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THae EXPLORATION OF MARS

Mars, fourth planet from
the Sun, has been known te
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U.S. Mariner 4 mission,
taunched in November
1964, thatatcrrestrial space-

advent of tclescopic astronomy, the plancts were scen to have
individual form und substance. Mars, due to its proximity and
location just beyond Earth’s orbit, wasparticularly revealing. By
the end of the 19th century, the noted American astronomer
Percival Lowell andothers had seen polar ice capsadvancing and
receding on Mars, suggesting scasonal change.  Lowell also

craftflew by Marsand sentback picturcs. People hoping forsigns
of civilization were disappointed to sce in these pictures a
desolate, cratered surface much like the Moon. There were no
signs of any canals, but some of the 22 photos sent back appcared
to show water icc in the form of frost on the rims of some craters.
2 The promisc of Mars asa habitat was diminished, but not entircly

Developed by the Solar System Exploration Division,
NASA Headquarters.

BEST COPY AVAILABLE




Frost-Filled Craiers (Mariner 7)

put to rest. For the next few ycars, the Nation’s attention turned
toward lunar studies and the manned space program as NASA
geared up for the Apollo missions to the Moon.

Five years after Mariner4, in 1969, NASA’s Mariner 6 and
7 missions flew by the Red Planet, retuming pictures of the
equatorial region and southern hemisphere. Mariner 6’s view of
the equatorial region showed fewer craters than Mariner 4 had
seeninthe south, but among them was a chain of gigantic craters,
including one more than483 kilometersindiameter. Again, frost
was secn on the rims of some craters. Mariner 7 concentrated on
the heavily cratered southern hemisphere, where it found evi-
dence of large volcanoes as well. This was exciting news. Our
understanding of volcanic processes is extensive, because we
have so many on Earth. The martian volcanoes, therefore,
represented a way to*‘read”” the geologic history and processes of

“the Red Planet. But pictures were not all Mariners 6 and 7 had to
offer. Remote sensing had progressed in the years since Mariner
4, partially as a result of NASA s drive to characterize the Moon
in preparation for the Apollo landings. Mariners 6 and 7 were
equipped with sophisticated instruments that measured the mar-
tian diameter, surface temperature, atmospheric pressure, and
composition. Measurements taken by these instruments con-
firmed, for example, that Mars’ surface atmospheric pressure is
about .7 percent of Earth’s, and that the atmosphere is mostly
carbon dioxide.

The excitement at the success of the scientific data-gathering
and transmission by Mariners 6 and 7 tucled expectations for
Mariner 9. T' is spacecraft, launched in 1971, was more than
twice the size of its predecessors and carried new instruments,
including infrared and ultraviolet spectrometers for surface and
atmospheric composition stuuies. Mariner 9 was also the first
U.S. orbiter-type planetary spacecraft, designed not just to fly
past a planet, but tostay in orbit around it for an extende., period,
mapping the surface with its instruments. At the very time
Mariner 9 arrived in idars orbit, a planct-wide Gust storm was
raging, obscuring the surfacs almost completely. Had this been
a flyby mission, it would have been nearly for naught. But
instead, scientists got a chance to observe the progress and

conclusion of a major surface/atmospherc interaction crucial to
understanding the planet. Marincr 9 went on to cxceed mission
expectations by mapping about 85 percent of the Red Planct’s
surface. It sent back more than 7,000 spectacular picturcs
revealing plains, huge volcanocs, and an cquatorial rift valley
stretching the equivalent of the distance from New York to Los
Angeles. Mariner9 also showed us wide regions croded by what
must have been flowing water sometime in the planct’s past.

Volcano on Tharsis Ridge (Mariner 9)

The Mars revealed to us by Mariner 9 was our first close-up
global view of the planet. There were many surprises. In
diameter, Mars isabout halfthe sizc of Earth, yet its most notablg
surface features are more massive than anything we have secn on
Farth. Mariner 9 showed us the Tharsis Ridgc, a bulge so large
that it has deformed the sphericity of the planct. Scveral
enormous volcanoes, the Tharsis Montes, sit atop the ricge. The
huge equatorial canyon, Valles Marincris, cxtcnds away from the
Tharsis Ridge and may be related to it. Great flood channcls
extend from collapsed terrain associated with this canyon. Also
unexpected was the strong dissimilarity of the northern and
southern hemispheres of the planct. The northern hemisphere is
primarily low-lying volcanic plains, while the southern hemi-
sphere (which is all the early Mariners saw) is hcavily cratcred
highlands, much older than the north. These highlands bear the
scars of water flow, which scems to have occurred well after
muchof the cratering, judging by the crosion of old craters by the
flow.

Mariner 9also provided us with our first closc-up views of the
martian moons, Phobos and Deimos. These small, irregularly
shaped bodies appear tobe asteroids captured by martian gravity.
Mariner 9’s spectrometers provided us with information about
the Red Planct’s atmospheric composition, which is 95 percent
carbon dioxide, with smalleramounts of nitrogen aixl argon, and
traces of many other molecules, including oxygen, carbon mon-
oxide, and water. The argon was of particular interest because
comparisons of the abundances of different isotopes of argon in




the atmosphere suggest that the martian atmospheric pressure
was once much higher than it is today. Higher atmospheric
pressure would have better enabled liquid water to exist on the
surface of the planet. An infrared radiometer on Mariner 9 also
measured surface temperature, which varies regionally and
seasonal y on Mars from about +20 to -120 °C.

Equipped with a global view of Mars, NASA and the science
community spent the early 1970s designing a mission to address
the emerging questions With new evidence that water once
flowed on Mars, there was a renewed interest inlooking for signs
of biological activity in the soil. And now that we had a synoptic
view of the planet, why not get some *“ground truth” by landing
some cameras to lookaround? From these seedsarosethe Viking
mission of 1975. Viking consisted of two spacecraft, each
including an orbiter and lander. The landers would be small soil-
testing and meteorological laboratories and would include cam-
eras. The orbiters would perform remote-sensing observations,
including high-resolutionimaging of areas of interest, particularly
near the polar caps and in regions of apparent past water flow.

Martian Horizon (Viking Orbiter 1)

The Viking mission achieved spectacular success. Launched
inthe summer of 1975 and arriving in the summer of 1976, both
omiters and landers did their jobs, sending back a wealth of data
that are still being assimilated. Eachle*+¥ . included a weather
station, a scismometer for detecting “marsquakes,” small soil-
analysis facilitics, and a TV camera. The orbiters, in addition to
high-resolution photographic mapping, mapped surface te .-
perature and atmospheric composition, with particular atw..don
to water content in the atmosphere. The soil analyses carried out
by the landers scarched extensively for signs of terrestrial-type
life forms or at least the molecular precursors to lite. No
conclusive evidence was found, even under rock” where the soil
was protected from incoming radiation. The weather stations
monitored average winds of about 15 mph and recorded persis-

-~

tenit sub-freczing temperatures. The lander cameras showed us
the pinkish color of the surface, probably resulting from oxida-
tion of iron in the soils. The cameras also revealed frost cycles
that arc probably related to water vapor transportation in dust
storms. The landers also weathered some martian dust storms
that raged across the northern plains.

The Viking orbiters provided detailed maps of the surface,
showing us, at resolutions greatly improved since Mariner,
impact crater ejecta distributions, water-flow features on a mas-
sive as well as local scale, and, at particularly high resolution,
layered terrain inthe polar regions. Eachofthese features hasled
to new theories and new questions about the history of Mars:
 The crater ejecta distribution patterns suggest to scientists

that some of the ejecta may have been waterlogged at the

time of imyact, but we need actual sample analyses to be
sure.

» The water-flow features suggest massive flooding, but the
flood channels empty mysteriously—there are none of the
deltas or alluvial-plain features typically produced by
terrestrial rivers. This, too, requires further rescarch,
including soil- and rock-sample analyses and higher
resolution imaging.

» The layered terrain in the polar regions suggests that there
have been periodic climate changes on Mars, perhaps
similar to the waxing and aning of icc ages on Earth. But
when did the martian changes occur, and what were their
natures? If we learn when the martian climate changes
took place, and what happened during each age, we can
compare these data with what we know about Earth to
determine whether both planets experienced simultaneous
or refated orbital fluctuations.

We can also leamn more about changes in the martian climate
over time to help us construct a better model of surface/atmo-
sphere interactionsandtheir relationto volcanism, impact events,
and perhaps, orbital changes. Such modeling is crucial to our
understanding of terrestrial planctary processes as we strive to
understand the history and future of our own planet.

The Viking mission sent back years’ worth of data, much of
which are still being analyzed. Thisisthe naturc of orbiter-lander
missions. The data volume from an orbiter is huge, literally
global in scale, and the lander lifetimes were quite long (the
Viking 2 lander operated for 3.5 years and the Viking 1, 6.5
years).

Viking ended the first cra of space-based Marsexploration. In
the years since then, NASA andthe planetary science comraunity

Water Ice on Mars (Viking Lander 2)




have been poring over the data from the first era, not only to learn
what the data have to say, but to determine what necds further or
closerstudy. The emerging fieldof comparative planetology has
helped provide an overarching structure to these interim years.
As we learmn more about Earth and other planew, Venus in
particular, we have a better idea of what questions to ask about
Mars. From this ferment inthe late 1970s and carly 1980s came
the design of the first mission of the second era of Mars explora-
tion: Mars Observer.

The Mars Observer spacecraft, launched September 25,
1992, takes advantage of tremendous advances in spacecraft and
instrument technology. It is a very sophisticated, relatively
lightweight spacecraft whose design is based on a combination
of proven communication and meteorological satellite technolo-
gies. MarsObserver’sinstruments will study martian surface and
atmospheric properties, climate, magnetic field, and gravity.

An Artist’s Concept of the Mars Observer Spacecraft

A Gamma-Ray Spectrometer will determine surface composi-
tion of the Red Planet, and will measure variations in the seasonal
polar cap thickness and the atmospheric column density. The
Mars Observer Camerawill produce adaily wide-angle (“weather
map”) image of the entire planet, as well as narrow-angle (high-
resolution) images of objects of interest as small as 3 meters
across. The Thermai-Emission Spectrometer will contribute to
the mapping of surface minerals and rocks, and will help locate
and characterize ices on the surface and ice and dust particles in
clouds. A device called the Pressure-Modulator Infrared Radi-
oreter will map the thermal structure, dust content and distribu-
tion, water vapor, and other propertics of the mar' “in atmosphere
in three dimensions. A Laser Altimeter will provide detailed
topographic data for analysis of local terrain as well as global
mapping. A Magnetometer will determine the nature of the
planet’s magnetic field, and an associated electron reflectometer
will characterize the interaction of the magnetic ficld with the
solar wind. The radio signal from Mars Obscrver will be
analyzed for gravitational effectsas it passes throughthe limb of
the planet, helping to build, over the ncarly 2 Earth years of the
mission, aglobal databasc of martian gravity. And,inatouchthat

may be a harbinger of things to come, Mars Obscrver will carry
a data relay for a Russian lander (Mars *94) that will be in
operation during Mars Obscrver’s mission lifetime.

Mars Observer wasdesigned indircoc responsc to the pressing
questions of planetary scicnce peculiar to Mars. These include
questions about climate change, interior structurc, surface com-
position, atmospheric processes, and the presence of water. The
answers to each of these questions will bear dircctly on our
understanding of Earth and the other terrestrial plancts. Mars
Observeris also anessential step toward the futurc exploration of
Mars, whether we explore the planct with robot spacecraft in the
next few years or with human presence inthe next century. Mars
Observer will provide a more detailed global “road map” of
Mars, its surface, and its atmosphere. It will also provide a
necessary data base for getting missions to the surface and for
planning what to do when they get there. As an immediate step
in this process, data from Mars Observer and previous missions
will be used to assist the Russians intheir sclection of reasonably
safe and scientifically important landing sites for their Mars "94
landed stations. Mars Observer data will also be important to the
selection of future U.S. landing sitcs.

The planned Mars Environmental Survey mission, or
MESUR, will undertake the next phase of U.S. Mars cxplo-
ration after Mars Obscrver. The MESUR Pathfinder mis-
sion has been proposed by NASA to cmplace onc short-lived
lander on Marstotest the lander concept and technology. The
lander may be equipped with a “microrover” to move instru-
ments or sample-gathering equipment for investigations at
locations of interest near the lander. MESUR Pathfinder is
proposed for launch in 1996, and will help pave the way for
any Mars exploration that follows. Onc possible follow-up
would be a more extensive set of landers called MESUR
Network. The Network would be cstablished by means of a
serics of launches, each carrying perhaps three or four landers, to
build up the Network over time. The landers would study local
soil composition and atmospheric propertics, as well as monitor
meteorology and seismology. NASA planncrs are now discuss-
ing the program with the international space community to
determine how to best use the technical and scientific resources
available.

On-site martian soil and rock analysis will be of great value to
science and to further exploratic, 1 goals. To follow and build on
such analysis, NASA is considering a Mars Sample Return
mission to bring martian soil and rock samplcs back to Earth for
comprehensive analysis in terrestrial laboratorics. Lander labo-
ratories, designed to do their work on-site, must be designed to
look for specific properties of interest in the samples in order to
maximize science return whilc minimizing launch wecight.
Samples returned to Earth laboratorics, however, can be ana-
lyzed in a greater varicty of ways, and serendipitous or uncx-
pected findings can be followed through to the end of our best
analytical ability. A Mars Samplc Return mission will cnable
terrestrial scicntists to bring their full genius to bear on samples
returned to Earth. This will not only better prepare us for the
potential hazards the Mars cnvironment might present to human
visitors, it will also help determine where to goonthe Red Planct,
and what to do when we get there.




Mars is onc of the first planets to be studicd scicntifically
using spacecraft. Inthe 1960s, at the dawn of the Space Age,
rocket technology was still new, so we sent spacecraft to the
places i the solar system most easily reached —to the Moon
and the inner plancts, Mercury, Venus, and Mars. Our early
interest in Mars was also propclled by the intriguing glimpses
of the planet we’d gotten with Earth-bound telescopes. The
scientific study of Mars since then provides an example of a
strategy of discovery for strange and distant objects. NASA's
strategy for exploring planets (or any celestial bodics) was
developed and refined in the process of learning about the
Moon and Mars in particular.

The NASA strategy for the scientific study of any celestial
body has three phases. These phases are, in order of perfor-
mance, reconnaissance, surveillance, and in-depth study.
Each of the three phases has its own types of oobscrvations,
and each phase builds on the discoveries of the previous
phase.

Reconnaissarnice means to observe an object intently fora
short period, and then report the results of your observation.
Planctary reconnaissance is usually performed by what are
called “flyby” missions. In a flyby mission, a spacccraft
makes one pass by a planet, radios back its data, and then
continues off into space. Reconnaissance missions give us
our first close-up look at a body, and allow us to compare the
close-up view with Earth-based observations. We look for
gross geological features, cratering, general atmospheric
composition, and gravity effects on the spacecraft, which
reveal the planet’s mass. Flyby missions address questions
such as, What is the planet made of? What are the large
features of its surface? What isits atmosphere like? Arethere
craters? Volcanocs? How many? Whatisthe planet’s mass?
The results of addressing these questions sct the stage for the
next phase of exploration.

Surveillance means to abserve an object intently for a
long period of time, recording all observable characteristics
and activities during that time. Curveillance usually implies
setting up a site from which to obscrve. Planctary surveil-
lance is usually performed by orbiting spacecraft. An orbiter
is sent to the planet on a very precise course that will cause it
to be captured and held in orbit by the planet’s gravity for
some extended period of time. While in orbit, the spacecraft
will point its instruments at the planet and record great
volumes of information over a wide area and for an extended
period of time. Orbiters typically orbit in a north-south axis
over the planet’s poles, so the planet in essence turns beneath
the spacecraft and the instruments can view a different strip
of the planct on cach orbit, eventually viewing the same spot
more than once, to see if anything changed since the last look.
Orbitcrs also let you check out anything interesting you
snotted during reconnaissance, answering questions such as,
Was that a volcano or an impact crater? Was that frost or
sand? Why does this region look ¢'ificrent from the rest of the
planet? The repeat views of the same arca help address the

question: Isthere any ongoing volcanic, geological, or atmo-
spheric activity?

The orbiters that we launch today arc very sophisticated.
Some include probes that are dropped through the planct’s
atmosphere to detect and mcasure local atmospheric compo-
nents and pressure. Today’s orbiter instruments can also
study everything from complex atmospheric composition to
soil, rock, and ice types on the surface. This information is
not only of great scientific value, it is important to help
prepare for the next phase.

In-Depth Study is the final phase of data-gathering, when
you, or your robots, land on the planet and explore relatively
small areas of the surface in great dctail, like the Apollo
missions to the Moon and the Viking missions to Mars. The
instruments and mission for in-depth study are specifically
designed to target things you found worthy of inquiry from
the previous phases. In-depth study can include landers with
weather stations, soil analyzers, devices to bring samples
back to Earth, and rovers to bring a sct of instruments to
locations remote from the lander. In-depth study also can
include landing humans on the body, as the Apollo mission
did on the Moon (humans arc by far the smartest and most
capable landers!).

Because in-depth study missions can explore only small
areas, Site selection is a verv important element of this phase.
All of the data from the previous missions must be analyzed
to determine a safe and scientifically fruitful spot toland. In-
depth study addresses questions such as, Are there microor-
ganisms in the s0il? What are the rocks made of? How old
are they? How does the surface wind spced change during the
days and weeks? What are typical daily ‘cmperature swings
in this region? Are there temblors (quakes)? How often?
How strong? For Mars, future in-depth study will be carried
out first by robots, and then by humans.

Questions for Discussion

1. Based on the history of Mars exploration presented in
this Bricf, which Mars missions fall into which of the thrce
strategic phases?

2. Has Mars exploration followed the three-phase sc-
quence in precise order? If not, what seems out of order, and
why do you think it was done that way? Was there an
‘mportant question to be answered right away? What was it?

3. What scicntific questions about Mars were addressed in
the reconnaissance missions? What questions were raiscd or
left unanswered by these missions?

4. What questions were addressed in the surveillance
missions? What questions were raised by these missions?

5. What do we know about Mars, its surface, its atmo-
sphere, and its geological history?

6. What kinds of studics arc to be carried out by futurc
Mars missions? What do we expect to lcam, and why is it
important?




Activity 1: How to Explore a Planet

This exercise will involve the students in a three-phase
program of observation of an object of interest. Although we
encountermuch ofthe world aroundusina free and unconstrained
manner, using all of our senses and our mobility to grasp all at
once, the exploration of new and distant worlds involves a serics
of carefully planned steps. This exercise will show how such
steps take place, and how you have to think a little differently in
the process.

Teachers should be creative in selecting or manufacturing an
object —to serve as the planet— that will reward obscrvation at
each phase. Ideally, the object will have some characteristics not
evident from a distance, but which become clearer as you get
closer. The exercise would also benefit from an object that has
something surprising on the back side. The object cozid be
outside the classroom, if it is visible from a classtoor: window.
In anurbanenvironment, thiscould be abuilding across the street.
If there is a parking lot or playground visible from the classroom,
the teacher might want to place an object of interest cut there
before the class. Ifthe objectisto be inthe classroom, the teacher
might consider something rewarding multisensory inspection,
like a strange fruit, or a fragrant onion dyed with food coloring,
perhaps studded with cloves on the back side. The object could
also be dynamic, like something that is melting, evaporating, or
boiling. Imaginative construction of a multisensory object will
be the most rewarding. If the object is familiar, then the teacher
might ask the students to imagine they are from another planet
and have no idea about human civilization, but are learning as
they go. The teacher might consider the possibility of running the
observation program in a darkened classroom, with a flashlight
used for each observation. Or, if a flash-equipped Polaroid
camera is available, use it as the data-gathering tool for the
" reconnaissance andsurveillance phases, followed by data (photo)
interpretation sessions. Some geometry could be brought in to
determine object size, etc.

Once the “planet” is in place, the program of observation can
begin. It might help to get the class involved by devising a
working name for the planet at this stage, and to sce if the class
wants to revise the name after each stage of observation. The
class should then divide up into four groups: the mission plan-
ners, the mission controllers, the spacecraft, and the mission
scientists. For each phase:

1. The mission scientists look at the existing data and decide
what observations of the planet should be made, remembering
the limits of each mission type (flyby, orbiter, orbiter/probe,
lander). Thescient sts should alsodiscussthe meaning of thedata
they seek. Forexample, Isthisplanct likely tobe similarto Earth,
in which case we can compare it with Earth and thereby better
understand our home planet? Or is it apparently very diffcrent
from Earth, in which casc we may be able tolcarn more about the
solarsystemasa whole, and how and when various things formed
in it, and what they’re made of?

The scicntists then report the mission’s observation require-
mentsto the mission planners. This mecting should also produce

a name for the mission.
For example, each of the reconnaissance flights could be
called Quicklook-1, Quicklook-2, ctc.

2. The mission planners then decide among themsclves what
set of spacecraft will be needed forthe type of mission, and, with
the teacher sitting in as an adviscr, what the spacecraft’s obscrv-
ing tasks will be. The planners then report the sclection and
observing task to the spacecraft group.

3. The mission planners will then meet with the mission
controllers and turn the spacccraft over to the controllcrs.

4. The controllers then decide upon the order of flight, the
launch site, and a way to get the data back from space. The
controllers then brief the spacecraft, telling cach its name, what
it is to do, and in what order.

S. Each spacecraft will then be launched, fly its mission,
record its observations, and return them to the mission control-
lers, as instructed.

6. The mission controllcrs then give the returned data to the
mission scientists. The missionscientists arc incharge of making
sense out of the data and figuring out what should be done in the
nextphase. They then formally report the exciting science results
to the group at large. Then cach other group formally reports to
the rest about how the mission went, and makes recommenda-
tions for improvements. The mission scicntists then discuss the
next phase, basing it on what has been lcamed and what is still
unknown.

Reconnaissance: The first step is to simulate Earth-bound
observation. From the maximum viewing distance, the whole
class should record their observations of the planct in all five
senses, even those where there are no data (sound and smell, for
example) or data are not yet obtainable (feel). Most of the data
at this point will be visual, and will include shape, color, surface
texture, position, etc. Students should also writc any questions
they might have about the planct, including recommending
further cbservations that they might expect to be rewarding.

Next, the mission should begin, as described in the six steps
above. The spacecraft should execute a flyby mission as in-
structed (quickly walking past the planct on one side only). The
students should pay attention to what new information is avail-
able from this perspective, and report as instructed by the
controllers.

Surveillance. The spacccraft should now be permitted to
walk around (orbit) the planct at adistance chosentoprovide new
information. Again, they should obscrve and report asinstructed
by the controllers.

In-Depth Study. Here the spacecraft canapproach, orbit, and
then fully cncounter the planct inall five scnscs. Actions should
be performed exactly in accordance with the instructions of the
controllers, remembering that the spacccraft arc robotic. They
then report back their data to the controllcrs as instructed.

The entire class should cngage in the final data analysis,
discussing cveryone’s obscrvations and perhaps coming up with
ancw namc for the object. The entire class can then decide what
should be done in the futurc.




Activity Questions

1. It is rare that we encounter an objsct with no idea at all what
to make of it. What prior knowledge did you use in your
encounter with the planet?

2. Astronomerz’ early, fuzzy observations of Mars led tosome
exotic ideas about what might be on the Red Planet. Was there
any poirin yourencounter with your “planet” when you realized
earlier observations had been misleading?

3. The spacecraft in this exercise acted as robots, doing only
and exactly what they were told. What advantage would there be
tohaving human beings in the place of robots during the in-depth
stady phase? What disadvantages? Would you like to go to
Mars? Why or why not?

Activity 2: Geography and Mission Planning

The following chart includes the martian latitudes and longi-
tudes of locations that were considered possible landing sites for
the Viking spacecraft.

Latitude Longitude

1. 22° N | 48° W (Viking 1 landed near here)

20°N | 108°E
44°N | 10°W
46°N | 110°W

46° N | 150° E (Viking 2 landed near here)

7°S 43°W

il S gl P B B

5°S 5°wW

1.IfMASA (Martian Aeronautics and Space Administration)
sent spacecraft to land at the same latitudes and longitudes on
Earth as NASA considered on Mars, where would each space-
craft land? What hazards would be encountered? What would
happen tothe spacecraft? Whatwouldthe spacecraft sce? Would
itdetect water? Life? Intelligence?

2. Ifyou were working for MAS A, whichsites would youpick
for a landing on Earth? Why? Foreach site, identify the hazards
that your spacccraft lander would have to survive. What would
you expect to find?

3. Examine some pictures of the Earth from space and discuss
the hazards forthe spacecraft lander once it rcaches Earth. What
would one expect to find at each location?

Sowrce: Mars: The Viking Discoveries (EP-146, October 1977) by B.M.
French

Activity 3: Magne’c Material in the Soil

One instrument carried by the Viking landers was very
simple: a magnet. Its Job was to determine whether there were
any magnetic materials, such as iron metal or iron oxides, in the
martian soil. Magnetic raterial was detected, and from its
magnetic properties it was identified as an iron oxide called
maghemite.

For this activity, make a synthetic “martian soil” by mixing
about § percent of magnetic material (crushed mugnetite, Fe,O,,
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or iron metal filings) with clean white sand. Using a large bar-or
horseshoe magnet wrapped in paper or plastic film (so that you
can casily remove the magnctic material that adheres to it), try
various methods of collecting the magnetic material from the
soil; ¢.g., scraping the magnet through the soil, pouring the soil
over the magnet, or spreading out the soil in a thin layer and
passing the magnet over it.

Examine the collected material with a hand lens or a low-
power microscope. How much whitc nonmagnetic sand was
collected with the dark magnetic material?

Prepare a soil sample that contains a known weight of
magnetic material. Try various collection methods and weigh
the amount of magnetic material collected incach way. Calculate
the efficicncy of each method; i.e., the weight collected divided
by the weight originally present. Discuss why some collection
methods do not approach 100 pereent efficiency.

Make up several soil samples with varying amounts of
magnetic material; e.g., 1, §, 10, and 25 percent. Process cach
sample with the most efficient collection method, and weigh the
amount of magnetic material collected. Calculate the total
amount of magnetic matcrial present, knowing that (amount
present) = (amount collected)/(efficiency). Repeat the experi-
ment a few times. How reproducible arc your results? How
accurate are they?

Substitute adifferent magnetic material (iron metal filings for
magnetite or vice versa) and repeat the experiments. Docs the
efficiency of the collecting methods change? Why?

Source: Mars: The Viking Discoveries (EP-146, October 1977} by B.M.
French

Activity 4: A Close Look at Valles Marineris

Named after the Mariner 9 spacecraft that discovered it,
Valles Marineris is a huge canyon systcm on Mars. Itextendsto
the cast from the Tharsis Ridge (an areaof enormous volcanocs).
The canyon system is over 4,000 kilometers long. Its depth
ranges from 2 kilometers to 7 kilometersin the central section. At
its widest point, the chasm is more than 600 kilometers wide.

Valles Marineris was formed largely by faulting, in a se-
quence of geological events that was probably related to the
formation of the Tharsis volcanic region to the west. Howevr,
other processes were clearly involved in the development of this
complex canyon system. There is evidence of subsidence as well
as faulting inthe western part of the canyon system. Some of the
decp, branching, side vallcys (comparable in size to our own
Grand Canyon) appear to have been created by water crosion.
The water source was probably seeping groundwater rather than
rainfall.

Layered sediments toward the eastern end of the canyon
system must have been formed under water. This suggests that
some of the sceping groundwater was trapped in lakes, which
subscquently broke through to extend the canyon castward and
ultimately flooded the plains beyond the canyon system.

The illustration on the following page demonstrates the huge
extent of the Valles Marineris canyon system by comparing it
with the United Statcs, at the same scale.
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