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CRATER COMPARISONS   
Investigating Impact Craters on Earth and Other Planetary Worlds 
An “all-inclusive” activity designed to help introduce and guide you/your students through each step of 

the process of science. 

 

Fillable document using 

Adobe Reader 



PROCESS OF SCIENCE 



Goal:  To introduce students to the process of science through the completion

of a structured mini-research investigation focusing on impact craters on 

Earth and other planetary worlds.  
 

Parts 1 through 4:  

A) Informally introduces students to Steps 1-3 of the process of science;  

B) Helps lay the foundation to complete the remaining aspects of the 

investigation.  
 

Part 5:  

A) Formally introduces the process of science;  

B) Introduces, illustrates, and guides students through each of the 

remaining steps involved in the process of science.  
 

Part 6: A) Assesses student mastery of objectives.  

 

 

CRATER COMPARISONS
Overarching Goals & Structure of Activity 

 



CRATER COMPARISONS   
Investigating Impact Craters on Earth and Other Planetary Worlds 

PART 1:  OBSERVATIONS AND PRELIMINARY QUESTIONS 

 Observe the images of impact craters.  

 List your observations (similarities and differences of visible characteristics) 

 List at least 1 question you have about craters. 

 
 

    
 

 

F 



A. CAUSES OF IMPACTS:       
Impact craters are features created on the 

 

surface of a planetary body when a meteoroid  

strikes the surface creating a bowl-shaped hole. 

 
B. FORMATION OF CRATERS:   

Stage 1:  Contact/Compression Stage   

•Meteoroid strikes the surface 

 

Stage 2:  Excavation Stage 

•Material gets ejected or thrown out 

 

Stage 3:  Modification Stage 

•Ejecta settles out onto surface and 

materials in the walls begin to slump. 
 

The crater formation process occurs in seconds.  

The final crater will continue to be modified by Image 

gravity, erosion, and/or other geologic processes. 

 

Credit:  Planetary Science Institute 

PART 2:  BACKGROUND INFORMATION ON  

IMPACT CRATERS 
 



Background Information 
C. CRATER CHARACTERISTICS:   
Five main parts of a crater:   

• Rim:  The raised area around the edge of the crater. 

• Wall:  The sides of the crater.   

• Floor:  The bottom of the crater. 

• Central peak:  An uplifted mound in the floor of the crater.   

• Ejecta:  The material from inside the crater that was thrown 

our during the impact event.  Ejecta appear as rays or 

sometimes as a blanket of material surrounding the crater. 

 

 

 

Image Credit:  NASA/GSFC (modified) Two general types of craters: 

1) Simple Crater (A) 
• Simple bowl shape 

• Generally smaller and younger than 

complex craters 
 

2) Complex Crater (B, C, D) 
• Much larger and older than simple 

craters 

• Characteristics can include:  

o Central peak (B) 

o Ring of peaks (C) 

o Multi-ring structure (D) 

o “Slump” 



D. USING CRATERS TO REVEAL THE GEOLOGIC HISTORY OF A SURFACE 
 OLDER versus YOUNGER Surfaces:  “Resurfacing”   

 

 IMPORTANT GEOLOGIC RULES/PRINCIPLES:   

Background Information 

1. Principle of Superposition:  The order of layers 

or geologic features found on the surface provide 

information about which features are older or 

younger.  Features found on top are the youngest. 
 

2. Crater Density:  When comparing areas of equal 

sizes, the more craters on the surface, the older 

that surface is. 
 

3. Crater Classification:  The more modified a 

crater, the older it is.   

 Preserved craters = youngest, best 

preserved craters (circular craters, raised rims, look fresh, 

can sometimes see ejecta) 

 Modified craters = middle aged craters with 

evidence of some modification (uneven or irregular 

shaped rim, floor may be partially filled in w/sediment, evidence of 

modification, range from slightly to severely modified) 

 Destroyed craters = oldest craters that have 

been severely altered (broken rims, almost completely 

filled in, appear flat and very worn away) 

 

 

 



• Scientists apply these geologic principles (and others) to study impact craters which 

can help them learn about the history of our Solar System. 
 

• Classification of craters can be useful in determining when processes may have 

occurred on a planetary surface. (currently, early or throughout history, never)  
 

• The surface of Earth is constantly being modified by Earth’s active processes.  Do 

you think there are many preserved craters on Earth?   

 

PART 3:  GEOLOGIC HISTORY PRACTICE SCENARIOS 
 

    
 

 

~50,000 years “young” 

~1.2 km in diameter 

Classification:  modified 

~2 billion years old 

~160 km in diameter 

Classification:  destroyed 



PART 3:  GEOLOGIC HISTORY PRACTICE SCENARIOS 

Applying what you know 
 

For each scenario you will be asked the     following 2 questions: 
 

  

Question 1:  Is the planetary surface relativ ely young or old?  Explain. 

Answer Hints:  

• Does the planetary surface have many or few impact craters on the surface? 

• Does the planetary surface have many large impact craters?   
  

Question 2:  What can you infer about the geologic processes affecting these 

planets?  Explain. 

Answer Hints: 

• Are the impact craters modified?  This may mean there are (or were) active 

processes shaping the surface.   

• Are some impact craters preserved?  This may mean there are (or were not) any 

active processes changing the surface when those craters formed.   
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PART 3:  GEOLOGIC HISTORY PRACTICE SCENARIOS 

Applying what you know 
 

For each scenario you will be asked the     following 2 questions: 
 

  

Question 1:  Is the planetary surface relativ ely young or old?  Explain. 

Answer Hints:  

• Does the planetary surface have many or few impact craters on the surface? 

• Does the planetary surface have many large impact craters?   
  

Question 2:  What can you infer about the geologic processes affecting these 

planets?  Explain. 

Answer Hints: 

• Are the impact craters modified?  This may mean there are (or were) active 

processes shaping the surface.   

• Are some impact craters preserved?  This may mean there are (or were not) any 

active processes changing the surface when those craters formed.   
 

SCENARIO #1  

This planet has many impact craters. Craters range in size from relatively small 

(~1 km) to very large craters (~100+ km). Most of the larger craters are complex 

and some have visible central peaks, central rings of peaks, or look to be multi-

ring basins. Most of the larger craters are modified.  A few very large craters are 

destroyed. Smaller craters have raised rims and look preserved.   
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SCENARIO #2  

This planet has few impact craters. Craters range in size from relatively small 

(~1 km) to very large craters (~100+ km). All of the craters are modified or 

destroyed.  Surface appears rugged in some areas; some areas appear to have 

evidence of water or ice; sand dunes are visible in other areas.  
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• Although you may not be able to answer 

all of these questions, these ideas are part

of thinking about the bigger picture.   

A global view of:  Top Row:  Earth, Mars, Earth’s Moon; Bottom Row:  Mercury, 

Venus, and asteroid Vesta.  Planetary sizes not to scale.  Images courtesy of NASA. 

 

PART 3:  GEOLOGIC HISTORY PRACTICE SCENARIOS 

Applying what you know 
 

• You must critically think about may aspects    to  make inferences about the geologic 
 

history of a given planetary surface.  JUSTIFICATION of your thinking is extremely 

important.   
 

• As you investigate planetary worlds within our Solar System, you may end up asking 

some of the same questions scientists have asked for years: 
 Are there any other planetary worlds that may have once been able to support life? 

 How has the Solar System changed over time? 

 How have the sizes of impacts changed over time? 

 In the future, will Earth be struck by a large objects? 

 Is there data to support the idea that material impacting planetary surfaces today is 

relatively small compared to material that has impacted surfaces in the past? 

 



Look at the initial set of images.  Images are of craters on Earth (A), Mars (B), 

Earth’s Moon (C),Mercury (D), Venus (E), and Vesta (F).   
Use a check mark to select the type and classification of each crater:  

 

 

 

  Image A Image B Image C Image D Image E Image F 
Simple Crater             

Complex Crater             

Preserved Crater             

Modified Crater             

Destroyed Crater             

F 
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 Do you think you have enough data to answer the following question:  

What do the characteristics of these craters reveal about the geologic history of 

these planetary worlds?   

  Image A Image B Image C Image D Image E Image F 
Simple Crater             
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Preserved Crater             

Modified Crater             
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PART 4:  INITIAL OBSERVATIONS AND THE BIG PICTURE 

    
 Do you think you have enough data to answer the following question: What do the characteristics of these craters reveal about 

the geologic history of these planetary worlds?....No…but this activity will step you through an 

investigation so you can answer this question…and will also allow you to think 

about the big picture. 
  Image A Image B Image C Image D Image E Image F 

Simple Crater             

Complex Crater             

Preserved Crater             

Modified Crater             

Destroyed Crater             



 

 

 

PART 4:  INITIAL OBSERVATIONS AND THE BIG PICTURE 

    
The Big Picture: What Can You Learn from  Studying Impacts 
 We can learn about the geologic history of different planetary worlds, which in turn 

can provide insight into the history of our Solar System.  In particular we can: 
 

1) better understand the history of our Solar System, 
 

2) make predictions about potential future impacts, 
 

3) better understand factors that may influence future robotic or even human 

exploration of other worlds.   



 

PART 5:  CONTINUING OUR CRATER INVESTIGATION 

    
 

Image Credit:  NASA/JSC/ARES/EEAB 

As you work through this investigation, you will be modeling the skills and practices used 

by professional scientists. The image below is an illustration of the process of science. 

Scientists generally follow a process similar to this when conducting investigations.   

Step 1:  Preliminary Question 
 

Step 2:  Initial Observations 
 

Step 3:  Background Knowledge 
 

Step 4:  Experiment Design 
 

Step 5:  Collecting & Compiling Data 
 

Step 6:  Displaying Data 
 

Step 7:  Analyzing & Interpreting Data 
 

Step 8:  Drawing Conclusions 
 

Step 9:  Sharing Research 
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Step 4:  Experiment Design   
Research Question & Hypothesis/es 

1. Familiarize yourself with the research question:  What do the characteristics of 

craters reveal about the geologic history of planetary worlds? 

 

2. Formulate a set of hypotheses:   

• Suggestion: Fill out the information in hypothesis/es table based on the images 

you have observed so far, and what you know about impact craters in our Solar 

System.   



Step 4:  Experiment Design   
Research Question & Hypothesis/es 

1. Familiarize yourself with the research question:  What do the characteristics of 

craters reveal about the geologic history of planetary worlds? 

 

2. Formulate a set of hypotheses:   

• Suggestion: Fill out the information in hypothesis/es table based on the images 

you have observed so far, and what you know about impact craters in our Solar 

System.   

Relatively young Throughout its history and currently 

• Fill out the information for whichever planetary worlds 

the class will focus on. 
 

• Be prepared to explain/justify your current thinking. 



Step 4:  Experiment Design 
Methods/Procedures & Considerations 

RESEARCH CONSIDERATIONS: 

1. Image Data Collection:  Where will you retrieve your imagery? 

2. Specific Data to Collect:  What specific data will you collect? 

3. Number of Images:  How many images is enough? * 
4. Geographic Regions:  Will you focus on a particular region? 

5. Other Data Sets:  Where will you retrieve your planetary data? 

6. Measurements:  How will you make measurements?   

7. Sources: What sources will allow others to retrieve the data you used (or find 

additional data)? 

* 
ESPECIALLY CRITICAL – Each listed item will become a column heading in 

your data table. 



Step 4:  Experiment Design   
Methods/Procedures:  Setting up a Data Table 

Each piece of data you collect will become a separate 

column heading on your data table. 



Step 5:  Collect & Compile Data 



TOOLS: 

1) Data Collection 

Log Sheets 

2) Planetary Images 

3) Meta data Info 

Sheets 

Collect & log data for 

at least 12 craters. 

Step 5:  Collect & Compile Data 
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TOOLS: 

1) Data Collection 

Log Sheets 

2) Planetary Images 

3) Meta data Info 

Sheets 

Collect & log data for 

at least 12 craters. 

Step 5:  Collect & Compile Data 



Step 5:  Collect & Compile Data 



EARTH:  Shoemaker (Australia) 

ISS028-E-14782 Red line ≈ 28.0 km 

N 

•DIAMETER = 28 km 
 

• CRATER TYPE (Simple or 

Complex):  Complex (it does not 

have a simple bowl shape) 
 

• CLASSIFICATION (Preserved, 

modified or destroyed):  

Destroyed (broken rim, almost 

completely filled in by sediment 

and water, very worn away) 



N 

ISS012-E-15881 Red line  ≈ 65.0 km 

Blue Marble Matches Image #2 

EARTH:  Manicouagan Crater (Canada) 

•Diameter? 

•Simple or Complex? 

•Classification? 



N 

ISS015-E-17360 Red line  ≈ 4.2 km 

Blue Marble Matches Image #6 

EARTH:  Gosses Bluff Crater (Australia) 

•Diameter? 

•Simple or Complex? 

•Classification? 



N 

ISS018-E-14908 Red line  ≈ 1.9 km 

Blue Marble Matches Image #7 

EARTH:  Tenoumer Crater (Mauritania) 

•Diameter? 

•Simple or Complex? 

•Classification? 



Step 5:  Collect & Compile Data 

Update any information listed here to match your 

observations and findings.  



25 km 

N 

AS12-50-7438 Blue Marble Matches Image #1 

EARTH’S MOON 

Some images will have more than 1 crater that you can log on your data table. 

How many craters can you see in this image?  How should you deal with this? 



EARTH’S MOON 

25 km 

N 

AS12-50-7438 Blue Marble Matches Image #1 

A 

B 

C 

Recommendations include: 

1. Identify/label craters (A, B, C, etc.) and separately log the data for each crater on 

your data table. 

    OR 

2. Consider logging data for two or three craters and include a comment in the notes 

section of your data table stating there are numerous other craters in the image.  

Example Note:  There were over 50 other impact craters visible in the image.  

Most were very small (less than 5 km) and appeared to be preserved.  

   (Remember, higher crater density = older surface.) 



Step 6:  Display Data 
After you finish collecting and compiling your data it is time to: 

1. Decide how to display your data: 

A) Sorted Data Table  B) Graphs  C) Maps   D) Image Illustrations 

2. Create your data displays 

3. List 2-3 observations of each data display.   

 
Be thinking about your research question and hypotheses as you create 

your data displays: 

Relatively young Throughout its history and currently 

This information should not change from what was 

initially written. 



A) Sorted Data Table     B) Graphs    C) Maps     D) Image Illustrations 

Step 6:  Display Data 



A) Sorted Data Table     B) Graphs    C) Maps     D) Image Illustrations 

Step 6:  Display Data 



SORTED OR SUBSET DATA TABLE:   

Create electronically or on butcher paper 



Step 6:  Display Data 
A) Sorted Data Table     B) Graphs    C) Maps     D) Image Illustrations 



GRAPHS OR MAPS: 

Create electronically or on butcher paper 



Step 6:  Display Data 
A) Sorted Data Table     B) Graphs    C) Maps     D) Image Illustrations 



WHAT TO DO: 

1. Decide how to display your data: 

A) Sorted Data Table   B) Graphs  C) Maps   D) Image Illustrations 

2. Create your data display(s) 

3. List 2-3 observations of each data display.   

 
Be thinking about your research question and hypotheses as you create 

your data displays: 

Step 6:  Display Data 

Relatively young Throughout its history and currently 

This information should not change from what was 

initially written. 



Be sure to focus your analysis on the research question and your hypotheses: 

For this step you will: 

1. Fill out an Analysis and Interpretation of Data table 

2. Share your analysis with the class. 

Step 7: Analyze & Interpret Data 

Relatively young Throughout its history and currently 

This information should not change from what was 

initially written. 

PROCESS OF SCIENCE STEP 7:  Analyze & Interpret Data 

Once you display your data and have listed observations of those data displays, you are ready to do one of the 

most important steps of your research – analyze and interpret the data.  Analysis and interpretation of data are 

done by thinking about how specific observations and knowledge you have directly relate to your question.  Your 

goal is to be able to draw conclusions about your research with supporting evidence. 



TABLE IS DIVIDED INTO THREE COLUMNS:   

1) Specific observations from Data Displays 

2) Your interpretation of what those observations mean. 

3) Evidence that support your interpretation 
 

Focus your analysis on data you logged: 1) crater classification, 2) crater diameter, 3) crater type.   

Analysis and Interpretation of Data 



Observation from specific 

data table display is listed 

The parenthesis state the 

name of the display and 

observation # for reference.  

Analysis and Interpretation of Data 



Analysis and Interpretation of Data 

How can this observation be applied 

to your question/hypotheses: 

•Relative age of planetary surface 
 

• Inferences about when geologic 

processes may have been active 



Analysis and Interpretation of Data  

What additional evidence (other 

data displays or background 

knowledge you have) supports 

this interpretation. 



BLANK ANALYSIS & INTERPRETATION 

TABLE 



SHARE YOUR ANALYSIS 

1) Be prepared to discuss your information related to all 3 crater characteristics 

2) Be prepared to show any related data displays that allow you to illustrate your 

specific observations and help support your interpretations. 

3) Be prepared to discuss any limitations (not enough data, needed more area to be shown in images, etc.)  

Step 7: Analyze & Interpret Data 



Step 8:  Draw Conclusions 
PROCESS OF SCIENCE STEP 8:  Draw Conclusions 

Now that you have completed all the above steps, you are now ready to draw conclusions about your question 

and hypothesis/es.  This is an essential part of your investigation as it allows you to synthesize your overall 

research and state your results.  It also allows others to expand or build on your research in the future.   

  

1. RESEARCH QUESTION:  What do the characteristics of craters reveal about the geologic history of planetary 

worlds?  Based on your research and analysis of data, what do you think is the answer to your question?  Provide 

specific details.  
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specific details.  

Answer should indicate how you can use the characteristics of craters to make 

inferences about the geologic history of the planetary world.  

(Include specifics that allow you to know if the surface is young or old and how you 

can infer when geologic processes may have occurred). 
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Conclusions/Hypotheses Table Sample 

This information should not change from what was 

initially written. 

Throughout its 
history and currently 

Since these hypotheses were 

refuted, include a summary of 

pertinent evidence and also 

include a HYPOTHESIS 

REVISION statement (what is 

your new hypothesis that your 

data now supports). 

Since this hypothesis was 

somewhat refuted, include 

a summary of pertinent 

evidence and also include 

a HYPOTHESIS 

REVISION statement (what 

is your new hypothesis that 

your data now supports). 



Conclusions/Hypotheses Table Sample 

This information should not change from what was 

initially written. 

Throughout its 
history and currently 



WHAT DOES IT ALL MEAN? 

Based on your investigation, discussion the following: 

 

1. Which are older: large complex craters or small simple craters?  What does that tell 

you about the size of materials that may be have impacted planetary worlds early in 

the history of the Solar System versus the size of materials that have more recently 

impact surfaces?  Explain your answer. 

  

  

2. If the Earth or other planetary worlds were to be impacted by an object in the future, 

do you think this object would likely be relatively large or small?  Explain your 

answer. 

  

  

3. NASA plans to send astronauts to visit another planetary world in the future to help 

us better understand our Solar System.  If you had the opportunity to choose which 

planetary world to visit, which would you choose and why?   



 

PART 6:  EVALUATE    
 



 

PART 6:  EVALUATE    
 



CRATER COMPARISONS   
Investigating Impact Craters on Earth and Other Planetary Worlds 



http://ares.jsc.nasa.gov/ares/eeab/ 

Student Investigation Resources Launchpad Activities 

Standards-aligned, inquiry-based, 

hands-on activities.   

Resources that help facilitate student-led investigations 

about Earth and/or planetary comparisons. 

Interacting w/ 

Scientists 

Educator Trainings 

Data 

Requests 

Team Wiki  

Pages 

Team 

Presentations 



http://ares.jsc.nasa.gov/ares/eeab/ 

Student Investigation Resources Launchpad Activities 

Standards-aligned, inquiry-based, 

hands-on activities.   

Resources that help facilitate student-led investigations 

about Earth and/or planetary comparisons. 

Interacting w/ 

Scientists 

Educator Trainings 

Data 

Requests 

Team Wiki  

Pages 

Team 

Presentations 





How can you find additional craters on 

Earth you might want to request to 

have imaged by astronauts on the 

International Space Station (ISS)?  

 

Check out the formatted Earth Impact 

Database spreadsheet of impact 

craters on Earth. 

As you consider what crater you may 

want to have imaged by astronauts, 

check to make sure the crater is 

exposed (visible).  This crater is not 

exposed, therefore it would NOT be a 

good choice for a request.     
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