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Abstract

A Dynamic Digital Map of Mars was produced, incorporating 682 images, 185 maps,
over 85 pages of captions, and over 80 pages of articles on Mars. The DDM-Mars
also incorporates interactive features such as tours, exercises, and map overlays that
allow users to tour different aspects of Mars, its science, and the history of our
understanding of it.

Introduction
“Data, data everywhere, but not a thought to think.” — Jesse Shera

Facts and figures are relatively easy to come by. A simple Google or SciFinder
search turns up more articles, images, and ideas than one will ever be able to sort
through. For science students, looking up background information can be
frustrating, time-consuming, and non-productive.

For students studying Mars, the problem is exaserbated by the vast amount of
information available online, in journals, and in books. The rovers and satellites
studying Mars right now send back huge amounts of data every day, much of which
is indexed online.

This paper describes the initial results of a two-year project to create a Dynamic
Digital Map of Mars (DDM-Mars). The purpose of the DDM-Mars is to integrate many
different types of data with articles and interactive tools that allow students to
explore Mars science with ease.

Dynamic Digital Maps

A Dynamic Digital Map (DDM) is an interactive software program that incorporates
maps, images, movies, data, articles, interviews, animations, and class activities
(Condit 1999; Condit and Boundy 2002; Condit 2000). DDMs are designed to serve
many purposes, including teaching tools and data presentation. For a more detailed
description on using DDMs interactively in large geology classes, see Condit (2001).

DDMs are designed to run on most computer platforms, including Macintosh OS 9
and OS X, Windows, Linux, and Unix variations. The software can be downloaded for
free off the internet at http://ddm.geo.umass.edu. DDMs currently available include
DDM-New England, DDM-Springerville Volcanic Field, DDM-Tatara-San Pedro
Volcanic Complex in Chile, DDM-Moon, DDM-Holtwood PA, DDM-David Mine, and
DDM-Mars.




Methods & Materials

The DDM-Mars was created using Runtime’s Revolution program, a relative of the
older SuperCard and HyperCard applications. Though the basic coding for the
program was based on Christopher Condit’'s DDM-Template, a project funded by the
National Science Foundation, the majority of the coding was built from scratch.

Maps
The Mars globe as divided into 37 major Table 1: Regions
regions (Table 1). Five types of maps
were obtained for each region:

Acidalia Planitia Planum Australe

Alba Patera Planum Boreum
. . . . Amazonis Planitia Promethei Terra
* Viking mosaics on a cylindrical _ .
. . Aonia Terra Sinai Planum
projection ) ,
Arabia Terra Solis Planum
Arcadia Planitia Syria Planum

* Viking mosaics on a sinusoidal

projection Argyre Basin

Syrtis Major Planum

Geologic maps from the NASA Lab
for Terrestrial Physics
Geodynamics Branch

Thermal inertia maps from the
Mars Global Surveyor Thermal
Emission Spectrometer (TES)

Topographic maps from the Mars
Global Surveyor Mars Orbiting
Laser Altimeter (MOLA).

Chryse Planitia
Daedalia Planum
Elysium Planitia
Ganges Chasma
Gusev Crater
Hellas Planitia
Hesperia Planum
Isidis Planitia
Lunae Planum
Margaritifer Terra
Noachis Terra
Olympus Mons

Tempe Terra
Terra Cimmeria
Terra Meridiani
Terra Sabaea
Terra Sirenum
Tharsis Montes
Tyrrhena Terra
Utopia Planitia
Valles Marineris
Vastitas Borealis
Xanthe Terra

A total of 185 maps were assembled and integrated into the DDM-Mars.

Images

Images of Mars, its regions, its features, and related topics were assembled from
various sources. These included: images of major geologic features for each of the
37 regions, images from each of the successful missions to Mars, and images of
minerals, meteorites, volcanoes, and water-related feature.

Most of the images are from:

e Mars Orbiter Camera (MOC)

* Thermal Emission Imaging Spectrometer (THEMIS)

e Thermal Emission Spectrometer (TES)

* Mars Express High-Resolution Stereo Camera (HRSC)
e Viking 1 and 2 orbiters

e Viking 1 and 2 landers

* Phobos 2 satellite

* Mariners 4, 6, 7, and 9



* Pathfinder rover
e Spirit and Opportunity rovers

To date, 682 images have been added to the project.

Articles
Three types of articles were written for the project:

* Reference Articles: These basic fact sheets were compiled for each region
and volcano on Mars, each Mars meteorite, and each significant mineral
featured in the program. A total of 109 reference articles were written.

e Science Overviews: For major missions or topics, short articles
summarizing the basic science were written. These were composed at an
undergraduate level, aimed at undergraduate geology majors. A total of 30
science overviews were written.

* General Audience Overviews: Broad topics of interest to students and the
general public alike were examined in longer articles. These topics include
the hunt for minerals on Mars, histories of the early Mars missions, the
challenges of sending humans to Mars, evidence for an ancient ocean on
Mars, and how extreme life forms on Earth might shed light on the Mars life
problems. A total of 10 of these longer articles were written.

Currently, there are over 80 pages worth of articles incorporated into the DDM-Mars,
all aimed at an audience of undergraduate geology majors.

Interactive Features
Several interactive features were built into the program, including:

e Tours: Tours of topics in Mars science were written, designed, and built,
including a tour of Martian geography and of the hunt for minerals on the
Martian surface.

e Exercises: Exercises designed for lab classes were written, designed, and
built. These were designed to illustrate different methods of thinking about
Mars. For example, one exercise gives students information about a fictional
mineral, then asks them to determine where on Mars such a mineral might be
found, based on images, spectral data, and topographic profiles. Another
exercise asks students to design a human mission to Mars, then launches the
mission they designed to see how well they designed it.

¢ Build a Slideshow: One feature allows users to assemble a slideshow of
their favorite Mars images, adding caption data and saving them.



Results

The results are presented both in screenshots below, and in the accompanying CD-
ROM.

Dynamic Digital Map - Home Base

% Missions

® History

% Regions

Mars Science
% Minerals
% Meteorites

% Volcanoes

Tools for This DDA

® List of Articles % Take a Tour

® List of Images ® Navigation Center

® List of Maps % Build a Slideshow

® About This DDM s Exercises surprise

}
® Preferences met
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The Home Page: From this page, the user can access any part of the program.

Image #178 Melas Chasma from Themis

The basic materials
making up the DDM-
Mars are the images
(left), maps, and
articles. See below.
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O O O Map #007 Viking Mosaic Cylindrical Projection - Argyre Planitia 6 O 6 Map 050 Viking Musaic Sinusaidal Projection - Arg..|

The five map types for Argyre Basin in
the southern hemisphere of Mars. From
left to right: top: Viking mosaic
cynlindrical projection, Viking mosaic
sinusoidal projection. Middle: Geologic
units map, thermal inertia map.
Bottom: MOLA topographic map.

)
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Part I: Exploring Mars

The first part of the DDM focuses on our exploration of Mars by examining the
different missions that have visited the planet (“Missions”), stories of our discoveries
(“History™), and the different regions we have identified and studied (“Regions”).
See below.

Recent Mission

| MARSEXPRESS  \[ars
Express

\=001 Mars Past Missions
Odyssey
Viking

Mariner 4 Orbiters

Mars Global . ﬂ'

zi‘ Surveyor
o e

- - Viking
 Mariner 6/ Landers

Pathfinder

& Sojourner ’
J £ Return to

Click Any of the Missions te Visit Its Fage @ G
Missions: The Mission section of the DDM details the 12 successful missions to
Mars. Each mission page features images and figures related to the mission (below
top), articles on the mission (below bottom), and maps produced by the mission.




Images
imsges

"String of Pearls” feature at Guse
Spectacular view over Gusev Crater
False-color of "Hank's Hollow" at

The "Ro\:kr_cn Rocks" outcrop at Guse
Spirit rover casts a shadow over
"Plymouth Rock” at Gusev Crater
"Husband Hill" at Gusev Crater
Bn interesting trench that Spirit
Mg and § levels at a Gusev Crater

The Columbia Hills of Gusev Crater

Map of the Columbia Hills at Gusew

S#356=--] The Lahontan Crater at Gusev

S5#357--] 3D look at the Columbia Hills of G

The “Rotten Rocks" outcrop at Guse

5#359--| Animation — Spirit rover drives

s#360--] Travel path of the Spirit rover

3D look at the Columbia Hills of

spirit rover looks back at its lar

"Route 66" “daisy” at Gusev Crater

Close-up look at “Route 66" at Gug

Spirit at work on "Route 66"

False-color mosaic of the Columbig

Spirit goes to work on “Mazatzal"

"Mazatzal" of Gusev Crater

Spectra from the "Bounce” rock of

Hole drilled in *Mazatzal” at Guse,

"Mazatzal" ” rocks & Nodular nuggets on the surface of the "Pot of Gold™ rock in Gusev

P— . o Crater. The Spirit rover's microscopic imager took this photo, showing
stalk-like features and fine-scale pits that might be nancscale hematite.
Spirit's other instruments have found that the rock contains the iron

Rebirntn f Return to mineral, which can form wilh or without water. Image Credit

Home Base Missions NASAPLIComeliUSGS

Home

Articles Flatbread and Ice Cream Sandwiches:
Spirit & Dpportunity: Basi Information Student Involvement in the 2004 Mars Rovers

Copyright 2004 by Selby Cull and the Journal of Young Investigators.
Re-printed with Permission,

A group of high school students has been lending NASA a
hand with its two newest Mars rovers. Since January
2004, dozens of students from across the country have
been jetting around Mission Control in California, setting
up databases, anayzing data, processing information,
naming rocks, and having the time of their lives,

The students are part of the Athena Student Intern
Program (ASIP), a program sponsored by NASA and
Cornell University, that has afforded 39 lucky high school
students the opportunity to virtually explore Mars - =

Through ASIE, three high schoal students and one of their Spirft and Opportunity, the 2004-2005
teachers are matched with a member of the Athena Mars rovers. Image Courtesy of NASA.
Payload Science Team (which runs the Mars Rovers). The
students help the scientist process data, investigate inter-
esting photographs, handle the press, and do some of the
basic science needed to operate the rovers

The program is NASAs |atestand possibly most excitingini-
tiative ta excite the next generation abaut space,

The Student Teams

Teams were selected in early 2003 from applicants across
the country, and came fram high schools in Alabama,
California, Colorada, Illincis, Nevada, New Mexico, New
‘York, North Carolina, Pennsylvania, and Texas. For the
Return to Return to mission, each team performed a unique and necessary
Home Base x'“m"s task for the Mars Rover science teams,

ome

Spirit landing site in Gusev Crater, as
seen by the Mare Exprecs catalite,




1960 - 1980 1980 - Present

Y = \ Return to
The Future @ Home fiass

10 October 1960
USSR launches first
attempted Mars flyby.

14 October 1960
USSR launches 2nd
attempted Mars flyby.

24 October 1962
USSR launches 3rd

| 5 November 1964

4 November 196 U.S. launches its first

USSR launches first

2B November 196
U.8. launches first

Mars mission, Mariner 3,
but it fails on launch.

successful Mars
mission: Mariner 4,

It fails on launch. It fails on launch attempted Mars flyby.

It fails on launch.

attempted Mars
lander: Sputnik 24, It
broke to pieces
during the bumn to
enter a Mars orbit
trajectory.

23 October 1960

A 3rd attempted USSR
Mars mission explodes
on the launch pad,
killing dozens of people.

30 November 196
USSR launches Zond

1 November 1962
:Jiisylml-:r::slqai:?m Mars flyby, but loses
Earth but loses contact with iten
contact. route,

History: This page presents the history of our exploration of Mars as a timeline.
Users can click on the timeline to read longer articles about the topics (see below).

1960 - 1980 1980 - Present The Future

~ N Return to
@ Home Base

History

The 1960 and 1962 Soviet Mars Attempts

In the Falls of 1960 and 1962, the Soviet Union attempted to launch six spacecraft to investigate the

planet Mars. These missions were the first ever igned to explore the Red Planet, and, though

none of them were successful, they served as practice in developing the tools, technology, and knowl-

edge Soviet space sclentists would need Lo launch the future Mars, Moon, and Venus missions that

would fuel the space race between the USSR and US. These six missions alsa reveal many political
2cts of the Soviet space program that appear subdued or hidden in more successful Soviet space
ons

This paper presents a history of the 1960 and 1962 Soviet Mars mission attempts, focusing on both

the science and the paolitics behind them. The lives, personalities, and fates of some of the key spac
program participants are presented, and their influence over the Mars missions discussed,

The Early Soviet Space Program

The early space programs of both the US and the USSR were founded and intellectually powered by
rocketeers, Robert Goddard laid the groundwork for all US rocketry in solitude and secrecy in the
deserts of New Mexico during the 1920s and 1930s; however, his work sparked little interest, as he
refused to publish it (Von Braun, 1969%). American rockets were neither designed for nor aimed at
space travel until 1946, whan Werner Von Braun and his team of German rocketeers came Lo America v

Close Window

10 October 1960 14 October 1960
USSR launches first USSR launches 2nd
attempted Mars flyby. attempted Mars flyby.
It fails on launch. It fails on launch,

T 5 November 1964
U.S. launches its first
Mars mission, Mariner 3,
but it fails on launch.

28 November 196
U.S. launches first
successful Mars
mission: Mariner 4.

24 October 1962

USSR launches 3rd USSR launches first

attempted Mars flyby. attempted Mars

It fails on launch. lander: Sputnik 24,
broke to pieces

4 November 1962

23 October 1960

W

3

A 3rd attempted USSR
Mars mission explodes
on the launch pad,
killing dozens of people.

1 November 1962
USSR launches Mars
1 flyby. It escapes
Earth but loses
contact.

during the bum to
enter a Mars orbit
trajectory.

30 November 196
USSR launches Zond
Mars flyby, but loses
contact with it en
route.
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Regions: The Regions page features 37 regions (see Table 1 above). Each page in
this sections features images (below) and articles related to the region, as well as an
interactive map feature (see below).
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Regions: The interactive map function for the regions pages allows users to overlay
different maps on each other. In the example above, a thermal inertia map of
Olympus Mons is laid on top of a Viking mosaic to illustrate variations in thermal
inertia with albedo.

Part 11: Mars Science

The second part of the DDM looks at different topics in Mars science, including Mars
meteorites, minerals of Mars, and volcanism.



Hematite-rich rocks cover Meridiani
Terra, Aram Chaos, and a portion of the
Ophir/Gandor Chasma region of the
Valles Marineris. The appearance of this
mineral has been tied ta liquid water;
however, the issue is still hotly debated

Except for small amounts in the Martian
dust, carbonates have not been found on
Mars. This is strange, since most scien-
tists think that large amounts of water
ance flowed on the surface of Mars, and
carbonates are readily formed in water

Olivine is found mostly in igneous rocks,
and weathers very rapidly in water.
Small deposits of olivine have been
found on the surface of Mars, but how
could olivine exist there if liquid water
once ran on the surface of Mars?

Minerals: The
minerals pages look
into what we know
about hematite,
olivine, and
carbonates on the
surface of Mars,
using images,
articles, and maps.
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Olivine: Basic Information
Olivine on Mars: Science Overview

hass

Basic
Diderot Meteorite: Basic Information
Ganges Chasma: Basic Information

Re-printed with PErmISsion,

Nill Fossae: Basic Information

|| The Martian Mineral Wars: Hunting for Water in t!
3

haunted planetary scien

the Red Planet.

Planet.

Finding Mars Minerals

Petumio N Rewm o
Homs @ Home Base

Adirondack spRetra from spirit
Ganges Chasma TES map
First Mossbauer taken at Gusev
Mossbauer spectra

sae MOC view
3-D olivine deposit
olivine map
olivine spectra
THEMIS view
Candor-ophir olivine distribution
Spectra from the ~Bounce" rock of Gl
Olivine from Mars meteorite NWALO68

Caption & Source

Thin section photo of the Chassigny meteorite
Chassigny is a dunite - a rock made almost entirely
ofthe mineral olivine (shown here in red, green,
yellow, and black). The yellow and blue striped
mineral near the center of the image is the mineral
plagiociase. The view here is 2.3 mm across

Click Image for More Options

The Martian Mineral Wars
Hunting for Water in the Rocks

Copyright 2004 by Selby Cull and the Journal of Young Investigators

Despite the incredible number of water-related features
seen on Mars today, little chemical evidence suggests that
Mars ever harbored liquid water. This paradox has

s for 30 years, and it was with
this problem in mind that NASA sent two satellites to orbit

The satellites, Mars Global Surveyor and 2001 Mars
Odyssey, bear instruments to search for the chemical
signatures of ancient water: minerals. Minerals are the
small crystals produced by natural processes that make
up recks. They hold all the evidence needed to determine
if liquid water ever flowed across the surface of the Red

lory. Minerals
ronmental con-
there water
w the surface
and workings of
into the Earth,
d a few other

Return to
Minerals
Home

turn to
lome Base

Channels (iike those above), valley
networks, ancient lake beds, and &
number of other features suggest that
Mars once harbored liquid water at fts
surface. Image Courtesy of ESA




Shergottites are basaltic
meteorites from Mars,

named for the Shergotty
meteorite that was found

in 1865

Mars Meteorites

ortho-pyroxenites from
Mars, named for the
Nakhla meteorite that fell

in Egypt in 1911,

Chassigny is a dunite - a
rock made almost entirely
from the mineral olivine.
It is the only such meteor-

ite from Mars

N Return to
@ Home Base
Meteorites: The Meteorite pages look at the SNCs: Shergotties, Nakhlites, and
Chassignites.

Roturn to  #Z, potur to

Metoorites Hesn i
Home ”

Shergatty Meteorite: Basic Information .
Basic Meteorite Information

Where Do the Mars Meteorites come From?

EETA79001 Meteorite: Basic Information

EETA79001 Metearite: Science Overview

LEWBB516 Meteorite: Basic Information The simple answer is: Mars, But that's not enough,

|
|
!
|
!
|
¥793605 Meteorite: Basic Information 'l e need to know where on Mars the metearites came
' from, for several reasons. First, they provide the only
ALHA77005 Meteorite: Basic Information || absolute ages we have for the Martian surface. All of our
| dating of Mars, declaring areas Noachian, Hesperian,
Zagami Meteorite: Basic Information (| amazonian, is based an counting craters. We guess at
how many impactors {meteorites, asteroids, planetoids)
o onie Mars thru its history, then count how many craters a
P surface has to guess its age. We are not sure how accu-
| rotethis is. Meteorites, on the other hand, are sasy to
(| date using radicactive isotopes - we can pinpoint their
l} ages to within a few million years. If we knew where on
] ars the meteorites originally formed, then we would
know how old that region is, and use it as a yardstick for
the rest of the planet,

QUE94201 Metearite: Basic Information
Dar al Gani Meteorite: Basic Information

'¥980459 Meteorite: Basic Information

Los Angeles Meteorite: Basic Information

Sayh al Uh: Mete ite: Bi Inf: ti
LRI Sl Gt A L Second, they are the only rocks from Mars that we have.

We know their mineralogy, petrology, and chemistry
better than any rock a rover could analyze from afar. 1f
we knew where on Mars they formed, we would know
much mare about that region than we do now. We would
be able to compare satellits data with laboratory samples
Grove Mauntain 99027 Metearite: Basic Informal Ve would have a jumping-off point.

Dhofar 378 Meteorite: Basic Information

Dhofar 019 Meteorite: Basic Information

NWA4B0/1460 Meteorite: Basic Information 4l Wwith the success of the Thermal Emission Spectrometer
vl (TES) onboard Mars Global Surveyor and the Thermal




Volcanoes of Mars
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Volcanoes: The volcanoes pages feature articles and images of 14 major volcanoes
on Mars.
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Part 111: Interactive Tools

In addition to maps, images, and articles, the DDM-Mars includes serveral interactive
features to help navigate through all the data.

0 ae Clicklist of Images

./CI Y
The clicklist allows you to open or preview any image in the project. Check the [ Open Image |
“Preview Image" button to preview the image, and the "Open Image” button to open it.

E Preview Image

r's "\ £ “\ - -
| Image# | L\_ Image Name | f Description )

S#LT3--{IMGHmarfolym. jpgl Mariner 9 image of Olympus Mons
S#l74==HIMGHmar9vall.jpgl] Mariner 9 image of Valles Marineris
S#175=={ IMGHmar9vsTs.jpgl Mariner 9% resoclution vs. Mariner 7
S#l76--fIMGHmelasCha. jpgl Melas and Cander Chasmas
S#LTT--HIMGHMelasTHZ . jpgl Melas Chasma from Themis
5#178=-=4IMG{MelasTHM. jpgl Melas Chasma from Themis Ik
S#179==fIMGHmelncand. jpgl Melas and Candor Chasmas

S5#180--f IMGHmossbaur. jpgl Moessbaur spectrometer from Spirit
S#l8l=-=HIMGHmOosSSPrRt. jpgl Moessbaur print left by Opportunity
S#182-=HIMGHNirgalva. jpgl] Wigral vallis floor from MOC
S#LE3=={ IMGHMoacsStrm. jpgl Woachis Terra dust storm
S#lEd4--fIMGHophircha. jpgl Ophir Chasma
S#185==HIMGHOphirTHL. jpgl Ophir from Themis false-color

Y

S#l86==l IMGjpanorama. jpgf Spirit rover panorama 1
AI
Cliklists: Clicklists of maps, images, and articles, make finding material in the DDM-
Mars easy.

sRala) Articles Menu

Articles ) [ Description Y € Find Text “Menu Close |
L J L& J

B#099-~H Olympus Mons: Basic Velcano Information
A#100--f Pavonis Meons: Basic Volcano Information
A#101--H Amphitrites Patera: Science pygrview
A#102--} Apollinaris Patera: Science Overview 1.‘_
2#103-=} Arsia Mons: Science Overview

2#104--}{ Hecates Tholus: Science Overview

2#105-=f] Pavonis Mons: Science Overview

2#106==}] Biblis Patera: Basic volcano Information
2#107==}] ceraunius Patera: Basic Volcano Information
2#108==}] Hadriaca Patera: Basic Volcano Information
2#109==}] Jovis Tholus: Basic volcano Information
A#110--f{ Meroe Patera: Basic Velcano Information
B2#111--f Wili Patera: Basic Volcano Infermation
A#ll2--{ Peneus Fatera: Basic Volcano Information
A#ll3-~f] Tempe Fossae: Basic Volcanic Information
2#114--f Tharsis Tholus: Basic Volcanc Information
A#l15--f] Tyrrhena Patera: Basic Volcano Information
AFlle-=f] Ulysses Patera: Basic Volcanc Information
BA#117=-=f Uranius Patera: Basic Volcano Informaticn
2#118==} uranius Tholus: Basic Volcanc Information
2#119--f] Dar al Gani Meteorite: Basic Information
2#120=-=}] Dhofar 378 Meteorite: Basic Information
2#121-=} Dhofar 019 Meteorite: Basiec Information
AFl22-=] EETAT9001 Meteorite: Basic Information
2#123-=f] Grove Mountain 99027 Meteorite: Basic Information
A¥lZ24-=f Los Angeles Meteorite: Basic Information
A#li5==] LEWES516 Meteorite: Basic Information
A#126--{ MILO3346 Metecrite: Basic Information
B#127-= NWRA480/1460 Meteorite: Basic Information
A#¥1Z8--{ NWABE17 Meteorite: Basic Informaticn
#1229~ NWRESE Meteorite: Basic Information
BAF130--ff NWA 1068/110 Meteorite: Basic Information
B#131-- NWAL1195 Meteorite: Basic Information

A#1 323 H wen1E£a Matanritos Bacin Tnfarmatinn




8eme Welcome to the Beginning of Your Tour

The Geography of Mars

A Tour for Getting Your Bearings
on an Alien World

Navigate through this tour using the buttons b

Intro | Solar System  Mars System | Topography | The Poles  Giobal Dichotomy  Basins | Voicances | Vales Mariners | Channels | Landing Sites

£ 8k Return to
@ Home Base

Tours: Interactive, self-guided tours lead students through various issues in Mars
science.

ece Welcome to the Beginning of Your Tour

After the poles, the dichotomy of the Martian terrain stands out best. The
northern hemisphere of Mars is smooth, flat, low, and young. The southern
hemisphere is elevated, cratered, rough, and old. Several theories try to explain
why the hemispheres are so different. One theory suggests that an ocean once
covered the northern hemisphere, depositing mud and carving shorelines.

Navigate through this tour using the butions below:

Intro Solar System Mars System Topography The Poles Global Dichotomy | Basins Valles Marineris Channels Landing Sites

£\ Return to
@ Home Base




006 Welcome to the Beginning of Your Tour

Minerals of Mars:

Navigate through this tour using the buttons belo
Intro \ ‘What? Why? How? Spectroscopy | Spectroscopy Il Chemical Data Meteorites Olivine | Olivine Il Olivine Il Carbonates |

PN Carbonates Il Hematite | Hematite Il
e Return Lo

@ Home Base

( ene Welcome to the Beginning of Your Tour

Minerals of Mars

How Do We Learn About Minerals on Mars?

Reflectance Spectrum

Spectroscopy

When light hits a mineral, a similar process occurs: some wave-
lengths are absorbed, others are reflected. The graph of
reflected and absorbed wavelengths is called a spectrum. The
secretf to spectroscopy is that different minerals have different

Reflectance

spectra.

Using a spectrometer, a researcher can bounce light off a rock,
record what wavelengths bounce back, and make an educated

guess on what minerals are present in the rock. 400 500 600
Wavelength (nanometers)

Seven of the satellites that have gone to Mars carried spectrom- In this spectrum (black line), the green
wavelenths are being absorbed and the blue

; ; S . are being reflected. The red wavelengths are
these data, planetary scientists have started investigating which ing reflected aiso. but not so much as the

eters and measured the light bouncing off its surface. From

minerals are present on the surface of Mars.

through tour using uttons b
Intra What? Why? How? Spectroscopy | Spectroscopy |l Chemical Data Meteorites Olivine | Olivine Il Olivine [l Carbonates |
&3

£ N Return to
@ Home Base

Carbonates Il Hematite | Hematite Il




-a-%lideshow
This feature allows you to build a slide show of your favorite Saved Shows

Mars photos, add captions, save it, and show it.
To start a new show, enter a title below. Olympus Mons: Views of the Violcano

Start a New Show

LA Slideshow #2

£\ Return to
@ Home Base

Slideshow: The Build-a-Slideshow feature allows users to build presentations of
their favorite images and present them.



Oy O Exercises for Fun & Profit

You've just been hired by the MegaMin
Corporation for a very important and highly
profitable task. MegaMin plans to send a robotic
lander to Mars to look for a mineral that is
extremely rare on Earth: Darbyite

The elusive Darbyite is found only in remote
locations on Earth, most of which are already
owned by various competing interests. However,
evidence from Mars meteorites and accretion
models suggests that Mars may harbor vast
deposists. Indeed, for strange physical and
chemical reasons, most of the Darbyite in the Solar
Syslem appears to exist on Mars.

Megahin has already scouted out the best landing
site for their craft: a long streich of channeled
terrain near Ares Vallis. Your job is to tell them

R
Onward!

Exercises: The mineral hunting exercise gives users information about a fictious
mineral, then asks them to find that mineral on Mars, using images, spectral data,
and topographic profiles. (See below).

Within the mineral
hunting exercise, the
interactive maps allow
students to infer
relationships between
thermal inertia, geology,
topography, and albedo.

Download Worksheet Ghve Me 8 Hint

Cimages =)
CISpecn &) &
g N9 9

Gihve Ma 8 Hirt
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1) Compare peaks and tr

spectra peak and shall

Less important is how high or low the peaks
are troughs are.

2) Remember that your area probably has
more than one mineral, so you spectrum will

not match ane mine 1ly.

3) Don't guess wildly. If you know that a region

trum at left.

hin eral Marn e

Interpreting Spectra

For our purposes, the important parts of the spectrum are the peaks and

troughs.

Where the spectrum peaks is where the most light is being emitted.
Where it troughs is where the least light is emitted.

Different minerals produce spectra with peaks and troughs in different

places.

Peak  Trough

Region where atmosphere,
in this case, water ice, q
blocks light from surface.

Wavenumber

500

|
(em )

The spectral component of
the mineral hunting
exercise exposes users to
how we identifiy minerals
and compositions on the
surface of Mars.

The mineral spectra used
are actual spectra from
Mars, obtained by the
Thermal Emission
Spectrometer (TES), and
other satellites.



eme Exercises for Fun & Profit

Return to  # &\ Return to
Exercises @ Home Base

Intro Schedule Crew Science Vehicles Launch

ou have been hired as an inde-
pendent contractor to design a
human mission to Mars.

Designing the mission will be easy -
just follow the tabs above. The hard
part will be getting it off the ground.

To design a successful mission, you
must balance scientific objectives
with public interest (after all, NASA is
a publically funded enterprise), make

sure the risk to your crew is accept-
able, and (of course) come in under
budget. Every aspect of your mission
will have a science value, a public
interest value, a risk, and a price tag.
If you don't design a mission that
incorporates science with public
interest in a safe and cheap way,
you'll never get to launch it.

f course, your problems aren't over
after the mission is launched. Once the
mission begins, any number of things
might go wrong or need your attention.
The second half of your assignment is
to make sure that your crew reaches
Mars and lands safely.

Exercises: Build a Mars Mission. The Build a Mars Mission exercise allows users
to desgin a human mission to Mars, and asks them to think about some of the
different issues involved in planning such a mission. See below.

b u i I d a Return to Return 1o

Exercises Home Base
Intro ~ Schedule | Crew  Science  Vehicles  Landing Site  Launch

Based on the Mars-Earth and 1. Depart Earth
Earth-Mars launc dows, your 17 January
engine ave put together the Year 1

folloy ule options:

Advantages:
3. Depart
- Requires very little fuel, so is Mars
cheaper and can fransport more
B Short Stay Mission g;‘l ¥ 22;:";'
Base CostPerKg: 3§ - Long time spent on Mars, so
Total Time (Days crew has a chance to do som
5 serious work
Value:
Public Value

Risk Value:

[EEDVELTED LN

= 2. Minimum Energy Mission

- Along ime spentin space means
serious health issues for the
Total Time (Days): astronauts, including prolonged
osure to radiation and a zero-g
environment
Public Value: & - Little room for errors in planning, 4. Return to
Risk Value: 6 because of long-duration stay on Earth
surface 2, Arrive at Mars 24 July
29 August Year 3
Year 1

Base Cost Per Kg

ience Value:

B ;5 Fast Transit Mission
Base Cost Per

Total Time (Ds Trip to Mars: 224 days

< Stay on Surface: 458 days

i Return to Earth: 237 days
Public Value

Risk Value




b u i I d a @ Return to Return to

Exercises Home Base

Intro Schedule Crew Science = Vehicles Landing Site Launch

Choose Your Crew

Science Public Risk

Professlon Value Value Level

on to read about it.
Advantages
to Having One:

]

Engineer 1
- Understands flying,
manuevering, and operat-
ing aircraft. If the craft's
computer guidence system
goes out at any time, a

#
[+ ]
[+ ]
o]
[ ]
. pilot on board would be
o]
o ]
o]
[+ ]

‘Computer Specialist
Physician

Geologist

Biologist
Meteorologist
Technician
Psychologist
Journalist

helpful

- Trained pilots often make
excellent leaders, espe-
cially if they have military
training behind them.

Teacher
Student

w N N 2 o 8 o2 8 o 8 © ©

Total Crew

Cost & Weig lence & Public
Cost Weight (kg M
00,000,000 75 sk CASHSCN  Craws< SRR
+10 risk ) +10 risk
$3 ournalist = 15 Public

919

$1,400,030,327 39,123 kg

Return to  # Return to
Exercises @ Home Base

Intro Schedule Crew Science Vehicles Landing Site Launch

Choose Your Science

Experiment Cost Sclence Public
1 expariment to rsad about 1. (MIITIONS) Value Value Main Fields:

Biology and Geology

#
25 9 5
MEs S s CICTI S, Science Value: 9
ThermallR Spectrometer .5 6 3 Public Value: 5

Camera Array
This miniature mass spectrometer
is similar to the one sent to Mars
Pressure Sensor . on the Beagle 2 lander {though
Beagle 2 crashed and the instru-
Temperature Sensor i o ment was never used).

Wind Gauge

UV Sensor

It will be able to detect carbon,
Rock Grinders & Drills -5 and distinguish between organic
and inorganic carbon. It will also
Biology Experiment be able to distinguish between
APXS : carbon-12 (biological carbon) and
carbon-13 (non-biological).
Sample Return (100 kg)

s The mass spec. will also be useful
Thin Seation Packzge for studying rocks. By measuring
Balloon argon and potassium isotope

abundances, the mass spec will
Seismograph = be able to determine when rocks
formed, providing very valuable

Science Experiment Summary: age information

Total Cost: $6,700,000 Science Value:
Total Weight: B0 kg Public Value:




build a

Intro

on a vehicle fora di

a Science Risk
# Launch Vehicles ~°"°° ‘°F

Delta Il o 1
Atlas V431
Delta IV Heavy

u need at st 1

# Transit Vehicles
A 2rivicia
Ze

.Sleener Craft

ed at t 1 tran:
Mars Habitats
Small Habitat

ledium Habitat
Large Habitat

u need at t 1 habitat, but

Mars Launch
nall Capacity
edium Capacity

Large Capacity

u nead at st 1 Mars launch,

# Optional Vehicles

.Dmmng Sample Lab

Bl Pressurized Rover
Unpressurized R

N Return to
} Home Base

Return to
Exercises

©

Schedule Crew Science Vehicles Landing Site Launch

Cost: $150,000,000

This optional vehicle requires a separate launch (hence
the large price tag). The Orbiting Sample Lab will orbit
Earth, awaiting the retum of the Mars astronauts with
Mars rock samples. The samples will be analyzed solely
aboard the OSL - they will never be brought to Earth.

Advantages

- Isolating all Mars samples on the OSL will prevent
contamination - both of the Earth and the Mars samples.
Many administrators and scientists fear that bringing
Mars rocks back to Earth might also bring back Martian
microbes that will endanger humans. Isolating the
samples in orbit would allow scientists to explore them
for evidence of Martian life without endangering Earth's
life.

Disadvantages
- Expensive to build, launch, and operate

- Very few scientists will be able to work with the Mars
s, since all work must be done in orbit

- Limits the range of experiments that can be performed

Total Vehicle Costs: 50 Science Value

Additional Launch Wei

build a

Intro

Science
Value

Landing Site
Eos Chasma
Athabasca Vallis
Melas Chasma
Elysium Planitia
Isidis Planitia

Gusev Crater

Terra Meridiani

Public
Value

Return to
Exercises

©

Launch

N\ Return to
@, Home Base

Schedule Crew es Landing Site |

Choose Your Landing Site
a landir ite fo read about it.

Risk
Level

4 5

@ 0 00 00

Athabasca Vallis is at the mouth of a wide outflow channel near the Pathfinder Ares
Vallis landing site. It shows much evidence of past water activity, including bea-
{ufiul streamlined mesas, deep grooves, and a wide array of debris. However,
because most of the rocks are debris from the outflow channels, little information
about past climate and geologic history can be uncovered. This is the youngest
place on Mars where we see evidence for large-scale fluvial activity. Being able to
answer the question "When was the last episode of large-scale fluvial activity” is
very important for our understanding of Mars.

TES measurements show that the surface of Athabasca is probably covered in a
thick coat of dust.




| b H Id Return to  /# N Return to
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Intro Schedule Crew Science = Vehicles Landing Site Launch

Funding Check  “itiw:  $10,000,000,000 PR — $3,866,880,327

mission: this mission will cest:

Please note: $500,000,000 is added for administrative

Risk Check The risk level 50 As you've designed it, 12

must be under: this mission's risk is:

. The public As you've designed it,
Public Check intarest level this mission's public

must be over: interest level is:

& The science As you've designed
Science Check value must be it, this mission's

over: science value is:

" As you've designed
Weight Check e weightmust it, this mission's

be under: weight is:

Logistics Check Y sumici
nembers than habitat space. Either reduce the
nbers you're bringing, or add an e habitat. If you pass all the checks, then you
are go for launch. You may make
further adjustments to your mission, or
launch the mission by hitting the large
green button.

Before the mission can be launched, the mission must satisfy several requirements:
it must be under budget (though the user can petition Congress for additional
funds), must have an acceptable risk level, sufficient public interest, high scientific
value, and come in under weight limits. Also, several logistical requirements must
be met. For example, if the user has decided to bring samples back, he/she must
have specified a plan for quarrentining or decontaminating the samples.

Once a user has met all the requirements for a mission, he/she can launch the
mission and follow its progress . . . .



View your crew's health

build a

Nota: of v L u view the launch.

Safest Weather for Launch:
You will now need to 1. Temperature above 41 F,
decide when to launch but below 99 F
your mission, based on
weather conditions and
the launch window.

2. Wind speed under 42 knots

3. No precipitation.

If your launch
window closes before
you launch, your mission
is a failure.

4. No lightning
within 5 miles.

5. Max cloud
thickness 4,500 feet
If you have selected
multiple launch vehicles,
then your mission will be
launched aboard
separate rockets and
assembled in orbit.

W atm |

Once cleared for launch, the user must actually launch the mission, choosing launch

Returnto /£ & N\ Return to
Exercises @ Home Base

Current Weather:
Temperature (F):

Wind speed (knots):
No precipitation:
Lightning:

Cloud thickness (ft):

Days U
Windo

launch
this
rocket

delay
until
conditions
improve

times based on weather conditions at Cape Canaveral. If the user chooses
dangerous launch conditions, the risk of the mission blowing up on launch increases.

.
b u I I d a View your crew's health Return to
Exercises

Note: You cannof view the rest of your s L ou view the tra.

After, launch, the astronauts will need to
assemble the Mars transit vehicle in space.
Even if every piece of equipment was launched
together, the pieces must be rearranged and the
transit vehicle readied.

The transit vehicle will then begin its long
journey to Mars. Depending on which schedule
you have chosen, the journey will take many
months to over a year.

Long-duration spaceflight is trying for both
eguipment and crew membegs."Don't be sur-
prised to find that systems malfunction or that
crew members fall ill or-become depressed. If
l6U chose lo bring #h engineer, your mechanical
a‘blejn will}be easier, a doctor will help with
54, 8nd a pyschologist on board will clear

up depressions faster.

¢\ Return to
\ Home Base



View your crew's heaith Return to £ Return to
Exercis @ Home Base

You cann
w the de:

Once at Mars, the transit vehicle has entered Mars
orbit, the astronauts will ready the descent module to
take them to the surface. The transit vehicle will
remain in Mars orbit while the astronauts explore the
surface, and they will meet back up with it when they
launch off of Mars.

View your crew’s health Return to .’-"\ Return to
Exercises @ Home Base

Landing is one of the most dangerous parts of the
mission - there are many opportunities for things to go
wrong.

m. Ther

rtical




This page will give you a new
image of Mars each time it loads.

>aption & Source:

melasXR3.jpg-- Looking
south across Melas Chasma,
Valles Marineris, as seen by
the High Resolution Stereo
Camera (HRSC) on board
the ESA's Mars Express.
The cliff in the distance is
almost 5 km tall. Along the
cliffs (especially at left), one
can see bright layers of rock
peeking out from the ridges.

Return to

]il Home Base

Random Image Generator: Finally, for users just wanting to marvel and the
beautiful images of Mars that have come back in recent years, the project includes a

random image generator that produces a new image (and caption) each time it is
loaded.

Table 2: The Final Tally

Images: 682
Captions: 35,000 words - 85 pages
Articles: 34,000 words - 80 pages

Maps: 185

Lines of Incalculable.
Code:



Discussion

As it stands, this project can be used as a teaching tool or reference for
undergraduates, and for others interested in science.

The next stage in this project will be to create more exercises and tours, add more
in-depth articles, and expand the caption data and images. Though this project
served as my Division |11 thesis for Hampshire College, | will continue working on
this project throughout graduate school.
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