to correlate rock layers across large distances and, now that absolute time has been established, to determine the age of the rocks. Here are a few principles that apply to dating rock layers.
Principle of superposition: in a sequence of undeformed sedimentary rocks, the oldest beds are on the bottom and the youngest are on the top.

Principle of original horizontality: sedimentary layers are horizontal, or nearly so, when originally deposited. Strata that are not horizontal have been deformed by movements of the Earth’s crust.

Principle of crosscutting relations: geologic features, such as faults, and igneous intrusions are younger than the rocks they cut.

Principle of inclusion: a rock body that contains inclusions. 

The easiest way to do relative age dating is to work from oldest to youngest. Try to find the oldest rock (usually located near the bottom) in the diagram work your way up. Your first example is the diagram below. Review the principle of original horizontality and the principle of superposition and you will see that the only possible answer to this puzzle is that layer A is the oldest and layer D is the youngest.

EXAMPLES: 
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   A, B, C, D
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Rock Cross Sections

In the diagrams below: 
Determine the age sequence of the rocks and mark their order on the spaces provided on the right. Consider all intrusions and fault lines. 
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Just for Fun! Test your geology rock reading skills!
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1. Which of the principles apply to sedimentary rocks?

2. Are only sedimentary rocks used for age determinations? Why?
3. What might cause a gap in the geologic record?
Answers to diagrams:

1) Oldest to youngest: C, E, D, A, B

2) Oldest to youngest: A, B, C, D

3) Oldest to youngest: E, B, C, D, A 

4) Oldest to youngest:  C, A, B
5) Just for Fun: Oldest to youngest: 4, 5, 2, B, A, 6, 1, 3

   Answers to questions: 

1) Principle of Superposition, Principle of Original Horizontality, 

     And Principle of Inclusions

2) No, igneous can be used and metamorphic rocks can be used because igneous rocks can cross cut through older rocks and the heat can metamorphose the surrounding rocks. 
3) Erosion may wear away a layer of rock. When a new layer forms, the layer that was originally there may be gone.
Teaching Indicator 8-2.6: Lesson C - Earth’s Biological History – “Finding Clues to Earth’s History through Fossils”
Instructional Considerations:

Certain fossils, called index fossils, can be used to help find the relative age of rock layers.  To be an index fossil –

· an organism must have lived only during a short part of Earth’s history;

· many fossils of the organism must be found in rock layers;

· the fossil must be found over a wide area of Earth;

· the organism must be unique.

The shorter time period a species lived, the better an index it is.  A key example of an organism used as an index fossil are trilobites, a group of hard-shelled animals whose body had three sections, lived in shallow seas, and became extinct about 245 million years ago.  Therefore, if a trilobite is found in a particular rock layer, it can be compared with trilobites from other layers to estimate the age of the layer in which it was found. 

Misconceptions:

See Lesson 8-2.6 A

Safety Note: 

Students should follow all classroom and lab safety procedures
Lesson time: 
1 Day (1 day equals 55 minutes)
Focus Question:

What are index fossils and how do they help to tell of the story of life on Earth? 
Materials needed:

· Copies of photos (or fossil samples) of Trilobite, Ammonite, and Brachiopod
(Photos can be found at www.fossilmuseum.net) (attached)
· “USGS Index Fossil Identification Key” (attached)
· “Finding Clues through Fossil Records” student sheet. (attached)
Engage:
1. Pass out fossil samples or show and pass out photos of Trilobite, Ammonite, and Brachiopod fossil to pairs of students.
2. Have students first make observations and sketches of the samples in their notebooks. Ask students to share their observations. Ask, what does this animal remind them of? 

3. Tell students they will be using their knowledge of the law of superposition and information about index fossils to help them “read” new rock sequence cross sections and determine their relative age.
4. In order for a fossil to be considered an index fossil, they are commonly found, widely distributed fossils that are limited in time span. The shorter time period a species lived, the better an index it is. They help in dating other fossils found in the same sedimentary layer. For example, if you find a fossil from an unknown era near a fossil from a known time, you can assume that the two species were from about the same time. 
5. Have students refer to their Geologic Time Scales while telling them about the fossil samples they have been observing.
· Ammonites were common during the Mesozoic Era (245 to 65 mya), They were not found after the Cretaceous period, as they went extinct during the K-T (Cretaceous-Tertiary) extinction (65 mya).  (More on this extinction will investigated in Lesson 8-2.7)

· Brachiopods (mollusk-like marine animals) appeared during the Cambrian (540 to 500 mya); some examples still survive. 

· Trilobites were common during the Paleozoic Era (540 to 245 mya); about half of the Paleozoic fossils are trilobites. They evolved at the beginning of the Paleozoic Era and went extinct during the late Permian period (248 million years ago). (More on this extinction will investigated in Lesson 8-2.7)
Explore:
1. Hand out the “USGS Index Fossil Identification Key” and the “Finding Clues through Fossil Records” student sheet. (An explanation of the key may be needed. Crinoids, Gastropods, and Corals are all ocean dwelling organisms.)
2. Working in pairs or individually, students should complete the student sheet.
Explain:

1. Have students share their answers through whole class dialogue.
2. Have students complete an adapted K-W-L chart in their notebooks with the headings “What I thought I Knew, What I Know now, What I still want to learn” about the topics relative age, rock layer sequencing, and index fossils.
	What I thought I knew
	What I Know now
	What I still want to Learn

	
	
	


3. Have student volunteers read their entries. 

4. Post any new questions on the question chart started in Lesson 8-2.4.
Extend:
1. Show ETV Streamline SC, TLC: Prehistoric Earth. Segment: “Determining Age” (2:03) for absolute dating techniques.

2. For advances students, this lesson on radiometric dating is available at the University of California Museum of Paleontology website. http://www.ucmp.berkeley.edu/fosrec/McKinney.html
3. Students may wish to investigate the biologic history of some of the commonly known index fossils.
4. Have students create their own cross section including index fossils. They can generate questions about their “site.” They can then exchange cross sections with other students.
Index Fossil Samples
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Trilobite Arctinurus boltoni 
From the Silurian in New York © 2005 The Virtual Fossil Museum  (webmaster@fossilmuseum. net)
[image: image19.png]



Ammonite
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Brachiopod samples

Finding Clues through Fossil Records
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High School Earth Science/Relative Ages of Rocks. From Wikibooks, the open-content textbooks collection. http://search.creativecommons.org/

Answers
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USGS Publication, Fossils, Rocks, and Time
[image: image23.png]MILLIONS Of

b ERA [ PERIOD [NEXidico
Cenozoic
Cretaceous
Mesozoic Jurassi
Triassic
. Permian
Phanerosoic | Pennsylvanian B
Mississippi:
Paleozoic Devonian
Ordovician
Cambrian
ic | i e
Proterozoic | Yl
Archean
—-38007-

Pre-Archean





USGS Publication, Fossils, Rocks, and Time
Index Fossil Identification Chart
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Standard 8-2: The student will demonstrate an understanding


of Earth’s biological diversity over time. (Life Science, 


Earth Science)





Indicator 8-2.6 Infer the relative age of rocks and fossils


 from index fossils and the ordering of rock layers.





Other indicators addressed: 


8-2.4 Recognize the relationship among the units-era, period, 


and epoch- into which the geologic time scale is divided.


8-2.5 : Illustrate the vast diversity of life that has


been present on Earth over time by using the geologic time 


scale.








G





If rocks are folded, the folding is younger than the youngest rock affected. If the folding is U shaped (syncline) the youngest rocks are in the core of the fold. If the fold is an upside down U or dome shaped (anticline) the youngest rock layer is on top of the dome. If an igneous body crosscuts another rock, the igneous is younger than the rocks it crosscuts. Rock formation G above is igneous.
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To Think About and Answer:


Which layer is the oldest? During which time period was this layer deposited? Explain how you know.





Which layer is the youngest? Explain how you know.





What was the environment like in layers A through E? What evidence is there to support your claim?





Why is there no layer F in the left sequence?





What may have happened to the environment between layers E and F?





How can you tell the ages of rock layers that are many miles apart?





To Think About and Answer:


Which layer is the oldest? During which time period was this layer deposited? Explain how you know.


Layer A is the oldest due to the law of superposition. There are no intrusions or faults. Also the trilobite is one of the oldest index fossils.





Which layer is the youngest? Explain how you know.


Layer F is the youngest due to the law of superposition.





What was the environment like in layers A through E? What evidence is there to support your claim?


The environment in layers A-F was a  marine environment because all of the index fossils were marine organisms.





Why is there no layer F in the left sequence?


There is no layer F on the left hand side because it was eroded.





What may have happened to the environment between layers E and F?


The marine environment changed to a non-marine environment because of the fern fossil found. It might have been swampy or with forests.





How can you tell the ages of rock layers that are many miles apart?


You can tell the age of rock layers that are miles apart by the index fossils that are found in them. (Also by absolute dating techniques.)
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