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INTRODUCTION

Mars is one of the most interesting planets for classroom study. Mars is roughly half the
diameter of Earth, but, surprisingly, its surface is almost the same size as all Earth’s land
areas combined. And just as Earth’s surface is altered by a tremendous variety of
processes, the same is true for Mars. However, the volcanoes, canyons, fluvial features
and dust storms on Mars are on an immense scale; many are the largest observed in the
solar system. Many of these features lend themselves well to classroom study because:

» geologic processes have occurred at a mammoth scale on Mars, and the landforms
associated with these processes are huge — many are the biggest examples found in
the solar system;

e the surface features are easy to see due to a lack of oceans, plants and thick clouds;
* while Mars has its own unique way of manifesting each process, there are distinct

parallels with the way these processes work on Earth, so students can learn both
Earth science and comparative planetology.

Consequently, Mars serves as a powerful vehicle to teach technology and physical,
life and earth sciences in an integrated, relevant way. In addition, Mars exploration
is at its beginning and much more is to be learned about Martian history than is
presently known. This provides students a unique opportunity to debate the
alternate hypotheses and to refine their own ideas based on the images and data
returned by the upcoming missions to Mars.

Ares Vallis illustrates one of the most interesting chapters in Martian history, the great
floods. The module uses experimentation, image analysis and modeling to examine
some evidence relating to the floods and puts the selection of the Pathfinder landing site
in context. Questions students will consider include: Are the channels really flood chan-
nels? What fluid is responsible for the flood channels and where did it come from? Was
the past climate of Mars considerably different? Will scientists actually find the diverse
assortment of rocks and sediments they expect to find at the Pathfinder landing site? In
addition, because the formation of certain features is often poorly understood, Mars
poses some challenging riddles. The competing explanations within the scientific com-
munity and the gaps in the existing evidence leave plenty of room for students to devel-
op their own hypotheses and amass evidence to support their ideas. Evidence can come
from the modeling, image analysis and experimentation students do in this module. By
the end of the module, students will understand how the features in Ares Vallis support
the idea that there were mammoth floods on Mars and how Pathfinder intends to exploit
such a history. In addition, they will better appreciate the reasons for planetary explo-
ration and the kinds of questions it can help us answer.






ORGANIZATION OF THE MODULE

The image set serves as the student material for this module. Ideally, each student
should have his or her own set, the way they are assigned text books. The Teacher
Handbook supplies reproducible student sheets for activities requiring such materials,
Since there are no daily student sheets, students should use their Mars journals to keep

The Great Martian f;;q¢§ track of the sequence of activities and to record the development of their thinking. The
and Pathfindor Landing Se following format would enable students to provide themselves daily continuity:
SEY

e Activity title and a general description of the activity.

¢ Asimple sketch of the activity setup.
¢ Atable containing any data collected.

e A few conclusions.

To provide both flexibility in terms of instruction and structure in terms of conceptual
and pedagogical flow, the module has been written as a Teacher Handbook.
This handbook:

* has an overview page summarizing the activity, content and skills goals, possible
misconceptions, materials, and time requirements;

¢ provides pertinent background information about the topic under investigation;

e describes each activity in a step-by-step fashion;

¢ alerts you to the key learning points in each activity;

* uses an “Applying the Model to Mars” section to provide context for student work;

¢ provides teaching hints such as where to look in the images to find examples that
illustrate the learning points;

» offers classroom management strategies, helpful hints, and answers to the questions;

* provides suggestions for leading discussions and synthesizing student
understanding;

* gives recommendations for acquiring materials;

suggests extensions, when appropriate.






s

This module provides teachers several options for assessing students:

* Students record their work and conclusions in their journals. Teachers can assess the
level of a student’s day-to-day engagement by reviewing his or her daily entries.

* Each activity has a question set that can be the basis of an assessment on that topic.

* The Teacher Pointers suggest alternate ways of exhibiting student understanding
such as poster reports, debates, and multimedia presentations.

» Each misconception listed in the “At a Glance” sections has an accompanying
question that can be used either to begin a discussion or as a preassessment question
to help students focus on the misconception. Student understanding can be assessed
at multiple points by obtaining written responses to single preassessment questions
that probe for misunderstandings.

* Since one of the best techniques for assessing inquiry learning in science involves
having students actually perform tasks that demonstrate their mastery, the case
study at the end of the module is the intended assessment of student
understanding. By having students discuss the Pathfinder landing site in the context
of four billion years of Martian history, the case study asks students to develop
hypotheses, use evidence to support their hypotheses, and present their ideas in an
organized way. As stated in the National Science Education Standards, “A well-
crafted justification demonstrates reasoning characterized by a succession of state-
ments that follow one another logically without gaps from statement to statement.”
Whether the story is a report, presentation, series of experiments, poster or
multimedia presentation, the case study is a powerful way to gauge the level of
student understanding.

Specific classroom managment stratagies relating to each activity are described in the
activity notes. For some activities, it may be possible to break the class into several
groups which conduct the activity in parallel. Teachers using this approach should ask
groups to compare results and to try to explain any major differences observed. Itis
very useful for students to understand that duplicate experiments often do not produce
identical results. '






MODULE ACTIVITIES

AND THE SCIENCE THEMES

Like Earth, Mars has valleys that seem to be caused by a flowing fluid, presumably
water. One can see dendritic drainage patterns as well as flood channels on the Martian
surface. This module focuses on whether the channels observed on Mars are evidence of
great floods and, if so, on how Pathfinder intends to use the debris from such floods to
obtain information about four billion years of Martian geologic history.

Using a stream table and setting it at various inclinations, students develop an eye for
features associated with flowing water. To consider the idea of whether water once
flowed on the surface of Mars, students choose three landforms that seem to have been
shaped or created by flowing surface water and discuss how they may have formed both
with and without flowing water. Also, by examining how flowing water sorts particles
according to size, students see what sediment can reveal about the speed of the water
that deposited it. Finally, students examine images of Mars to see if there are any fea-
tures suggesting the presence of flowing water at one time or another.

Students study images of the teardrop-shaped landforms and list what they think are the
most important reasons for why these landforms took on their particular shapes. They
identify the variables and attempt to recreate the teardrop shapes in the stream table. By
attempting to create a specific shape in their stream table, students gain experience in
experimental design and in how altering variables leads to different results.

By having ice melt from under a layer of sand and causing the surface to deform, stu-

dents create a simplified model the formation of chaotic terrain. Then, students compare

their models to images showing chaotic terrain on Mars. They learn several identifying

features and try to identify additional examples of chaotic terrain seen in the image set.

Finally, they consider ways to improve their models to resemble the Martian chaotic ter- i
rain more closely.

Students read about geologist J. Harlen Bretz's efforts to provide a coherent explanation

for the creation of the Channeled Scablands of eastern Washington State and about some

of the evidence he used to support his idea of a cataclysmic flood being responsible for i
its creation. By examining some of this evidence, students hypothesize about processes ‘
that might account for these apparently unrelated features, ultimately creating a hypoth-

esis the entire class can support. Next, students look at images of flood channels on

Mars and see if their Scabland hypothesis explains anything about the Martian channels.

To draw a sharper comparison, students complete a sheet directly comparing some Scab-

land and Martian features. Finally, students read an essay describing the outcome of

Bretz's work and the gradual acceptance of his ideas.






Students model catastrophic flooding. Working at a larger scale than is possible in a
stream table -- either at a beach or on a sand-covered driveway — students create a sud-
den outflow of water and observe the shapes created by the flooding. Students observe
separating and rejoining channels, streamlined shapes, ripples and poorly-sorted sedi-
ments,

This activity introduces students to one of the main geologic reasons why the mouth of
the Ares Vallis is such a desirable landing site for Mars Pathfinder. By examining sand
samples from different locations, students realize that sediments can provide information
about where they originated and how they were deposited. By looking at the abundance
of various minerals and the condition of the grains, students formulate a reasonable his-
tory for each sand sample. They then locate Ares Vallis on a map and speculate about
what Pathfinder might find in the sediments there.

Students examine images of the Martian flood channels, focusing especially on Ares Val-
lis. They analyze the surface features around the landing site and discover that it is locat-
ed at the mouth of a large channel. Tracing this channel toward its origin, students deter-
mine its dimensions and see how the channel emanates from several areas of chaotic ter-
rain. They then use crater densities to determine that Ares Vallis crosses a variety of ter-
rains formed at different times in Martian geologic history. Next, students consider the
types of rocks and sediments that Pathfinder might find at the mouth of a large flood
channel that crosses a landscape with considerable geological diversity. Finally, students
write a story explaining how features in Ares Vallis support the idea that there were
mammoth floods on Mars and how Pathfinder intends to use flood debris to shed light on
Martian geologic history.

The final activity invites students to develop an on-going connection with the upcoming
Mars missions. By reflecting on their experiences in the module, students articulate ques-
tions and pinpoint specific information they would like to obtain. Students create a list of
questions that have arisen during their work. They then read about the instruments on
the Pathfinder and Mars Global Surveyor and relate the information these instruments will
provide to their questions. Finally, students create a calendar for the missions and con-
sider how they will access the information returned by the probes.
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Image 1 Regional map of the channels descending from the highland plateaun to the low-lying Chryse Planitia (Chryse plain) 2-3 km (1.25 mi) below.

This map adjoins Image 2.
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Image 2 Regional map of the chaotic terrain at the eastern end of Valles Marineris (the Mariner Valleys). Note the lani and Margaritifer Chaos in the

highland plateau at the head of Ares Vallis (Ares Valley). This map adjoins Image 1.

Emat





Image 3 Photomosaic (1.e., using many small images to create one large image) of the terminus of Ares Vallis
where it joins the Chryse Planitia, and a close-up of the Pathfinder landing site.
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Image 4 Photmosaic of the terminus of Ares Vallis where it joins the Chryse Planitia. This photomosaic adjoins Image 7.
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Image 5 Photmosaic showing where the Ares, Tiu, Simud and Shalbatana Valles join the Chryse Planitia.

The inset shows the Scablands at the same scale. The scale is on the south edge ol the image.





Image 6 Photomosaic showing the region surrounding the 10O km x 200 km ellipse (superimposed
on the image) that marks where NASA intends to land Pathfinder. From which direction
might the spacecralt approach the landing site” Why is the landing site an ellipse and
not a cirele’?
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Image 7 Photomosaic centering on the Tiu Vallis.
This photomosaic adj
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Image 8a Giant pot holes, hundreds of feet deep, in the Columbia Platean.






Image 8b Distinet boundary: Scablands stripped of soil on one side of the road and Ffarm felds
on the other side.





Image 8¢ Teardrop-shaped hill in the middle of a field.






Image 8d Satellite view of the Scablands.





Image S¢ 100 1T high hills of soil surrounded by scablands and dry channels.






Image 8f 300 ft tall cliffs, dry channels and scablands at Dry Falls, Washington.






Image 8g 300-4{H} ft deep chasms at Palouse Falls. The chasm and surrounding plateau are stripped of soil.

Soil only exists on the highest mesas in the area.






Image 8h A flield filled with erratics, rocks far lrom their points ol origin.
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8] Hanging Valley {arrow) in wall of Lower G Coulee. River cut V-shaped valley
indicates conditions before the cliff face developed.
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Image 9 Photomosaic of the Arabia Terra (extensive land mass) cut by Ares Vallis. Note Aram Chaos. Also shown is a crater that has been breached

by a flowing fluid. This photomosaic adjoins 7 and 12.
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How Does Flowing Water
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. ¢ One tool geologists use to learn about the effects of flowing water is a stream table. In this
activity students use a simplified version of a stream table to study stream bed steepness and
to identify telltale clues of flowing water such as mud flows, meanders, streamlined land-
forms, braided channels, outwash plains, alluvial fans and islands. Also, by examining how
flowing water sorts particles according to size and density, students see what sediment can
reveal about the speed of the water that deposited it. Finally, students look at images of the
surface of Mars to determine whether water actually flowed across the surface.

R

Image of where the Ares and Tiu Valleys join the Chryse Planitia.
Image Set Image #5.






PROCEDURE

1. Line the tray with a layer of damp sand about 2 cm deep.

Fig 1.1
Cross-sectional view of the channel in the sand.

2. Design a standard river bed containing a small bend. Sketch the starting layout.
To make o standard starting river bed, depress a centimeter cube in the sand to make a centimeler-deep channel (see
Fig. 1.1 & Teaching Pointers).

Quart or Liter Jug

g e ————— .
th Wat
Wallpaper tray lined wt wer

with Sand
Blocks or Stand

Table

3. Set one end of the tray on your stand (or pile of blocks) and adjust the stream table so it sits at an angle
of 20 degrees (Fig 1.2). (Avoid using books which accidentally might get wet.)

4. Release just enough water so there is a steady stream flowing in the channel.
Use a quart or liter bottle. Fill it only a quarter full and have students refill each time. If it is filled loo
much, the water will pour out unevenly. To assure an even, gentle flow, pouring from near the lip of the
tray is recommended.

5. Have students watch what happens to the bend. Does it move? If so, how far? Does the flowing water
move it upstream or downstream?
In Step 8 students will change the slope of the tray. The water will create mud flows and destroy the bend until the
tray angle is close to 5 degrees. However, destroying the bend is precisely the point. For students io understand
that the inclination of river and channel beds is, in fact, quite low — below 5 degrees, creating the mindset that
“everything turns into a mud flow” is desirable. By having students expect only mud flows, they are genuinely
surprised when, near 5 degrees, they observe flowing water behave in quite a new way.






PROCEDURE cont.

10.

After releasing all the water or as soon as the bend is destroyed, describe or draw what happened to the
bend. Note any shapes created, the extent of the erosion, mud flows, wash-outs, etc. Use the calibrations
on the sides of the stream table to document where each feature occurred. Note if the flowing water had
an effect right away or only after it had flowed for a while.

Feign surprise at all the mud flows. Don't let on that you know that there will be nothing but mud flows

until the tray angle is near five degrees.

Using the large and small cups, scoop the water out of the end of the tray, smooth the sand, and restore
the river bed to the standard starting river bed.

Large cups enable students to remnove most of the water, but they will need smaller cups to eliminate all

the standing water. All waste water should be put into collecting buckets which get dumped outside or in o
toilet. IF SAND-LADEN WATER IS PUT INTO A SINK, IT WILL CLOG THE SINK.

Repeat Steps 1-7 three times using 15, 10 and 5 degrees as the new stream table angles.

You may want to shorten the activity by using 25, 15 and 5 degrees as the tray angles. Flowever, the benefil of doing
trials at 20, 15, 10 and 5 degrees is that students get a lot of experience with wud flows and observe with particular
care as the braided channels, meanders and islands form at the low angles.

In a table summarize what happened as the stream table angle went from 20 to 15 degrees. From 15 to 10
degrees. From 10 to 5 degrees. From 20 to 5 degrees. Also, write a statement that summarizes the
relationship between the rate at which the water flows and its ability to erode the sand.

This data is qualitative and does not lend itself to easy categorization. Nonetheless, students can succeed

in this activity using qualitative data. See if your students can devise ways to quantify or systematize this
information. Creating such iables is a valuable exercise in classifying and organizing data. Can this dain

e graphed? What kinds of graphs can and cannot be used?

Report your data.

You may want to have growps report their data to a class data table. For the higher iray angles, you
probably will end up writing "mud flow.” It is important for students to realize that viver and chonnel
beds are actually quite shallow.

Image #4 from the Image Set showing where the Ares
Vallis joins the Chryse Planitia.






11. Create the standard river channel (Fig. 1.1) and incline the stream table at 3-5 degrees.

12. Start a continuous flow in the channel. Watch the motion of individual sand grains along the stream banks
and identify patterns in how flowing water carries sediments.
¢ Does flowing water pluck sand grains from the upstream or downstream side of the bend?
¢ Where do those grains get deposited?
o Add pebbles to the sand to look at the way obstructions effect erosion.
e Compare the effects of flowing water on large and small-sized sediments.
Small, light sediments are carried more easily by flowing water than large, heavy sediments. Fast flowing water has
more energy and can carry larger sediments (i.c., pebbles and rocks) than slowly flowing water. Consequently, along &
walérway one expects ta see well sovted sediments with small, light sediments downstream, at the bottom of areas of
calm flow such as pools, and on the inside of meanders. It is important for students to understand this os the lypical

arrangement because it raises an important question when they encounter sediments that show no such pattern.
In Activity 4, students will encounter gravel and 120 ton boulders in the same deposit, suggesting deposition by floods.

13. To experiment further with how flowing water carries sediments, float a small, colored candy or small piece
of paper down the flowing water.

14. Summarize how gently-flowing water typically sorts sediments.

Questions

1. Why was it important for the class to agree on the shape of the standard starting river bed, the amount of
water to use and how to release the water? ~

2. How would you make the water flow if you wanted to:
a) move a lot of sediment from the headwaters to the mouth of a stream?
b) create features such as islands, sand bars, pools and braided channels?
c) cut a deep stream channel?
d) create a delta where a stream enters a lake or ocean?

e) create a winding stream?

3. Using maps or direct observation, can you identify any examples of shapes you saw in the stream table in the
rivers and streams that flow in your local area?
Find maps of waterways in your area that have islands, sandbars and deltas. USGS topographic maps show such
features in detail.






APPLYING THE MODEL TO MARS

The stream table shows that water makes distinct patterns when it erodes a landscape and
deposits sediments. For water to have flowed on the surface of Mars, the planet would have
to have been a very different place -- far warmer and with a denser atmosphere. Can planets
change so drastically? Could Earth ever become a cold, dry planet like Mars? Such questions
are among the mysteries posed by Mars. In this part of the activity, students are asked to find
evidence that either supports or sows doubt about the claim that liquid water flowed over the x

surface of Mars.

Fig. 1.3

The Chryse Planitia at

the Mouth of Ares Vallis. i

Image Set image # 3. |

Ask the students to do the following:

1. Compare the shapes they observed in the stream table with Martian land
forms in the image packet. Identify as many ways as possible that these landforms and
stream table shapes are alike and different.

2. Choose three landforms that seem to have been created or shaped by flowing surface water.

3. For each of these landforms, create two lists. In one list, include ideas supporting the
concept that flowing water shaped each landform. In the other list, provide alternate
explanations for how each landform could have formed in the absence of water. i

4. Use the library (or Web) to research the question: Why do people think present-day Mars !
cannot have substantial amounts of liquid water at the surface?

Mike Caplinger has written a superb essay, "Channels and Valleys,” discussing some of the evidence
for water having flowed on Mars. It appears at the end of this activity. Read it before doing this part
of the activity because in it he lays out much of the evidence for water flowing on Mars, and he pro-
vides many images to support this idea.

In this and subsequent activities, the use of the word SAND may lead students to expect to find sand
on Mars. Surprisingly, no sand has been found on Mars. Several explanations have been put forward:

& The tremendous winds seem to have pulverized the “soil” into a fine silt texture;

®  The rocks on Mars may be fine-grained and do not weather into sand-sized particles;

R SOETE S $ ; ' »  Weathering, and not the wind, has reduced surface particles to silt and dust size.
‘ xl : R ¢ Sand may be abundant, but there did not happen to be any at the two landing sites of the ‘
: R Viking mission Students could be encouraged to express their ideas on why the Viking '

landers did not find any sund-sized particles. They could compare the surface area of
Mars to the land areq of Earth (they are nearly the same) and ask themselves: If two
landers came to Earth, what are the chances that they would find sand within a few feet
of their landing sites?






TEACHING POINTERS

Since you want to be able to compare results from different groups, it is important to use ‘
standard procedures. For example, for the standard river, have students think about: how Ly 0
deep the channel should be, where it should bend, how far the channel should bend away _ 3
from the mid-line, how long the run of the bend should be, how much water to use, and how ’
the water should be released. Though students can obtain similar results with a straight
channel, the bend gives them something specific on which to focus and collect data. One
very successful setup is making a straight channel to the 25-centimetet mark on the tray,
smoothly swing it one centimeter away from the tray's mid-line, and then have it rejoin the
tray's mid-line at 30 centimeters (Fig. 1.4).

Wallpaper tray

25 cm mark
Bend

30 cm mark
Stream Channel

Fig 1.4
An example of a channel design
that works well in this activity.

For the best flow rate, release just enough water so a steady stream flows in the channel. For
the effects to show, the stream need only flow thirty seconds to a minute. Another way to
control the flow is to pour the water into a funnel held over the upper end of the stream
table. Its release rate is partly predetermined by the diameter of the funnel's opening.

EXTENSIONS

After establishing that stream features form only at low angles and identifying patterns in
sediment sorting, have students collect data on:

» which side of the bend sediments are deposited and removed.

* what landforms are created at angles lower than 5 degrees.

e at what angles do braided channels and streamlined islands form.

.

what happens when water is released at different heights or rates or in different o 3 ’
amounts, CUNE






by Mike Caplinger

Malin Space Science Systems (mc@msss.com)
from the Mars Educational Multimedia CD-ROM
produced by the Center for Mars Exploration
(415) 604-0421 or cmex_cd@barsoom.arc.nasa.gov

Under current conditions, liquid water on the surface of Mars would either freeze or evaporate almost
immediately. The atmosphere, too, is almost without water. Thus, one would not expect to find features that
look like those carved by rivers and floods on Earth. But, surprisingly, these can be found almost every-
where on the planet. How and when were they formed?

These features are divided into two types: outflow channels and valley networks. Qutflow channels origi-
nate in areas of chaotic terrain which are considered the source for immense amounts of floodwater that
etched these channels into the Martian surface. Valley networks are present over almost half the planet and,
superficially, are reminiscent of the branching river patterns observed in terrestrial river systems. The out-
flow channels occur mainly in the young surfaces in the northern lowlands (from the Amazonian period of
Martian history), while the valley networks occur throughout the older heavily-cratered terrains of the
Noachian and Hesperian periods. This suggests that the outflow channels were formed after the valley net-
works.

(As an aside, it must be noted that "young" is a relative term. Since the main techniques we have to date sur-
faces on Mars are based on the cratering record, it is difficult to resolve ages after the period of heavy bom-
bardment that created most of the craters, and this period ended perhaps as long as 3.8 billion years ago. So
even though the outflow channels are younger than the valley networks, they are probably not young in
any absolute sense.)

Fig, 1
Map showing the location of most of the outflow channels. Image Set image #16.






Outflow Channels

Most of the outflow channels are in the northern lowlands north of Valles Marineris, just west of the Chryse region (Fig. 1).
The outflow channels are large, often more than 100 km wide and as much as 2000 km long. They emanate from cracked
or jumbled terrain (termed chaotic terrain) and have distinct flow features such as eroded craters with teardrop-shaped
tails, scour marks, and "islands". .

Fig.2
Tiu Vallis. Image Set image #4.

Tiu Vallis (Fig. 2) appears to have started from an area of collapsed terrain, a region known as Hydaspis Chaos (Fig. 3),
moved northward through a fairly narrow channel, and then spread out and eroded a large area to the north and west.
A more detailed view of the source shows the chaotic terrain, the initial channels, and various eroded features.

Fig.3
Hydaspis Chaos, the source of Tiu Vallis.






Erosional features in the outflow channels often form around obstacles such as craters, such as these at the
mouth of Ares Vallis (Fig. 4). As generally interpreted, the streamlined islands were protected from the fluid
flow's erosion by the craters. (An alternative hypothesis is that the tails are depositional features where
material was laid down in the lee of the crater during the flow.)

Fig. 4
Eroded Craters at the terminus of the Ares Vallis. Image Set image #10.

Not all of the outflow channels start in chaotic terrain; some, such as Mangala Vallis, appear to start at deep
cracks known as grabens (Fig. 5).

Fig.5
Source of Mangala Vailis.






What formed the outflow channels? The most commonly-accepted view is that they were formed by cata-
strophic floods of water released from large groundwater reservoirs. The water would have flowed
across the terrain, simultaneously freezing and evaporating. Some speculate that the chunks of ice that
would have rapidly formed enhanced the erosive power of the flood. The flow might have frozen over at
the surface, continuing to flow underneath, much as a frozen river might.

There are some objections to the catastrophic flood explanation. There are no obvious deposits at the ends
of the channels; all the material that was eroded away by the flood would have presumably been left
there, but it is not seen in the orbital photos. In addition, the volumes of the source areas don't seem to be
large enough to account for all the water that would have been regjuired to erode the affected areas, based
on models of the efficiency of erosion by water.

= - o " Fig.6

Artist's conception of a cata-
strophic flood sweeping down
the Columbia River.

Catastrophic floods have occurred on Earth. For example, the Channeled Scabland of Washington State
was formed by the breakout of water from the Pleistocene Lake Missoula (Fig. 6), and this area resembles
the Martian outflow channels in many respects. However, it is much easier to understand how standing
water could accumulate in a lake and then break out of the lake's boundaries than it is to see how large
amounts of groundwater could suddenly be released. Since lakes on Mars are impossible under current
atmospheric conditions, the groundwater hypothesis has the advantage of being possible under current
conditions, without requiring a period of denser atmosphere and a wetter climate in early Martian
history.

As with many other aspects of Martian geology, we really won't be sure exactly how the outflow chan-
nels formed until we can do fieldwork on the planet. It may be possible to get a better idea using higher-
resolution imaging data taken from orbit, and this is one of the things we hope to examine using the
Mars Observer camera. The images taken at the surface by Mars Pathfinder, which will land in the outflow
region of Ares and Tiu Valleys, will also shed light on this issue.






Valleys Networks
The valleys can be loosely divided into two subtypes: long, winding valleys with few tributaries (Fig. 7), and
smaller valley networks, often with complex, multiply-branched patterns of tributaries (Fig. 8).

Fig. 7 Fig.8

Nirgil Vallis, an example of a long, winding A small, winding valley network in
valley network south of the eastern end of the Lunae Planum.

Valles Marineris.

Superficially, the valley networks resemble river-cut valleys on Earth, and initial speculation focused on this
explanation for them. Despite the fact that there is no running water or rain on Mars at the present time, earli-
er in Martian history such conditions might have prevailed. However, on further examination, there are signif-
icant differences between the Martian valleys and river valleys on Earth. First and most important, a terrestrial
river valley contains a river, or at least a dry river bed, and no such features have been seen on Mars at the res-
olution limit of our current images. (It is important to note that a valley is not a channel -- the fluid never filled
the valley up to its rim, but was carried only in the channel that cut the valley over time.) In addition, even the
densest tributary networks on Mars are much sparser than their terrestrial counterparts. These facts argue
against a purely running-water origin for the Martian valleys.

An alternate explanation involves sapping processes, the weathering and erosion of terrain by emerging
groundwater. When the underlying soil is weakened by groundwater flow, the overlying surface collapses.
Similar processes have acted on Earth in, for example, the Navajo Sandstone of the Colorado Plateau. This
explanation works well for the long winding valleys such as Nirgal Vallis. For the more complex small valley
networks, a mixture of the two mechanisms may be required, in which the valleys were initially formed by
runoff of water, and then enhanced by sapping.

Conclusions

Today, based on our observations from orbit, Mars appears to be very dry. There is little water in the atmos-
phere and only a small amount of water ice in evidence on the surface. Yet the planet is covered with features
that are best explained by the movement of water, either in catastrophic floods or the slow movement of
groundwater. Whether that water was present early in the history of Mars and was lost to space over eons, or
is still present in great underground deposits of ice and groundwater, is a question whose answer must be left
for the future exploration of Mars.

g R







ACTIVITY 2

Can You Make Teardrop Shapes
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Overview

Students study images of Martian teardrop-
shaped landforms and list what they think are
the most important reasons for why these land-
forms took on their particular shapes, They
identify the variables and attempt to recreate
the teardrop shapes in the stream table. By
attempting to create a specific shape in their
stream table, students gain experience in exper-
imental design and in how altering variables
leads to different results.

Content Goals

The teardrop-shaped landforms at the
mouth of Ares Vallis lend strong support to
the idea that water flowed on Mars.

Skill Goals

* Designing and conducting experiments to
test hypotheses.

=  Controlling variables to understand cause
and effect.

* Documenting the experimentation carefully
so that others can repeat the work.

*  Analyzing the data collected in a data table.

Possible Misconception
Landforms are shaped the way they
are for no particular reason.

Ask: How do mounlains, valleys, plains,
ete. get their shapes?

Materials

Stream table, different grades of sand, cake
frosting, bottle caps, assorted materials related
to the set ups you create, image packet and as
many additional images of the teardrop-
shaped landforms at the mouth of Ares Vallis
as possible.

Time
1-3 class periods






BACKGROUND Nﬂ
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In Activity 1, students released the water and observed its effect on the sand. Activity 2
has a different goal. Rather than leaving the shapes up to chance, students are asked to

create a very specific shape — landforms similar in shape to those at the mouth of Ares
Vallis pictured in Fig. 2.1.

Fig. 2.1
Landforms at the Mouth of the Ares Vallis. Bottomn landform is 45 km in length.
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Have your students study Image 10 and list the three things they think were most important in having these land-
forms take on their particular shapes.

This might include things such as the crater, the direction of water flow, the rate of water flow, the size of the sediments,

the height and initial shape of the landform, the degree of soil compaction, the relative positions of the three craters, elc.

Have students make a list of all the things they could change (i.e., the variables) in order to create particular shapes in
the stream table.

This might include the stream table angle, size of particles making up the channel bed, the amount of water used, the

length of time the water flows, the rate of release, obstacles in the water course, the amount of sand in the stream

fible, the compaction of the channel bed, eic.

As a class, discuss the topics below.

»  What is the actual size of the crater and landforms?
(Landforms are 45 km [28 mi] long. Crater is 10 km [6.25 mi] across.)

» [f the channel in the stream table were scaled up to the width of Ares Vallis (25 km [16 mi]), how big would the
scaled-up sand particles be? What is the significance of this?
(The sand particles would be boulder size at a comparable scale and therefore the surface textures of the channel and
the model will be different.)

« Did the impact craters come before the shaping of the landform? (Yes) How can one tell?
(Its ejecta blankef has been eroded.)

* Have students look at Images 1 or 5. What does the presence of many streamlined landforms over a wide
area suggest? (Large amounts of waler may have flowed at one time.)

Review the activity challenge and ground rules below with your class.

Once a group has obtained a teardrop-shaped landform and the class has seen it, ask them to repeat their initial
success by following the procedure they wrote down.

Challenge

Create landforms in the stream table similar in shape to those pictured in Image 10.

a)

b)

c)

Ground _Rﬁies.l"”:' o .

Flowing water can be the only shaping agent.

Prior to releasing the water, you can prepare the channel in any way except by actually forming the landform shapes
you are trying to have the water create.

For each setup you must document how you prepared the channel, which variables you held constant and which ones
you changed, and how the water affected the setup. The documentation has to be specific enough so that some

one else could achieve a similar result by following your descriptions.

Students might consider varying things such as the inclination of the stream table, rate of water flow, amount of water, presence
of obstacles, degree to which the sand is packed, or size of sand grains (if different grades are available). They might also see if
having impact crafers makes a difference,

‘Activity 2: Can You Make Teardrop Shapes Similar to Those on Mars?






TEACHING POINTERS
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You may want to let students experiment with different materials for the stream chan-
nel. For example, finer sand will give different results than large-grained or mixed
sands. Some teachers report obtaining shapes nearly identical to Image 10 using pre-
pared cake frosting. This is not as surprising as it may seem. Scale is a problem in
the stream table. When comparing the sizes of the channels in the stream table and
Ares Vallis, each sand grain in the stream table is more on the scale of a gigantic boul-
der. The stream table channel and sand would have to be much smaller to properly
represent the channel and silt in Ares Vallis. We cannot make the channel much
smaller, but we can make the particles comprising the channel smaller. Hence, cake
frosting. Cake frosting's particle size is smaller than sand’s, and it is malleable and
can be shaped by flowing water.

Set out a variety of items such as bottle caps, pipe cleaners, straws, nuts, bolts or peb-
bles and sticks to direct the flow of water and blocks to tamp the sand. Let students
select from the assortment. They should think carefully about the role of the craters
and use materials and techniques to reproduce their effects. It is likely that students
will notice teardrop-shaped islands forming around craters. Bottle caps set in the
frosting with the stream table set at about a one-degree slope work well.

L b el

Activity 2: CanYou Make Teardrop Shapes Similar to Those on Mars?







ACTIVITY 3

What Is Chaotic Terrain?
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@ AT A GLANCE

Overview Skill Goals

By having ice melt from under a layer of sand » Model a distinct landscape, chaotic terrain.
and causing the surface to deform, students
create a simplified model of the formation of
chaotic terrain. Then, students compare their

s  Compare the model with images of chaotic
terrain on Mars.

models {o images showing chaotic terrain on * Identify areas of chaotic terrain in the
Mars. They learn several identifying features images based on several characteristic
and try to identify additional examples of features,

chaotic terrain seen in the image set. Finally,
they consider ways to improve their models to
resemble the Martian chactic terrain more
closely.

* Redesign the model to resemble the
Martian chaotic terrain more closely.

Possible Misconception
[ce and water reside or flow through soil but
lend it no structural support.
Ask: Where might ice or water give the ground

Content Goals
some struchiral support?

* Chaotic terrain is thought to form when the
remaoval of subsurface water or ice causes a
loss of support, and the ground collapses
under its own weight.

*  Areas of chaotic terrain are lower than the
surrounding plateau, have irregularly-
shaped, variously-sized blocks of crust on
the depression floor, and have channels
leading away from them.

Materials
Trimmed, disposable aluminum cookie sheet,
ice, sand, and washers or blocks of wood.

+ (Chaotic terrain is considered a source for
the fluid(s) that created the channels.

Time
Two class periods.

e
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BACKGROUND “

Chaotic terrain is a common feature found within
the outflow channels, along their banks, and at their
heads. It is a landscape consisting of a haphazard
jumble of large, angular blocks of crust and arc-
shaped slump blocks (Fig. 3.1). Chaotic terrain is
not found on Earth, and on Mars it occurs mainly
between Vallis Marineris and the Chryse Planitia. It
is thought that removal of fluid from below the sur-
face caused a loss of support, and the ground col-
lapsed under its own weight leaving irregularly-
shaped, variously-sized blocks of crust on the
depression floor.

Fig. 3.1
The Hydaspis Chaos at the head of the Tiv Vallis,

Several hypotheses for the collapse of the Martian crust seen in chaotic terrain include:
+ the withdrawal of subsurface ice;

* the withdrawal of subsurface magma;

* the flow of groundwater;

* the draining of an aquifer — groundwater might have been kept under pressure by a permafrost or rock cap
and was released catastrophically when the cap ruptured;

* acombination of several of these mechanisms.

Outflow channels and chaotic terrain are almost always found I:uget'her, suggesting that H‘-E}* are related in ori-
gin. Channels extend downslope from the chaotic terrain, indicating that the fluid that excavated the channels
flowed from the chaos. While scientists have proposed runny lava, mud flows, and ice as eroding fluids that
might have created the outflow channels, the fluid is generally thought to be water or some ground ice whose
melting produced the channel-cutting fluids.

The elevated plateau east of Vallis Marineris is interrupted by the chaotic terrain and outflow channels. The kilo-
meter-sized knobs and irregularly-shaped mesas strewn through this landscape apparently derive from the
breakup of plateau rocks. When the sub-surface materials were removed, the plateau materials subsided, frac-
tured and slumped, resulting in the characteristic chaotic landscape.

MNote the regular distribution of the collapsed plateau materials at the eastern end of Vallis Marineris (Fig. 3.2).
This appearance is similar to patterns seen in areas affected by crustal extension. In these areas, blocks of crust
separate in response to forces tending to pull them apart and have a regular pattern.

Terrain?
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Activity 3: What Is Chaotic





Fig. 3.2
An exartple of chaotic terrain af the eastern end of Vallis Marineris. Image Set image 215,

Examples of crustal extension can be seen at the top of domes that have been uplifted. In fact, the chaos and
channels are on the periphery of an enormous, 11-km dome called the Tharsis Rise, so uplift is a very likely
cause of the regional crustal extension and the regularly fractured distribution of the plateau material on the
canyon floors. One of the mechanisms associated with uplift is a rising magma plume. Since such plumes
bring magma close to the surface, ice and permafrost may have been melted, resulting in the release of large
volumes of water.

One possible sequence explaining the chaotic terrain is as follows:

magma plumes uplift a large area including the plateau at the head of the Ares Vallis;

the magma’s heat melts subsurface ice or permafrost, releasing water, or, if the permafrost acted as a cap
to an underlying aquifer, the aquifer releases its water;

the released water creates large channels as it flows from the elevated plateau to the low-lying plains to
the northeast;

the removal of the water or ice causes a loss of support, and the ground collapses under its own weight
leaving irregular blocks of erust on the depression floor;

the blocks form a characteristic pattern due to further crustal extension and erosion.

Activity 3: What Is Chaotic





Fig.3.3
Houwe to layer the ice.

Fig.3.4

Fig.3.5

The completed activity setup.

)

Lay at least 12 ice cubes or several sheets of ice on a disposable cookie
sheet (Fig. 3.3).

Prior to starting, trim away one end of the disposable aluminum cookie trays
50 water can drain ot rather than pool under the sand.

Surround the ice with sand so that the ice is totally surrounded by
sand (Fig. 3.4).

Cover the ice and surrounding sand with a 1-em (0.5 inch) layer of
sand.

Set the cookie tray in a place where the water from the melting ice can
safely drain.

Using washers or blocks of wood, elevate the uncut end of the tray 5
cm (2 inches).

Gently pack the sand so its surface is smooth and without any cbvious
cracks (Fig. 3.5).

After the ice melts, observe what the surface looks like (Fig. 3.6).

Fig.3.6
What surface looks like after the ice melts,

Questions

What are the key elements and conditions necessary in order for
chaotic terrain to form?

2. What are the strengths and weaknesses of this model?

Activity 3: What Is Chaotic Terrain? iy






APPLYING THE MODEL TO MARS

1. Have students compare Image 15 to the surface of the sand in their
model. How are they alike and different?

2. Search for areas of chaotic terrain that feed Ares Vallis, How many are there?
(Four.) Where are the}—? {Two at the head [Margaritifer and lani] and two along the
margin about mid-way [Aram and Hydaspis].)

3. Search for other areas of chaotic terrain, such as near the Tiu Vallis just west of
Ares Vallis.

4. Describe the features that these areas have in common. (See below)

5. How might students improve their models to resemble the Martian chaotic
terrain more closely? Have them try their modified procedures,

(They can wse sand with a different grain size, use a mix of sand and pebbles, layer e
ice and sand to produce a multi-layered sandwich of sand and ice, wse crushed ice, space
the ice cubes more or less widely, use a deeper or shallower layer of sand or have a
semti-rigid cap layer above the ice.)

The landscape being modeled is termed chaotic terrain. Chaotic terrain has several
identifying features:

»  Areas of chaos are lower than the surrounding plains. Small areas of chaos
often look like large depressions, and large areas of chaotic terrain often look ; {
like broad, shallow canyons. : ;

= The bottom of the chaotic terrain is covered with sections of crust that have
been broken into blocky chunks arranged randomly across the floor of the
depression. At a 1:2,000,000 scale, the collapsed surface can look granular as
if it were strewn with fine, angular pebbles (Fig. 3.2). However, when the
crust blocks are larger, the smooth, elevated surface of the surrounding
plateau is retained except that it is dissected by large fractures that form
irregularly-shaped blocks (Fig. 3.1). Some describe the fractured plateau
and these blocks as looking similar to the lines on the palm of a hand.

* Channels lead away from chaotic terrain, and some chaotic terrain may .
exhibit features associated with flowing water, such as streamlined shapes. p "

Activity 3: What Is Chaotic Terrain?
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Ice cubes arranged in a pile work well. You might contrast the different effects
of various arrangements of ice cubes. For example, is the effect different when
the ice cubes are neatly arranged versus when they are jumbled and randomly
oriented in a pile? In addition, cottage cheese containers can be used to form
disks of ice — pucks. What is the effect of a puck versus some ice cubes? Pucks
of different thicknesses? A combination of pucks and ice cubes?

I
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Activity 3: What Is ChaoticTerrain? .







ACTIVITY 4

The Scabland Mystery Story
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Overview

Students read about geologist |. Harlen Bretz's
efforts to explain the creation of the Channeled
Scablands of eastern Washington State and
about some of the evidence he used to support
his idea of a cataclysmic flood being responsi-
ble for its creation. By examining some of this
evidence, students hypothesize about processes
that might account for these apparently unre-
lated features, ultimately creating a hypothesis
the entire class can support. Next, students
look at images of flood channels on Mars and
see if their Scabland hypothesis explains any-
thing about the Martian channels. To draw a
sharper comparison, students complete a sheet
directly comparing some Scabland and Martian
features. Finally, students read an essay
describing the outcome of Bretz's work and the
gradual acceptance of his ideas.

Content Goals
* There was a tremendous flood that created
the Scabland region in eastern Washington.

» (Catastrophic floods leave telltale features
such as erratics and huge-scaled ripple
marks and gravel bars.

» The Scablands serve as an Earth analog to
the Martian flood channels.

» Even when a scientist is right, his or her
ideas may be ridiculed.

Skill Goals
* Hypothesizing based on written and
visual evidence.

* Presenting and, if necessary, revising ideas,

- Activity 4: The Scabland Mystery Story

Possible Misconceptions

» If an idea is correct, people will recognize
its correctness and embrace it
Ask: How long did it take for people o
accept that Earth is not the center of the
universe? That the world isimade up of
atoms? The Earth is round?

s Even the worst floods just make a mess
and are an inconvenience,
Ask: How much can a flood affect the land?
What ‘s the biggest flood you know abowi?

For activities that deal with misconceptions about
waler pressure and the carrying capacity of ice, see
extension aclivilics 4A, 4B and 4C.

Materials
Image set and the two reproducible student
sheets in the Teacher Handbook.

Preparation

Make copies of "Introduction to the Scabland
Mystery" and "The Rest of the Scabland Story™
for each student.

Time
1-2 class periods. The Extensions will add 1-2
class periods.
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BACKGROUND u

Even though it is a dry planet, Mars seems to have had water
flowing across its surface at some time during its history. Etched
into its surface, one can observe what appear to be channels and
tributaries similar in pattern to the dendritic (branching) drainage
patterns of river systems on Earth (Fig. 4.1). Refer to Mike
Caplinger’s essay after Activity 1 for additional images and
details. There are also features that suggest cataclysmic flooding,
an important theme in this module and the focus of Activity 4.

Cataclysmic floods release immense amounts of fluid over a brief
period of time (Fig. 4.2). We know about many of the features
associated with cataclysmic flooding thanks to the work of J.
; Harlen Bretz, a geologist who studied the Scablands of eastern
i R Washington State starting in the 1920's. Taking a position that ran
A dendritic drainage patters on Mars, counter to the ideas of the time, he proposed that 12,000-16,000
years ago, colossal floods flowed from the Washington-Idaho bor-
der to the sea. These floods, it turned out, were fed by a lake nearly 600 m (2,000 ft) deep and 320 km (200
mi) long, Lake Missoula. Lake Missoula contained over 2000 km (300 mi?) of water — more water than
would fill both Lake Ontario and Lake Erie and ten times the annual flow of all
the world’s rivers combined. When the glacial dam impounding Lake Missoula
gave way, this water took only a week to race across Washington State to the sea,
traveling as fast as 60 miles per hour in rivers more than 100 meters (325 ft) deep.
Today's Scablands cover 34,000 km? (13,000 mi?).

The flood waters stripped the land of its soil - 60 m (200 ft) thick in places — and
exposed the layers of black volcanic rock of eastern Washington. Thirty-foot
chunks of these layers were easily plucked out by the flood waters, giving the
landscape a pockmarked look and giving rise to the area’s name, Scablands (Fig,
4.3). Bretz wrote, “Like great scars marring the otherwise fair face of the plateau
are these elongated tracts of bare, or nearly bare, black rock. The popularname is 4 -tove choreh of o flood sweeping
an expressive ﬂ‘lclaphﬂt The  down the Columbia River.
Scablands are wounds only

partially healed in the epidermis of soil.” In its wake, the
flood (and there may have been as many as 100) created
other geological oddities: gravel bars hundreds of feet
tall, enormous potholes, huge canyons gouged where
today almost no water runs, basalt plains stripped bare of
soil, erratics and sandbars perched on hillsides hundreds
of feet above valley floors, and ripple marks so tall and
long that they can only be recognized as ripple marks
when viewed from the air. These features are so huge
that no one until Bretz recognized them as products of
flowing water.

Fig 4.3
Compare the pockmarked Scablands on the left to the
hills of loess (wind deposited soil) on the right.






Some of the Scabland flood features resemble
landforms observed on Mars: the immense
channels, streamlined mesas, the longitudinal
grooves scoured into the surface by flood
waters, and the anastomosising channel pattern
(channels that separate around obstacles and
later rejoin downstream) (Fig. 4.4). Just as Lake
Satellite image of the Scablands., Missoula was the source for the flood waters,
the chaotic terrain is the likely source of water
for the outflow channels. Both on Mars and in
the Scablands, the channels cut pre-existing surface features, and there are hanging valleys,
testifying to dramatically different conditions before and after the floods. The tendency for
the Scabland and Martian channels to be straight rather than meandering is a feature associat-
ed with flood waters. The large geographical area of the flood and the great size of the chan-
nels support the idea of there being immense quantities of water. Both flow downhill: Ares
Vallis flows 1,800 km (1,125 mi) from a plateau to a basin approximately 3 km (2 mi) below it
and the Scablands flows about 680 km (425 mi) from an elevation of 1.3 km (4,200 feet) to sea
level. Both sets of channels are much wider than they are deep. One major difference
between the two floods is that there was considerably more ice present in the flows on Mars -
ice that was broken up by turbulence. Such an ice-water mix considerably increases the ero-
sive power of the flow. As ice blocks are pushed along, they drag and shear the bank’s soil
and rocks. The result is a highly erosive mix of water, ice blocks, soil and rocks.

The comparisons at a smaller scale are difficult due to the limited resolution of the Viking and
Mariner cameras (Fig 4.5). It is hoped that the Mars
Global Surveyor and the Mars Pathfinder missions will
provide information about the presence of erratics,
ripple marks, sand and gravel bars, scabland topog-
raphy, and scour marks near flow obstacles. In
addition, these missions may shed light on whether
there are depositional features such as deltas and
large-scale fans at the terminus of the channels.
However, because the Martian gravity is 4/10 that
of Earth's, features commonly associated with sedi-
ment deposition on Earth are likely quite different
on Mars, It may be that sediments of all sizes were
kept in suspension long enough to deposit them-
selves fairly evenly over much of the Chryse Plani-
tia without forming a delta.
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Fig. 4.5

The mouth of Ares Vallis where it
terminates in the Chryse Planitia.
Image Set image #3.

Activity 4: How Did Vallis Marineris Form!?
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PROCEDURE

1. Have students read the "Introduction to the Scabland Mystery."
An interesting point following up the discussion of catastrophism and uniformitarianism can be
made. Today, scientists increasingly accept a blend of the hwo idens where evenls such as meleor
impacts and volcanic explosions are part of the normal patterns on Earth.

2. Let them look at Image 8 that shows some of the Scabland features.
3. Ask student groups to create hypotheses explaining these apparently unrelated features.

4. Conduct a class discussion to synthesize the thinking of each group and develop a hypothesis the
entire class can support.

You will probably find that as groups present and detqil their ideas, new ideas will spring up and a lively dis-
cussion will evsue. In addition, a discussion enables you o probe into the weak aspects of a hypothesis. Once
students are aware of gaps or contradictions in their arguments, they will be mativated to search for additional
evidence to reinforce tieir hypothesis or they will have to revise their hypothesis. The goal is not necessarily to
gel the correct answer right away, but to stitch together solid arguments based on evidence and leaps of intu-
ition. Students must reniember that before an idea can take final shape, many earlier ideas should be consid-
ered. The trick to moving ahead is learning to recognize what is good in an idea and whal needs

fo be discarded.

Activity 4: The Scabland Mystery Story ...






APPLYING THE MODEL TO MARS

¥ Shaded Relief Map of Ares
Vallis. lmage Sef fmage £1.

1. Have students look at the Image set, especially those images showing the outflow : "
channels. Ask students: :

» Do any features remind you of things you saw in the Scabland images?
Both have large channels; the Scabland teardrop-shaped gravel bars look similar to He
streamlined features at the month of the channels; and, the chanmel pattern showsn in the &
salellite image of the Scablands is reminiscent of the pattern of the channels that flow into R

the Chryse basin.

§ ¥
" ]
+  What seems to be the source of the fluids that excavated the Martian channels? g .:
Chaotic terrain, o :
*  What seems to be the source of the fluids that excavated the Scabland channels?
Cannot tell, though they seem to originate east of the Scablands. 4
= Estimate the length of the Scablands and compare them to the length of several of
the flood channels on Mars. Channel lengths, widths, and depths could be estimated
and flood voliwmes calculated as a product of the three numbers,
2. Does the class hypothesis explaining the Scablands seem to explain anything about the
Martian channels?
3. View the Great Floods, Cataclysms of the lce Age video. If unavailable, have students O
read “The Rest of the Scabland Story.” ‘ :
4. Now that immense, cataclysmic floods have been identified as the cause of the Scabland
features, have students complete the sheet comparing the Scabland and Martian ;
channels to features known to be associated with immense floods. 4
5. If they have not already done so in Step 3, have students read, "The Rest of the Scabland
Story.” "

6. Have students make lists of additional evidence they would like to have in order to argue
for or against the idea that the surface of Mars experienced cataclysmic flooding.

o e o e _Activity 4: The Scabland Mystery Story 3
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What did the first visitors
think when they saw this & e
Dry Falls in the Channeled Scablands

barrenf dESU]ﬂtE 1and? of Eastern Wﬂsﬁ:‘ng!oﬂ..
Did they think an angry god had cursed this

land and punished the creatures living there?

Did they call it the land of the dead and stay far away? The barren landscape is filled with gigan-
tic canyons, tall cliffs, deep gorges, big pits, odd knobby protuberances and immense, empty
channels that look like channels for some invisible river. Thousands of years after these early
explorers by-passed this forsaken land, farmers avoided it and even ranchers turned their backs
on it. In most of its 34,000 km? (13,000 mi?), the thin or non-existent soil can scarcely grow
enough grass to keep a flock of sheep going. This area is known as the Scablands, and it is located
in eastern Washington State near the Oregon and Idaho borders. However, even odd places have
their admirers. This activity describes the work of one of these admirers, a young geologist
named |. Harlen Bretz.

Bretz never intended it to happen, but he was a revolutionary. And he paid the price many revo-
lutionaries pay - ostracism, ridicule and the rejection of his ideas. However, Bretz had an idea he
believed in, and the more he thought about it, the

more he believed in it. The people who considered Bretz a fool were geolo-
gists who supported the idea of uniformitarianism, an idea that the same
geologic processes we see today worked gradually over millions of years
to produce the present-day landscape — the present is the key to the

past. Not so long before, uniformitarianists had been ridiculed by
catastrophists, people who thought that the Earth was shaped by a series
of sudden, violent upheavals, events like Noah’s flood.

Catastrophism was the conventional mindset in the
mid-1800s, and uniformitarianists worked hard to
convince geologists of their new idea. Eventually,
uniformitarianism came to dominate geologic think- ;

ing. Having won such a long and hard-fought battle, I Hﬂg::!}‘;f;:
uniformitarianists were reluctant to view any geologi 1882-1981 &
event as being caused suddenly and did not look
kindly on people challenging their ideas.
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Bretz began his career teaching high school in
Seattle, Washington. Soon, however, his geolog-
ic passion prompted him to obtain an advanced
degree in geology. After graduating, Bretz
began examining the Columbia River Gorge
and the Quincy Basin in Washington state and
developing a huge base of factual information.
The landforms reminded Bretz of channels and
ripples left behind after a seasonal creek dried
up. Yet, they were so enormous that they were
only recognizable as sandbars, ripple marks, pot
holes and gravel bars when they were viewed Ripple-like hills 11 (35 ft} high and 3 kn (2 mi) long
from an airplane. A further complicating factor FpaRed it 53k [k igpark.
was that the features he was seeing are associat-

ed with flowing water, yet there was virtually no nearby water. Puzzled by

size, shape and origin of these features, Bretz returned again and again with

his family to study the features of the Channeled Scablands.

What impressed Bretz was the great number of erratics
(rocks that do not match any nearby formations) located
high on hillsides where they had no business being. A s
small erratic can be picked up by a person. A big one can hiraeg 3
weigh more than 150 tons and be the size of a small house. e
Bretz found many erratics perched on hillsides hundreds ..
of feet above the valley floor. Scientists had no explanation
for these boulders that were hundreds of miles from their €1
parent rock and that were lifted to high elevations. What
could move rocks weighing 200 tons far from their original
Tﬁﬁ:}:iﬁ:ﬁﬁ:ﬁfﬂ?ﬁ:ﬁﬁﬂ locations? How could matching rocks be scattered over
left). thousands of square miles? Bretz kept on looking and tak- AR
ing precise notes of his observations. P

In 1922, Bretz presented a paper

that outraged geologists. They
tried to discredit and ignore him. But the more time
he spent in the Scablands, the more convinced he
became of the correctness of his idea. What was the
idea that so upset his colleagues? What could he see
that no one else could see? Why couldn’t he con-
vince anyone else of his idea? This activity invites
you to take a look at some of the evidence Bretz saw
and to draw your own conclusions.

The Scabland Mystery
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The Rest of
the Scabland Story

Bretz focused his attention on the erratics. They were too big to be
shot from volcanoes. Water couldn't lift them to the tops of hills. If
erratics had been frozen into small icebergs, maybe they could have
floated here. But how would one collect enough water to float ice-
bergs big enough to carry them? And how could erratics have been
left at such high elevations? But something had moved huge errat-
ics onto hill tops, had carved gigantic channels and waterfalls, and
had piled up immense gravel hills. In fact, the hills of gravel lay
precisely where one would expect gravel bars to form if enough
water could be made to flow. And Bretz could think of no other
answer than a flood of mind-boggling proportions. A cataclysmic
flood would be the one thing that could explain all the oddities

4 seen in the Channeled Scablands.
il

R
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Ermalics (raake thuk domiof match sinpesiy In 1922 and 1923, Bretz presented papers listing the evidence which

rocks) littering a field in Washington State. compelled him to conclude that 12,000 - 16,000 years ago, 34,000
A " km? (13,000 mi?) of Washington’s Columbia Plateau were swept
. :""?E ‘55; repeatedly by glacial floods of an unimaginable magnitude to cre-
Lo 8 - ate the Scablands. “I could conceive of no geologic process of erosion to make
D i this topography except huge, violent rivers of glacial melt water.” He was

% Wi 44 ; ;J painfully aware that he had discovered no source for the immense volume of
: : water, but he felt he had to present his hypothesis, nonetheless. In 1928, Bretz
i s wrote: “Ideas without precedent are generally looked upon with disfavor and
: A men are shocked if their conceptions of an orderly world are challenged.”

N As he expected, his work was
: ; ; met with ridicule. First of all,
opponents of his ideas simply
could not condone any catastroph-
ic idea when they had worked so
hard to formulate their uniformi-
; y tarian position. Secondly, Bretz's
‘.- £ inability to produce a source for
7 so much water gave his critics
ample reason to doubt his flood
idea, and they explained the odd
landforms in other ways.

o~

"Stedantlined, teardrop-shiped gravel bar
deposited during the flood.

o8
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During the flood, water filled Wallula Gap fo the top and stripped the soil from the basall on both sides. Water flowing garlﬂ'y
over millennia would produce a V-shaped valley rather then these steep-sided cliffs. ;

In 1940, the American Association for the Advancement of Science met in Seat-
tle. Joseph Pardee was a presenter with an unassuming topic: “Unusual Cur-
rents in Lake Missoula.” The geologists all knew that as the Ice Age ended
there had been a series of glacial lakes — lakes that form behind ice dams. Lake :
Missoula was one such glacial lake, a lake nearly 600 m (2,000 ft) deep and 320 i
km (200 mi) long containing over 2000 km? (500 mi?) of water — more water _ g
than would fill both Lake Ontario and Lake Erie. Pardee described some ripple g
marks he had found in the floor sediments of former Lake Missoula. These

parallel ripple marks were large — 15 m (50 ft) tall with wavelengths between

60-150 m (200 - 500 ft). Ripple marks of this size could have been formed only 4
by a vast pouring of waters over a slope, which would have happened only if A B

the ice dam failed suddenly. Pardee suggested that this is precisely what hap- S
pened, and that it probably failed in less than a day. His calculations 5 TR
showed that in each hour after a sudden failure, nearly 40 km? =
(10 mi 3) of water would flow at close to 100 km (60 mi) per hour
through the narrow gap in the glacial dam for several days. The huge
ripple marks he observed provided evidence for the idea that the ice
dam failed catastrophically, and that Lake Missoula drained within
days. The only outlet for the water was at the Clark Fork river which
opened onto Bretz's Channeled Scabland. Here was Bretz's water
source! The audience remained silent at the end of Pardee's presenta-
tion as the news sunk in, but soon it rose to its feet in a standing ova-
tion. [t still took meetings and debate, but before his death J. Harlen
Bretz was awarded geology's highest honor: the Penrose Medal.

Giant ripples near Markle Pass, Montana
discussed in Joseph Pardee’s presentation,
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So what is the story

we now know?

In the last Ice Age, a lobe of ice from a huge conti-
nental glacier moved down the Purcell Trench in
Idaho until it was stopped by Montana’s Bitterroot
Mountains. 12,000-16,000 years ago, the lobe of ice
blocked several rivers, creating a lake behind the
ice lobe. When the lake level became 9/10th the
height of the ice dam, approximately 600 m (2,000
ft), the ice dam floated allowing lake water to flow
under the dam and undercut it. Within a day or
two, the dam failed and a churning, muddy wall of
water hundreds of feet deep raced to the Pacific
ripping gaps through constricted places.

The water transported icebergs containing 9 m

(30 ft) erratics swiftly across eastern Washington.
Some of these icebergs settled on the shores of the
temporary lakes. When the waters receded and
these icebergs melted, the boulders contained in
the icebergs settled high above the now-dry valley
floors. In less than a week, the flood waters
drained to the ocean by Portland, Oregon, forming a huge delta there.
People now think that as many as a 100 floods erupted at regular intervals
every 55 to 60 years. It seems that as the ice lobe moved continuously
down the Purcell Trench, it created dam after dam as the previous one
floated and failed.

In the 1970's, when Mariner 9 and the Viking missions sent images of the
Martian channels, geologists were confronted with scenes that resemble,
more than anything, Bretz's Channeled Sca-

blands. Soon, Pathfinder and Mars Global

Surveyor are going to Mars. Ares Vallis
shows similarities to the largest Scab-
land features. Will the information
from Mars Global Surveyor be detailed
enough to provide conclusive evidence
for whether there were cataclysmic
floods on Mars? What details do we
want rovers such as Pathfinder to look
for as they explore the Martian
surface? What information

would you like to have in
order to answer your
questions?

Mars Global Surveyor and
Mars Pathfinder will arrive
at Mars in 1997,
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Were there Cataclysmic Floods on Mars?

Below are listed a number of features known to occur on Earth in areas that have experienced cata-
clysmic floods - tremendous volumes of water released over a short period of time. By filling in the
boxes with either Yes, No, or Can’t Tell, see how the features associated with the Martian channels com-
pare to the features associated with the great Scabland floods.

Feature Associated with Immense Floods

Scablands Martian Channels

Identifiable source areas

Consistent downhill flow

Flow for thousands of kilometers

Flow occurs over a large geugraphical region

Clear edge and upper limit to fluid flow

Sharp break between eroded and non-eroded land

Wide, shallow channels

Main channels tend to be straight, not meandering

Channels separate and then rejoin downstream

Streamlined landforms in and near the channels

Bedrock has grooves cut parallel to fluid flow

Residual uplands separating channels

Areas where flow has obviously been constricted

Erratics — rocks far from their point origin

Giant ripple marks

Resistant rock layers eroded

Gravel bars and large-scale sediment deposits

Channel terminus hard to determine due to the lack
of deltas or fan-shaped deposits at the mouth.

~The Scabland Mystery

L o e L e e -,





EXTENSION ACTIVITY 4A

Overview

A misconception students often have is that water pressure is a function of the amount of
water in a container or impounded behind a dam. In fact, water pressure is a function of
depth. By measuring the distance water spurts out of holes in containers, students discov-
er and demonstrate that pressure at the base of a can is greater than at the top of the can.
Students conclude that water pressure behind dams varies with water depth and not lake
length, so dam strength is unaffected by lake surface area or volume.

Background

Students learn that at its largest, Lake Missoula was 600 m (2,000 ft) deep at the ice dam,
over 320 km (200 mi) long, covered 7,500 km? (3,000 mi?) and contained 2,000 km? (500 mi?)
of water. They also learn that Lake Missoula eventually breached the ice dam. While stu-
dents might be impressed at the overall size of Lake Missoula, its depth is the most impor-
tant factor to consider in terms of breaching the ice dam. Whether a lake is one or a hun-
dred miles long, the pressure on the dam will be the same at the same depth. Lakes on
Mars could have been enormously long and contained great volumes of water if they were
contained in level beds. Catastrophic flooding could have occurred when dam structures
gave way.

Materials
Calibrated wallpaper tub, stand to hold the cup at a constant height above tub, ruler, plas-
tic bottles or paper cups of different volumes, something to poke holes, tape.

Brief Description

1. Begin by confronting students' preconceptions. Punch four evenly-spaced holes
vertically on the side of a container. Cover the holes with tape and fill the can to the
brim with water. Ask students to draw the paths the water will take once you remove
the tape. Leave the tape on until the end of the activity.

2. Have students punch a vertical column of small holes in plastic bottles or paper cups,
positioning the holes in even increments along the vertical side of each container.

3. Have students place tape over the holes and fill their containers with water.

4. Have them remove the tape from the holes one at a time and measure the water-spurt
distance. Refill to original level after every trial.

5. Repeat with a container with a different volume, making sure the hole heights and
water depth in the second container are the same as in the first container.

6. Examine variables such as container height, width and volume and water depth.

7. Have students review and, if necessary, revise the predictions they made in Step 1.
Remove the tape.

8. Have a contest to see who can make water squirt the farthest. Use hoses or extendible
dryer venting attached to a cup to create very tall columns of water. What makes water
m s on hilltops?

|- B ——— e e A A A e L
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EXTENSION ACTIVITY 4B

Overview

After determining how much water is required to float ice, students investigate whether an
ice dam impounding water can be floated. This informs their understanding of how the
ice dam impounding Lake Missoula may have been breached.

Background

As water becomes a solid, it expands one-ninth in volume, Consequently, ice has a mass to
volume ratio of nine to ten, and its density is 0.9 grams per cubic centimeters. Since the
density of water is 1 gram per cubic centimeter, ice weighs less than water per unit of vol-
ume and, therefore, floats in water. This relationship provides the basis for the theory that
each time Lake Missoula filled to nine tenths the dam'’s height, the dam floated. Most peo-
ple think water would push over an ice dam. It took geologists a long time to understand
that the pressure on the bottom of the dam actually floated the ice dam impounding Lake
Missoula, causing it to fail.

Materials
Ice, beaker, water, large plastic bottles, wallpaper tub, soil, ruler, warm water to shape ice.

Brief Description

1. To find how high ice floats, put one or two ice cubes in a clear container. Pour cold
water over the ice cubes until they float.

. Measure the amount of ice above and below the water. (Ice floats with about 1/10
above and 9/10 below the water level.)

. To see if an ice dam will float or be pushed over by the water behind it, freeze about 3
inches of ice in soda bottles to get large chunks. Cut off the top of the bottles and take
this ice and shape it so it fits as tightly as possible across the wallpaper tray. (Dribble
hot water along the sides to shape them.)

. Because the ice will not make a tight seal with the edges of the wallpaper tub, bank soil
around the bottom and sides of the ice, leaving the top free of soil.

. Fill one side of the tray with water to impound a lake behind the ice dam. Continue to
fill until the dam gives way, monitoring the depth of the water.

. How deep was the water when the dam was breached? Was it pushed over or did it
float? (Sometimes the soil at the side or under the dam gives way allowing a flood to occur
around the base and edges of the ice. Other times the base of the dam melts into a concave
shape and water floods through just above the soil at the base of the dam. Observe carefully
(or use a video camera] because the breaching happens quickly.)

~Extension Activity 4B: Can YouFloatAnlceDam?t . :






EXTENSION ACTIVITY 4C

Overview

Students model how boulders can be transported far from their point of origin on ice rafts.
They measure how much weight an ice raft can support and model how debris-carrying
ice rafts can create erratics.

Background

Wind and water sort sediments by particle size and density. When the velocity of a sorting
agent decreases, material is laid down selectively with large particles settling out first and
fine materials being carried longer distances. Ice is incapable of this kind of sorting, and a
characteristic feature of ice deposits is that they are unsorted. This jumble of sediment is
called glacial till. Sometimes, chunks of ice containing boulders break off a glacier and
float away in water. Eventually, the ice melts and deposits the rock. These isolated rocks
are called erratics. Erratics are a common glaciao-fluvial deposit, and they can be found
quite far from any glacial till. While students know that large rocks cannot float great dis-
tances to new locations, they usually have not thought about a mechanism for transporting
rocks and therefore miss the interesting story related to the presence of an erratic. Consid-
er introducing this extension with a lesson on sinking and floating. This would enable you
to investigate additional topics such as density, displacement, and the proportional reason-
ing involved in mass per volume.

Materials
Ice, balance, water, deli containers, containers to float the ice, rulers, gravel and other small
objects, sandbox, nearby stream or stream table, towels.

Brief Description

1. To determine how much an iceberg will carry, use ice cubes or make a hockey puck-
sized chunk of ice by freezing water in the bottom of deli containers.

2. Float the ice in water. Measure the amount above and below the water. (Approximately
one-tenth will be above water and nine-tenths will be below the surface.)

3. Pile bits of gravel on the floating ice until it is just submerged. (Pucks work best for this.)

4. Remove the gravel and weigh it. Weigh the clean ice. Have the class determine how
much weight an ice raft can carry. (Ice can support approximately one-tenth its weight.)

5. Imbed some material in ice. (Warm the materials or set the ice and materials in the sun.)

6. Place these icebergs (with erratics embedded) in a flood you create in a sandbox or a
nearby stream. Observe how the ice rafts travel and where the erratics land.

7. Students should consider the consequences if ice were denser than water.
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AT A GLANCE @

Overview

Students model catastrophic flooding. Working at
a larger scale than is possible in a stream table —
either at a beach or on a sand-covered driveway -
students create a sudden outflow of water and
observe the shapes created by the flooding,
Students observe separating and rejoining chan-
nels, streamlined shapes, ripples and poorly-sorted
sediments.

Content Goals

* Inorder to form, Scabland features required
high flow rates and immense quantities
of water,

*  Features created in the model illustrate features
associated with the Scabland flood.

» Larger-scaled models enable one to study the
more subtle aspects of a process.

Skill Goals
= Creating large-scale models to study the effects
of catastrophic flooding.

* Extrapolating the size of actual structures
represented in the model.

Possible Misconceptions

This activity provides an opportunity to solidify
understandings and note some surprising effects of
sealing up a model. Nonetheless, students may be
surprised:

* by how many containers of water are needed to
fill their large excavations;

* by how quickly water soaks into the soil
behind their dams;

* by how little water it takes to affect a thin
coating of sand on a driveway and to create
features associated with cataclysmic flooding.

Materials

An expanse of sand (e.g. a beach, a slightly-sloped
side lot, or a slightly-sloped driveway covered with
a thin layer of sand), buckets, water jugs, shovels,
devices for shaping banks and outcrops, meter
sticks or tape measure, camera.

Preparation
Before going outside, discuss the academic
focus of the planned activity.

Time
Half a day (beach) or one to two periods (drive-
way ).

- Activity 5: Creating a Large-Scaled Model of Catastrophic Flooding
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BACKGROUND ;“"

Both for reasons of scale and convenience, modeling catastrophic flood-
ing in the classroom is difficult. In this activity students create a large-
scale model of catastrophic flooding at a beach or on a driveway. This
maodel also helps students to synthesize what they have learned in activi-
ties earlier in the module by enabling them to see the features associated
with flowing water at a larger scale.

i

'5: Creating a Large-Scaled Model of Catastrophic Flooding





Students modeling catastrophic flooding on a beack

1. Arrange students in teams of 3 to 10. Have them create their own versions of the Martian
channels and impound water behind dams so they can create sudden releases.

2. Have students fill the impounded basins with water. These basins represent chaotic terrain.
3. Take photos to motivate careful construction.
4. Announce each demolition so students can watch and analyze the effects of each flood.
5. Identify the features created in the sand by the water.
Students should observe anastomosing channels, streamlined shapes, ripple marks, alluvial
fans, and deltas.
6. Analyze the way the sediments were sorted.

Students should see the grading (and possible layering) of outwash particles. In areas of gentle flow, the
sorting should be i_;'~|,a size and density. In areas (g_l";'.:r!rwrrﬂ}rh.‘:'_ﬂ::'i.'.', the sediments should be unsorted.

Activity 5: Creating a Large-Scaled Model of Catastrophic Flooding
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Activity 5 can be done right after Activity 4 or as a culminating activity such as a beach
day at the end of the school year. You might include this activity as one of several
options for a year-end celebration day. Even if the module work was completed much
earlier during the school year, students can still enjoy and learn from the activity if it is
done late in the year. You can get a self-selected group of motivated students by letting
students choose between a morning session of either sand castle building, making sand
sculptures or dam building.

If your class cannot get to a beach, a driveway can provide the large-scale model experi-
ences associated with the great floods. On a driveway, spread a thin layer of sand over
wide area. To create the water flow, use a garden hose, pour water from buckets, or
build dam structures that impound water. Keep in mind that this sand layer is thin and
can be easily removed by too much water. Have students think about scale and what
would be too much water, even for a catastrophic flood. On both a beach or driveway,
decide on ways to clean up the sand after you are finished, Try to avoid sites that will
need extensive restoration or cleaning up. A site near a river or beach restores

itself naturally.

. Acti vitrj:--Creating a Large-Scaled Model of Catastrophic Flooding
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AT A GLANCE ¢

Overview

This activity introduces students to one of the main
geologic reasons why the mouth of Ares Vallis is
such a desirable landing site. By examining sanc
samples from different locations, students realize
that sediments can provide information about
where they originated and how they were deposit-
ed. By looking at the abundance of various miner-
als and the condition of the grains, students formu-

Estimate the size of the area Pathfinder will be
able to sample from within the landing ellipse.

Explain the appeal of Ares Vallis as a
landing site in terms of its geological potential.

Possible Misconceptions

late a reasonable history for each sand sample. , o, .4 rises to the surface from the ground

They then locate Ares Vallis on a map and specu- i P T

late E:tb;ut what Pathfinder might find in the sedi- WL Wkt ond? Wheve daes b come fropi

ments there. :

= FEach rock (and all sand) is made from one kind

Content Goals of material. ;

» Sand grains contain clues about their origin Ask: Is a rock (or sand) made from one or many
and history different materials? How do you know?

»  Asand sample reflects the geology of its water- ~ * Rocksand sand grains have always had the
: : : shape we see today.
shed or region. e e ;

Ask: Homw did Hhis rock get Hiis shape?

+  (Omne of Pathfinder's mission objectives is to : ;
gather Edefl‘lEE t]:at il Ena?:rlle L * The material that covers the surface of Mars is
better understand the composition of the all Ithe g b :
Martian crust and the planet’s early geologic Ask: Is the land on Earth all covered by the same
history: material?

= Ares Vallis was selected as the landing site
because it satisfies the geologic and Materials

engineering criteria for the mission.

» The Thermal Emission Spectrometer on the
Mars Global Surveyor and the APXS mounted on
the micro-rover will enable scientists to deter-
mine the abundance of major chemical ele-
ments in the rocks and soil near the lander.

Skill Goals

Sand from several locations, magnet, tape, magni-
fying glass, marker, Image set.

Preparation

Provide students background in interpreting
sand grains,

Gather sand samples from a variety

s (Jbserve differences between various sand of locations.
samples and among individual sand grains,
» [nterpret the clues contained in a sample of Time

sand.

1-2 class periods

L Activity 6: What Can Sand Indicate About How and'Where Water Flowed?
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BACKGROUND ;“

The Pathfinder landing site
is @ few hundred kilometers
soubinvest of where Viking
1, the first Mars lander,
lattded on July 20, 1976.

The use of the term SAND
(particle size 1/16-2.0 mm)
may lead students to expect
to find sand on Mars. Sur-
prisingly, no sand las been
found on Mars, The
tremtendons winds seem to
have pulverized the "soil”
into a fine silt {particle size
1/256-1/16 mm) lexture.
However, the process of a
channel delivering sedi-
ments from a large area to
its mouth still pertains.

According to Scientific
American  Magazine
{ “Sands of the World,”
August, 1996), it takes
approximately ten thou-
sand years for a medium-
sized river fo move q sand
particle one mile down-
slrea,

Fig. 6.1
Pathfinder Landing Site at the Mouth of Ares Vallis, Image set image #6.

Pathfinder is due to land on Mars on July 4, 1997. The 100 km x 200 km
ellipse in Fig. 6.1 is the intended landing site at the mouth of the Ares Val-
lis. To be selected this site had to fulfill some very particular engineering
and geologic criteria.

The main engineering challenge is landing the space probe safely.
Pathfinder will use a parachute to slow its descent (Fig. 6.2). Naturally, the
more time it descends through the atmosphere, the slower it will be going
as it meets the planet's surface. However, Mars has an atmosphere one-
w hundredth that of Earth's, so slowing a
" spacecraft with a parachute is more chal-
lenging on Mars., One way to compensate
for the less dense atmosphere is to select a
landing site at one of the lowest places on
Mars, giving Pathfinder more time to

: = descend through the densest part of the
N =HEEY atmosphere near the planet's surface. The
- landing site at the mouth of the Ares Vallis
‘ is 1.5 km (1 mi) below datum, the Martian
equivalent of Earth’s sea level,
Fig 6.2

Parachutes will slow

Another engineering reason to choose Ares
Pathfinder's descent.

Vallis is that it lies within 15 degrees of the
equator. Any
site within 15 degrees north or south of the
equator receives significantly more sunlight
than areas outside this band. Since Pathfinder
depends on electricity from its solar panels,
the best landing sites are within these lati-
tudes (Fig. 6.3).

Fig 6.3
The Mars Pathfinder lander with its
solar panels deployed.

~.Activity 6: What Can Sand Indicate About How and Where Water Flowed?
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An Jmport&nr. geologic reason for selecting the Ares Vallis landing site is the Muscovite

fact that it is at the mouth of an outflow channel that probably has a rich V

assortment of sediments. Over its approximate 1,800 km (1,125 mile) length, /‘ g L Mica

Ares Vallis passes through a variety of rock types representing different peri- r ) i /

ods in the geologic history of Mars. Rocks are composed of mineral grains. iﬁ’ ~

As rocks weather, mineral grains separate from each other and become : | o f

mixed in with soil and sediments such as sand (Fig. 6.4). Since channels typ- -

ically transport sediments from along their course, Ares Vallis is thought to [ e P~

have carried rocks and sediments from distant reaches, including the ancient Pliiaclaas g‘\x
Plagisclase Larnet

highland terrain of the southern hemisphere. Sampling rocks and sediments
at the mouth of Ares Vallis increases the likelihood that scientists will be able
to learn about the Martian geologic hi-.slt}r:-,* represented by these rocks and
minerals.

Fig. &.4
Sand is a mixture of vock fragments.

One of the instruments carried on the rover is the Alpha Proton X-ray Spec-
trometer (APXS), which bombards rock and soil samples with alpha parti-
cles (Fig. 6.5). Detectors determine the energy of the alpha particles, protons
and x-rays emitted off the surface being bombarded. Elements such as car-
bon, oxygen, magnesium, aluminum, silicon, calcium, potassium, iron and
nickel can be identified, and this will allow for the investigation of rock and
s0il composition.

Activity 6 demonstrates the way sand can be used as a source of informa-
tion. It is said that each handful of sand has a story to tell and contains
many clues that help unravel that story. For example, by looking at the Fig. 6.5 - _
shapes and sizes of individual sand grains, one can determine their histories, Pathfinder sampling a rock with the

S ¥ : . APXS.

For instance, newly fragmented mineral grains have crisp, angular edges 8

while old mineral grains are rounded and smoothed (Fig. 6.6). Furthermore,

small, light particles travel more easily than large, heavy ones, so beaches a2 =

and deltas with fine sediments indicate calmer waters. . Q%{;)
Since each stream or river travels a unique course over a unique set of geo- ’"Q =

logical features, it picks up a unique set of rock fragments. By comparing )
sediments from different rivers or from different places along the same river, Q
one can determine the types of rock over which a river has flowed. Looking

. . ; Oid Sand
at sand along a river can be an effective way of sampling the types of rock N Sand e
from a large geographic area (Fig. 6.7). Fig. 6.6
A comparison of old and new mineral
fragmesis.

Fig. 5.7
Mississippr River drainage,

Acﬂﬂtr : What Can Sand Ind:cataAhuul: How andWhamWater Fluwed’






PROCEDURE

6.

Introduce students to interpreting sand grains. Even without background, students can distinguish
between sand from different locations based just on visual inspection. However, they may not be able to
understand what grain size, shape and condition imply about a grain's history. Find objects such as bricks,
wooden blocks, pasta, coins, marbles, or books in different states of repair. Ask students what they can
infer about the histories of these objects based just on what they observe.

Broken bricks have been jostled or crushed. Unblemished pasta just came out of the bag. Tattered, torn

books have traveled in a backpack for a long time. A cookie could end up as a collection of crumbs.

Place each sand sample in a jar. To get a thin layer of sand from each jar, have students press a strip of
tape onto the top of each sample. Have them label the strip of tape with the sample name or number.

Have students examine the magnet in each sample's supply jar to see if there are any magnetic particles.
Certain sands contain iron-bearing minerals. One can see if there are ivon particles in your samples by
passing a magnet through the sample a few tHnes.

Have students view the taped sample with a magnifying glass and count the number of different types of
mineral fragments stuck to the tape. If they know how to identify rock and mineral types, have them
make a list of what they see (Fig. 6.8).

Have them repeat Steps 2-4 with the remaining sand samples.

Have students describe some major differences between the sand samples.

Based on their observations of the sand samples, have them try to describe the river that transported the
sand or the conditions at the collection site:

a) How strong was the current at the collection site?
Large grains correspond fo strong current whereas small grains or silt correspond to gentle current.

b) Geologically speaking, how varied is the geology over which this river flows?

¢)  Can you tell which rock fragments traveled the furthest?
Sand grains traveling the furthest will be smooth and well rounded. However, some ninerals are
stronger than others. 1t is possible fo have a weak mineral such as mica look more worn even though
it has traveled less far than a stronger mineral such as quartz.

d) If the answer to Question 2c was yes, can they place the sources of the rock fragments in order from
the source furthest upstream to the one closest to the collection site?

Al o
Fig. 6.8. . /
Looking at sand ; i
samples on a strip % — ‘

af tape.

‘. Activity 6: What Can Sand Indicate About How and Where Water Flowed?






APPLYING THE MODEL TO MARS

1. Have students look at the images showing the mouth of Ares Vallis (Fig. 6.9).
What would they expect to find on the plain where Ares Vallis joins the Chryse
Planitia?

2. Assuming the idea that rivers pick up sediments from the rocks over which they
flow is correct, estimate the size of the area Pathfinder will be able to sample from
within its landing ellipse.

The area is .'J‘I,!:ll'.l_lq'r_}'jr.'.l.:i'_l'l'.lli; 1,000,000 r'\;rjr—J (250,000 rrr."?,l. More important than the
size of the area drained by these bwo channels, however, is the facl that they cross

a diverse terrain representing Martian geologic history from at least three epochs
{(approximately 1.3 billion years) during which Mars was very geologically active.

o,

Fig. 6.9
The Mars Pathfinder landing site at the terntinus of Ares Vallis. 1

Questions

1. To more fully understand the clues contained in the sand samples, what else might . ‘
be important to know?
Names of rock and mineral bypes in the sand, geology of the watershed, the area’s climate,
the natural history of the river over Hhe last several thousand years, the amount of eleva-
tion drop from headwaters to collection sile, activities in the watershed affecting sediment
load such as citics, logeing, mining, grazing, construction, fires, elc.

2. What distribution of sand grain size and condition would you predict to find along
an ocean beach? Along a lake beach? Does it change throughout the year?
Where the surf is rough, sand grains will be large and only a few resistant minerals such
as quartz will be present. In protected coves and bars, sand grains will be smaller and
there will be a heterogencous mix of minerals. Winter storms remove finer sediments
from benches

3. Why is the mouth of Ares Vallis such a desirable landing site? ! ‘L
Ares Vallis satisfies both the engineering (strong sunlight and low elevation) and geologic
criteria for the mission. Activity 6 makes a case for sediment being able to provide infor- &
mation about a planet’s history. By landing at a sile with diverse sediments from rocks '
formed at different times, scientists stand to learn @ greal deal about the composition of the
Martian surface and geological history of Mars from this one visit.

Indicate About How and Where Water Flowed?

2 )

Activity 6: What Can Sand






TEACHING POINTERS

Sand may be collected from any stream, river, arroyo, or beach. Even if there is only

b one such water course in your area, taking samples from the inside and outside of
meanders, from locations a few miles apart, from the stream channel and stream bank,
etc. should give you sufficient variation. Hardware stores sell sand, and it is also
available from cement yards and can be borrowed from sandboxes,
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AT A GLANCE ¢

Overview

Students examine images of the Martian flood
channels, focusing especially on Ares Vallis, the
anticipated landing site for Mars Pathfinder. They
analyze the surface features around the landing site
and discover that it is located at the mouth of a
large channel. Tracing this channel towards its ori-
gin, students determine its dimensions and see
how the channel emanates from several areas of
chaotic terrain. They then use crater densities to
determine that Ares Vallis crosses a variety of ter-
rains formed at different times in Martian geologic
history. Mext, students consider the types of rocks
and sediments that Pathfinder might find at the
mouth of a large flood channel that crosses a land-
scape with considerable geological diversity. Final-
ly, students write a story explaining how features
in Ares Vallis support the idea that there were
mammoth floods on Mars and how Pathfinder
intends to use flood debris to shed light on Martian
geologic history.

Content Goals

* Many surface features lend strong support to
the idea of catastrophic flooding on Mars.

* The fluid that created the channels was
probably water.

= Ice, groundwater, or surface lakes may have
been the source of the flood water.

= Crater density is a technique for dating the age
of a planet’s surface.

* Mars Pathfinder will sample many kinds of
rocks deposited during the flooding,

Skill Goals

L]

Analyzing images of the surface of Mars for
evidence of surface water flow.

Measuring distances and landform sizes using a
map scale.

Speculating on processes affecting the surface
of Mars.

Inferring the age of a planetary surface based on
crater density.

Applying and synthesizing concepts learned in
the classroom models and experiments.

Writing about how features in Ares Vallis
support the idea of floods on Mars and how
Pathfinder intends to use flood debris to shed
light on Martian geologic history.

Possible Misconceptions

Mars currently has liquid water on its surface,
Ask: Does Mars currently have liguid water on its
surface?

The channels were formed in the recent past.
Ask: How long ago where the channels

formed?

Materials
Image set, clear plastic overlays, washable markers.

Time
Approximately 3 class periods.

~ Case Study: Were there Catastrophic Floods on Mars?. ™
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HOW IS A CASE STUDY

DIFFERENT FROM AN ACTIVITY?

Ares Vallis illustrates one of the most interesting chapters in Martian history,
the great floods. The case study examines some evidence relating to the
floods and, in doing so, ties together the modeling, image analysis and
experimental work students did earlier in the module and puts the selection
of the Pathfinder landing site in context. So far, each activity in the module
has highlighted one process and examined it in isolation of other processes.

' Such a simplified treatment does not reflect the interaction between process-

; es or the actual geological complexity of Ares Vallis. The case study is an
opportunity to look at Ares Vallis as a whole entity rather than focusing on

i it piecemeal. In addition, the case study is an opportunity to sg,rnthusize the
concepts introduced in the previous activities, and it provides a context for
that learning,

The case study ends by asking students to write a story explaining how fea-
tures in Ares Vallis support the idea that there were mammoth floods on
Mars and how Pathfinder intends to use flood debris to shed light on Mart-
ian geologic history. Writing such a story forces students to grapple with
: “ time sequences, the interaction between processes, and the degree to which
» . each process contributed to the observed features. By forming their own
i hypotheses and supporting them with evidence from maps, images and
: classroom models, students relate their previous work to the processes as
= : they take place on Mars. Weaving their analysis into a story develops stu-
' dents’ abilities to synthesize concepts and summarize their thinking. Ques-
i tions students might investigate include: What fluid was responsible for the
_— flood channels? Could water have flowed under present-day climactic con-
: 2 ditions? Was the past climate of Mars considerably different? Will scientists
85 "8 actually find the diverse assortment of rocks and sediments they expect to
find at the terminus of the flood channels?






\)/

Ares Vallis is one of a series of channels that descend from a highland plateau into

the low-lying Chryse Planitia (plain). Ares Vallis originates in three large areas of

chaotic terrain, follows a 1,800 km (1,225 mi) course and terminates in the Chryse

Planitia, approximately 2.5 km (1.5 mi) below its source. The channel is 25 km (16 i
mi) wide and about 1 km (0.5 mi) deep, and many of its features (some of which are

described in Activity 4) lend strong support to the idea that Ares Vallis is an

immense flood channel. For example, the scour marks and longitudinal grooving i
seen in Martian outflow channels were most likely produced by high-volume, deep,

high-velocity flows. While scientists have proposed ice, lava, mud flows and wind

as possible fluids that might have excavated the channels, water is considered the

most likely agent.

How much water did Ares Vallis carry? Discharge rates can be inferred by deter-

mining the volume of material the flood removed. Scientists estimate that the floods

removed 200,000 km? (50,000 mi?) of material (the approximate land area of Alaba-

ma, one-mile deep) from the chaotic terrain and channel bed. This would require a :
discharge rate in the range of 10 million to a billion m? per second. Ares Vallis's esti- .
mated peak discharge rate is 70 million m? per second. If the floods were 100 m L

deep, they would have lasted an estimated 50 days. If they were 200 m deep, as Eh L
some researchers speculate, they would have lasted nine days. These figures com- ;
pare to the Scabland flood, the largest known terrestrial flood, whose peak discharge v i
rate is estimated to be 10 million m? per second. Additional comparisons can be N
made with the Amazon’s mean annual discharge rate of 100,000 m? per second, and | '

the 1993 Mississippi flood peak discharge rate of roughly 30,000 m3 per second. Tl

Where might the water have come from? -
Several hypotheses have been proposed: ' " !

* Rising magma may have melted large areas of ice and permafrost, thus releasing s .
huge amounts of water suddenly. 3

+ The chaotic terrain, often located near the head of the channels, testifies to the
release of vast quantities of fluid material from subsurface sources. However,
some researchers feel the areas of chaotic terrain seem too small to account for
the amount of water required to fill and erode such large channels.

= Authorities on Martian flood channels discuss the possibility of there being
impounded lakes just prior to the Martian flooding. There is evidence for lake
sediments, and perhaps lakes formed by the release of groundwater. Because of
low temperatures and low atmospheric pressure which would make the long-
term existence of liquid water unlikely, it is thought that lakes could only exist
if the surface of the water had been stabilized by a thick ice cover. Since ice
tends to insulate the water beneath it and retard its freezing, a thick ice cover :
may have allowed water to remain in liquid state. Lake size and depth would T
be determined by the difference in the rate at which water seeped out of the
ground and the rate at which the ice layer sublimated.

P

Case Study: Were there Catastrophic Floods on Mars?
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» Water may have been confined under pressure beneath a layer of permafrost. For
example, a high pore pressure could have been achieved if groundwater percolated
down the eastern slope of the Tharsis Rise. This gravity-driven groundwater
would pool at the eastern end of Valles Marineris and create an aquifer. The per-
mafrost cap would confine the aquifer and, as more water collected, the water
pressure would rise. If the permafrost cap fractured or melted, the pressurized
aquifer would release its water catastrophically. Interestingly, the eastern end of
Valles Marineris is, indeed, a vast area of chaotic terrain - roughly the size of
Montana - and large channels lead away from it.

Where might all the water gone after it reached the Chryse Planitia?

All traces of the channels are gone between latitudes 459N to 65°N. The mud-flow-
like ejecta blankets around impact craters on the Chryse Planitia strongly suggest the
presence of ground ice there. Several other striking features of the Chryse Planitia
{polygonal fracture patterns and bright-colored crater ejecta superimposed on the dark

L surface) suggest that these distinctive features are caused by the presence of sedimen-

tary deposits from large floods. The floodwaters must have pooled in the low areas at
the ends of the channels. These lakes would have frozen over immediately. If the ice
was continually swept free of debris by wind, it would slowly sublime into the atmos-
phere. If, on the other hand, the lakes became covered with a few meters of debris and
sediment, the ice may have become permanently stable and would remain for the life
of the planet. The frequent dust storms, the high-sediment load of the flood waters,
and images of debris deposits at the poles all suggest that the ice deposits would have
quickly become covered with debris and have stabilized.

Summary

Ares Vallis is believed to be a channel, formed over 3 billion years ago, when a large
volume of sub-surface water broke through the surface and flowed to the Chryse
Basin. The plain at the mouth of Ares Vallis is the designated landing site for Mars
Pathfinder, and it was selected partly for engineering reasons such as having a relative-
ly smooth surface to minimize landing problems. Another selection criteria was that
this landing site promises to provide scientists an unusual opportunity to look into the
geological history of Mars. Scientists expect that the floods presumed to have created
Ares Vallis eroded rocks and sediments from along its course. Ares Vallis traverses a
range of rock types dating from different periods in the planet’s history. The estimated
scale of the floods - the largest known in the solar system - would easily carry an
enormous variety of rocks and sediments down from the ancient southern highlands to
the mouth of Ares Vallis. Scientists hope this landing site will enable them to sample
an immense area of Mars representing different stages in the planet's development
using just one lander. If the plan lives up to its promise, Pathfinder will provide data
that will shed light on a number of unanswered questions such as: Was there flowing
water on Mars? Did Mars have an atmosphere or climate that could maintain liquid
water at one time? Was free-standing surface water involved in the flooding? Did
other agents such as lava, mud or ice form the channels? What is the composition of

J “®rocks in the highlands, and elsewhere in the Martian crust? Are all rocks on Mars

basalt? Are there fossil-bearing rocks on Mars?

Case Study: Were there Catastrophic Floods on Mars?
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#l: |
Looking at the Landing Site |

|
1
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Refer to Image 3, the close-up of the Pathfinder landing site. Have the class

{or groups) discuss the landing site in terms of the surface features. The goal of
the discussion is to engage students rather than to learn facts. Questions might
include:

* How big is this landing site? What state is approximately this size?
{Rhode Island.)

*  What features stand out? (These might include: a smooth surface, streamlined land
forms, craters with mud flow ejecta blankets, small secondary craters without ejecta blan-
kets that were created by material blasted out when the large cralers were formed, and
channel beds.)

* How might such a landscape have formed?

»  Why might scientists have selected this area as the Pathfinder landing site?
(Because they have had little information related to this question, student responses will
vary. The geological reason is that there is a good sampling of rocks available. The
engineering reasons are: a smooth surface; a low elevation which gives the parachute more
tinte fo slow the spacecraft; and lots of divect sunlight at this latitude for the solar panels.)

+  What instruments are on the lander? (The lander has a camera, a weather slation, and a
rover which can move independently over the surface. The rover has its own camera
and an APXS to examine rocks near the lander. For more details, see Activity 8.)

2. Refer to Image 5 showing a broader view of the landing site including the mouth of
the Ares Vallis channel. Have the class (or groups) consider questions such as:

+« Whatdo you notice in this larger perspective? (The channel and more streamlined
features.)

» Is there anything in this image that furthers our understanding of why this area
was chosen as a landing site?

= Is there anything in this image that was not visible on Image 3 that helps us under-

stand some of the features pictured in Image 37 (A channel.) Wide area view of landing site.
Image Set image £5.

»  What do you think shaped most of these surface features? (Water.) Find three
pieces of evidence to support your answer. (Streamlined landforms, channels, possible
wet ground shown by the mud flow-like ejecta blankets around the large craters, smooth ; _ !
surface with grooves running parallel to presumed water flow direction.)

*  What direction did the water seem to come from? (The southeas!.) r “ 3 :

*  Look at the area around where the Tiu Vallis joins the plain. Did the Ares or Tiu 2
channel occur first? How do you know? (Ares first because Tiu flow marks eroded the @
earlier Ares flow marks.) . 4 ’ C

.L___,.-,-*'

| *  If the surface of Mars is now dry, how could water have flowed? (It is belicved that
Mars had flowing surface water early in ifs development.) i






'INVESTIGATION

H#2:
Looking at Ares Vallis

Refer to Image 1, the broadest view of the Ares Vallis region. Have students trace Ares
Vallis back to its source. You might distribute clear plastic overlays and marker pens
3 and have students outline Ares Vallis and the key landforms surrounding it.

»  Where does Ares Vallis start? (In the regions of lani and Margaritifer chaos.)
* How longisit? (1,800 [1,125 mi]) What does this correspond to on Earth?

* How does its width change from source to mouth? Is this typical of channels
on Earth? (Ares Vallis has a consistent width for mucch of its length. On Earth,
channels are often small and narrow near the source and often start in deep
V-shaped valleys. Near their mouths channels on Earth widen and the valleys
containing them become broader and shallowwer.)

r Gy *  What landforms are visible near where Ares Vallis originates?
{Craters and four areas of chaotic terrain: Margaritifer, lani, Hydaspis and Aram.)

* What additional features suggest water flow? (A channel enters a crater due east
of the Aram Chaos. It breaches the downhill side and enters another crater.
A channel leaves this second crater fo reconnect with Ares Vallis.)

8! Ares Vallis from source to
o month including areas of
% chaotic terrain,

1 Image Set image #1.

3
e
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INVESTIGATION |

Looking at Chaotic Terrain
Around the Chryse Basin

-

—t

Image 7 highlights two large areas of chaotic terrain at the head of the two
outflow channels just west of Ares Vallis (the mouth of Ares Vallis is visible in the
upper right corner of the image). The Simud Vallis emanates from the Hydrotes
Chaos and flows northwest from the lower center of the image. The Tiu Vallis
emanates from the Hydaspis Chaos and flows from the southeast corner to the
upper center of the image.

*  What features are associated with chaobic terrain?

fCUHﬁ‘pSt?d gmunﬂ', Dumﬂiﬂ channels.) Chaotic terrain and outflow channels.

Image Set inage &7,

*  How does the size of the chaotic terrain at the head of the Tiu and Simud Vallis
compare to the size of the chaotic terrain at the head of Ares Vallis? What
consequences might such differences have? (There is more chaotic terrain at T o
the head of Ares Vallis. This could have supplied large quantities of water Gy 1
intermitlently or all at once, creating large floods in either case.) : i

*  How many different chaotic terrains drain into the Ares Vallis? G R g 2
{Four: Avam, lani and Margaritifer are the main sources, and there is a small '
drainage from the Hydaspis chaos.) T

= Which outflow channel in this area is the longest? What is the significance of i
this? (Ares Vallis is the longest and consequently culs across a greater variety of $. " :
geological formations.) 3

2, Refer to Image 16 showing the regions that drain into the Chryse Basin.

= Approximately how many channels flow into Chryse Basin? T
Where are they located? Sl

*  What does that imply about the topography of the region? (The Chryse Basin is :
surrounded by elevated plateaus to the south, east and west.) .

»  Trace the flow of Ares Vallis from chaotic terrain through the channel to Chryse
Basin. Where did the water flow after reaching the basin? Where are signs such
as flow lines and tear-drop islands no longer evident? (The waler appears to have
spread out and either evaporated, sublimated or gone underground.)

*  What might explain why the Chryse basin looks so smooth? (Becanse the A ¢
Martian gravity 15 4/10 that of Earth's, features commonly asseciated i "- f
with sediment deposition on Earth ave likely quite different on Mars. It may be 7
that sediments of all sizes were kept in suspension long enough o deposit f, &
themselves fairly evenly over much of the Chryse Planifia withou! forming £ » . :
adelta) N \

Case Study: Were there Catastrophic Floods on Mars?

e o e P s L SR e e b






4
e

) %
MARS -
ENDLULCATION
PROGRAN
.

L ¥

#4:
How Old Is the Martian Surface
Around Ares Vallis?

'INVESTIGATION

Unlike Earth, the Martian crust is not active and does not constantly degrade and
renew itself. Consequently, one can find parts of the Martian crust preserved from
every phase of the planet’s history starting over four billion years ago. Since meteors
continuously fall on a planet’s surface and create craters, craters can be used to help
determine the age of a surface. In general, the greater the crater density, the older the
terrain. Mars has had two major cratering periods, one about four billion years ago
and another about three billion years ago. By having students look at relative crater
densities along Ares Vallis, they can appreciate that the geologic formations it flows
over were formed at different times during Mars's hiﬁtor}'.

= Do the crater densities in the areas surrounding Area Vallis change? If so, how?

< * Using crater density, estimate which parts of the surface are the youngest and
oldest.

* (Construct a reasonable sequence for the following events: Ares Vallis forms, the
highland plateau (at the head of Ares Vallis) forms, Chryse Planitia forms, chaotic
terrain develops, and the ridged plains (the heavily cratered area northeast of Ares
Vallis in the Arabia Terra) form. (From oldest to youngest: Highland Plateaw,

i Ridged Plains, Chaotic terrain, Ares Vallis, Chryse Planitia.)

na

Heavily cratered areas around Ares Vallis.
Image Set image 7 2.
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¢ Looking at Sediment Transport
=
— i
£ b
P
Refer to Image 13, the delta formed where the Mississippi River flows into the Gulf of
Mexico.
s ‘What do students notice? (A delta, deposition, islands, silt flowing inko ocean.)
* How might this example of sediment transport relate to Ares Vallis?
{ Depasits at the mouth of a viver will likely contain sediments from along its entire lengih.) £
3
» Why is this an important piece of information in the Pathfinder mission? . R b
(Scigntists expect that analyzing samples in an outwash plain will enable them to study rocks LN, .
from the entire Ares Vallis drainage. This concept is called a grab-bag site.) ' X
; : -
* How does one find an area that has rocks from a lot of different places? :
{Look for owtwash plains at the mouth of channels.) -
» How large an area might the rocks and soil found at the Mississippi delta or on the ; t P A il
Chryse Flanitia have come from? (Have students look at miaps showing the drainage : % 3 St
basin of the Mississippi and Ares Vallis.) g% ; \\-f

The Mississippi River Delta. Image Set image 713,

: Were






#6:
Ares Vallis and the
Pathfinder Mission

'INVESTIGATION |

} 1. Why did scientists choose Ares Vallis? (Your students should be able to explain that

i a wide variety of rocks probably were deposited near the proposed landing site. This will
enable Pathfinder to find a wider Han normal variety of rocks. Other advantages of this

B landing site include: a relatively smooth surface fo minimize landing problems, a
mid-latitude location for more direct sunlight for solar power, and a low elevation to allow
more time for deceleration.)

2. Remind students that no one knows for sure what caused Ares Vallis and the other
features in this area. The flows may have been lava, mud or ice. Maybe fractures
created the channel before water flowed down it. Remaining questions include:
what caused the water to break through to the surface and why is there no alluvial

- fan where the Ares Vallis flows into Chryse Basin. Mars research is an on-going
» : process. New data from Mars Pathfinder and Mars Global Surveyor will answer
X e AR some questions and very likely raise some new ones.

-
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#7:

What is the Significance of the
Martian Floods to the Pathfinder
La_nding S_ite?_____ X

INVESTIGATION

¢

Based on their experiences in the module, students should now be able to write a
story explaining how features in Ares Vallis support the idea that there were mam-
moth floods on Mars and how Pathfinder intends to use flood debris to shed light on §
Martian geologic history. Since many aspects of the channels are poorly understood,

the focus is on having students develop hypotheses, identify evidence to support

those hypotheses and synthesize the concepts to which they have been introduced. A

thorough discussion would mention the evidence for cataclysmic floods. In addition,

it would discuss the significance of the regional topography, the relationship between

channels and chaotic terrain, and the different time periods represented in the geolo-

gy over which Ares Vallis flows. Finally, a complete story would mention how these

elements bear on the geologic and engineering reasons for selecting the Pathfinder =
landing site. Consider having students use alternate formats such as multi-media

presental:'ﬂns or poster reports. T

Case Study: Were there Catastrophic Floods on Mars?
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In the case study teachers play the possibly unfamiliar role of facilitator, posing ques-
tions, asking for clarification and pushing students to find evidence to support their
hypotheses. The case study goals are only partly content knowledge about Ares Vallis.
Equally important goals are:

= toengage students in relevant investigations;

* to have students develop confidence in their abilities to develop
hypotheses supported by evidence;

* to engage students in some of the unsolved Martian mysteries.

Since one of the best techniques for assessing inquiry learning in science involves hav-
ing students actually perform tasks that demonstrate their mastery, the case study is
the intended assessment of student understanding developed in this module. By hav-
ing students weave their understanding of whether Mars had floods into a plausible
story, students must develop hypotheses, use their modeling, image analysis and
experimental work to support their ideas, and present them in an organized way. As
stated in the National Science Education Standards, “A well-crafted justification
demonstrates reasoning characterized by a succession of statements that follow one
another logically without gaps from statement to statement.” Whether it is a report,
presentation, poster or multimedia project, a culminating product is a powerful way to
gauge the level of student understanding.

As few teachers have training Martian geology, it may be unclear if students have suc-
ceeded in developing a plausible story. In addition, the lack of widespread agreement
for teachers to refer to compounds the problem. But remember, there are no absolute
answers about whether Mars had catastrophic floods; Mars exploration is at its begin-
ning and much more is to be learned about Martian history than is presently known,
Furthermore, some of the most exciting teaching and learning occur when the answers
to questions are unknown. In fact, some educators argue that leaving students won-
dering may be one of the best ways to make learning a life-long activity.

~....Case Study: Were there Catastrophic Floods on Mars? '
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AT A GLANCE ¢

Overview

By reflecting on their experiences in the module,
students articulate questions, pinpoint specific
information they would like to obtain and develop
an on-going connection with the upcoming Mars
missions. Students create a list of questions that
have arisen during their work. They then read
about the instruments on the Pathfinder and Mars
Global Surveyor and relate the information these
instruments will provide with their questions.
Finally, students create a calendar for the missions
and consider how they will access the information
returned by the probes.

Content Goals

*  The Mars Pathfinder and the Mars Global
Surveyor have specific mission objectives and a
selection of instruments to help achieve those
objectives.

* The instruments and investigations arise out of
questions people have about Mars, and

students are fully capable of generating
questions worthy of future study.

* The Mars Pathfinder and the Mars Global
Surveyor missions have specific timetables,
and students can follow the progress of each
mission in a number of ways.

Skill Goals
» ldentifiying questions that really interest
students.

» Dewising a plan for answering those questions.

A A

Prerequisites
Completion of the Great Martian Floods and the
Pathfinder Landing Site module.

Possible Misconceptions

* All space probes have the same basic design
and instruments.
Ask: Do you think Voyager, Magellan or
Galileo had any of these instrumenis?

*» Robotic space exploration is inferior to manned
space travel.
Ask: What woudd haoe to be clanged in order
to have a human collect this information?

* Space missions are sent up all the time.
Ask: How often are space missions launched?
What prevents NASA from launching as many
missions as it wants? How long can scientists

find interesting information in a st of images?
Do yrou think that people assume that there are
lots af missions because we see a lot of pictires
from space these days?

Materials
Calendar of the missions, length of paper to make a
timeline,

Preparation
Obtain a computer with Web access to visit some of
the mission-related sites.

Time
1 class period
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BACKGROUND []')

At the end of 1996, NASA launched two missions to
Mars, the Mars Pathfinder and the Mars Global Surpeyor
(MGS) (Fig. 8.1). MGS will study Mars from orbit 400 km
(250 mi) above the surface. It was launched in November
of 1996, will arrive in September of 1997, and will begin a
two-year mapping mission of Mars in March of 1998,
MGS5 has three cameras with resolutions as high as 3 m
(10 feet). This compares to the highest resolution images
from Viking of 20 m (&5 feet). Other MGS instruments
include:

* a magnetometer/electron reflectometer to study the
planet’s magnetic field;

* aradio system to study Mars's gravity field and sub-
surface mass distribution;

* alaser altimeter to study the planet's surface
topography and its overall shape;

Fig 8.1
Mars Pathfinder
(above) and Mars
Global Surpeyor
(right). :

* a thermal emission spectrometer to study the heat
coming from the surface and atmosphere. This
information will enable scientists to create weather
maps and identify the size and composition of surface
materials.

The Mars Pathfinder mission is primarily an engineering demonstration of key technologies and concepts for
eventual use in future missions to Mars employing scientific landers. Pathfinder also delivers science instru-
ments to the Martian surface to investigate:

* the structure of the Martian atmosphere;
* the weather and meteorology on the surface (wind velocity, pressure and temperature};
= the surface geology;

* the form, structure and composition of Martian rocks and soil.

Pathfinder’s ﬂight system has three main parts: the cruise stage (6-7 months), the decelera-
tion systems and the lander. The lander contains all the science instruments and a rover,
named Sojourner (Fig 8.2). Sojourner, the free-ranging surface rover, will be used to con-
duct experiments and deploy instruments, Upon landing, the primary
data-taking phase begins and continues for 30 Martian days or sols
(24.6 hours). During this time, Sojourner will be deployed and
operate for at least seven sols. If the lander and rover continue to
perform well at the end of this period, the lander may continue to oper-
ate for up to one Martian year, and the rover for up to 30 sols.

To learn more about the Mars Exploration Program, explore the

following Web pages:
Mars Global Surveyor: http:/ [ mgs-www.jpl.nasa.gov/
Mars Pathfinder: http:/ f mpfwww.jpl.nasa.gov Fig.8.2

Jet Propulsion Laboratory http:/ f www.jpl.nasa.gov/ The Mars Pathfinder rover, Sojourner,






PROCEDURE

1. Have students reflect on their modeling, image analysis and experimental work and generate a list of questions. What
have they wondered about during the module? What struck them as particularly interesting? What additional
information do they wish they had? Which features they would like to see in more detail? Why? Questions might
include: Are the rocks at the Viking landing site erratics? What is the source of the water? Are there wave-cut shore
lines? Ripple marks? Scablands? Gravel and sand bars?

2. Have students read about the instruments on the Pathfinder and MGS. (See both the material included with this
activity and the descriptions in the Gebting Started module.)

3. Review the missions, noting especially that MGS will orbit Mars and collect data for at least a full Martian year (two
Earth years) and that the Pathfinder lander can operate for up to one Martian year. Review the instruments that espe-
cially pertain to studying the Martian floods: the cameras, Thermal Emission Spectrometer (chemical composition),
Laser Altimeter (altitude), and APXS (surface geology and chemical composition). Which of their questions can each
instrument help answer? What instruments would they like to see on a future mission? Could they imagine them
selves designing or operating such an instrument?

Planetary missions take years of preparation. Some of the scientists and engineers have been preparing for the missions

for 00er len years.

4. Show students the calendar for the missions. Ask them:
* where they expect they might be at these times;

*  how might they access information from the instruments or about the mission.
Newspapers, magazines, the Web, lelevision, radio, friends.

5. Have each student devise a plan that outlines how he or she might obtain answers to his or her questions.

6. Put a timeline on the wall showing the
months from now until June, 1998, Mark
the events listed on the calendar to follow

- issions.
Mars Pathfinder TR
JAN [FEB MAR APR MAY JUN JUL AUG SEP OCT NGV DEC 7. Explain that approximately every week a
1996 Launth new set of images from Pathfinder and MGS
will be posted on the World Wide Web.
Your students will be able to use computers
at school or at home to access these images.
The released images will include close-up
images of the flood channels as well as
Mars Global Surveyor many other parts of Mars. Once this release
T JAN FEB MAR APR MAY JUN K JUL AUG, SEF OCT NOV DEC of images begins, your students can build
on the questions and excitement these
; images raise and extend their studies of
Viisss . | Mars. Ultimately, students may even be
able to request that images be taken of a site
they are interested in studying.

1997

1996 Lauech | g
Marz

_ Activity 8: Preparing for the Mission:What Questions Has the Module Raised?





INSTRUMENTS ON MARS GLOBAL

SURVEYOR THAT PERTAIN TO THIS MODULE

(based on an article by Mike Malin, Principal Investigator on the MGS
camera)

In November 1996, NASA launched the Mars Global Surveyor
(MGS). After a ten-month cruise, the spacecraft will enter an
elliptical orbit around Mars. For about six months thereafter, it
will gently dip into the upper portions of the Martian atmos-
phfrn.-., using atmospheric drag to slowly shrink its orbit. In mid-
March of 1998, it will begin its two-year mapping mission 400
km (250 mi) above the Martian surface.

Particularly relevant to the study of Ares Vallis are the three cam-
eras. MG5 has two low-resolution cameras capable of recogniz-
ing features 500 m (about 1,600 ft) across and one narrow-angle
camera (Fig. 8.3) able to see things as small as 3 m (10 ft) across.
Fig. 8.3 The low resolution cameras will make daily maps enabling sci-

A camera from the Mars entists to see things such as surface features and dust and ice
Global Surveyor mission. clouds. The narrow-angle camera, which can see boulders the
size of cars, will be used to search for traces of beaches and glaci-
ers, the effects of water seeping from canyon walls, and layers in
polar deposits that reflect climate changes. It will also look for
the two Viking landers and the Pathfinder lander. If successful,
these pictures will finally tie together the view from Mars’ sur-
face and that seen from orbit. In contrast, the cameras on the
Viking orbiter phnmgraphed only about 15% of Mars with a reso-
lution of 100 meters (305 feet), and only two tenths of one per-
cent of the Martian surface was mapped in sufficient detail to
show objects measuring 20 m (65 feet) in diameter.

Also relevant to the study of the Martian floods are two other
instruments on the MGS (there are a total of five instruments on
the MGS). The laser altimeter (Fig. 8.4) will tell scientists a great
deal about the topography of Mars. Among other things, the
altimeter will measure the:

* depths of craters

Fig. 8.4 * heights of volcanoes
The Laser Altimeter from the Mars Global Sur-
veyor mission. * steepness of cliffs

* slopes of water-carved canyons.

It will also be used in conjunction with other instruments to help
determine the global shape of Mars and the thickness and
strength of the planet’s crust.

~Activity 8: Preparing for the Mission:What Questions Has the Module Raised?
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The Thermal Emission Spectrometer (TES) (Fig. 8.5) measures the amount of heat
coming from the surface and atmosphere at many different wavelengths.
TES will determine:

. atmospheric temperature and pressure at several different altitudes;

. the coneentration of dust both in layers on the ground and spread
throughout the atmosphere;

. the size of particles on the surface, from dust grains to bedrock. It does
this by comparing the temperature during the day with that observed
at night (the same effect that causes beach sand to be very hot during
the day and to be cool at night). The sizes of particles on the surface
help scientists tell how the particles were moved (e.g., by wind, water
or other processes);

. what the Martian rocks, sand and dust are made of, and in what pro- I r
portions, TES will be able to discriminate volcanic rocks similar to :
those found in Hawaii (basaltic) from rocks and ash similar to those
erupted by Mount Saint Helens (rhyolitic). It will search for minerals
left behind as possible lakes or other bodies of water dried up, and for
minerals that formed when the atmosphere was potentially thicker and §:
wetter than it is today. o8

§f
.
Fig.8.5 7
The Thermal Emission Spectrom-
eter from the Mars Global e
Suroeyor mission. e ar o]
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INSTRUMENTS ON THE PATHFINDER

THAT PERTAINTO THIS MODULE

The imaging system on the Pathfinder (Fig. 8.6) can look at the landing
Folding site stereoscopically, and in black-and-white and color modes. Each
Mirror of the imager's two cameras has 24 filters that were carefully selected
to allow the determination of certain atmospheric and surface proper-
ties, For example, a band at about 1.0 microns will allow determina-

tion of the presence of pyroxene, a key mineral expected to be present

I in the rocks.
3
= Eleraiiran
!.I*:"j:hrrrI G# Rearing (20 Another instrument carried on the rover is the Alpha Proton X-ray
I - T

AL Spectrometer (APXS) (Fig. 8.7). The TV in your home is a bit like the
Elevation Motor  APXS. Though you may not realize it, that bump on the back of your

Azimuth Motor TV is a gun aimed at the screen. But rather than shooting bullets, the
Fig. 8.4 gun shoots tiny particles called electrons. When the electrons hit the
Cameras on the Mars Pathfinder. phosphor powder on the back of the glass screen, it causes the pow-

der to glow. By controlling the stream of electrons coming out of the
gun and making different sections of the screen glow brightly, dimly
or not at all, a TV can display an infinite variety of images.

The APXS uses radioactive cesium as a source of particles to shoot out its gun. These particles, called alpha par-
ticles, are made up of two protons and two neutrons (i.e., a helium nucleus). The gun shoots a stream of alpha
particles at rock or soil sample. When the alpha particles hit the sample's atoms and molecules, several things
can happen. First, the alpha particles can be deflected and bounce off, the way a tennis ball would change the
direction of its flight if it hit part of an object such as a bicycle. Or, the alpha particles can knock protons off the
sample’s atoms and molecules the way sand grains are scattered when a rock falls onto some sand. Finally, the
alpha particles can energize the sample's atoms and
cause them to emit energy in the form of x-rays. Think
of a stone thrown into a pond. The waves spreading out
from where the rock landed represent the x-ray energy.

The APXS has detectors that records all three of these
effects that might be emitted by a sample. By bombard-
ing elements such as carbon and iron with alpha particles
on Earth, scientists know the pattern each element
makes. By comparing the patterns they see in the APXS's
detector with the patterns they know from their tests on
Earth, scientists can tell the composition of the rock and
soil samples. Elements such as carbon, oxygen, magne-
sium, aluminum, silicon, calcium, potassium, iron and
nickel can be identified.

Fig. 8.7
Pathfinder sampling a rock with the APXS.






MATERIALS FOR THE

GREAT MARTIAN FLOODS MODULE

. One Teacher Handbook and student image sets (one per two students recommended)

Mars Exploration Education and
Public Outreach Program

Jet Propulsion Laboratory

4800 Oak Grove Drive
Pasadena, CA 91109

(818) 354-6111

. Two Faces of Mars poster, Item # 1338, $15.00
Spaceshots
33950 Barnby Rd.
Acton, CA 93510
(800) 272-2779 (phone)
(BO5) 268-1653 (fax)

. An Explorer's Guide to Mars poster, Item # 505, $6.00, "
The Planetary Society s 1
65 North Catalina Avenue
Pasadena, CA 91106-2301
(818) 793-1675 (phone)
(800) 966-7827 (fax)

. The Great Floods, Cataclysms of the Ice Age video, 514.95
Morthwest Interpretive Association
Coulee Dam National Recreation Area
1008 Crest Drive
Coulee Dam, WA 99116 ;
(509) 633-9199 b {

. The Channeled Scablands of Eastern Washington booklet by Weiss & Newman, $2.50. .. .~ . ;
Morthwest Interpretive Association,
see above address,

. Cataclysms on the Colunibia book by J. Eliot and M., Burns, $14.95
Morthwest Interpretive Association,
see above address,

i
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RESOURCES

Posters
Mars Pathfinder and Mars Global Surveyor,
(while supplies last)
Mars Exploration Education and
Public Outreach Program
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-6111

Video
Mars Pathfinder, (while supplies last)
Mars Exploration Education and
Public Outreach Program, see above address.

CD-ROMs

Mars Navigator Interactive Multimedia CD-ROM,
describes JPL's Mars Global Surveyor and
Mars Pathfinder missions (while supplies last)

Mars Exploration Education and Public Outreach
Program, see above address.

The Mars Educational Multimedia CD-ROM,
provides a Mars atlas, Mars-based lesson plans,
descriptive information about Mars, image pro-
cessing software to extract information from the
images in the Mars atlas and from new images
acquired by future orbiter and lander missions.

The Center for Mars Exploration,
Mail Stop 245-1

NASA Ames Space Science Division
Moffett Field, CA 94035-1000

(415) 604-4217

Recommended ordering procedure:
http:/ / cmex-www.arc.nasa.gov

Web Sites
Mars Global Surveyor: http:/ / mgs-www.jpl.nasa.gov/

Mars Pathfinder: http:/ / mpfwww,jpl.nasa.gov
Jet Propuision Laboratory: http:/ / www.jpl.nasa.gov/

Center for Mars Exploration:
http:/ / cmex-www.arc.nasa.gov/

The Planetary Society: hitp:/ / planetary.org/tps/

Arizona Mars K-12 Education Program
http:/ / estherla.asu.edu/asu_tes/

Periodicals

The Planetary Report
The Planetary Society
65 North Catalina Avenue
Pasadena, CA 91106-2301
(818) 793-5100 (phone)
(818) 793-5528 (fax)

Mars Underground News
The Planetary Society, see above address

Recommended Maps and Photomosaics of

Selected Martian Features,

General: _

Map of Olympus Mons to Ares Vallis [-1618
Map of Eastern Valles Marineris to Ares Vallis  1-1448
Topographic Map of Mars (1:25,000,000) (1 map) I-961
Topographic Map of Mars

(1:15,000,000) (3 maps) I-2160
Volcanoes:

Photomosaic of Olympus Mons 1-1379
Map and photomosaic of Tharsis volcanoes 11922
Canyons:

Map of Central Valles Marineris 1-1253
Photomosaic of entire Valles Marineris 1-1206,

1-1207,1-1208, 1-1184, I-1381

Floods
Photomosaic of channels and eroded landforms I-1652
Photomosaic Dromore crater

with breached ridge 1-1068
Pathfinder

Map of Ares Vallis 1-1551
Photomosaic of the flood channels

near landing site 1-1343

Close-up photomosaic of landing site  1-1345 & [- 2311
( $4.00, 3-4-week turn around)

United States Geologic Survey

Box 25286

Federal Center, Building 810

Denver, CO 80225

(800) 435-7627
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5: Yy Donna Shirley Manager, Mars Exploration Program (NASA /JPL)
Dr. Cheick Diarra Manager, Mars Exploration Education and :
- Public Qutreach Program (NASA /JPL) i
Dr. Meredith Olson Mars Exglﬁratiﬂn Program Educator ]
(Seattle Country Day School) il
Daniel Barstow Project Director (TERC)
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‘;r_{ .+ These curriculum materials were developed for JPL's Mars Exploration Education and Public Outreach Program, which is part of

. NASA’s Mars Exploration Program. The work is funded by NASA's Jet Propulsion Laboratory (JPL) which has the overall respor-
2 sibility for the Mars Exploration Program. 5

% These curriculum materials were developed through a sub-contract to TERC, Inc., a non-profit educational research and develop-
"+ ment company. The materials have been field-tested by teachers and reviewed by scientists. New versions of the materials will be
released periodically, incorporating new discoveries about Mars and improvements based on teacher feedback. '

--"’JL For information about materials or the Mars Exploration Education Program please contact:

Dr. Cheick Diarra
Mars Exploration Education and Public Outreach Program
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109

§18-354-6111
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