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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

regions (Table 1).   Five types of maps

were obtained for each region:

• Viking mosaics on a cylindrical

projection

• Viking mosaics on a sinusoidal

projection

• 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).

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:

• Mars Orbiter Camera (MOC)

• Thermal Emission Imaging Spectrometer (THEMIS)

• Thermal Emission Spectrometer (TES)

• Mars Express High-Resolution Stereo Camera (HRSC)

• Viking 1 and 2 orbiters

• Viking 1 and 2 landers

• Phobos 2 satellite

• Mariners 4, 6, 7, and 9



• Pathfinder rover

• 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.

• 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:

• 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.

• 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.

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

The basic materials

making up the DDM-

Mars are the images

(left), maps, and

articles.  See below.



     

  

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.



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.

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.





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).



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).



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 II: Mars Science

The second part of the DDM looks at different topics in Mars science, including Mars

meteorites, minerals of Mars, and volcanism.



Minerals: The

minerals pages look

into what we know

about hematite,

olivine, and

carbonates on the

surface of Mars,

using images,

articles, and maps.



Meteorites:  The Meteorite pages look at the SNCs: Shergotties, Nakhlites, and

Chassignites.



Volcanoes:  The volcanoes pages feature articles and images of 14 major volcanoes

on Mars.



Part III: Interactive Tools

In addition to maps, images, and articles, the DDM-Mars includes serveral interactive

features to help navigate through all the data.

Cliklists: Clicklists of maps, images, and articles, make finding material in the DDM-

Mars easy.



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

science.





Slideshow: The Build-a-Slideshow feature allows users to build presentations of

their favorite images and present them.



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.



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.



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.







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 . . . .



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

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.





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.



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 III thesis for Hampshire College, I will continue working on

this project throughout graduate school.
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