Splat Craters
Objective(s):
• Students will explore crater formation as it occurred on Mars by performing a hands-on
experiment.
• Students will identify the distinctive features of impact craters.
• Students will explore the evidence used by scientists to hypothesize if water was once a
feature of Mars.
• Students will study images of Mars’ craters and compare these to data they collected during
the hands-on portion of this lesson.

National Science Education Standards:
• Content Standard D Grades 5 – 8: Earth’s History
• Content Standard F Grades 5 – 8: Natural Hazards
• Content Standard G Grades 5 – 8: Nature of Science

Background:

Splat craters (or rampart craters) are somewhat unique to Mars.
Study the photograph at right and notice the unusual lobes that An example of a splat crater (Yuty
emanate from the center of the crater. This unique ejecta (the
Crater) on the surface of Mars.
material thrown out from an impact crater when it is formed)
is thought to be the result of subsurface water ice. Due to the
energy released upon impact, this water ice is believed to have been melted, mixed with the
surrounding Martian soil, and then turned to “mud.”
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This lesson expands on a lesson written by the Jet Propulsion
Laboratory and Arizona State University titled, “Mud Splat
Craters.” A copy of this lesson can be found at http://mars.
jpl.nasa.gov/classroom/pdfs/MSIP-MarsActivities.pdf. There
are other Mars lessons as well that may be of great use to
educators.

Students will attempt to reproduce rampart craters by throwing marbles into a tray of mud. Keep
in mind that this can become quite messy, so teachers may want to perform the hands-on portion
of the lesson outside or use materials such as newspapers or shower curtains to cover tables and
desks.
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Materials:
• Aluminum pie pans, 2 per group
• Playground sand (two 50-pound bags should be more
than enough)
• Flour (two 5-pound bags are enough for a class of 30)
• Cooking oil (optional; to be used only if the teacher mixes the ﬂour
and water ahead of time. The oil will keep it “fresh” until it is ready
to be used by the students. Add about one tablespoon to each
mixture.)
• Plastic 16-ounce cups for holding sand, 2 per group
• Containers for holding water (empty 2-liter soda bottles or
500-milliliter beakers work well)
• Plastic spoons or other utensils for stirring
• Marbles (approximately 25-millimeter diameter), 3 per group
• Metric rulers, 1 per group
• Lots of paper towels (for cleaning up afterwards)
• Copies of Splat Craters Investigation, 1 per student
• Copies of the article Impact Craters!, 1 per student
• Copies of Viking Images, 1 per group of students
• Copies of Water on Mars: Where is it All?

Time:
• Two 45-minute class periods

Engagement Activity:
In this ﬁrst activity students will add to their background knowledge of craters by reading the
article, Impact Craters!
1. Begin by asking students to share what they know about craters.
Student responses might include that craters are formed as a result of a meteor or asteroid
hitting a planet, that they can be seen on the moon, or that they can range in size from very
small to very large.
2. Tell students that in the ﬁrst part of this lesson they are going to read to be informed about
craters. They will use this information to help them with the rest of the lesson as they model
their own craters.
3. Pass out the article and allow time for students to read.
4. After students have completed the reading, use the following questions to either generate a
discussion among the students or to check for understanding.
a. What is an impact crater?
b. What has happened to the impact craters here on Earth?
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c. What are the parts of a crater?
d. Name the three types of craters and identify how they are different.
e. Explain how craters can be similar or different.

Exploration Activity:
During the exploration part of this lesson, students will carry out an experiment to simulate craters
on the planet Mars. Students will add a layer of sand to the bottom of a clean pie pan, mix ﬂour
and water and pour this mixture on top of the sand, and then add another thin layer of sand.
Standing above their simulated Mars surface, the students will carefully throw the marbles into the
pie pan. Depending upon the students’ accuracy and the marbles’ velocity, they should be able to
recreate a rampart crater.
1. Pass out the student procedure page and have students read over what they
will do in this activity. The teacher may want to demonstrate how to mix the ﬂour
and water, layer the sand and water/ﬂour mixture, and throw the marble into the
pie pan.
2. Remind students that they probably will have only enough room to make three
craters. Because of the layering of the sand and water/ﬂour mixture they will be
unable to smooth over their craters and produce more.
3. Go over with students the data they are to collect and remind them to use the
article Impact Craters! to help with the parts of a crater.
4. Have the students gather their materials and work in groups of 2 or 4 to carry out
the experiment.
5. Allow enough time for each student in each group to make at least three craters
and then have them return their materials and clean up. (The contents of the pie
pan can be disposed of and the pan recycled.)

Explanation:
Using their observations from the previous activity, students will compare their data to Mars
images taken from the Viking spacecraft. With the help of the teacher, students will explore the
possibility that the unique ejecta from the Mars craters are a result of water ice just below the
planet’s surface.
1. After students have had time to clean up or at the beginning of the next class, have
students share with the class the data that they collected. Questions to ask students include:
a. How do the properties of the craters you created compare to those that you read
about in the article? (How do your craters compare to craters you’ve seen on the
Moon or even Mercury?)
b. What is different about the impactor (marble) you used to create your craters and
the impactors that formed the craters on Mars?
c. What are some possible explanations for the formation of the craters you created?
d. Was there a relationship between the velocity of the marble and the appearance of
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the crater? If so, what is the relationship?
2. Pass out copies of the Viking Images and have students compare these images of Mars
craters to the craters that they created. Have the students pay particular attention to the
ejecta and how it compares to their results.
3. Have the students think about the properties of their simulated Martian surface and then
ask for possible causes of the ejecta as observed in the Viking Images. (Students might think
that the Mars surface is almost mud-ike or soft just below its surface. Tell students that this is
not the case, but to consider what could possibly make the ground around a crater soft and
mud-like.)
4. After some discussion, tell students that one possibility for the unique ejecta observed
on Mars could be frozen water several hundred meters below its surface. With enough
mass and velocity, an impactor could easily penetrate below the Mars surface, causing the
frozen water to melt and then mix with the surrounding “soil.” This mud-like substance
simply would be tossed out of the newly formed crater ﬂow away and then solidify into the
patterns observed in the images.

Extension:
In this ﬁnal activity, students will take what they have learned about the Mars cratering process
and apply it to a reading from the Adler Planetarium and Museum. In this article, the authors
speciﬁcally address rampart craters as evidence that water once existed on Mars.
1. Give each student a copy of the article Water on Mars: Where is it All? and have them
read it.
2. When they have ﬁnished, ask students the following questions:
a. Does water exist on Mars today? If so, where is the water?
b. What do scientists call the type of crater that they created as well as those
observed in the Viking images?
c. Explain the process behind the creation of a rampart crater.
d. How deep do scientists think an impactor must go before it reaches frozen water?
e. Compare your model to a rampart crater. What do the various layers in your model
represent?
f. What other evidence exists that leads many scientists to believe that water once
existed on Mars in a greater abundance than it does today?

Evaluation:
Teacher evaluation can be based on students’ written responses as well as their discussion.

Further Investigation/Extenstion:
An excellent Web site that shows scientists creating impact craters here on Earth can be found at
NASA’s Deep Impact site, http://deepimpact.jpl.nasa.gov/gallery/mov3.html. This site contains
video footage of scientists ﬁring projectiles at high velocity into various substances. The resulting
craters are very similar to those observed on the Moon.
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Impact Craters!
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An impact crater is just what the term describes – a large
depression on a planet’s surface formed when an asteroid or
meteoroid smashes into the surface at a very high velocity.
Cratering, the term used by scientists to describe this
phenomena, has occurred on every terrestrial planet in our
solar system as well as on asteroids. Craters can be seen easily
on the Moon using binoculars or a small telescope. In fact,
it was thanks to Galileo that we learned that the Moon was
not a smooth sphere.
Instead, he discovered a
heavily cratered surface
(Figure 1). Had he been
able to see the far side
of the Moon (the side of
the Moon we never see
because it’s facing away
from us) he would have
seen even more craters!
(Figure 2)
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Figure 2. The far side of the Moon as
seen from the Hubble Telescope.
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They’re a Smash!

Figure 1. Early sketches of the
Moon made by Galileo

Where are the Craters?
So, if craters exist on all the terrestrial planets, where are
Earth’s? Was Earth lucky enough to avoid being pelted by
both large and small chunks of leftover solar system debris?
No! As a matter of fact, the
Earth has been hit nearly 10
times more than the Moon
(Figure 3). Take another look
at the Moon’s far side and
try to imagine Earth with
more than 3 million impact
craters! Some of these craters
ranged in size from less
than 1 mile (1.6 kilometers)
in diameter to nearly 660
miles (1,060 kilometers) in
diameter. However, due to the
active geological processes
constantly taking place on
Earth, many of these craters
have been erased over time.

Figure 3. Meteor Crater in Arizona, also known as Barringer Crater, was
formed 50,000 years ago and is about 1 mile in diameter.
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Scientists believe that the event that created
this crater was also responsible for the extinction
of dinosaurs. Studying craters up-close allows
scientists to learn about their formation as well
as the object that made the crater. It would be
very expensive and quite time consuming to go to
another planet such as Mars to learn about craters.
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This includes processes such as weathering,
erosion, mountain building, and volcanism (Figure
4). Still, scientists eagerly search the planet over
for craters to learn about the Earth’s geological
past. There are currently 150 to 200 known
craters on the Earth. Many of these craters are
below water, such as the famous Chicxulub crater
off the coast of Mexico (Figure 5).

Figure 4. Manicouagan Crater in Quebec, Canada,
as seen from the Space Shuttle. Over 210 million
years of weathering has erased much of the crater.
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In today’s activity you will also become an expert in
the study of craters, especially the ones on Mars.
However, before getting started you need to learn
more about the anatomy of a crater as well as the
processes involved in making a crater.

Figure 5. Location and size of the Chicxulub
crater. Note its size compared to the state of
Texas.

Figure 6. This drop of water looks very similar to an
impact crater. Notice how the water rebounds, or
bounces back, to form what scientists call a central
peak in a crater.
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Anatomy of a Crater
There are basically ﬁve parts to a crater that we will examine. They are the central peak, ﬂoor, wall,
rim, and ejecta blanket. Use the photograph below to help you identify each of these parts of the
crater (Figure 7).
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Figure 7. Parts of a complex crater from Yuty Crater, Mars.

Impact craters can be divided into three basic
types: simple craters, complex craters, and
multi-ring basins. The type of crater depends
upon the size and speed of the object that
makes the crater. Craters can range in size from
extremely small to thousands of kilometers across.
Simple craters are less than 3 miles (5 kilometers)
in diameter and have a bowl-shaped depression.
Meteor Crater is an example of a simple crater.
Complex craters have a larger diameter of 3 to
31 miles (5 to 50 kilometers) and a central peak.
Figure 8. Copernicus is an example of a complex lunar
The central peak is the result of the elastic
crater. Notice the central peak.
rebound caused by the shock waves when the
object impacts the planet (Figure 8). The force
of the impact sends huge amounts of energy deep below the surface of the planet. This energy
returns to the surface, bringing with it the rock that lies deep below (most often the oldest rock).
The rock’s strength keeps it from sinking back down and, as a result, a peak is formed. Multi-ring
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Different Craters
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Figure 9. Orientale Basin on the Moon is
an example of a multi-ring basin.

Figure 10. This image shows a closeup view of 1-millimeter diameter pits
on a lunar sample from Apollo 16.

At the opposite end of the size range is another crater.
These craters, however, require the use of a microscope
to see and are referred to as a zap pit crater. These were
discovered by geologists while examining the lunar rocks
returned to Earth by the Apollo astronauts. They are the
result of small, high-velocity particles crashing into the
Moon’s surface. Zap pit craters have even been found on
the Space Shuttle!
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basins are the largest of the three craters. These impact
features have diameters greater than 185 miles (300
kilometers). Inside the multi-ring basin are concentric rings.
When viewed from above, these rings give the crater the
appearance of having a bulls eye like target (Figure 9). The
forces behind a crater this size are a bit more complicated
than the other two.

Figure 11. This Mars image of Ravi Vallis shows different
size craters. The channel is 186 miles (300 kilometers) long.

Not All Craters are Alike!
Craters can vary from one to the next. One obvious example of this is the diameter of the craters.
Some are very wide and some not so wide (Figure 11). Other craters have a central peak and some
are missing this feature. It’s not by chance that craters are different. How a crater looks depends on
the size and mass of the object that made the crater in the
ﬁrst place as well as the material that makes up the planet’s
surface. A meteor crashing into a moist surface would appear
different than one that collides with solid rock.

Keeping in mind the parts of a crater as well as the
variables involved in making a crater, you are going to make
your own craters. Your craters, though, will be on a much
smaller scale. Still, you will collect useful data that will help
you identify speciﬁc craters on Mars as well as share your
thinking about how these craters were formed.

JHUAPL

Think Like a Scientist, Act Like a Scientist

Splat Craters

Splat Craters Investigation
Teacher Copy
Teachers, please be aware that this is a somewhat messy activity. Consider using newspapers or
shower curtains as drop cloths to make cleanup much easier. Another option would be to conduct
the experiment outside.

Materials:
• Aluminum pie pans, 2 per group
• Playground sand (2 cupfuls)
• Flour (approximately 1 cup)
• Water (approximately 150 milliliters)
• Plastic spoon
• 3 marbles
Medium-sized marbles seem to work best for this experiment.
These are marbles that are about 25 millimeters in diameter.
• Metric ruler
• Paper towels for cleaning up spills
Teachers may want to place newspaper or shower curtains over
tables and desk to make cleanup a little easier.
• Copies of Splat Craters Investigation, one per student

Procedure:
1. You and your group will need to begin by making a Mars-like surface.
a. Using one empty pie pan, add a layer of sand about 2 centimeters thick.
Place this to the side.
b. In the other pie pan add your cup of ﬂour and 150 milliliters of water. Using the
spoon, stir until the mixture is the consistency of pancake or cake batter. It should
drip off of the spoon like thick paint.
c. Carefully pour the ﬂour/water mixture on top of the sand in the other pie pan. Use
the spoon to carefully even out the mixture across the top of the sand.
Caution students not to mix the sand and the ﬂour/water mixture.
d. Using the remaining sand, carefully sprinkle it over the top of the ﬂour/water
mixture. You don’t need to add all of the sand, just enough to cover the surface.
e. You now have a small piece of the Mars surface!
2. Place your Mars surface on the ﬂoor away from anything that might get splattered by the
ﬂour/water and sand mixture.
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3. Holding the ﬁrst marble, carefully stand over the Mars surface and throw the marble into the
pie pan.
This might take some practice on the part of the students. Keep in mind, however, that the
small size of the pie pan won’t allow for a lot of craters. The key is to transfer enough force
to the marble so that it will cause the ﬂour/water mixture to “splat” out and over the top
layer of sand.
4. Carefully remove the marble and observe the crater and crater features. Record your
observations below.
5. Repeat steps 3 and 4 with the remaining two marbles. However, add a little more force to
the marbles when throwing them into the pie pan.
6. When you have ﬁnished making all three craters, use the paper towels to clean up and
throw away the pie pan with the Mars surface.
7. Finally, complete the conclusion questions.

Observations and Data
1. In the space below, draw and label the parts of your “best” crater.

Using a ruler, measure the diameter (in centimeters) of each crater and record the data on
the lines below.
First Crater _____

Second Crater_____ Third Crater_____
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Conclusion
1. Brieﬂy describe the features of the craters that you created. Consider how your craters
compare to those you read about in the article Impact Craters!
Responses should include details about the crater features as well as how they compare to
the four types they read about in the article. (Simple, complex, multi-ring basin, and zap pit
craters.)
2. Using your observations and data, compare crater sizes. How are they alike and how are
they different?
Responses should include numbers with labels as well as how they compare to one another.
3. Based on the various sizes of the craters and their features, give several reasons for their
similarities and differences.
Responses should include reasons for similarities and differences supported with details
(e.g., observations) from the experiment.
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Splat Craters Investigation
Student Copy
Materials:
• Aluminum pie pans, 2 per group
• Playground sand (2 cupfuls)
• Flour (approximately 1 cup)
• Water (approximately 150 milliliters)
• Plastic spoon
• 3 marbles
• Metric ruler
• Paper towels for cleaning up spills
• Copies of Splat Craters Investigation, one per student

Procedure:
1. You and your group will need to begin by making a Mars-like surface.
a. Using one empty pie pan, add a layer of sand about 2 centimeters thick.
Place this to the side.
b. In the other pie pan add your cup of ﬂour and 150 milliliters of water. Using the
spoon, stir until the mixture is the consistency of pancake or cake batter. It should
drip off of the spoon like thick paint.
c. Carefully pour the ﬂour/water mixture on top of the sand in the other pie pan. Use
the spoon to carefully even out the mixture across the top of the sand.
d. Using the remaining sand, carefully sprinkle it over the top of the ﬂour/water
mixture. You don’t need to add all of the sand, just enough to cover the surface.
e. You now have a small piece of the Mars surface!
2. Place your Mars surface on the ﬂoor away from anything that might get splattered by the
ﬂour/water and sand mixture.
3. Holding the ﬁrst marble, carefully stand over the Mars surface and throw the marble into the
pie pan.
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4. Carefully remove the marble and observe the crater and crater features. Record your
observations below.
5. Repeat steps 3 and 4 with the remaining two marbles. However, add a little more force to
the marbles when throwing them into the pie pan.
6. When you have ﬁnished making all three craters, use the paper towels to clean up and
throw away the contents of the pie pan.
7. Finally, complete the conclusion questions.

Observations and Data
1. In the space below, draw and label the parts of your “best” crater.
Using a ruler, measure the diameter (in centimeters) of each crater and record the data on the
lines below.

First Crater _____

Second Crater_____ Third Crater_____
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Conclusion
1. Brieﬂy describe the features of the craters that you created. Consider how your craters
compare to those you read about in the article Impact Craters!

2. Using your observations and data, compare crater sizes. How are they alike and
how are they different?

3. Based on the various sizes of the craters and their features, give several reasons for
their similarities and differences.
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Viking Images
NASA’s Viking mission consisted of two spacecraft – Viking 1 and Viking 2 – each containing an
orbiter and a lander. The mission is best known for the images it returned of the Martian surface
and the landers’ search for life. Although life was not detected, Viking returned a wealth of
information about the planet’s surface, temperature, atmospheric composition and meteorology.
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Below is a series of Viking images of various Mars craters. Compare the craters in these images to
the observations you recorded in the Splat activity.
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Complex crater on Mars

Crater Tarsus

Viking Images
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Crater in Chryse Planitia

Yuty Crater

Viking Images
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Arandas Crater

Pedestal Craters

Viking Images

Water on Mars: Where is it All?
By Diana Challis and Jim Mikoda
Reprinted with permission from Adler Planetarium and Museum
Copyright Adler Planetarium & Astronomy Museum

Unlike our Earth, where water is the most plentiful
substance on the planet, Mars contains no liquid
water. The temperature on Mars is so low and the
atmosphere is so thin and dry that liquid water is
very unstable. If you were standing on the Martian
surface and emptied a bottle of water onto the
ground, it would all instantaneously evaporate into
gas! So, how can there be any water on Mars if
liquid isn’t stable for even a second?
Water exists on Mars in the form of ice. The Viking
Orbiter has observed carbon dioxide ice at the
north pole, which partially evaporates and exposes
a water cap in the summer. In May 2002 the Mars
Odyssey spacecraft detected massive amounts of
water ice mixed in with the surface dirt around the
Figure 1. Pathﬁnder took this picture of
pole. The ice wasn’t found earlier because it wasn’t
clouds on Mars.
visible. However, Odyssey has a water-detecting
instrument on board which picked up this large deposit right away. Lastly, both the Viking and
Pathﬁnder landers have observed hazy clouds of ﬁne water ice crystals in the atmosphere.
Figure 1 is a picture Pathﬁnder took of the clouds.
There are also signs that water ice exists
below the surface of Mars in underground
deposits. These signs include rampart
craters, also called moat craters. Rampart
craters are impact holes surrounded
by ejecta material. They have a strong
ridge around the far edge of the ejecta,
suggesting that the material in the crater
ﬂowed out instead of being shot out. This
means, when the impacting meteorite
hit the surface, it may have liqueﬁed
underground ice. The ejecta would then
be a water/dirt mixture ﬂowing out from
the center of the crater. The result is craters
that tend to look like mud pies!

Single Lobe Ejecta: Patterns around this crater are formed
by ejecta material.
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Note that only the deep-penetrating craters
have this moat-like ridge around them, small
shallow craters do not. This implies that there
is a certain depth one must pass before any ice
can be found. Scientists’ best guess is that the
depth to ice is about 100 meters near the poles,
and about 400 meters near the hotter equator.
Any ice above this depth has evaporated away.

Pancake Ejecta: These craters have a deﬁnite halo-like
ring around the ejecta edge.

Gullies and channels (ﬁgure 2) are cliff edges
and crater walls with long channels coming
out of a cut in the cliff. The channels look like
they were formed by water, being that they are
very long with aprons and ﬁngers of material
extending far onto the ﬂatlands.
Again, this suggests that the ground contains a
ﬂowing water or ice-rich layer. It is believed that
if the soil did not contain any ice-like material, it
would not behave this way.

Pancake Ejecta: These craters have a deﬁnite halo-like
ring around the ejecta edge.

Figure 2. Could water be responsible for these long
channels and gullies?
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Chaotic terrain (ﬁgure 3) is a jumble of cracked
and collapsed blocks. It is often associated with
the outﬂow channels. These broken up regions
are thought to be created by the melting of
underground ice. The new water ﬂows downhill,
which causes the ground directly above it, at the
surface, to crack and slump in a disordered fashion.

Figure 3. Images like the one above suggest
to scientists that water once ﬂowed across the
surface of Mars.

Rampart craters, gullies and channels, and chaotic
terrain are all similar to glacial features found on
Earth. This suggests that there is ice present on or
inside Mars today. Knowing where critical resources
like water can be found is essential if humans are
going to send astronauts to Mars someday.
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