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	K-12 Science

S01. Earth and Space Sciences

3-5 grade band (6-8 relevance)

Benchmark B.    
Summarize the processes that shape Earth's surface and describe evidence of those processes. (03-05)


Indicator 10. 
Describe evidence of changes on Earth's surface in terms of slow processes (e.g., erosion, weathering, mountain building and deposition) and rapid processes (e.g. volcanic eruptions, earthquakes and landslides). (04)


Benchmark C. 
Describe Earth's resources including rocks, soil, water, air, animals and plants and the ways in which they can be conserved. (03-05)


Indicator 01. 
Compare distinct properties of rocks (e.g., color, layering and texture). (03)


Indicator 02. 
Observe and investigate that rocks are often found in layers. (03)


Indicator 03.   
Describe that smaller rocks come from the breakdown of larger rocks through the actions of plants and weather. (03)


Indicator 04. 
Observe and describe the composition of soil (e.g., small pieces of rock and decomposed pieces of plants and animals, and products of plants and animals). (03)

Related Benchmarks and Indicators:
Benchmark C. 
Describe interactions of matter and energy throughout the lithosphere, hydrosphere and atmosphere (e.g., water cycle, weather and pollution). (06-08)


Benchmark D. 
Identify that the lithosphere contains rocks and minerals and that minerals make up rocks. Describe how rocks and minerals are formed and/or classified. (06-08)


Indicator 01. 
Describe the rock cycle and explain that there are sedimentary, igneous and metamorphic rocks that have distinct properties (e.g., color, texture) and are formed in different ways. (06)


	Geology: the study of the origin, composition, and development of rock strata.
Lesson Summary:  

Students will start by examining various rock types.  They will discuss how the rocks can be broken and small pieces can be transported and deposited in another location. Students will learn how sedimentary rock layers are formed and how the environment for each sedimentary rock type is different.  Using a geologic map of Ohio to look at the rock layers (strata) in Ohio students will investigate how the layers were formed.  During the second class period, students will build a model of the rock strata of Ohio.  Students will then take a virtual walk across their model and talk about how the rocks in Ohio were formed.  

Estimated Duration:  
 
2-3- 45 Minute periods

Commentary:   
Show students several groups of the same type of rock of different sizes.  Students will look at some rock samples (Large, Medium, Small, Fine).  They will answer the questions, “How does the big rock get broken into the smaller pieces?” (Have students write their ideas on sticky sheets and stick them on a bulletin board for later reference.)

This part of the lesson will assess what students already know and where they might have misconceptions about weathering and erosion.  (Weathering: breakdown of rock by wind, chemical action, ice/water, plant/animal action) (Erosion: movement of rock/soil particles from one location to another.)
Ask students, “What happens to the color of the river water when there is a flood?”  Most students will be able to answer this (the water gets brown or dirty.)  Then ask, “Where does the “dirt” in the water come from?”  (Reinforce the concept of “soil” and not “dirt.”  Be sure to use proper geologic terms to demonstrate the language used by scientists.)
If they are having difficulty with weathering and erosion, Have students weight a small piece of limestone and then place it in a ½ cup of vinegar for several days.  Have the students remove the limestone and let it dry.  Weigh the piece again. (It should weigh less, some of the limestone dissolved in the vinegar.  If they want to see what dissolved, let the remaining vinegar evaporate.)  For erosion, have them scrape a piece of chalk on the sidewalk (or chalkboard,) the chalk stays right where it was “weathered” from the bigger chalk piece.  Blow on the chalk on the sidewalk (or chalkboard), or pour some water on it.  Some of the pieces will be moved away from the site where weathering took place.  This is erosion.

Pre-Assessment:

The Pre-assessment is part of the above commentary.  The questions that could be asked are:

1. How do big rocks get broken up into small rocks?

2. What makes a river "brown" when it rains a lot?
3. Is soil the only thing you see in the water?  What other materials are present?

4. What did the river look like before it rained?  
5. Will it go back and look like this again?  
Where do you think the soil in the river water goes as the river slows down and water level decreases to normal?"

Scoring Guidelines:   

The students are given full marks for answering questions even if they are incorrect at this point.  Having the students write down their ideas about how things happen guides them through the process of scientific investigation; their ideas can change as the lesson proceeds.

Continue with the lesson:


Rock Cycle – Energy Cycle – Water Cycle – Rock types:

Students should be familiar with the idea of cycles.  Show them picture 1, where the water cycle and the energy cycle are pictured along with one section of the rock cycle.  (Attachment 1).  Ask them what interactions they can find between parts of one cycle and another. (E.g. Water has gravitational potential energy (PE) when it moves down a mountain.  The gravitational PE can do work on the rocks moving them downhill or carrying smaller pieces along with it.)
Students will examine several different rock types and make observe each.  (See student handout attachment)
Students will use a magnifying lens to look at several rock samples.  They will record their observations about each sample. (Grain size, color, texture, etc.)  With the lens, students will look at limestone, sandstone and shale.  They will look at grain size, color and texture.  They will test all three with dilute HCl to see if any of them “fizz.”  The Fizz is the reaction between the calcium carbonate in the limestone and the HCl. 

They will then be given a different sample of limestone, sandstone and shale and be asked to place them with rock of the same type (next to the ones they just examined.)  After looking at the rocks closely, they should be able to group them with the same rock type.
Using the magnifying glass, students will look at granite and describe it. They will be shown the minerals that make up granite.  Given a hardness chart, students will rank the three minerals composing granite as to which will weather quicker and more easily.  
The students will then be shown a rock tumbler that is used to polish rocks. (attachment) The students will discuss what would happen to a rock that was in the tumbler only a short time versus a rock that was in the tumbler a long time.  (E.g., the rock in the tumbler a short time would still have some sharp edges while the rock in the tumbler a long time would be much smoother.)

The idea of SOURCE will be discussed (the source is the original PARENT ROCK the sediments come from)

Teacher: “Let’s say we have a mountain which is made mostly of granite.  Pieces can be worn off (weathering) by water, wind (sandblasting) or, plant action.  These pieces can be transported (erosion) by wind, water or gravity to a new location.  When some of the rock is worn off or breaks off, do you think it will be smooth and polished or rough with sharp edges?  (answer: sharp or angular)

“If the pieces are carried far enough, they will tumble and hit each other; if the pieces are dropped close to the source do you think they will be angular or rounded?” (answer: angular)

“If the pieces are carried a long way from the source, do you think they will be angular or rounded?” (answer: more rounded)
“If the pieces of rock being moved are from a source like granite, there are three minerals in them (quartz, feldspar, mica) and each has a different hardness.”  You have looked at the minerals and have ranked them by hardness.”  “Which mineral will have the bigger pieces when they reach their final destination?” (Quartz > mica > feldspar)  

BACK UP to the ENERGY/ROCK cycle.  “When water is moving fast, it can carry more and larger sediment pieces.  When a river with its sediment load reaches the ocean, the water “spreads out” and some of the energy that has been carrying the sediments is dissipated.  The larger sediments are dropped fairly close to shore.  These are the larger pieces and would be made of what material?” (mainly quartz) “And why would this be?” (It is the hardest of the minerals that makes up the source rock.)  “Many beaches and dunes are made of quartz sand.”  “This sand is tumbled about at in the surf and finer material moves out in the ocean because it doesn’t require a lot of energy to stay suspended in the water.  The sand builds up in the beach area.  When this material is buried by enough other sediments, it can be compacted and cemented and will eventually becomes sandstone.”
The finer material is carried out into the deep ocean where it finally settles.  The fine material is made of silt and clay.  When this material in the deep ocean is buried, it will eventually turn into shale.
Beyond the beach, on the continental shelf, there is an area where sunlight can still reach.  In these shallow areas, there are ocean creatures, many of which have “calcareous” skeletons.  This material builds up over time and as the animals die, their skeletons become buried and over time, this material becomes limestone.

Show students a picture of a cross section of ocean from the beach to deep ocean.  Help them mark on their cross sections where the beach is, where the continental shelf is and where the deep ocean would be. (Student handout)  On this handout, have them color in the area where sandstone would form and label it.  Do the same for Limestone and shale.  On the same diagram, have them give a short reason why these rock types would form in each depositional environment.
After completing their drawings, ask them what would happen to where the rock types formed if the ocean level decreased?  What would happen if the ocean level increased?  (Students could draw in a higher ocean level or a lower ocean level and see where the different rock types would form.) (Answer:  increase….all rock types would move up toward the land.  Decrease….all rock types would move out toward the ocean.)

Ask students, “When sediments are deposited and form rocks, where will the oldest rocks be located?” (Answer: On the bottom of the stack.)  (Relate it to pancakes….if you put a pancake on your plate, then add another pancake that was cooked later, which of the two pancakes would be the oldest?)  This is called the law of SUPERPOSITION.  (Think about superman…it means “up”…like the degree superscript…it is a script “above” other letters.)  The Youngest layers of Rock are on the Top and the Oldest layers of Rock are on the bottom.  Give them the Rock Layer sheet and have them label the rocks layers on the sheet from Oldest to Youngest.  (A discussion here could include the fact that this only applies when the rock layers are not radically disturbed as in an earthquake or a volcanic eruption.  If time permits, this could lead into a discussion of faults and folds.)

Lesson: 2nd Day
Now that you know something about how sedimentary rock layers form and how the rock type can change with changes in the environment where it is deposited, we can look at what happened in Ohio.

Look at the photos of some rock layers.  These layers formed during the geologic time period from the Cambrian (543 to 490 mya) through the Mississippian (354 to 323 mya.) (http://www.ucmp.berkeley.edu/help/timeform.html)  You have already done this on a drawing of rock layers, but label these rock layers from oldest to youngest.  
Knowing what we do about where limestone, shale and sandstone are formed, what had to be present over Ohio when these rock layers were forming?  (answer:  an ocean or sea)  

Look at the source for the sediments that became the sedimentary rocks you see in the picture.  I am going to show you a geologic map of Ohio.  This shows the various layers of rock.  What is different about the “layers” you see on the map and the layers on the picture? (The layers on the map are not all flat, they are not all the same thickness from one side to another, west to east.)

Can you guess where the source of the sediments was located by looking at the map? (Give students a few minutes to talk and discuss where they think the source might have been.  Ask them to come up with some kind of support for their answers.  Let them share their ideas with the class.)  (Students might realize or know that there are mountains to the east of Ohio today and that maybe these were taller at one time.  The sediments could have come from there.  They might notice that the beds (strata) get thicker to the east, which would indicate the sediments came from that direction.  Either of these statements would be support for the sediments coming from the east.)  (They might guess that the sediments came from the north and the eastern side of Ohio was just lower so it filled up, or that the sea only covered that area at certain times….discuss how scientists need to look at all kinds of evidence to make a final conclusion on what happened.)
Looking at the Present to Interpret the Past:

Do you know what is happening in New Orleans today?  New Orleans is built on the Mississippi Delta.  Sediments are deposited as the Mississippi River flows into the Gulf of Mexico and with periodic flooding, additional sediments are deposited as the floodwater recede.  The problem in New Orleans has been that many levees and cannels have been created to keep this natural process from happening.  Without periodic deposition of sediments, the land is sinking or “subsiding”.  This happens as sediments pile on top of one another, but is more noticed when deposition is halted.  The source rock for today’s rock in Ohio was the Appalachian Mountains.  These granitic mountains were uplifted (Fault-Block) and thrust up over each other during a period of faulting, folding and some intrusive volcanism as well as metamorphism of existing rocks.  These mountains were probably taller than the Rockies are today.  Much of that material was carried down mountain streams and into the sea that formed over Ohio at the time.  A delta was formed and as more sediment was added from the East, the land did the same thing as in New Orleans; it began to subside under the weight of the overlying sediments.  This left room on the eastern side of the state for the layers to become thicker than layers toward the western portion of Ohio.  (A loaf of bread can be used to show how with pressure, the air is driven out and the bread is squished together, about 3-4 slices of bread laid on top of each other and then squished together will give them a better idea of this concept.)
During the depositional time period, sea level rose and fell so that rocks of all three types (Limestone, Shale, Sandstone) are seen the stratigraphic column in Ohio.  There are places in the rock sequence that indicate the rock was exposed and weathered away.  These places are called Unconformities because they are not “conforming” to the uninterrupted sequence of the rock strata.  When they were deposited, the rock layers thickened so much to the East that when all the rock was exposed and itself weathered and eroded, the “slice of rock” removed exposed all the rock layers from West (Oldest – Cambrian, to East – (Youngest - Mississippian)
If you walk across Ohio, you would start on the oldest rocks and end up on the youngest rock.  There is another way to do this. Look at places where streams and rivers have cut through sections of rock strata.  Start at a creek bottom and look at the rock layers present from the creek bed upwards.  You will see the sequence of rocks in a vertical way.

We are going to build a model of the rock layers and then color-code them. We will cut off the top section to expose the layers as they are exposed in Ohio.  Then we will cut a “river valley” through a section.  We will compare the two views.

(To build the model) A black and white copy of the Geologic Map and Cross Section of Ohio can be used as a template for making the Ohio Geologic Model.  The paper map can be covered with plastic wrap so the clay is more easily removed.  Once the model has hardened, draw the rock layers in and paint them according to a key that can be developed by the students depending on the color paint available.  
To “walk” across Ohio, use the Geofacts Sheet #23 (attached).  Read backwards from Ordovician through Mississippian time as the students either use their fingers to “walk” or have a small token to place on the Ohio Geologic Model.  Have them move from the various layers from West to East to “Walk Though Geologic Time.”

We will be using the Berkley Website: http://www.ucmp.berkeley.edu/help/timeform.html to give us answers as we walk across Ohio.
Moving from West (Cincinnati area) across the state to the East, students will walk across the oldest exposed rocks in Ohio (Cambrian) to the youngest exposed rocks in Ohio (Mississippian.)  The Berkeley website provides geologic time periods and the types of life present during the period.  Drawings of various fossils could be drawn or pasted on the model. 

Post-Assessment:   
Students will be able to label sedimentary rock layers from oldest to youngest.  They will be able to draw a diagram of where sandstone, limestone and shale form.  They will be able to describe how the rock layers in Ohio were formed. (Both a diagram and written explanation.) 
Students will collect their own, “idea” sticky notes and correct any misconceptions they had at the beginning of the lesson, or they will add additional information they gained from this investigation.
Students will label layers on a cross-sectional map from oldest to youngest.

Students will draw a diagram and label the areas where three types of sedimentary rocks formed.


Students will explain how the rocks in Ohio were formed.

All explanations and drawing labels will include good grammar, proper terminology, and correct spelling.


Scoring Guidelines:   
Labeling rock layers from oldest to youngest = 25 pts.

Diagram of 3 Sedimentary rock type environments. = 25 pt

Describe how rocks in Ohio were formed. = 25 pts.

Use of proper terminology and grammar. 25 pts.


Instructional Procedures:   
(Attachment – Geofacts Sheet 23 from ODNR)
Through probing and delving questioning, students are asked to form concepts about erosion and deposition and describe how sedimentary rocks are formed.  They will be able to describe how rocks in Ohio were formed.

1. Encourage students to write in complete sentences that accurately describe their observations during the investigation portion of this lesson.

Differentiated Instructional Support: 

Non-readers/non-writers could explain verbally or with drawings.  Students will build a small model and may use a pointer and the model to answer questions.

Extension: .
1. Ask students how they think scientists might find out what is hundreds of feet underground.

2. Explain the relationship between energy and how sediments are moved and deposited.

Homework Options and Home Connection:   

Draw a picture to give an example of how you would explain the word “strata” to a friend.

(cloud layers – Stratus Clouds)   (Food layers, - a pizza a cheeseburger, a cake.)  Explain how the “layers” are usually formed from the bottom up by listing the sequence in which the “strata” formed. (E.g. A piece of bread was laid down, then a hamburger, then the cheese, then the top bun.) 

Interdisciplinary Connections:   

Just as in any type of literature, there are specific terms used by scientists.  Choosing the most specific word to describe their investigations, scientists are better able to communicate their findings to other scientists.  Writing a scientific report or research paper requires a type of writing style that is different from other literary styles. 

There are some basic “rules” for scientific writing one of which is stating facts rather than opinions (Grade 5 Indicator: Writing – Prewriting (1.) Generate writing ideas through discussions with others and from printed material, and keep a list of writing ideas.  Drafting, Revising and Editing - 14.) Use resources and reference materials to select more effective vocabulary.  15.) Proofread writing, edit to improve conventions (e.g. grammar, spelling, punctuation and capitalization), identify, and correct fragments and run-ons.)

Materials/Resources Needed:

Soil sample showing soil horizons, or picture showing soil horizons.
Samples of Sandstone, Limestone (preferably with fossils or fossil pieces) and Shale. 
A large piece of Limestone, smaller gravel size limestone, very fine limestone "dust" 
Clay or other modeling medium. (Home made play-dough would work.)  Food coloring to color different layers of play-dough.
Hand lens or magnifier for looking at rock texture and particle size.

Key Vocabulary:   

Beach

Coral Reef

Erosion

Deep Ocean

Deposition

Limestone

Sandstone

Sediment
Shale

Soil

Strata
Stratigraphy

Weathering


Technology Connections:
USGS Sedimentology site: Pictures, animations. http://walrus.wr.usgs.gov/seds/bedforms/animation-toc.html

University of British Columbia – Info on sedimentary Rocks.

http://www.eos.ubc.ca/courses/eosc221/sed/sedimentary.html
Depositional Changes – Georgia Permimeter College
http://www.gpc.edu/%7Epgore/geology/geo102/facies.htm
DLESE (Digital Library for Earth System Education) – Search for Sedimentary Rocks - http://www.dlese.org/library/query.do?q=sedimentary%20rocks&s=0
Another site for Depositional Environments - 

http://csmres.jmu.edu/geollab/Fichter/SedRx/SedEnvir.html#sedenvir
University of North Dakota – Sedimentary Rocks

http://volcano.und.nodak.edu/vwdocs/vwlessons/lessons/Sedrocks/Sedrocks1.html
Resources for Cycles:

Water Cycle

http://ga.water.usgs.gov/edu/watercyclehi.html
http://www3.iptv.org/exploremore/water/in_depth/watercycle.cfm
Energy cycle

https://www.uwsp.edu/natres/nres743/T1Eco2.htm
Soil and Rock Resources:

Diagram of soil horizons:

http://soils.usda.gov/education/resources/k_12/lessons/profile/
Soil Info for Kids:

http://www.enchantedlearning.com/geology/soil/
Misc. Resources

http://www.learner.org/channel/courses/essential/earthspace/session1/index.html?pop=yes&vodid=30525&pid=2088#
http://www.learner.org/channel/courses/essential/earthspace/session1/closer1.html
Teachers can obtain a Rock and Minerals of Ohio box of samples by contacting the Ohio Geological Survey at  (614) 265-6576 or geo.survey@dnr.state.oh.us.  They will provide one free for teacher.  

http://www.enchantedlearning.com/geology/soil/
http://soils.usda.gov/education/resources/k_12/lessons/profile/
http://www.learner.org/channel/courses/essential/earthspace/session1/closer1.html
Soil forming factors – Rocks and Soil

http://soil.gsfc.nasa.gov/soilform/parmat.htm

Research Connections:   
 

Students could write a short research paper on one of the following topics:

1. Are all beaches the same?  

2. Can rocks tell their story?

3. What is a coral reef?
4. How do we get oil out of shale rock?

General Tips:   

Small hand lenses can be helpful for students to see the various particles sizes of the sandstone, limestone and shale.  Let the kids have the floor most of the time, find out what they are thinking and guide them by asking questions regarding something they may have missed in their observations.

Attachments:   

1. Cycles
2. Rock Layers

3. Terms

4. Edge of Appalachia Preserve Cross Section
5. Example of Student work

6. Rock type key
7. Ohio Geologic Map
8. Geofact sheet #23 from ODNR - pdf
9. Depositional Environments – pdf - This material is copyrighted, but may be used by anyone for personal or education purposes as long as the source is acknowledged. For further information, please contact:
Lynn S. Fichter © 2000 (fichtels@jmu.edu)    


Department of Geology and Environmental Science
James Madison University, Harrisonburg, Virginia 22807


