
LPI Contribution No. 968     77

APPENDIX 5:  MARS MISSION QUESTIONS:  RALPH HARVEY

THREE BIG QUESTIONS AND 150 LITTLE QUESTIONS

What follows is an independent collection of questions that one might ask about Mars. They were assembled by workshop

participant Ralph Harvey just before deploying to the dry valley region of Antarctica in December 1998.

Big Question 1:  Why Explore Space at All?

Because the future, and the entire universe, lie out in front of us. Thinking, knowing, curious beings like ourselves cannot help

but wonder what is out there. It is far better to take willing, well considered strides into that future, into that universe, than to

wait passively for the tides of time to take us there.

Big Question 2:  Why Go to Mars?

What we currently know about Mars strongly suggests that many of the geological, environmental and perhaps even biologi-

cal processes that have shaped that planet are similar to those active within the Earth’s history as well. At the same time, these

processes clearly took place on different geographical and temporal scales on Mars. Exploring Mars, and the differences

between Mars and Earth, allows us to explore these processes much more fully than can be done from a single planetary ex-

ample; in turn, they help establish the relative uniqueness of our own planet. From a practical standpoint, Mars has a surface

environment similar enough to Earth’s that we can realistically envision ourselves living off the land to some degree, making

exploration easier and more familiar.

Big Question 3:  Why Send Humans to Mars?

The human mind is amazingly good at detecting the key elements in an otherwise overwhelming pile of data:  spotting in an

instant what is out of place, unique, unusual, or key to a given scenario. While this skill is the product of millions of years of

evolution, helping us hunt and avoid danger, today it serves the scientist in a way that robotic intelligence or remote sensing

cannot:  by allowing a scientist to quickly develop a likely hypothesis for what he or she sees, grasping the key elements that

make a given scenario unique, without laboriously building that scene from data, pixel by pixel. Obviously there’s a danger

there; shortcuts are risky. But for the experienced scientist they inevitably pay off, and false trails can be quickly left behind.
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And only experience allows one to build the internal catalog of knowledge that predicts what should be seen, and what

shouldn’t.

Nowhere in the realm of science is the human ability to integrate a scene quickly and identify key features more vital than in

geology, and geology forms the baseline for much of what we want to know about Mars. Understanding the geology of Mars

means reading the rocks and the history of the planet that they record; but the language of the rocks is a difficult and deriva-

tive one and it requires years of learning and practice to achieve fluency. The typical field geologist must be able to identify

several hundred types of rocks, and the several hundred different minerals that may make them up; they must be able to read

the signs that suggest alteration by weathering, the movement of fluids, the influences of heat and pressure, or biological ac-

tivity may have produced what is being seen. As a result, the very best geologists are the ones that have built up substantial

and diverse catalogs of observations that they can apply to any new scene they encounter.

MORE THAN 150 QUESTIONS ABOUT MARS GEOLOGY

The questions below are a response to the questions:  “Why do I want to go to Mars?” “What do I want to know about that

planet?” “What questions do I have personally that only going to Mars could answer?”

Having generated these questions personally, they might be considered a testimony to my own ignorance, but I hope they will

also serve to illustrate our deep lack of ground truth concerning the geology of Mars. Many of these questions have tentative

answers, or can be explored through remote observations, but none have definitive answers. On the other hand, many of them

could be solve literally in minutes or hours by a well trained geologist in the right place on the surface of Mars. Please note

that none of these questions directly address paleontology or biology. Given that there is NO positive evidence for either on

Mars, the list of possible questions on these topics is virtually endless!

•  What are the southern highlands composed of (what rock type)? Are they the ancient crust of Mars? Are they of uni-

form age? Are they of uniform composition?

•  What does the age and compositional uniformity (or lack of it) tell us about early martian history?

•  What is the age of the big basins (Hellas and Argyre)? How does the cratering rate at Mars compare to theoretical

models or those computed from other terrestrial planets?

•  What is the “intercrater” material of the southern highlands (volcanic, sedimentary, ejecta)? How old is this “inter-

crater” material? Is it of uniform age? How deep is the regolith of Mars in the southern highlands, and how well

lithified?

•  When did the ancient drainages in the southern highlands form? Are they all of one age, or do they span a longer pe-

riod of martian history? What processes formed them; is there direct evidence of precipitation? Is there direct evi-

dence of groundwater sapping? How much sediment did they move? Did that sediment form consolidated rock?

What was the source of the water that formed them? What was the composition of that water? Where did the water

go? Did the big basins fill with water? How long was water present on the surface in the highlands? Are there fea-

tures such as shorelines, evaporites, bars and spits that point toward active fluvial and lacustrine processes?

•  What kind of volcanic processes were present in the Southern Highlands? Are Tyrrhenia Patera and the other highly

dissected volcanos of a common type? What types of volcanic rocks did they produce? When were they active? Do

they represent a style of eruptive activity unique to the region, or to a specific period in martian history? How are
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they related to the ancient martian crust in the region? How are they related to the martian Mantle and the typical

volcanics of Mars’ northern hemisphere? Why are they physically so different? What secondary processes eroded

them down to their present shape? Was there involvement of significant volatiles in their eruption, or secondary ero-

sion?

•  Why is the scarp that separates the Southern Highland from the Northern Plains so sharp? When did this scarp form?

What processes formed it? How has it been altered since formation? What ancient rocks are exposed in this scarp?

•  How uniform are the soils of Mars? What minerals are they made up of, and what are their sources? What distin-

guishes light and dark soils, and why do they have different aeolian transport properties? Are there really no organics

present at all, and why? Are there “hyperoxidants” present that destroy organics, and if so, what are they and how did

they form? How long has aeolian soil been forming, and at what rate? What processes (sedimentary, aeolian, etc.) are

primarily responsible for their production? Do they become indurate or consolidated? By what processes?

•  What are the polar layered deposits made of? How are they related to the polar ice caps? Do they contain frozen

volatiles, and if so, what is its composition? What is the composition of the ice caps? What is the composition of en-

trained dust and rock in both deposits? Do these deposits flow, and if so, at what rate? How old are they? What ac-

cumulation and loss mechanisms are active? How do they interact with the martian climate on daily, seasonal, and

epochal timescales? How do they interact with the martian crust (groundwater, chemical alteration, etc.)?

•  What processes formed the Valles Marineris? When did it form? What distinguishes it from other regional tectonic

features? Is uplift in the Tharsis region truly responsible for its orientation? What role has mass wasting played in its

history? What role has groundwater sapping played? What role has fluvial activity played? What instigated its for-

mation, and the later alteration processes? What rocks are found within the exposed stratigraphy there? Is the full

history of the martian crust exposed, from most ancient crust to modern volcanics? Is there any evidence for uncon-

formities? Is there any evidence for rotational or strike/slip movement of the crust?

•  What are the ages of the Tharsis volcanics? What compositions of volcanic material did they produce? What pro-

duced the scarp around the base of Olympus Mons and what is its significance? Are the four large Tharsis volcanoes

distinct in terms of ages and composition, or are they all products of a single “event”? How do they relate to sur-

rounding flood basalt deposits? How do they relate to smaller volcanoes to the east and south? What is the full se-

quence of eruptions, in terms of time and lithologies? What does this sequence tell us about crustal activity on Mars?

How do the Tharsis volcanics relate to the tectonic deformation of that region? What does this sequence tell us about

the thermal history of Mars?

•  What is the age of Alba Patera? What volcanic or igneous processes produced this unique volcanic feature? How

does it relate temporally and compositionally to the other local volcanics? Could it be the source of volcanics for hy-

pothetically resurfacing the Northern Plains?

•  What is the age of the Elysium region volcanics? Are they distinct compositionally and temporally from the Tharsis

volcanics? Are the lithologies that built up Elysium Mons “evolved” as the profile of that volcano would suggest?

How are the volcano lithologies related to the flood basalts of the Elysium plains? Why is the pattern of tectonic de-

formation associated with Elysium distinct from that seen in Tharsis? Why are there “sapping” and drainage features

associated with Elysium but not with Tharsis?
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How do the styles of intrusive and extrusive volcanism seen on Mars compare to those seen on Earth, and those seen in the

martian meteorites? Can we identify the places that material similar or identical to the shergottites, nakhlites, lherzolites, chas-

signites, and ALH84001 are found on Mars? What is their context in the volcanic history of Mars?

•  Is there presently a water table on Mars? Is there presently permafrost on Mars? What is the distribution of these

volatile reserviors on global and regional scales? What is the distribution of these volatiles in terms of depth? What

is the present size of these reserviors? What is the composition of these reserviors? How do these reserviors interact

with the current climateof Mars? How did they interact on ancient Mars? Has Mars ever had a hydrologic cycle, and

if so, how recently? How much water did ancient Mars have? How much does it have now? What accounts for any

differences?

•  When did the massive floods that produced the Ares Valles and other outwash channels occur? Were these single

events, or multiple events? How long did they last? What processes triggered these floods, and why in these specific

areas? Were any significant bodies of standing water or ice produced, and how long did they last? How did these

floods interact with the climate of Mars over short and long term timescales?

•  Have any sedimentary rocks been produced on Mars? How have martian environmental conditions controlled the

type of weathering and the sediments produced? How much transportation of sediment occurred, and in what style?

What diagenetic processes are or were active on Mars to consolidate this sediment? Is there a sedimentary rock rec-

ord on Mars and what does it tell us about changes in the martian surface environment over time?

•  What metamorphic and thermal alteration processes have been active on Mars? What secondary mineralogies and

lithologies have been produced? How pervasive are they on regional and global scales? Have geothermal and hy-

drologic processes interacted to produce hotsprings or other hydrothermal activity?

•  What is the internal structure of Mars? How siesmically active is the martian crust today? How thick is it? is the crust

of the northern plains thinner than that of the Southern Highlands? Is there evidence of isostatic compensation of the

crust anywhere? Is there evidence of any global scale horizontal movement of the crust? What is the density and

probable composition of the mantle of Mars? Does the martian crust or mantle contain any low velocity layers in-

dicative of plastic behavior or magmatic material? What is the size of the core of Mars, and what is it made of? Is

there any active magnetic field present today at a measurable level? Did Mars once have an active magnetosphere?

When did it become inactive, and why?

•  How does the history of Mars as a planet compare to that of the Moon and the Earth? Do they share a common his-

tory of accretion, differentiation and thermal processing? At what stages were these planets alike, and when did they

diverge? Are the geological processes that have shaped the surface of ancient Mars still active today, and at what

level? How do they compare to the processes that have shaped the face of the Earth through time? Can Mars serve as

a model for conditions on the ancient Earth that are no longer accessible to us, given the contained geological activ-

ity of our planet?
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