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Epigraph

“It is good to renew one’s wonder,” said the philosopher. “Space travel has again made children of us all.”

—RAY BRADBURY, The Martian Chronicles
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ONE

Full Circle

“The Kiowas reckoned their stature by the distance they could see.”

—N. SCOTT MOMADAY, The Way to Rainy Mountain

LOOKING AT EARTH FROM MARS

The scene that lay before us looked like the rubble from a crumbled, ancient city. We were standing out in the open on the surface in the frigid predawn glow, looking east in the midst of a plain littered with dark, dust-coated, angular rocks. We were surrounded by small craters, and the vista contained all the bleakness of an aftermath of some apocalyptic no-man’s-land. Above the eastern horizon, pale in the predawn haze, was a small, blue-white star hanging silently in the sky. That small star was Earth, and we were seeing it from the surface of Mars.

With that glance we had come full circle. It was not a momentous occasion, judging from the casual interest we seemed to place on that observation, but there was an abiding sense that not only were we a long way from home but we were also a long way from our humble beginning in our quest to know the red planet. We were finally on the surface of the red “star” that humans had observed for such a long time from the yonder blue-white “star.” As the day progressed, the Sun ascended from the alien blue of the strange dawn, and those of us looking at this scene virtually through the eyes of the Spirit rover continued our journey up the rocky slope, soldiering on to our next destination and another day’s work on the red planet, Mars. The moment had passed, but it was the end of a beginning.

But the moment was actually epic in its meaning. For thousands of years, Mars had been a “red star” in the sky. Only recently in the chronicle of human exploration, in fact within just the last few decades, have we been in a position to do better in our quest for understanding Mars than the simple tracking of the motions of the “fiery star.” Getting beyond this more primal association of the stars and mortal events, however, has been a difficult journey in the history of human interest in Mars. One of the more interesting ironies of the past decade of Mars exploration that illustrates how far we have come is that simple image taken early in the mission of Mars Exploration Rover Spirit. In the photo, we see the Martian predawn sky looking east, and in this sky is a tiny star, Earth. It is a subtle yet dramatic image, accompanied in the press release image by an arrow and the words “you are here.” It shows our small place in the cosmic scheme, of course, but to me it is an image evoking how things have changed in our view of the planets, and Mars in particular. Here we were on Mars looking at a bright, bluish-white morning star that was another world, yet so far and so small in the sky that, if you didn’t already know all the teeming life and business of Earth, you could not tell much about the presence or absence of life on Earth from this tiny dot.
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This was the view of Mars and the nearby Moon from Earth for centuries. This photograph of Mars in the evening sky was taken during the 2020 opposition. The view looks across the Rio Grande Valley from Rio Rancho toward the Albuquerque city lights.

Andrew Santangelo


[image: image]
Sol (day) 63 image of the morning sky taken by Spirit rover one hour before sunrise. This is the first image of Earth taken by a spacecraft from the surface of Mars.

NASA/JPL/Cornell/Texas A&M


Across the distance that it takes light to travel in twenty minutes between Earth and Mars and forty-five years earlier I was one of those on that small, blue-white morning star viewing Mars from afar. It was during the twilight of telescopic Mars observation and the beginning of the space age that I began setting up my small telescope in the backyard. And whenever Mars was in the evening sky I attempted to look at it. I recall that on one particularly clear night I could see what I suspected was one of the polar caps, but not much else. All those dark markings and such were the province of observers with larger and professional telescopes. Mars was always a somewhat frustrating object in this respect. One was aware that there would probably be a lot of interesting things to see if you could just find a way to see them. Now, after all those years and all that wondering what it was like on that planet, I was one of those on the other end of that gulf between two planets, not only looking back at Earth, but looking at the surface of Mars up close and personal.

SEEING RED: MARS MANIA, THE EARLY YEARS

Maybe the interest in Mars is simply a consequence of popular culture. Or who can say, maybe there is something else going on. There is the speculation among some people that life on Earth might easily have originated on Mars and was transferred here in the first few hundred million years of our planet’s existence. That could explain the interest we humans have had in Mars; our interest has been the vague desire buried in our DNA to see the “home world” again. For now, that is only unsatisfying speculation and does nothing to solve the riddle of life’s ultimate origin. Yet the search for the answer to that question—that is, whether there was ever life on Mars or whether it is present even today—is one that we have been pursuing for many decades. It is one of many stories that we will come to examine. But for now, there is no single explanation backed up by evidence or careful social analysis regarding why Mars has been such a focus of attention through the centuries.

Some of the attention on Mars from the beginning of recorded history undoubtedly reflected an interest traceable to the appeal that the color red has for most humans. Red sunsets, red deserts, red sports cars—you name it and if it is red it is probably visually more arresting for most people. Early cultures have had a fascination with Mars’s perceived magical properties as a celestial object in its astrological role and in interactions with other celestial bodies, or its mythical origins and associations with war or other fiery events of mayhem that loom large in the human condition. And then there is a more modern obsession born of Mars’s rich history in fictional and imaginative depictions as an abode of interesting events, creatures, or societies. And finally, the fascination that the lay public may have favors Mars as a new destination that is colorful, far away, and a sort of “new Southwest” with all manner of exotic and richly colored scenery to be explored and seen by someone bold enough to do so.







Some of the attention on Mars from the beginning of recorded history undoubtedly reflected an interest traceable to the appeal that the color red has for most humans.








For a very long time, humanity has been in the position of looking at Mars from Earth as an oddly moving star, the “fire star,” as the early Chinese observers called it. This was the initial way we looked at planets, not by standing on their surfaces or peering at them through telescopes, but by looking at them as tiny dots of light in the night sky that moved unlike the steady stars.

Probably in the time before recorded history, the red color of Mars was an obvious distinction because few objects in the night sky are so intensely ruddy to the unaided eye. The other thing that made Mars stand out to the eyes of ancient nighttime viewers was the fact that it was one of those special wandering stars too. This penchant Mars had in which it appeared to move backward from its normal motion for a period of time—referred to as retrograde motion—when combined with its unusual color helped to create its special place in astrological lore of the night sky, as recorded by ancient Egyptian astronomers more than four thousand years ago. The seemingly erratic changing of direction and the fiery appearance probably initiated thoughts of chaos, burning, and its destructive nature, inviting its association with the consequences of war.

Beyond these mythical associations, early observers were concerned about making sense of the timing of the return of objects and periods of an object’s visibility rather than any interest in the objects themselves. The Chinese, for example, were interested in conjunctions of Mars—that is, the time when Mars goes behind the Sun—and kept a careful account of the motions of Mars even before the Zhou dynasty, more than three thousand years ago, if not before. And they had good reason to be concerned because accurate calendars, which were in part built around observations of the celestial motions, were important as part of the authority of the ruling dynasties. And another important reason for an interest in keeping a very accurate tracking of the planets was the fact that to them Mars was associated with all sorts of bad events and war. Keeping track of Mars was just good business.

The comings and goings of Mars in the night sky were important enough to early civilizations that the Mayans and Babylonians are known to have maintained a document of observations of Mars’s movements. So while this interest can be traced back historically to the earliest known astronomical observations of the planet by the Chinese before 1000 BCE, and many civilizations since then, Mars was little more than a point of light to the human eye, and there was simply no way to know anything about it as an object. Mars was a mythical placeholder for deities in the sky and the clockwork machinations of the fates, but not much else.

THE TRICKSTER PLANET (COYOTE MARS)

In my quest to understand how various groups had viewed Mars in the night sky over the years, I spoke with friend Joseph Aragon of the Acoma Pueblo in western New Mexico. I asked him what the Acomas called Mars. He told me that the traditional word for Mars meant simply “crazy star,” perhaps a reflection of its back-and-forth motion in the sky, or the retrograde motion that the geometry between Earth’s and Mars’s orbits appears to impart on the progress of Mars across the sky.

Then I asked him about something else, a question that had emerged when I reflected on the twists and turns of the planet’s exploration over all the years. As we will see, Mars has a habit of doing a kind of bait-and-switch on us as we learn new things. Just when we think we have gasped some new understanding, it often happens that the new knowledge is not the most important focus. Rather, there is something else that we are about to discover that is really the main point. When I mentioned this to Joe, I asked if Coyote, the eternal “trickster” so prominent in Native American legends, could in any way be similar to this penchant that Mars had for giving us little runarounds. He reflected for a minute and said that yes, it was probably entirely appropriate to think of Mars that way. After all, Coyote is also a wise figure but mischievous.

So, I began to think of Mars as “Coyote Mars” because there has always been this little bait-and-switch thing going on when we try to understand something. It is simply Coyote Mars doing what comes naturally. As Joe put it, Coyote in his wisdom was just “making us all dig a little deeper” to find the really meaningful thing behind something—in this case, the science of Mars.




TWO

Eyes on Mars

“It is possible to believe that all the past is but the beginning of a beginning, and that all that is and has been is but the twilight of the dawn.”

—H. G. WELLS, The Discovery of the Future

A NEW WORLD VISIBLE IN THE TELESCOPE

The focus on what might be called the astrological angle changed during the Enlightenment, also known as the Age of Reason, a time of evolving ideas that developed in the mid-1600s through the end of the eighteenth century. This was a period when there was a movement to a new philosophy that advocated that observations and reasons could serve as the main methods of understanding the world rather than beliefs and portents. New and more powerful ways of observing were coming into existence. One of these was the telescope, and that naturally and very quickly was turned to the heavens. This was also a period when the Copernican revolution had taken hold and Earth was demoted from its centrality in the universe and became just one of many bodies circling the Sun. The idea that Earth was like the other planets and heavenly bodies no doubt inspired the foundation of ideas prevalent at the beginning of the Enlightenment, namely, that if Earth was a real world with inhabitants and environments, then maybe the other planets were too. All this was possibly aided by the fact that even here on Earth people were beginning to discover new worlds or continents. So why not new worlds in the heavens?

According to the then newly resurrected Aristarchian idea of a heliocentric solar system in the seventeenth century, Johannes Kepler and Nicolaus Copernicus had shown that if Mars were indeed orbiting the Sun beyond Earth’s orbit, Mars should show gibbous-type phases like the Moon when it is between one-half and fully illuminated. Galileo was the first to turn a telescope on Mars in 1609, attempting to observe the phases of Mars, although his telescope was too crude to detect the phases. Nonetheless, in true scientific fashion, while he admitted that he could not say for sure whether the phases were present, he thought he could see that the illuminated disk was not entirely circular: an early example of the scientific method in which conclusions are born of observation, theory, more observation, and analysis. In other words, the observations could be explained as “consistent with” the shape of the disk if it were under gibbous-type illumination.

This was a time of rapid succession of many firsts in our understanding of Mars. Shortly after Galileo’s first experimental observation, the first documentation of Mars as a potential Earthlike body—perhaps even like Earth with seasons and landmasses, in other words a place with an actual geography—resulted from telescopic observations and drawings of Mars by Francesco Fontana of Naples, Italy, a lawyer and an astronomer, in 1636.

Unfortunately, the optics of his telescope were sketchy and the drawings he made are without detail regarding the planetary surface, but at least he was exploring the planet and recording what he thought he was seeing.

[image: image]
Sketches from the earliest efforts to view Mars through telescopes.



But the Dutch mathematician, astronomer, and telescope maker Christiaan Huygens added fuel to the fire of Mars interest with his observations of Mars through his 7-centimeter aperture 6.5-meter-long telescope.

Notes and sketches from his observations again adhere remarkably to the scientific method of the time, identifying surface markings on November 28, 1659, that were observed to move across the face of the Martian disk. This amazing observation led to the first estimates of the approximately twenty-four-hour rotation period of Mars. Even more remarkably, shortly afterward this estimate was refined to about twenty-four hours and forty minutes, very close to the now accepted length of the solar day on Mars (twenty-four hours thirty-nine minutes), a period of time that we in the era of spacecraft have come to know as a sol to distinguish it from an Earth (twenty-four-hour) day.

A long line of astronomers was making notes on their observations of Mars, including the Italian astronomer G. D. Cassini, who in 1666 noted the presence of white caps on the planet. Huygens further detected the white south polar cap in 1672, and with that the game was on to show ever more Earthlike characteristics. These were the luminaries of the sciences at the time, but there are many other examples of early observations of Mars by lesser-known telescopic observers that were remarkable for the level of detail and discipline of recording just the facts.

Beyond the philosophical explorations about the fact that planets were actual worlds in their own right, these first telescopic observations aroused interest among scientists in the exploration of planetary surfaces and, of course, the potential for life beyond Earth. This began a whole new philosophy, including the plurality-of-worlds line of thought that was made popular by Bernard le Bovier de Fontenelle in his 1686 fictional dialogues Entretiens sur la pluralité des mondes. In his work, Fontenelle explores the possibility of life on other worlds from this new standpoint that considers that the planets, the Moon, and other objects in the night sky are objects like Earth circling the Sun according to the new Copernican view of things. The book is also famous for many other reasons. It was the first book about a scientific topic written in the popular language—in this case French, rather than Latin. Not only that, Fontenelle makes the fictional dialogue take place between a gentleman and a lady in a garden, thus inviting women for the first time to participate in the scientific discourses of the day, which up until then had been considered only an enterprise for men.

The British astronomer and famous telescope builder Sir William Herschel went on to make observations of Mars from 1777 to 1783.

While Herschel concentrated most of his activities on stellar observations, he took advantage of times when Mars was closest to Earth to identify several fundamental characteristics of Mars that could be determined with his telescope. He established a very accurate early estimate of the rotational period of Mars, determined that the atmosphere must be very thin based on the occultation of a star by Mars, and determined an axial inclination of Mars of around 24 degrees, a value similar but slightly greater than Earth’s inclination. He also noted in his publications that Mars’s polar caps varied seasonally. The seasonal nature of surface changes on Mars fired the imaginations of everyone because it invited the notion that Mars’s seasons must be like those on Earth where there are winter snows and a spring thaw.

It is not surprising perhaps that Huygens was among the first scientists to entertain the notion that there was winter snow to form a polar cap and water following the seasonal thaws, and all this suggested an atmosphere. There was even the possibility of extraterrestrial life.

FIRST MAPS OF MARS

Mars cartography started when Johann Heinrich von Mädler and his student, a well-off banker, Wilhelm Beer, began to assemble a series of drawings of Mars into a global map in 1830. Thus was born the first true Mars map, the famed Beer-Mädler Mars map.

Because they had a map showing the fixed light and dark toned telescopic features of Mars, they were then in a position to have another go at estimating the rotation period of Mars. After an early attempt with some inaccuracy, they arrived at a final estimate that was only about one second longer than the value we know today. In the process of this work, in 1832 they picked a spot as the prime meridian, later (1837–1841) named Sinus Meridiani by the French astronomer Camille Flammarion, the great dark area near the Martian equator, a sort of Greenwich of Mars, which is still used today with some precision cartographic tie points that were developed later. The exact location is now centered on a small crater, Airy-0.

[image: image]

Throughout the nineteenth century, things were ramping up in the early science of Mars cartography. In 1867 English astronomer Richard Proctor, taking advantage of several decades of advances in telescopes and methods, took a stab at Mars cartography, drafting a newer map of Martian features based on “a charming series of tracings supplied me by Mr. [William R.] Dawes.”

Dawes was an accomplished amateur astronomer and had undertaken a series of observations and sketches of Mars from 1864 to 1865, which he had presented to the Royal Astronomical Society and had caught the eye of Proctor. No map is complete without names, so going further Proctor assigned names to Dawes’s Martian map features. He used the names of prominent astronomers; it has been pointed out the names were somewhat skewed to British scientists, with Dawes’s name appearing frequently. As Proctor related, “I have applied to the different features the names of those observers who have studied the physical peculiarities presented by Mars. Mr. Dawes’ name naturally occurs more frequently than others. Indeed, if I had followed the rule of giving to each feature the name of its discoverer, Mr. Dawes’s name would have occurred much more frequently than it actually does.”

The naming scheme was interesting but was later overshadowed by a more “scientific” naming theme to be introduced by the famed Giovanni Schiaparelli and, further along, Eugène Antoniadi. But it was in these early maps that the dark areas became associated with seas and the lighter areas landmasses, a trend that followed through later maps even though it was to become less and less likely that there were actual seas. More to the point many of the dark “seas” were later shown to be vast uplands, and likewise many “continents” were low and bright with dust.

The presence of water was suspected very early though. The world of Mars mania experienced an explosive growth in 1871, when William Huggins used an optical device that splits light into a spectrum, a spectroscope that revealed the composition of the atmosphere of Mars for the first time. He announced the detection of water vapor. Richard Proctor noted that the presence of water vapor was certainly possible given the changing polar caps and possibility of melting snow and water ice that those changes suggested. He even went on to speculate about the life that the presence of water inevitably implies. He even expanded the speculation in an early bit of astrobiology hypothesis thinking to suggest that the lower gravity of Mars would support the development of Martians somewhat taller than humans and other benefits from the lower gravity. These ideas possibly planted seeds for the idea of strange alien biologies in general and strange Martians in particular. In a few years, however, as Proctor’s theoretical review of Mars’s conditions started to be more fully developed, he began moving toward a remarkably modern view of Mars, noting that given how cold Mars was, the fact that it was not entirely covered with white snow and ice implied that there was a lot less water vapor available and that the atmosphere was probably fairly thin. He concluded that the atmosphere was probably like being several kilometers up in Earth’s atmosphere. And then to take a step even further forward into modern astrobiology, he noted that air that thin was probably unlikely to support life. Later still, he boldly predicted that Mars may have been like Earth in its early history, but it dried out and any life that may have existed died out. These thoughts, particularly the idea of an early wet Mars, are very close to those we believe today. In fact, it became a tenant of Mars speculation, including in science fiction, in years to follow: Mars was once rich with water, but as the climate dried out the Martians were left suffering, and maybe envious of Earth. The thread of fact and fiction is woven tightly in the history of thinking about Mars.

The comparison with Earth was carried forward in the interpretation of many of these early observations that the dark areas on Mars were likely seas and the orange patches were land. Enter actual scientific analysis of Mars at this time, again in the form of English astronomer Richard Proctor, who noted that given the relatively thin and probably colder air of Mars, seas were unrealistic and that any possibility of such an environment supporting life was sketchy at best. But the desire for a living Mars moved forward in the culture of the day, and in 1860 the French astronomer Emmanuel Liais proposed instead that the dark areas were old seabeds filled with vegetation. This notion persisted through the modern period of telescopic observation and in some respects into the early half of the twentieth century.

The year 1877 was a big year for Mars. It was the year of an “opposition,” a point in Mars’s orbit when it is closest to Earth. Many observers from many different nations were taking advantage of the opportunity for higher-resolution views of Mars through the best telescopes. Incidentally, it was during this opposition that Asaph Hall, an American astronomer, discovered and named the moons of Mars, Phobos and Deimos, the traditional companions of Mars as the god of war. It was during the same opposition of Mars in 1877 Schiaparelli, from Italy, kicked off the modern telescopic fascination with Mars by generating new charts and detailed drawings of the red planet. Not only did he make detailed drawings of the surface, he also suggested a new naming scheme for Mars’s features, which departed from Proctor’s style of using the names of individuals, primarily the names of astronomers who had, up to that time, contributed to observations of Mars. Instead he proposed that the regions of Mars could be named after places in Greek and Roman mythology, especially those related to Mars, and some biblical names. These names were later incorporated into more detailed Mars maps of the space age. Most of the features on his map were albedo features, bright and dark markings that would later be shown to have little connection with actual physical terrain features soon to be revealed with spacecraft. Mars was playing its tricks on us with what looked important, but in the end those features were marginalized and almost forgotten in a wave of the new technology’s hand. However, as we will see later, some named features were resurrected and applied to Mars’s physical terrain features.

More important, Schiaparelli’s work inadvertently fostered the next big speculation about Mars that lasted for nearly the next one hundred years in one form or another. It was in these drawings he famously noted that the planet’s deserts were crisscrossed with what he saw as many fine, often parallel lines, which he denoted, as channels, or canali in Italian. If you look at Schiaparelli’s original map, the “lines” are not the ruler-straight lines of later maps, so he appears to have been careful about what he was drawing and not interpolating excessively. Either that or his sketching hand was a bit shaky. Schiaparelli was an observer and did not in any way speculate that the canali were artificial. Instead, the word “canali” was incorrectly translated into English as “canals.” This was a classic case of what you did not say—and what people thought they heard you say—becoming more exciting than what you said. Hence was born the idea of Martian canals.

Into this fray then was cast the American astronomer Percival Lowell, who observed Mars through a 58-centimeter Alvan Clark telescope in his observatory atop a ridge in Flagstaff, Arizona, in the summer of 1894. It was at this time that the southern polar cap was diminishing and the apparent seasonal changes in color were manifesting. But his drawings and reports based on his observations generated considerable interest because they seemed to indicate, and were certainly interpreted as such by Lowell, that there was a complex network of what must be canals on Mars. It was not just that there were features that looked like canals, but their presence and the shifting patterns of light and dark across the Martian surface with the Martian seasons all seemed to fit a kind of pattern one might expect for vegetation being renewed by canal-channeled snowmelt over the far-flung surface of a parched planet.

There followed many attempts by other observers to see these lines on Mars, but no one else seemed able to see them. Eugène Antoniadi had become a noted Mars observer and was at first somewhat supportive of the canals but, following access to the large telescopes of Meudon Observatory in France during 1909, was unconvinced that they existed. His map of Mars published in 1929 in his book La Planète Mars, the first of many books to bear that simple title, became the standard for Mars features right up to the very beginning of the space age.
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Other observers who had spent considerable time before Lowell’s reports and afterward viewing Mars offered a variety of explanations for the possibility that the lines were illusions of shapes and blotch boundaries and alignments of dark spots.

But many scientists simply began to question whether Lowell was just seeing illusions. One of his critics, Alfred Russel Wallace, was a scientist better known for other contributions in the natural sciences, such as the foundations of natural selection perhaps more widely championed by Charles Darwin. But he was also one of the first scientists to examine the potential for life elsewhere beyond Earth, or a subject that is known today as astrobiology. In his 1907 book Is Mars Habitable?, Wallace laid out the facts about Mars that he felt Lowell should have known better than anyone. The book reviewed the results of extensive research and collaboration with other experts about a variety of characteristics that one can quantitatively deduce about Mars that address the big questions about habitability. To summarize a very lengthy, and even today, interesting and instructive book, he basically stated that the atmosphere of Mars was known to be very thin; there was very little to no water on Mars, certainly no bodies of water from which to cycle the water into the atmosphere and onto the land and back to the atmosphere as is done on Earth; and the polar caps were likely some frozen heavier gas like carbon dioxide (CO2) rather than water ice.

In any case, ever the gentleman, regarding Lowell’s credibility as a scientist Wallace concluded, “I venture to think that his merit as one of our first astronomical observers will in no way be diminished by the rejection of his theory, and the substitution of one more in accordance with the actually observed facts.”

And so there it was, the description of Mars a good sixty years before we determined that Mars was in reality a cold, barren desert. This was a good summary of what we confirmed as a profound observed fact after eventually going there. But the belief in a viable Mars kept the whole possibility of Martian life going, albeit lamely, until Wallace’s assessment was shown to be right. Another lesson, and one that philosophers of science have noted from broad surveys to determine how widespread or generally valid the thought might be, is the fact that it is often the scientist from outside a specialty who has the clearest insight into some of a given specialty’s more vexing problems.

Telescopic research on Mars continued through the early twentieth century and right up to the space age. By the early twentieth century a virtual roster of who’s who in the planetary astronomy world had weighed in on observations of Mars. Few appeared to have any success seeing the strange lines on the surface of Mars that Schiaparelli, and, more vocally, Lowell, had allegedly documented, but interesting new results about the atmosphere and even the composition of the surface were being documented. Much of the work was beginning to zero in on the fact that Mars’s atmosphere was thin, mostly carbon dioxide, and that there was very little water. In any case, the assessment that Mars was unlikely to fulfill any of the fantasies of life beyond Earth was insufficient to halt interest in understanding Mars as another planet. Throughout the early twentieth century serious progress was made with new and better telescopes as well as new instruments.

At this point in time it seems that a critical mass of scientific information combined with misunderstanding had accumulated such that imaginative storytelling was in a position to offer its take on the fascination of Mars. Even then the well-known H. G. Wells story The War of the Worlds about invading Martians was apparently prompted by a discussion he had with his brother Frank one day. They were discussing the disruption of the native populations by Europeans when his brother asked what would happen to our civilization should some “beings from another planet” come to Earth and begin “laying about them here!”

Obviously, Wells took that idea up as a story line, and from what better planet to have the beings originate than Mars and the very controversial proposed civilization of Mars proposed by Percival Lowell? A little current events story in the public media always goes a long way toward giving a fictional story gravitas. Of course, most science fiction fans have read at least some of Edgar Rice Burroughs’s tales of John Carter of Mars. While there was little in the Burroughs books about anything remotely related to the Mars known at the time, he did focus his stories on the fact that Mars was arid and that the civilization was coping with a barren environment. Beyond that, it was just a nice series of stories in which a mythical Mars was a setting. Nonetheless it kept the whole mystic of Mars in the public conscience.







In the case of Mars, despite the scientific conclusions that Mars was a cold, dry place, there had been a desire that it be like Earth.








One day when I actually sat down and did a binge reading of all the John Carter of Mars books, I came to realize that I had obliquely crossed paths with this series. I believe that it is the third book, The Warlords of Mars, that begins with John Carter at the Earth site from where he was able to go to Mars, which always took place as a kind of magical transference when he was in a dreamlike state. This transference to Mars happened in a cave that in this book was revealed as being in a volcanic landscape at the headwaters of the Little Colorado River in Arizona. Well, it so happens that during the late seventies through early eighties, I was actually engaged in geologic mapping of that very volcanic area. Although at the time I had not yet read the John Carter of Mars books, had I known about this magical cave I might have tried my hand at being transferred to Mars. In any event, the actual headwaters of the Little Colorado River are in the margins of the young pine-covered Springerville volcanic field near the little town of Greer. But I do not recall encountering any caves there.

The crossing of paths with some element of the Mars myth might appear unlikely, but, in reality, so much had been written in fiction that the chances of interacting with something that had been touched by one of those Mars stories is probably greater than one might otherwise assume. The Burroughs books were just one of the modern cultural elements of the broader fascination with Mars brought about no doubt by the speculations that there could be life on Mars and maybe even entire civilizations.

To summarize the history up to this point, the fascinating and instructive thing about this quest to determine whether Mars was Earthlike or not is the realization that in several instances the correct answer was deduced from the then available observations, namely that the conditions on Mars are those we know today: Mars is intensely cold and very dry, and has a very thin atmosphere of carbon dioxide. This was not the first time that a correct answer was proposed for some characteristic of the solar system, in this case for Mars, yet not adequately emphasized in science discussions that followed for many years. For example, Aristarchus had proposed the heliocentric model of the solar system as early as around 300 BCE, a model that proposed that the Sun was the center around which all the planets, including Earth, revolved. But this was an idea that was not accepted until nearly two thousand years later. Sometimes we have “the correct answer” but refuse to believe it, perhaps because the proposed answer is not what we have grown accustomed to thinking as the correct answer. This lesson has been learned during many moments of great debate in social, political, and scientific history.

Nonetheless here we are. The quest to determine the conditions on Mars before we actually went there is a case example. The uncomfortable lesson, of course, is that science is a human enterprise and, despite the rigorous rules of scientific investigation that are in place, an underlying support for one answer occurred for many scientific debates. With the Age of Reason and the ability to observe and deduce things, we were in a sense just better able to dig a deeper hole to comfortably sit in until further enlightenment in the form of additional observations gave us a useful ladder with which to escape from the hole of our own digging. In the case of Mars, despite the scientific conclusions that Mars was a cold, dry place, there had been a desire that it be like Earth. All of this is a roundabout way of simply saying that Mars has been at the center of a fascination with the potential for “another Earth” or with life beyond Earth since the very first time anyone entertained the notion that it is another planet with a geography and history of its own, going back to the Enlightenment.

MARS GETS PERSONAL

I first came into the Mars scene at the very tail end of the telescopic era in the fifties and early sixties just before the space age, a time with all its speculation and excitement about actually going and looking at the planets instead of peering at them from afar. Perhaps it was a result of all the science fiction movies in the fifties, but by first grade, I was an avid watcher of the skies. I recall seeing the first satellites crossing the night sky and thinking that the exploration of space was a thing that was coming into being. I wanted to be a part of that. But I was not particularly fascinated with the aeronautics of space exploration; rather it was the chance to see a new alien world like those in the science fiction movies.

As the space age ramped up, even the US Air Force was involved in preparations for exploration beyond Earth. As part of the development of the knowledge base for eventually going to Mars, a map was prepared of what we knew about Mars. This was the famous Air Force map of Mars, which was essentially the Antoniadi-Schiaparelli map toned down a bit. Hints of the canali were still there, but it was the best thing available in the late fifties.

This map, with its faint tracing of lines and blotches on a dull reddish-pink surface, was the standard for all illustrations of Mars in fiction, speculation, and drawings presented in popular astronomy books through the 1950s and even up until the beginning of the 1960s. Mars looked so enticing and alien.

Throughout the entire telescopic era of Mars exploration, the surface details were always just at or beyond the limit of visibility. It did not help that given the limited resolution of Mars with even the biggest telescopes, all we could see were shades and spots that, as we shall see, were completely unrelated to the actual physiographic surface. Mars was really playing a game with us. This is the dangerous zone of human perception: it is easy for the brain to fill in the details where the eye is straining to see something. We were working with limited information. We were trying to solve the equation that was Mars, but we were missing the numbers for many of the variables in that equation. And because we were looking at surficial shades and spots, we were not even using the right equation.

But all that was about to change. We were finally entering the space age, sending spacecraft out to Mars, and we would actually see what we could see. On the eve of the first spacecraft flights to Mars, in the early 1960s, the excitement was palpable, almost like waiting for the next installment of a popular drama series, or another book in the John Carter of Mars series. The stage was set to expect something that we probably had not seen before. We were going to start exploring Mars for real.

[image: image]
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THREE

The Invasion of Mars, Phase 1

“Nothing spoils a good story like the arrival of an eyewitness.”

—MARK TWAIN

FIRST UP-CLOSE EXPLORATION: DEAD OR ALIVE?

Was there ever life on Mars? Is there life on Mars now? It’s a common but frustrating question. Like every other stage of our collective study of the red planet, we have been jerked first this way and then the other way with each new observation and have been for the past one hundred years of telescopic observations. These alternating highs and lows in hopes for Mars continued when we first became technologically capable of sending spacecraft to Mars during the initial days of modern rocketry and space exploration.

All the publicity and popular culture about Mars had fostered speculation at the outset by early rocketry visionaries like Konstantin Tsiolkovsky and Robert Goddard about the potential for use of rockets to do planetary exploration and to make trips to Mars. In the late 1940s and early 1950s, the famed rocket scientist Wernher von Braun pursued the technical concepts of rocketry and engineering necessary for a Mars expedition in his nonfiction book The Mars Project, which became the basis for a series of publications, art, and documentaries that was popular in the 1950s. These are known to have inspired many of the early pioneers of the emerging American and Soviet space programs. It certainly inspired many children of the space age, including myself.

Mars was beginning to figure prominently in Earth’s aspirations for space exploration. To paraphrase H. G. Wells’s opening in his classic The War of the Worlds, but in reverse: across the gulf of space, minds regarded Mars with questioning eyes, and slowly and surely drew their plans. We began enacting those plans by throwing spacecraft at Mars almost as soon as we learned how to launch them out of the atmosphere. The 1960s saw a veritable armada of spacecraft sent to Mars, and this is when Mars began the slow process of resolving from a disk in a telescope to a physical world. Slowly but surely, the Earth invasion of Mars had begun.

The Soviet Union was the first out of the gate in the race to explore Mars with launches not long after the first successful Earth-orbiting satellites. In late 1962, they prepared a launch of a relatively basic probe to Mars, Mars 1, in an effort to be the first to send probes to another planet. Mars 1 experienced a variety of problems on its cruise to Mars, culminating in a failure to communicate before arrival. While it did arrive in the vicinity of Mars, without the ability to communicate with Earth, the flyby occurred and the spacecraft continued onward into an orbit about the Sun.

[image: image]
The Mariner 4 spacecraft during assembly at Jet Propulsion Laboratory (JPL). Mariner 4 was the first successful spacecraft to fly by and image the surface of Mars.
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In 1965 the US probe Mariner 4 was the first to successfully fly by Mars at close range and image a small strip of the surface, returning a series of twenty-four fuzzy—but the first—images of the Martian surface.

It was a shocker. This was the first attempt to acquire direct, close-up evidence of what Mars is really like. I was already an avid amateur astronomer, and more recently I had adopted the lunar and planetary space missions of NASA as a cause worthy of my absolute attention as only a young science geek could.

It was on July 15, 1965, during summer vacation from middle school, that I eagerly awaited the first flyby of Mars by the interplanetary spacecraft Mariner 4. I had read about the Mariner 4 mission long before it launched, and I knew precisely when it would pass by Mars and take the first images of the red planet from close up. To me, it was so obviously a pivotal moment in human history that I expected there would be a blow-by-blow account of the mission milestones as it reported back by signals the success of its interplanetary photographic assignment.

With those thoughts in mind, I waited by the radio for news for the next twelve hours after the roughly 8:00 a.m. EST Earth time of the closest approach. Surely, like the human spaceflight events, I thought, there would be a tremendous hoopla about this historic interplanetary event. But instead there was nothing. No news stories whatsoever of the event. In those days, of course, NASA was not accustomed to the publicity that many space-exploration events are expected to have now. There was no immediate release of mission status or reports of early results. At least none that I could find twisting the radio dial back and forth. I went to bed wondering if I would ever know what happened. It was obvious that I had no clue what the general media thought about important space-science events and that for all I knew there would never be a public statement unless there was something exciting to report. Maybe the images would be revealed someday when somebody got around to sending them to the media and that outlet had a slow news day.

I was surprised that the next morning there was a very short front-page newspaper article stating that the Mariner 4 Mars flyby had occurred and that images were taken of the surface. But, in all the lead-up to the mission, the actual time scale for receiving the data was on the editorial chopping block for most discussions, because, as it so happened, the communication with Mariner 4 did not permit return of all twenty-one images very quickly. In fact, those images were captured on video recorders inside the spacecraft, and these had to be played back over a period of days. But eventually they started coming back, and lo and behold, the newspapers even published a couple of the small, grainy rasterized images! They were a shocker at the time. Until then, we had developed a fantastic mythical Mars that must be dynamic and somewhat Earthlike with an atmosphere and polar caps and seasons. The surface was surely marked with strange new landscapes of an alien geologically active planet. Instead of fabulous landscapes of river valleys and Earthlike geology, the images showed the surface of a planet with multiple overlapping big-impact craters.

[image: image]
Footprints of all of the images acquired by Mariner 4 as it flew by Mars on July 15, 1965. TOP RIGHT: One of the clearest of the images acquired by Mariner 4, the 151-kilometer-diameter crater Mariner, from 12,600 kilometers above the surface. The image is 250 kilometers by 254 kilometers across and centered at 65°S, 196°E. BOTTOM RIGHT: A much higher-resolution version of the same scene acquired by the THEMIS camera of the later mission Mars Odyssey. The fracture on the bottom is Sirenum Fossae.
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Mars looked just like the Moon! No evidence of life or even dynamic Earthlike processes of wind or water. More to the point, the operative phrase—and headlines—in the press and in the science circles was simply “Mars Is Dead.” These details of our new view actually continued to emerge over the coming months because this was the era long before the internet and the availability of instant information for the engaged enthusiast. Most of the images would not be seen by many of us despite our interest until the next issues of our favorite astronomy magazines started showing up in our mailboxes. My source of space exploration information was Sky & Telescope, as no doubt it was for many of us at the time. The pictures published were only a slight improvement over the one or two pictures published in the newspapers.

* * *

But we were not to give up so easily. Let the press shrug their shoulders and declare Mars another barren Moon and of little more than academic interest. Fortunately NASA had embarked on a program of planetary exploration that included Mars missions at each favorable launch opportunity. So we were still likely to get another crack at exploring Mars with even more-capable spacecraft in a couple of years. Because of the relative motion with Earth in its slightly longer period of orbit, Mars has its closest approach to Earth about every two years. In fact two more Mars spacecraft, Mariner 6 and Mariner 7, were sent for flybys of Mars in July 1969. Interestingly enough, the encounter occurred just a few days after the landing of Apollo 11. In the hoopla around Apollo 11, of course the excitement of yet another flyby of Mars, the “dead” planet, was somewhat muted. I confess that my attention was muted because Mariner 4 had derailed the locomotive of Mars progress for me. Mars was still an interesting place, but craters could only mean one thing: an old dead place like the Moon. Little did I know that “old and dead” and “interesting” were not to be confused as the same thing. Nor was “dead” a particularly good summary of Mars.

I was in the last stages of packing for my first year of college at North Carolina State University, and I was otherwise distracted. Besides, reading about the flybys was not the same as actually participating in the exploration. My college plan was being formulated to allow me to become one of those scientists who got to see all these things for the first time. But there was a problem with planning to be a Mars scientist. What did one actually study in college to be a Mars scientist? There was no precedent for a career track that did that, and there was no university research infrastructure for that topic at the time. Traditionally it would be astronomy, but the study of planetary surfaces was not exactly the same as planetary astronomy. I already had a good background in astronomy from my early years of backyard astronomy, and it was a subject that I had read a lot about growing up. Besides, the science at that time was dominated by all the stories of Mars observations over the last few decades by famous observers, including strange stories of markings on the surface that changed and efforts to determine fundamental things about Mars such as the composition and density of the atmosphere. It seemed like some sort of astronomy was the obvious route for becoming a “Mars scientist.” But it was not quite the right area either since spacecraft were not the same as telescopes. And the surfaces of Mars or the Moon, for that matter, were not just objects of telescopic investigation in which one used all sorts of spectroscopic information to determine global characteristics like atmosphere and surface temperature.

Until the problem of career specialization was resolved, my initial plan was to go with some sort of astronomy-physics-type curriculum. But frankly, that did not seem very interesting, and it proved to be rather dull from my perspective during the first months of undergraduate college courses. It took a while to determine why it all appeared off the mark.

What was the thing that made Mars or the Moon, such exciting places? It took a semester or so, but I finally arrived at the explanation with some soul-searching introspection regarding why I was really interested in the study of other worlds. After all, in all those science fiction movies of the fifties, people landed on desert planets that looked, interestingly enough, like early guesses at what a place like Mars might look like, and had adventures while exploring all sorts of craggy geological landscapes. It was the landscape. And the landscape is basically geology. It was obvious. Geology is the surface of a planet like Mars. The more you knew about geology, the more likely you would be in a good position to engage in the early exploration of Mars. I tilted full steam into geology and eventually learned to “read the rocks,” as geologists say, and further still I found that as a field geologist, I could map them. This was to prove a momentous course, because I had embarked on a career that had one foot on Earth and the other foot on other planets.

One problem with being in a science path at college was the intensity of the study and almost complete disconnection from the world around me. As a college student deeply immersed in the details of curriculum and, more specifically, making good grades, I was really in no position to watch miscellaneous TV programs or read newspapers. World events, including space missions, were out of sight and out of mind in this environment. I might dip back into the real world when I went home for a holiday, but other than that it was work, work, work. And so, it came to be that another Mars flyby was an event that I may or may not even hear about for a while.

[image: image]
Mariner 6 and 7 images across Mars during a flyby in 1969. Once again a combination of factors obscured details in the more interesting areas such as the vast canyons while the cratered highlands were more clearly imaged.
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In any case, there was no earth-shattering news coming from missions to rip the attention of a freshman from the textbooks. So, Mariner 6 and 7 happened in 1969, and the event went unheralded in any way that might have broken through the academic fog. Mariner 6 acquired seventy-five images, of which twenty-five were acquired during the close approach of 3,411 kilometers of Mars on July 31; on August 5, Mariner 7 flew by at a distance of 3,408 kilometers, acquiring thirty-three of its total ninety-three images at close range. Another instrument definitely determined that the atmosphere pressure was six or seven millibars, or one-hundredth that of Earth, which was in line with where estimates were going for a long time. But this was a real measurement.

In another historically bad bit of luck, once again the Mariner 6 and 7 image swaths with the clearest views across the surface were mostly within the southern hemisphere that we now know is the heavily cratered half of Mars. In a twist of fate, the images did cover some of what would later be known as some of the more exciting areas, such as the great canyons, but on this day there were obscuring elements, either clouds or dust, in that region that made it impossible to see those features. Mars just was not ready to reveal that little secret yet and, like Coyote, wanted us to do a little more work before we could discover that interesting characteristic.

The Mariner 6 and 7 images revealed more craters and there were no images of anything dramatic like channels, valleys, or even volcanoes that we later learned were present on Mars. Actually there were some published papers that attempted to show that there were some channels and similar features of interest, including one by the geologist who would become my academic advisor in graduate school, Wolfgang Elston, but few paid much attention to those because the images were still a bit fuzzy and such ideas were just geo-guessing. From this second set of images, to the first order of examination at least, it was looking pretty much like Mars was going to be a bust after all, and the hope and aspirations of scientists and of fiction writers were being nailed into a coffin of disappointment along with other forgotten and discarded human aspirations. Nor did it help that the Mariner 6 and 7 encounters took place a few days following the successful first landing of humans on the Moon. A dead Mars was old news; Apollo 11 and the Moon program, now that was the thing.

This was the view of Mars in the early days of spacecraft exploration and would stay that way for two more years. The sixties were not kind to Mars exploration. The seventies were when things started looking brighter for the existence of a more lively and exciting Mars.

MARS: IT’S ALIVE! IT’S ALIVE!

Fortunately, science is a very cautious process and we tend to hammer a problem until we are very certain that we have the answer. Scientists don’t jump to conclusions based on first results, perhaps not because of a particularly righteous scientific discipline so much as we were beginning to get an odd sensation that Mars was going to be a particularly tough nut to crack. A few crummy images that were difficult for the eye to make sense of were not enough to give the answer. Yes, there were craters. But more important, there were a heck of a lot of other things going on in the images that made no sense and could be something new that we were unprepared to identify. And we had only gotten images of a very small strip across Mars. So we went knocking on the door of Mars again. In the next Mars mission opportunity, two years after the Mariner 6 and 7 missions, NASA launched Mariner 8 and Mariner 9 and the Soviet Union launched the Mars 2 and Mars 3 probes, which would arrive about two weeks after the Mariner missions. The two probes sent by the Soviet Union, Mars 2 and 3, were to go into orbit and release soft landers. The Mariner 8 and 9 spacecraft were going to spend some time at Mars by going into orbit and getting a better global view of the place. Mariner 8 failed to achieve orbit during launch and is now somewhere in the Atlantic Ocean. Mariner 9 prevailed, successfully departed from Earth, and went into orbit around Mars in November 1971.

[image: image]
In 1971 Mariner 9 was the first spacecraft to successfully go into orbit about Mars, imaging over 85 percent of the surface. It revolutionized our understanding of Mars, revealing it to be far more exciting than the results of previous Mars flyby missions had indicated.
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Unfortunately, all three spacecraft, Mariner 9 and Mars 2 and 3, arrived right in the middle of a Mars global dust storm. It is difficult to express the frustration after finally arriving with a decent camera at relatively low orbital altitude looking down on this mysterious planet. At last, we were in a position to get the view we had been wanting. But no! Mars was playing games with us just like we had suspected it was doing earlier. At every step of Mars exploration there has been some type of drama, and this was to be the case with Mariner 9. In September 1971, two months before Mariner 9 arrived, Earth-based observations revealed that a global dust storm was cranking up. In approach images from Mariner 9 the planet was an opaque bright ball and the surface was even more featureless than in the earlier images taken by previous Mariner flyby missions. Planet-encircling dust events, the current technical term for global dust storms, happen every few years on Mars, and the reasons they start are even now somewhat unclear. Nonetheless the planet-encircling dust events have bedeviled us right up to the present as later landers and rovers have made abundantly obvious. But it was dramatic and frustrating. We had finally arrived at Mars, but there was a global dust storm obscuring everything! You could practically hear a collective “argh!”
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This partial image was returned by the Soviet Mars 3 following its descent and apparent landing on the surface of Mars on December 2, 1971, at 45°S, 202°E, in Ptolemaeus Crater. The image consists of about seventy scan lines and either shows the Martian horizon or is just radio static.

Russian Space Agency
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Possible images of the Mars 3 lander on Mars acquired by the High-Resolution Imaging Science Experiment (HiRISE) camera on NASA’s Mars Reconnaissance Orbiter in 2007.
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The “discovery image” by Mariner 9 during its first orbits of the red planet showing three
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