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and other space missions. Based on a course taught by the author at the university of 
arizona for 25 years, it is aimed at advanced students, and is also an invaluable resource 
for researchers, professional planetary scientists, and space-mission engineers.

h.  jay melosh is Distinguished Professor of earth and atmospheric Science at Purdue 
university. His principal research interests are impact cratering, planetary tectonics, and 
the physics of earthquakes and landslides. He is a science team member of naSa’s Deep 
Impact mission that successfully cratered comet tempel 1 on July 4, 2005. Professor 
Melosh was awarded the Barringer Medal of the Meteoritical Society in 1999, the Gilbert 
prize of the Geological Society of america in 2001, the Hess Medal of the american 
Geophysical union in 2008, and was elected to the uS national academy of Sciences in 
2003. He has published over 170 technical papers, edited two books and is the author of 
Impact Cratering: A Geologic Process (1989, oxford university Press). asteroid #8216 
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this book is dedicated to the students and colleagues who participated in my class PtyS 
554, Planetary Surfaces, and PtyS 594, Planetary field Geology Practicum, at the lunar 
and Planetary lab of the university of arizona and at caltech and Stony Brook before that. 
In the years stretching from 1976 to 2009 and from the classroom to campfires in unearthly 
landscapes under star-studded skies, we all learned together.
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We are privileged to be living in one of the greatest eras of exploration that humankind has 
ever undertaken. our current age of Space grew out of the dark struggles of World War II 
when large rockets were developed as agents of mass murder. the subsequent cold War 
rivalry between the united States and Soviet union pushed rocket capabilities to the point 
that it became possible to send vehicles into earth orbit and beyond (even though the stated 
aim was to send missiles carrying nuclear weapons over mere continental distances). the 
russians put the first human into earth orbit. the apollo missions took american astro-
nauts to the Moon, a target that russia reached first with its unmanned vehicles: russia 
stopped just short of a manned lunar landing. Somehow, amid all this politically motivated 
grandstanding, a few visionary engineers and scientists accomplished the feat that will be 
remembered by all future generations: the exploration of our Solar System.

While humans have not yet traveled beyond the Moon, robotic spacecraft with increas-
ingly sophisticated electronic brains and sensory systems have now left the bounds of the 
Solar System. Spacecraft have visited all of the major planets, with the exception of Pluto 
(although some now argue that it is not really a “major planet”). Many planets and even 
asteroids have been flown by, orbited and landed upon by spacecraft. We have yet to bring 
back samples of any body other than the Moon, comet Wild 2 and asteroid 25143 Itokawa, 
so there is much more to accomplish, but we are learning about the universe outside our 
little earth at a tremendous rate.

When I first started teaching a course in Planetary Sciences in 1977 it was possible to 
treat each individual planet as a separate entity. Weeks would be spent talking about the 
Moon and its special attributes. Mars was a Moon-like disappointment after the flybys of 
Mariners 4, 6, and 7 that all, ironically, imaged nothing but the heavily cratered terrains of 
the southern highlands. Mariner 10 had just returned our first views of Mercury, which also 
turned out to be very much like the Moon. as time went on, we learned much more about 
the planets we had first studied and learned new things about planets that had never before 
been visited by spacecraft. Mars blossomed into a new world in the wake of the Mariner 9 
orbiter, with giant volcanoes, canyons that dwarfed arizona’s Grand canyon and channels 
that could only have been cut by gigantic floods. Pioneer Venus and the Soviet Veneras 
made it clear that our “sister” planet was a very odd relative indeed, and the Voyagers were 
off on their historic tours of the outer Solar System.

Preface
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Before long it was clear that a planet-by-planet course organization could no longer 
work. It would be tediously repetitious to talk about craters and volcanoes on the Moon, 
then later to talk about craters and volcanoes on Mars, and then craters and volcanoes on 
Mercury, adding a new “craters and volcanoes” block for each new planet. While the num-
ber of planets kept multiplying, the number of different geologic processes did not. Pretty 
much the same processes, modified a bit for local conditions, act on every body we have 
investigated so far. So the modern course organization emphasizes processes, not individ-
ual planets. furthermore, the body of information about each planet has multiplied to the 
point that it is no longer possible to comprehensively cover all that is known about even 
one planet within the confines of a one-semester class. If you doubt this, go to a library and 
look at the shelf of books about planets in just the university of arizona’s Space Science 
Series. the total collection occupies about two meters of shelf space, and it grows by a few 
tens of centimeters (or more!) every year.

this practical limitation accounts for the “process” orientation of this book. Beyond 
this, I had to make decisions about which processes to treat and in what order. textbooks 
on terrestrial geomorphology abound and “process orientation” is a buzzword that most 
modern books respect, but fluvial processes dominate terrestrial geomorphology. fluvial 
processes, however, are rare in the larger universe and must take a back seat to more uni-
versal processes, such as impact cratering, in a planetary context. In teaching this class I 
have long used an approach that follows the planetary exploration mantra of “first flyby, 
then orbit, land, and finally return samples.” I start with those aspects of a planet that you 
can see from the greatest distance, even telescopically (a level that we have just attained for 
extrasolar planets). thus, we can ask: what determines a planet’s shape and the topography 
of its surface? Deviations from a spheroidal shape must be supported by internal strength, 
which motivates a discussion of what strength is and how topographic variations can be 
supported.

If topography is limited by strength, then what happens when it is exceeded? the  answer 
is tectonics: faults and fractures. as we approach ever closer to a planet, the next things 
we might notice are craters, just as the first features on Mars and Mercury imaged by 
spacecraft were cratered terrains. I had thus planned to make impact craters the subject of 
chapter 5, followed by volcanism in chapter 6. However, one of the anonymous review-
ers of my original book proposal cogently argued that volcanism is most closely linked to 
tectonics so that the order of these two chapters should logically be reversed. I agree, and 
so the order is as you now have it – after all, the first things that Mariner 9 saw looming out 
of the global dust storm were the summits of Mars’ four great shield volcanoes. the last 
five chapters are organized around the principle of most-to-least universal processes. all 
bodies have regoliths, although the regolith of airless bodies such as the Moon or asteroids 
differs profoundly from the agricultural soil of earth. regoliths do not need slopes to form, 
but mass movement is a process that acts only on slopes, so that is the subject of chapter 
8. chapters 9, 10, and 11 are, in the broadest sense, about the processes that involve wind, 
water, and ice, even though the “wind” may be blowing carbon dioxide, the “water” liquid 
methane, and the “ice” solid carbon dioxide or methane. these chapters are really about 
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transport by atmospheric gases (universal for large enough planets and moons), liquids 
(fewer bodies possess flowing liquids on their surfaces), and solids warm enough to flow at 
measurable rates (that is, very close to their melting points, which must be pretty unusual 
on a planet’s surface).

In teaching this course I try to get through the entire set of processes in one semester (15 
weeks of three hours of lecture per week). as my former students well know, I often do 
not succeed. new discoveries come up, someone asks a lot of deep questions about some 
topic, and I end up spending more time on one topic than the syllabus allows. the result is 
that I usually have to rush through the last sections. I have often said, “If only there were a 
text for this course, I could have the students read up on this topic and not miss out on an 
important idea.” Well, here is the text. Maybe it will solve this problem.

another note about how I teach this class: I typically assign challenging homework 
problems that are meant to encourage the students to think. there are sometimes no strictly 
right or wrong answers, just reasonable ones that admit of a lot of interpretation (there are 
also some easy problems that just involve substitutions, but I hope the answers are enlight-
ening). I also ask the students to write a research paper on some topic that interests them, 
and I base much of the final grade on these research papers. these papers are about ten 
pages long and I encourage the students to think independently, not just regurgitate what 
they may have read in some published paper. new calculations or even small-scale exper-
iments and field investigations are strongly encouraged. I do not penalize the students, 
gradewise, if some initially promising line of research does not work out. Many of these 
papers have turned into abstracts presented at the annual Lunar and Planetary Research 
Conference. Some have turned into papers published in the scientific journals and a few 
have become Ph.D. theses.

Because paper-writing becomes more intense as the semester proceeds, I ease off on 
the amount of homework assigned to allow the students time to explore their own ideas. 
this has often resulted in surprising bursts of creative activity that I do not wish to smother 
under too much “set work.” for that reason you will find that the number and difficulty of 
the exercises associated with each chapter falls off toward the end of the book. I do this in 
the hope that the early part of the course will serve as a kind of “launch pad” for independ-
ent investigation of this fascinating field.

anyone who teaches this subject must realize that planetary science is an active and 
ever-changing subject. new discoveries are constantly being made. I have tried to incorp-
orate some of the latest discoveries in this text, but I fully realize that by the time this book 
appears in print some things I have written will be obsolete (indeed, in my own research 
I am doing my best to make that happen). So it is important to supplement this text with 
readings from the current literature and even news stories and naSa data releases.

ah yes, one last piece of advice (and my former students would not forgive me if I failed 
to mention this!): the stories. Some of them are here in the book, cleaned up a bit and prop-
erly referenced. not all of them (some of the good ones I was unable to verify in this way – 
they are in a file labeled “dubious stories” until I can find a reliable reference). Stories about 
people, about ideas, about what motivated whom to do what and how some great idea came 
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from something that seemed wholly unrelated. Some of it is the usual scuttlebutt of science, 
told over coffee or around campfires. But most of my stories are different: like aesop’s 
fables, they all have a moral. like all teachers, I am often distressed by how little students 
seem to remember about some topic after the lapse of even one  semester, let alone a few 
years. So I try to wrap the really important ideas into a really good story about someone 
or something. I think that makes the idea easier to remember and hope that the idea might 
remain mentally accessible long after the equation or intricate train of reasoning has passed 
beyond recall. I am not sure this works, but I do meet students who, after many years, still 
retain the story, if not the point that it was meant to illustrate. not everyone who teaches 
this course will want to emulate this particular technique, but I do ask you not to drain the 
human interest from the science. Science is done by humans, and for humans to continue to 
do it they must realize how quirky and illogical the course of discovery can be.

With that, I invite you to move on into this book and make your own discoveries. I hope 
you have as much fun learning this stuff as I have had.

October 2010
West Lafayette, Indiana
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