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Purpose: Upon the completion of this lesson, the student will be able to explain that cratering occurs throughout the solar system, but that some solar system bodies have fewer craters due to their modification by geologic surface processes. The student will also be able to explain that objects with greater masses create larger impact craters.

Background: Cratering occurs throughout the solar system as meteors, comets, and other small bodies collide with planets, moons, and each other.  Craters are very visible on the Moon and—to some extent— on Mars because the surfaces of those bodies have changed slowly over time relative to the formation of impact craters.  The Earth once had just as many impact craters. However, these craters are either eroded or covered by the geologic processes active on Earth’s surface.  During an impact, the collision of the incoming object and the target generates enough heat and pressure to vaporize some of the object, and fracture the rest. The shock wave generated by the collision excavates a hemispherical crater whose size is a result of many factors, including object size and composition, object speed, target strength, and impact angle. The initial crater is modified by many processes, including collapse, filling, and erosion. This exercise explores the relationship between incoming object size and resulting crater size, with the other factors kept approximately constant. 

Student Background: Before this lesson, students should be familiar with general characteristics of the planets in our solar system.  Students should also be able to define a meteor and asteroid and be aware that they impact on the objects in our solar system. Humans have not traveled to Mars, but instead they learn about Mars through remote sensing technology.

Preparation:  Students will need: a metric ruler (meter stick and smaller ruler), a large box (slightly larger than a shoebox), flour approximately a 5 lb bag tennis ball, wiffle ball, baseball, triple beam balance, calculator (optional), Ridges and Ghost Craters in the Northern Plains image, and student data sheet.  For this activity, students should work in cooperative groups of three or four students depending on class size.  This lesson should require 70 minutes.

Procedure: 

1) Students should read the article “Was the Chesapeake Bay Formed by a Meteor Impact?” either individually or as a class depending on classroom situation and ability level.  Students should have an opportunity to answer the questions and to review and discuss the article and questions as a class.

2) Students should be assigned to cooperative groups of 3 or 4 and begin the crater formation lab activity.  

3) When they are finished with the lab activity, groups can continue into the reading extension crater impacts on Mars and ghost craters revealed by MOLA.
4) If time permits, students may share and discuss their closing paragraph evaluating what scientists can learn from the Chesapeake Bay Crater.

State/National Education Standards:

National Benchmarks for Science Standards: By the end of eighth grade, students should know that:

3. Science and Technology, A. Technology and Science: Technology is essential to science for such purposes as access to outer space and other remote locations, sample collection and treatment, measurement, data collection and storage, computation, and communication of information.

4. The Physical Setting, A: The Universe: Nine planets of very different size, composition, and surface features move around the sun in nearly circular orbits.  Some planets have a great variety of moons and even flat rings of rock and ice particles orbiting around them.  Some of these planets and moons show evidence of geologic activity. The earth is orbited by one moon, many artificial satellites, and debris. 

4. The Physical Setting, A: The Universe: Large numbers of chunks of rock orbit the sun. Some of those that the earth meets in its yearly orbit around the sun glow and disintegrate from friction as they plunge through the atmosphere—and sometimes impact the ground. 

4. The Physical Setting: B: The Earth: Climates have sometimes changed abruptly in the past as a result of changes in the earth's crust, such as volcanic eruptions or impacts of huge rocks from space. Even relatively small changes in atmospheric or ocean content can have widespread effects on climate if the change lasts long enough. 

Maryland Core Learning Goals:

1) 1.8.6 use appropriate instruments and metric units when making measurements and collecting data.(MLO 1.1.5)

2.8.8 compare and classify celestial objects (i.e., stars, planets, moons, asteroids, comets, and meteors) according to sizes, compositions, and surface features.

Lesson Plan: (This lesson should require 70 minutes)

Engagement:  Chesapeake Bay Crater (10 minutes)

Exploration:  Crater Lab (15 minutes)

Explanation:  Causes and Types of Craters (25 minutes)

Extension:  MOLA Craters on Mars (10 minutes)

Evaluation: What Can Scientists Learn from the Chesapeake Bay Crater? (10 minutes)
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Was the Chesapeake Bay formed by a Meteor Impact?

About 35 million years ago, a bolide hit the Earth in Atlantic Ocean near the mouth of what is the Chesapeake Bay today.  Scientists call the object a bolide, because they know that it is a large body from space, but because the object vaporized on impact, they are not sure if it was a comet or an asteroid.  When this 1600-3200 m (1-2 mile) diameter bolide hit the Earth it was probably travelling at a speed of 22,350 m/s (50,000 mph).  When it hit, it created a crater 90,000 m (56 miles) wide and 1600m (1 mile) deep, forming the largest crater that has been found in the United States.  The center of this crater is near Cape Charles, VA.  Underneath the ground, the force of the impact shattered the rock, which changed the underground water flow.  Today, this crater does not appear like the craters on the moon or Mars, because it has been buried under sediment and water beneath the Chesapeake Bay.  Because it is so well hidden, scientists did not identify it until 1994.  Scientists are in the process of studying different areas around the crater in order to learn more about the Earth at the time that the bolide hit and to understand the changes to the surface and the underground water caused by the impact of the bolide.   Scientists are also curious if this impact affected the location of the Chesapeake Bay, and they have been looking for evidence to answer that question.  Scientists know that at the time of the impact, the Chesapeake Bay region was dry land containing rivers.  When the bolide hit, the crater formed an area of lower land.  This change in elevation created a valley and changed the course of some of the area’s rivers.  They think that it remained this way until 10,000 years ago, when the last ice age ended the melting ice raised the sea level on the Earth.  As the water rose, it flooded the valleys, including what is today the Chesapeake Bay.  So although the bolide impact did not immediately create the Chesapeake Bay, scientists believe that the land changes have influenced the location of the Bay today.

Based on information from: McCloud, Tina, “Crater of Civilization: Scientists study Virginia land for more clues on how the world was.” Newport News (Va.) Daily Press.  6/11/01. and The USGS Site: The Chesapeake Bay Bolide: Modern Consequences of an Ancient Cataclysm http://woodshole.er.usgs.gov/epubs/bolide/introduction.html
Use the information in the reading above to answer the following questions using complete sentences.

1) Has the Chesapeake Bay always existed? How can you tell from the text? ________________________________________________________________________________________________________________________________________________________________________

2) What is a bolide? ________________________________________________________________________________________________________________________________________________________________________

3) Why is this crater hard to see today? ________________________________________________________________________________________________________________________________________________________________________

4) How did this crater influence the current location of the Chesapeake Bay? ________________________________________________________________________________________________________________________________________________________________________

Crater Formation Lab
Problem:  How does the mass of a meteor affect the diameter of a crater?

Independent Variable: _______________________________________________________________________

Dependent Variable: ________________________________________________________________________

Hypothesis: ____________________________________________________________________________________________________________________________________________________________________________________

Materials:  
metric ruler (meter stick and smaller ruler)
a large box



flour




tennis ball




wiffle ball



baseball

triple beam balance



calculator (optional)

8) Procedure:  

1) Pack and smooth the flour inside of the box to make a flat surface. 

Mass the tennis ball, wiffle ball, and baseball on the triple beam balance and record your results below.

Measure one meter up from the surface of the powder and drop the tennis ball from a height of one meter into the box of powder.  (Do not throw the ball down).  Measure the diameter (distance across) the crater at the widest point.  Record your results on the table below.

Repeat the same procedure with the wiffle ball and the baseball by dropping each from a height of one meter, measuring the crater diameter.  Draw your observations of what happens when the ball hits the flour and record which ball made the deepest crater.

After dropping all three balls, smooth out the flour.   Repeat the drop a total of three times for each ball and record the diameter of the crater.  Average your results together to find the average crater diameter and record your results on the table below.

Results:

The Effect of Mass on Crater Diameter
Ball
Mass (g)
Diameter #1 (cm)
Diameter #2 (cm)
Diameter #3 (cm)
Average Diameter (cm)

Tennis Ball






Wiffle Ball






Baseball






Observations:

Use your data to create a best-fit line graph comparing the mass of the meteor to the average diameter of the crater. 

The Effect of Mass on the Average Crater Diameter












































































































































































































































































































































































































· Analysis:  Answer the following questions using complete sentences.

1) What happened to the diameter of the crater as the mass of the meteor increased? ________________________________________________________________________________________________________________________________________________________________________

2) Predict what would happen to the crater if the balls had been dropped from 2 m instead. ________________________________________________________________________________________________________________________________________________________________________

3) Which ball made the deepest crater?  Predict what factor about the ball caused this to happen. ________________________________________________________________________________________________________________________________________________________________________

4) Based on what you have read about the Chesapeake Bay Crater, what will happen to these craters on Earth over time? ________________________________________________________________________________________________________________________________________________________________________

Crater Impacts on Mars

Through our exploration of the solar system, scientists have found that craters can occur anywhere there is a solid surface.  At the beginning of the solar system, meteors and loose rock were much more common than they are today.  This loose material would impact on planets and cause craters.  As time went on, less rock and loose material was found in the solar system so impacts were not as common.  Although cratering still occurs today, most craters are very old.  

5) 
If you look at the Moon in the night sky, craters on the surface are easily visible.  On the Moon, there is no wind or water to erase craters. So once a crater is formed, it could remain on the surface forever.  Craters occur on Earth also, but they are not as easy to see.  Earth has earthquakes and volcanoes to change craters on the surface and wind and water to erase them away.  On Mars, there is wind today and maybe there was water in the past to change the craters formed on the surface.  However, most craters appear fresh and have changed very little over time.  Scientists have found that the size and depth of craters on Mars is very similar to the size and depth of the craters formed on the Moon.  As scientists understand more about craters, they are able to use craters to learn more about the history and composition of Mars.

1) Can craters occur on the surface of Earth? ________________________________________________________________________________________________________________________________________________________________________

Why are craters harder to see on the Earth than on the Moon? ________________________________________________________________________________________________________________________________________________________________________

What can craters tell scientists about Mars? ________________________________________________________________________________________________________________________________________________________________________

6) Scientists use craters to learn about the history of Mars by looking at the number and location of craters on the surface.  When a meteor impacts a planet, it is possible for a crater to form anywhere on the surface.  If the planet’s surface does not change, it will eventually look covered in craters like the Moon.  Just like the Moon, scientists believe that Mars was once completely covered in craters.  However, today, scientists still find many craters in the Southern hemisphere, but very few in the Northern hemisphere.  Since the craters in the North can no longer be seen, scientists believe that something must have changed the surface in the North making it newer or younger than the Southern surface.  On Earth, we know that younger surfaces can be formed by surface changing events like earthquakes or volcanoes, or younger surfaces are formed when wind or water erase craters through erosion.  By looking for similar events on Mars, scientists have recognized volcanoes that might have been active in the past and dust storms caused by wind.  Scientists are still confused about the Northern surface because volcanoes only occur in certain places and wind is found everywhere on the planet.  Some scientists believe that the younger Northern surface may have been caused by water at some time in history.

How do scientists know that the Northern surface of Mars younger than the Southern surface? ________________________________________________________________________________________________________________________________________________________________________

What are three possible ways that the craters on the Northern surface could have been erased? ________________________________________________________________________________________________________________________________________________________________________

7) Finally, scientists use craters to learn about the composition of Mars.   Just like in the crater model, craters dig into the surface of the planet allowing scientists to see the lower crust and mantle below. On Earth, scientists had to find a way to detect craters because they are hidden from sight.  They realized that when a meteor impacts onto the Earth, the debris that is thrown away in the explosion causes the mass of the Earth in the area of the crater to be slightly less than the areas around it.  This slight difference in mass caused a small difference in the gravity of that area called an anomaly.  By looking for gravity anomalies, scientists are able to find craters on Earth and to learn about the surface of Mars.  As the Earth’s surface changes over time, the mass in the area of the crater slowly returns to normal because of changes in the Earth’s crust.  This causes the gravity anomaly to disappear.  Scientists have found that the surface crust of Mars is more rigid than Earth because it does not adjust as quickly to new craters.  Therefore, scientists are able to use craters to learn about the composition and surface of Mars.

How can scientists use craters to learn about the layers below the surface? ________________________________________________________________________________________________________________________________________________________________________

How do scientists look for hidden craters on Earth? ________________________________________________________________________________________________________________________________________________________________________

Compare the surface of Earth to the surface of Mars. ________________________________________________________________________________________________________________________________________________________________________

2) Recently, scientists have been able to use the Mars Orbiter Laser Altimeter (MOLA) to recognize new craters on the surface of Mars.  Because MOLA allows scientists to see changes in elevation at a resolution of up to a meter, scientists are able to recognize craters and other surface features that could not be seen in other imagery.  Look at the image entitled: “Ridges and Ghost Craters in the Northern Plains Revealed by MOLA Topography”, and answer the following questions using complete sentences.

1) What types of features are visible in the image from the Mars Orbiter Laser Altimeter (right) and not in the other image? ________________________________________________________________________________________________________________________________________________________________________

3) Why do you think that these craters could not be seen in other images? ________________________________________________________________________________________________________________________________________________________________________

Conclusion: Communicate your findings in writing using complete sentences.  Remember to include the problem you were investigating, the results of your investigation, and the accuracy of your predictions. ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
What Can Scientists Learn from the Chesapeake Bay Crater?

2) Think about what you have read about the Chesapeake Bay crater and what you have learned about the cratering process.  On your own sheet of paper, write a short paragraph explaining what that crater can tell scientists about the bolide and about the Earth.  Remember to include:

· A topic sentence

· Two facts that the crater can tell scientists about the bolide.

· Two facts that the crater can tell us about the Earth.
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Teacher Key

Was the Chesapeake Bay Formed by a Meteor Impact?

2) The Chesapeake Bay has not always existed, because that region was all dry land when the impact occurred 35 million years ago. 

2) A bolide is a large object from space that has not been positively identified by scientists as an asteroid or a comet.
3) The crater is hard to see today, because it has been covered with many layers of sediment and water from the bay.
4) The impact crater caused the land to be lower in that area forming a valley and changing the course of area rivers.  When sea level rose as the ice melted 10,000 years ago, the water flooded the valley formed by the impact creating the Chesapeake Bay. 

Crater Formation Lab

Independent Variable: Mass

Dependent Variable: Crater Diameter

1) Graph:  Graph should show that the diameter of the crater increases as the mass increases. 

1) The diameter of the crater increased as the mass of the meteor increased.

If the balls had been dropped from 2 m, the craters would probably be larger because they will fall at a greater velocity based on the larger distance.

The baseball made the deepest crater.  This occurred because the baseball had the greatest mass causing it to fall with the greatest amount of force.

Based on the Chesapeake Bay Crater, these craters would probably disappear from the Earth’s surface because of weathering, erosion, or changing landmasses.

Teacher Note:

· There have been many different versions of this lab created by many different individuals comparing different aspects of the meteor to different aspects of the crater.  For more information and lesson plans, please visit the following sites on the World Wide Web.

· Crater Mysteries http://www-b.jpl.nasa.gov/galileo/sepo/education/juptoearth/crater_mysteries.html by Brian Exton (National Optical Astronomy Observatories, Tucson AZ).  This activity analyzes crater density and distribution on solid planets.

· Impact Cratering http://eis.jpl.nasa.gov/eao/lesson.html (Educational Outreach at jpl)This activity compares the mass, speed, and size of the projectile to characteristics of the crater.  It also explores the changes in potential and kinetic energy in meteors.  Another lesson is an activity to determine how often meteors hit the Earth. 

· Exploring Mars: Impact Craters, More of Less http://cass.jsc.nasa.gov/expmars/activities/craters.html. This activity presents a general crater lab, and it discusses the impact of resurfacing on crater removal.

· NASA Observatorium Teacher’s Guides: Impact Craters http://observe.ivv.nasa.gov/nasa/education/teach_guide/craters.html This site includes a crater lab, facts and vocabulary about craters, a quiz, and word game.

· Exploration: Make a Crater http://liftoff.msfc.nasa.gov/academy/space/solarsystem/meteors/makeacrater.html. This site includes a greater lab and links to crater information.

· Mars Exploration Curriculum: What Craters Can Tell Us About a Planet. http://marsnt3.jpl.nasa.gov/education/modules/webpages/activity3.htm This activity includes a crater lab and Mars/Earth comparisons.

3) Crater Impacts on Mars 
4) Yes, craters can and do occur on the surface of the Earth.  Meteor Crater in Arizona is an excellent example of a intact crater on Earth.  However, most craters cannot be seen because they have been erased by the Earth’s changing surface.

5) Craters are harder to see on the Earth because they are erased by volcanoes, earthquakes, wind, water.  The surface of the moon does not change because it is not affected by erosion.  Therefore, craters on the Moon are very easy to see.

6) Craters can tell scientists about the history and composition of Mars.

7) The Northern surface is younger than the Southern surface because fewer crater impacts can be seen.  This shows scientists that something must have changed the Northern surface after it was bombarded by meteors.

8) Craters could have been erased on Mars by volcanic activity, wind, or water.

9) Because, craters dig deep into the surface, scientists are able to see the lower crust or mantle inside of the impact crater and in the debris that is thrown by the explosion.

10) Scientists look for hidden craters on Earth by looking for gravity anomalies.

11) The surface of Mars is more rigid than the surface of the Earth.
12) The MOLA image of a region of the Northern Plains shows ridges and craters that could not been seen in other images.

13) Individualized student response.  These newly discovered craters were probably not seen in earlier images because they do not have a clearly defined rim.  Instead these craters are visible through a change in elevation which may not be visible from an overhead view.
What Can Scientists Learn from the Chesapeake Bay Crater?


As scientists learn more about the Chesapeake Bay Crater, they also learn more about the bolide that caused the crater and the Earth itself.  Based on the size of the crater, scientists are able to tell both how large the bolide was and how fast it was travelling when it hit the Earth.  Scientists also can learn how the Earth changes by studying the crater.  Scientists are able to learn about how the crater helped to cause the formation of the bay.  Scientists also can see that the Earth changes over time because the crater is no longer visible today.

