Features of the Frozen Earth... and Mars Levels V-V

Overview:

Students review the processes involved in pingo, ice wedge polygon, and Grades 9-12
thermokarst formation, and then explore those features on the Martian

surface. (NOTE: Prior to this lesson, you may wish to complete the Level IlI-IV classroom lesson
“Polygons, Pingos, and Thermokarst! Oh my!” which introduces the formation process of polygons,
pingos, and explains thermokarst.)

Objectives:
The student will identify the common factors between Mars and Earth that enable permafrost.

BSSD Standards Addressed:

Science
+ SC 5E.21.b (6E.21.b, 7E.21.b) The student demonstrates an understanding of geochemical
cycles by applying knowledge of the water cycle to explain changes in the Earth’s surface.

GLEs Addressed:

Science

* [9] SA1.1 The student demonstrates an understanding of the processes of science by asking
questions, predicting, observing, describing, measuring, classifying, making generalizations,
inferring, and communicating.

+ [10] SA1.1 The student demonstrates an understanding of the processes of science by asking
questions, predicting, observing, describing, measuring, classifying, making generalizations,
analyzing data, developing models, inferring, and communicating.

+ [9] SD1.2 The student demonstrates an understanding of geochemical cycles by applying
knowledge of the water cycle to explain changes in the Earth’s surface.

Science Basics:

Features seen on the surface of Mars might remind a permafrost scientist of what he or she sees
while looking at Alaska. Polygonal patterns and areas where soils have collapsed are features of both
Alaska and Mars. Photos of Mars show tear-drop shaped islands centered in small valleys, ancient
shorelines, channels carved by floods, and other features that look as if water existed on the Red
Planet. Though no water is visible on Mars, the Phoenix lander melted icy soil in one of its lab instru-
ments in 2008.

Materials:

 OVERHEAD: “Ice Wedges”

+ OVERHEAD: “Pingos”

« OVERHEAD: “Permafrost Features on Earth and Mars”
e STUDENT WORKSHEET: “Martian Permafrost”
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Activity Procedure:

1.

Distribute STUDENT WORKSHEET: “Martian Permafrost.” Instruct students to read the article. As a
class, discuss the article; ask students the following questions:

A. Why do scientists think there is permafrost on Mars? (The surface of Mars is covered with
polygonal soil, which is indicative of permafrost.)

B. What does the presence of permafrost on Mars indicate about its climate? (Much of Mars is
below freezing; there is ice in the soil.)

C. What can scientists do to verify that there is indeed permafrost on Mars? (Visit Mars and dig
holes; investigate the surface further to look for more features, etc.)

Explain thermokarst is the often irregular topography resulting from the melting of excess ground ice
and subsequent thaw settlement. Thermokarst terrain often includes features such as depressions in
the ground called alas, lakes, and mounds. Ice wedge polygons, a common feature in permafrost
terrain, often leave behind small mounds when they melt called thermokarst mounds, a common
characteristic of thermokarst terrain.

Remind students that polygons form when soil contracts, creating cracks. Show OVERHEAD: “Ice
Wedges.” Ice wedges are formed when water works its way into the cracks during spring melt. As the
water freezes, it forms a thin wedge of ice in the soil. In summer, the small wedges of ice remain in
the permafrost. In the winter, contraction cracks again form in the soil. This cycle repeats. Over time,
vertical layers of ice are formed.

In addition to ice wedge polygons, pingos are a common feature of permafrost zones. Pingos are
small hills or mounds consisting of a core of ice. They are formed in two ways and are differentiated
into two categories, closed-system pingos and open-system pingos.

Show OVERHEAD: “Pingos.” Closed system pingos are formed when a lake drains, leaving sand that
is saturated. The very wet sand is squeezed under pressure by the surrounding water and ultimately
pushed upward, where it freezes, forming a pingo.

The upwelling of groundwater contributes to the formation of an open-system pingo. As water pools
near the surface of the ground, it freezes. The freezing causes the water to expand, forcing the
ground upward.

Teacher’s Note: The upwelling of groundwater occurs through a process called artesian pressure.

Critical Thinking Question: Information Processing Method Show OVERHEAD: “Permafrost
Features on Earth and Mars.” Divide students into small groups, and ask them to list the similarities
and differences in the photographs.

Instruct students to answer the three questions on STUDENT WORKSHEET: “Martian Permafrost.”
Discuss students’ answers to #3 as a class.

Extension Idea: Instruct students to write a skit or radio script describing the scenario of flying over
Mars and seeing permafrost features. Students may introduce fantasy, but the focus should be on
pingos and polygons. Features should be accurately described and inferences should be logical and
explained. ([9-10] W4.2.1)

As a class, explore Google Mars at http://www.google.com/mars and look for thermokarst terrain and
other permafrost features. ([9-11] SA1.1)
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Answers:
1. C. Cold Climate

2.  Answers will vary but should indicate features common to permafrost zones on Earth have been
found on Mars.

3. Answers will vary.
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Name: Levels V-VI

Martian Permafrost
Student Worksheet

Directions: Read the excerpt from the Alaska Science Forum below, and answer the following three
guestions.

Alaska Science Forum, February 22, 1978
Martian Permafrost
Article #218
by T. Neil Davis

This column is provided as a public service by the Geophysical Institute, University of Alaska Fairbanks, in cooperation
with the UAF research community. T. Neil Davis is a seismologist at the institute.

The view from a satellite circling some parts of Mars is much the same as that from a light aircraft flying over
parts of Alaska. Polygonal soil and the slumping features caused by repeated freezing and thawing of the melting of
ground ice are seen many places in Alaska. Two U. S. Geological Survey scientists, Michael H. Carr and Gerald G.
Schaber, suggest that similar features on Mars indicate the existence of permafrost there, too.

On a hot Martian summer day, the temperature at low latitudes does rise above freezing at midday. However,
the average (mean annual) temperature everywhere on Mars is well below freezing. At latitudes higher than 40
degrees on Mars (which would be about the same latitude as northern California), ice in the soil is thought to be
able to exist permanently under present conditions.

Photographs of patterned (polygonal shapes) ground on Mars do look remarkably like those from Alaska.
There is one major difference: the Martian polygons are up to 20 kilometers across and thus are 200 times bigger
than the largest Alaskan polygons, which rarely exceed 100 meters.

These and other differences make it impossible to be absolutely certain that the patterned ground and chaotic
terrain observed on Mars actually is caused by permafrost. Contraction of cooling materials such as lavas can
produce similar features. Nevertheless, conditions on Mars are so favorable to the formation and retention of
permafrost that it is almost certain to exist there.

1. What feature(s) does Mars have that enables permafrost?
A. lce B. Water C. Cold climate

2. Why do scientists believe there is permafrost on Mars?

3. Do you think water behaves the same way on Earth as on Mars? Why or why not?
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