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    “Six hundred thousand people died, and the local damage was more than a trillion dollars. But the loss to art, to history, to science—to the whole human race, for the rest of time—was beyond all computation. It was as if a great war had been fought and lost in a single morning…. After the initial shock, mankind reacted with a determination and unity that no earlier age could have shown. Such a disaster, it was realized, might not occur again for a thousand years but it might occur again tomorrow, and the next time, the consequences could be even worse…Very well; there would be no next time. So began Project SPACEGUARD.”




    —Arthur C. Clarke
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    Earth lives in an abidingly tough and dangerous neighborhood, but it is not doomed. Astronomers say that the next planet-buster—the one that could cause a life-threatening catastrophe—will not be back for a century. We will be ready for it.




    The word threat was chosen for the book's title because that is precisely what it is. And it is a threat that can be mitigated (as the growing planetary-defense fraternity calls it) because, for the first time in the home planet's history, Earthlings have the wherewithal to stave off the means of their extinction because they have access to space. That allows for an aggressive defense in which a potential impactor can be either nudged off course two decades or more before it collides with Earth or attacked with the same kind of weapons that were designed for the Strategic Defense Initiative, also known as Star Wars in the 1980s. Another way to assure our survival is to spread out and homestead other worlds, starting with the kind of lunar and Martian colonies prophesized by this book's honorary godfather, Sir Arthur C. Clarke. Like that great visionary, I am an inveterate optimist who is unalterably convinced that Armageddon can be prevented and that survival and growth are both imperative and achievable.
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    It is ironic that Chelyabinsk takes its name from an eighteenth-century fortress, Chelyaba, and that it lies in an area where top-secret nuclear-weapons research was once conducted and where there was a serious nuclear accident at a reprocessing plant northwest of the city in 1957. The radiation that blanketed the region killed or permanently sickened many people, though not in Chelyabinsk itself. The city's one-million-plus inhabitants thanked God that they were spared. And they had reason to thank him again on February 15, 2013, when the meteorite struck.




    Chelyabinsk is cradled in the low Urals, just to the south of Sverdlovsk and north of Kazakhstan, the latter having ancient ties to Russia's old nemesis, Turkey. Its remoteness made it the Kremlin's choice as one of the Soviet Union's main military production centers, and that included the “Mayak” atomic-weapons complex eighty kilometers north of the city, where nuclear weapons were long produced.




    Accidents, nuclear-waste disposal, and the day-to-day operation of the large reactor and the radiochemical plant combined to poison the region. Nuclear-waste dumping in the Techa River in the 1950s caused so many deaths and so much disease that twenty-two villages along the river had to be evacuated. On September 29, 1957, a liquid-nuclear-waste storage-tank explosion at Mayak released plutonium and strontium into the environment, amounting to twice as much radiation as was released in the infamous accident at the Chernobyl Nuclear Power Plant in Ukraine in 1986. The city's older inhabitants still vividly remember Mayak since it made their city of more than one million the most radioactively contaminated place in the world. The accident was, of course, ordered by Moscow to be kept secret.1




    Chelyabinsk is also a major producer of military equipment and weapons, which, combined with the Mayak facility, made it a priority target for U-2 spy flights. Many of the area's old-timers also remember the May Day three years after the accident at the reprocessing planet, when an American U-2 reconnaissance plane flown by Francis Gary Powers was shot down over Sverdlovsk, two hundred kilometers due north. Powers and the exposed film from his aircraft were taken to Moscow and shown to the world by the wily Nikita Khrushchev to embarrass Eisenhower, the American president.




    In common with other Russian cities of any consequence, and with metropolises around the world, Chelyabinsk has a top-ranked professional hockey team whose name reflects the city's self-image: Tpaktop, or Traktor (“Tractor” in English). In fact, half of the city's twenty-two most notable personalities were hockey players in February 2013, while two more were nationally known musicians (one of them also a noted composer), and one, Maksim Surayev, was a cosmonaut who logged six months on the International Space Station as a flight engineer and did a spacewalk with fellow cosmonaut Oleg Kotov. Surayev's feat did not win him the prestigious Hero of the Russian Federation medal (which has replaced the venerable Hero of the Soviet Union medal), perhaps because his flight was not on Mir, the accident-plagued Russian space station that was intentionally sent out of orbit and plunged to a fiery end into the ocean in 2001. In any case, the snub by the defense ministry caused a furor in Roskosmos, the nation's rightfully proud space agency. The accolade, which is one of Russia's highest honors, brings housing, pension and travel benefits, and a state funeral. The award has been granted to nearly every first-time cosmonaut since Yuri Gagarin, the first man in orbit, won it for his 1961 flight.2




    Chelyabinsk has other distinctions that make it one of the country's major metropolises. It produces bottled water and a variety of sparkling and regular wines, and it boasts a Holiday Inn with all the amenities that are found in the chain's other hotels around the world, including air conditioning, a restaurant, a sauna, minibars, a gym, and Internet access. The city is proud of a three-line subway system, which has long been under construction, and Arbat Street, a wide, tree-lined avenue with benches, clothing and jewelry shops, bookstores, a photo gallery and even an Irish pub. Strolling up and down Arbat Street and other thoroughfares is encouraged by the city fathers, who studiously ignore the fact that Chelyabinsk is blanketed with smog so thick that it rivals Beijing as a danger for asthmatics and others with respiratory problems. And as a sure sign that at least some of its citizens are determined to shake off all vestiges of the Communist era and embrace America, they have even opened The Wall Street Café. Mindful of their sophistication and their city's status as a major urban center, they count their blessings and regularly attend church, which, with the exhilarated embrace of capitalistic profiteering, is another sign of the repudiation of Communism.




    At the same time, a grim reality haunted Chelyabinsk. The harsh working environment, the accidents, the lethal radioactivity, and then the explosion at the waste-storage site all made the city socially as well as environmentally contaminated. Like other industrial cities the world over, its people's daily battle for survival in a tough and constantly challenging physical environment caused and perpetuated anger that often set neighbor against neighbor and kept the city in a state of low-level conflict with itself. Ballads and some fiction notwithstanding, there is nothing romantic about poverty, sometimes terrible working conditions, and pervasive illness that cannot be prevented or even treated for lack of adequate resources. And the citizens of Chelyabinsk were acutely aware of the degradation of their environment. It affected their dispositions, as it does in other places where people are impoverished, exhausted, and depressed by their surroundings. “The city is a place where people always seem bitter with each other,” said music teacher Ilya Shibanov.3




    There is one distinction, however, that Chelyabinsk emphatically does not savor. On February 15, 2013, the citizens of the city who believed in God suddenly had reason to think that he either was not watching over them or had launched a terrible weapon at them from heaven for a reason no one could fathom. At 9:20 that morning, people on Arbat Street and elsewhere heard a thunderous roar coming from the sky. When they looked up, they saw a large, bright, fiery object coming from the southeast and trailing a long, thick plume of smoke.




    There was a blinding white flash so bright that the stark shadows of buildings slid swiftly—and sickeningly—across the ground. The massive explosion instantly turned yellow. Then it darkened to orange. The asteroid—which had become a meteor when it plunged into the atmosphere and then meteorites when the wall of air broke it into large fragments—was about fifty-six feet in diameter, weighed more than seven thousand tons, and was made of rock that was probably laced with nickel and iron. Since its velocity was a scorching forty thousand miles an hour, it took only a few seconds to penetrate most of the thickening air. It was the terrific speed that made the sonic boom that got the attention of the people below.4




    The explosion sent out a blast of energy that was later estimated at 450 to 500 kilotons, which is almost thirty times the force of the atomic bombs that turned Hiroshima and Nagasaki into smoking, radioactive rubble. The shock wave that hit Chelyabinsk lasted for thirty-two seconds, which seemed interminable to those who suffered through it.5 It set off car alarms, and mobile-phone networks became overloaded almost instantly as frantic people tried to find out what had happened and connect with friends and loved ones. It also sent dishes and glasses flying off the shelves in thousands of apartments, and it slammed into the Railway Institute (a school) with such force that it blew in windows. The thunderous noise sent students running to the windows to see what had happened. Like some of their elders, many thought that war had broken out and that the explosion was made by an American ballistic missile. Several of the youngsters were hit by flying glass, some cut seriously. Going to windows to see what had happened was understandable, but they were the worst places to be. Terrified and, in many cases, bleeding, the students made their way down a staircase that was thickly blanketed with glass and onto the street. There, hundreds of people stood, looking in awe at the sky. Office buildings were evacuated and classes in the schools were cancelled. At least twenty children were injured when the windows of another school and kindergarten shattered two minutes after the meteor exploded.6




    It was the same in the Sverdlovsk, Tyumen, and Orenburg Oblasts; in the Republic of Bashkortostan; and in the northern reaches of Kazakhstan. In fact, to a degree that was imperceptible elsewhere because of Earth's ability to absorb punishing blows, the whole planet shuddered like a large animal that had been hit by a high-caliber bullet. The Comprehensive Nuclear-Test-Ban Treaty Organization reported that the sound wave registered on sensors from Greenland to Antarctica, making it the largest ever detected by its network.




    “I opened the window from surprise,” a woman named Darya Frenn later recalled in a blog. “There was such heat coming in, as if it were summer in the yard, and then I watched as the flash flew by and turned into a dot somewhere over the forest. And in several seconds there was an explosion of such force that the window flew in, along with its frame, the monitor fell, and everything that was on the desk.” Frenn's mind began to race with grim possibilities. She, too, thought that another world war had started and that consequently there would be nuclear radiation, which she knew was deadly. Her hands and feet went numb as she waited to hear about the fate of her family. Then it suddenly became absolutely quiet again. Within an hour, Darya Frenn learned from her neighbors about the smoking thing that had exploded in the sky. The force of the explosion was deeply frightening to those who saw and felt it because it showed them, in the most dramatic way, how vulnerable living creatures and their habitats are to the indomitable violence of nature. “God forbid that you should ever have to experience anything like this,” she said, still clearly shaken by what she had seen and heard.7 Alyona V. Borchininova, a barmaid, was shaken, too. “It was eerie,” she told an American journalist the next day. “So we stood there. And then somebody joked, ‘Now the green men will crawl out and say hello.’”8




    The flash from the explosion was brighter than the Sun, according to several people who saw it. “It was a light which never happens in life. It happens probably only at the end of the world,” wrote Valentina Nikolayeva, a school teacher who was horrified by a sudden vision of what she thought was the apocalypse, the absolute end of everything. “A shock wave. It was not clear what it was, but we were deafened at that moment. The window glass flew.” Since the outside temperature was five degrees Fahrenheit, she and everyone else with broken windows scrambled to cover them with anything they could find, including wooden boards and blankets. When emergency officials announced that a meteor had exploded, it occurred to Ms. Nikolayeva that it could happen again. “I am at home, whole and alive,” she wrote. “I have gathered together my documents and clothes. And a carrier for the cats, just in case…”9




    Denis Kuznetsov, a twenty-three-year-old historian who was in the outskirts of the city, said that he heard the explosion and felt the shock wave even where he was. First there was a blinding flash of light lasting several seconds that made him close his eyes. The light was “like ten suns,” he said, adding, “This is no exaggeration.” Then he said he experienced what felt like a “push” as a sound wave passed through his body. “For some seconds I simply stood” as he listened to the sound of breaking glass. After calming his parents, he tried to call his friends, but the cell phone was dead, so he went on the Internet and was able to reach a friend in the city center who told him that emergency responders were in the streets. At first there was widespread confusion, he said, with many people believing that a satellite had come down or that a plane had blown up. But within an hour, news broadcasts reported what had actually happened. “There was no panic,” Kuznetsov said. “All behaved quietly.”10




    And some of the city's one million residents quietly noticed that weird things had happened. Glass jugs were said to have exploded, dishes cracked, and electronic equipment died behind unshattered apartment windows. Balconies rattled. And one man said that a bottle broke as he was holding it. Anna V. Popova was at home with her daughter when she saw the flash and then heard the explosion. She said that the destruction seemed to be illogical. The windows of her enclosed balcony were blown in, but her neighbor's identical windows had withstood the blast. “A lot of people suffered, not us alone,” she said. “Who are we supposed to blame for all of this?” she asked rhetorically. “Nobody of course.”11




    Mikhail Yurevich, the governor of Chelyabinsk Oblast, immediately announced that keeping the city's central heating system operating was of paramount importance. He estimated that damage from the explosion came to more than one billion rubles ($33 million).12




    By February 18—three days later—1,491 people, including 311 children, had requested medical assistance, with 112 hospitalized, two of them in serious condition. A fifty-two-year-old woman had to be flown to Moscow for treatment of a broken spine.13 And by March 5, almost three weeks later, more than 7,200 damaged buildings were reported in Chelyabinsk and the surrounding area, including 6,040 apartment blocks, 293 medical facilities, 718 schools, 100 cultural organizations, and 43 sports facilities, one of them being the Traktor Sports Palace. Since the damage was extensive but, with few exceptions, not heavy, nearly all the structures were quickly repaired. The city promptly announced that all broken windows in apartment buildings would be replaced free of charge. That provided some consolation.14




    Residents found further consolation after learning that the situation could have been much worse. For one thing, the meteor that blew up virtually over their heads was not the only large so-called near-Earth object (NEO) in the sky that day. But this second object posed no danger to them. About sixteen hours after the initial explosion, an asteroid with a diameter estimated to be ninety-eight feet and weighing forty thousand tons passed Earth at a distance of 17,200 miles, which is well inside the Moon's orbit.15 It had been spotted a year earlier by astronomers at the Observatorio Astronómico de La Sagra in Granada, Spain, and was named 2012 DA14. They calculated that its next close approach to Earth would be on February 16, 2123, when it comes within nineteen thousand miles of the planet's core. At that distance, an impact is not expected.16 But gravitational attraction being what it is, every pass will bring it closer, so a day of reckoning will probably come unless it is stopped before then. When it passed by in 2013, 2012 DA14 posed no danger to Earth, but it was a reminder that very large rocks are flying all over the neighborhood all the time; as the late Eugene M. Shoemaker, a geologist and the first de facto planetary scientist, said, NEOs in the vicinity of Earth amount to a “hail of bullets.”17





    Those in the Chelyabinsk region who knew Siberia's history had yet another reason to be consoled: that is, it was not Tunguska all over again. At a little after seven o'clock on the morning of June 30, 1908, the largest impact “event” in recorded history happened near the Podkamennaya Tunguska River, some 1,200 miles northeast of Chelyabinsk. The asteroid's size has long been debated, but it is estimated to have been roughly one hundred feet or less in diameter and to have exploded at an altitude of about five miles. The explosion seems to have been as powerful as a medium-size hydrogen bomb and at least several hundred times more powerful than the atomic bombs that were dropped on Hiroshima and Nagasaki. The airburst flattened tens of millions of trees over an area of about eight hundred square miles. A few eyewitnesses reported that trees snapped forty miles from the impact site and that a precedent was set when the shock wave smashed windows. There were no reported injuries.18 Because of its magnitude, it attracted scientists for decades; more than one thousand scholarly papers were written about it, mostly in Russia. Calling such a destructive explosion an “event” is an understatement on the order of calling an attempted assassination an “incident.”




    “This is a much smaller event” than Tunguska, Tom Bissell, a journalist and a fiction writer, explained about the explosion over Chelyabinsk after he had done considerable homework. His 2003 essay, titled “A Comet's Tale: On the Science of Apocalypse” and which ran in Harper's magazine, was an exhaustive journalistic report on end-of-the-world possibilities that could be caused by too-near-Earth asteroids. He asks, “Can you imagine that happening above a major metropolitan area? It would either fill the churches or empty the churches.” Bissell went with Steven J. Ostro, a radar astronomer at NASA's Jet Propulsion Laboratory (JPL) in Pasadena who specialized in the asteroid-impact situation, to NASA's Deep Space Network antenna complex at the Goldstone Deep Space Communications Complex, located in the desert between Los Angeles and Las Vegas, to see for himself where the radar imagery of asteroids and comets comes from. He also interviewed other astronomers at JPL and elsewhere and soon came to understand what they knew about near-Earth asteroids (NEAs) and what they didn't know. He learned about countless tiny asteroids that pelt the atmosphere harmlessly all the time, larger ones in the one-hundred-meter-diameter range whose impact could seriously affect the planet's climate, and the kilometer-or-larger monsters that could bring on doomsday.




    “The one-kilometer threshold is important, for asteroids above it are known as ‘civilization-enders.’ They would do so first by the kinetic energy of their impact, striking with a velocity hitherto unknown in human history”—but well known in dinosaur history. “The typical civilization-ender would be traveling roughly 20 kilometers a second, or 45,000 miles per hour—for visualization's sake, this is more than fifty times faster than your average bullet—producing an impact fireball several times wide that, very briefly, would be as hot as the surface of the sun.” If the asteroid hit land, Bissell continued, the smoke from forest fires and other flying debris would shroud Earth in a long night, in a cosmic winter, that would last from three months to six years.19




    Neil deGrasse Tyson, the effervescent astrophysicist and director of the Hayden Planetarium in New York, offered his own take on the “event” to Clyde Haberman, a veteran reporter for the New York Times. “Think of it as a shot across our bow,” he said. The shot was a warning about all the potentially dangerous impactors out there, including one called 99942 Apophis. “It's from the Egyptian god of death and destruction,” Tyson said. “It was named knowing that it crosses Earth's orbit.” Otherwise, “we would have named it something less threatening, like Tiffany or Bambi.” Apophis is scheduled to fly uncomfortably close to Earth in 2029, again in 2036, and yet again in 2068, luckily without connecting. But Tyson does not think that luck will be on Earth's side indefinitely. “What is a certainty is that one day Apophis and Earth will collide. So our goal should be, if the survival of our civilization is a concern and a priority, to find a way to deflect it. We know how to do it,” he explained, but “there's no funded plan to do so anywhere in the world.”20




    The International Astronomical Union named an asteroid in the Asteroid Belt between Mars and Jupiter after Tyson in 2001. “It's officially called 13123 Tyson, but one can't get too bigheaded about this, given that 13,122 asteroids before mine got named after some other person, place, or thing,” he has written in a memoir. “I have nonetheless enjoyed the distinction, and I'm glad, last I checked, it's not headed for Earth.”21




    Indeed, since 13123 Tyson orbits the Sun with countless thousands of other asteroids in the Asteroid Belt, or Main Belt, as it is also called, and is therefore not a dreaded Earth-crosser, so it will never wipe out the human for whom it was named.




    While Governor Yurevich was delivering the news about keeping the heat on in Chelyabinsk, Dmitry Medvedev, the prime minister of Russia, confirmed that a meteor had indeed blown up over Siberia. He added that it proved that the “entire planet” is vulnerable to such dangerous occurrences and that a spaceguard system is needed to protect it from similar attacks. Dmitry Rogozin, the deputy prime minister, took it a step further by proposing the creation of an international program that would alert countries to “objects of an extraterrestrial origin” that are potential threats.22 The international space community readily agrees and is moving in that direction.




    And then there were the conspiracy theories, which are as endemic to Russia as vodka, caviar, and the kazatsky. A poll taken by Noviya Izvestia (a serious Moscow newspaper and the successor to Izvestia, the Moscow daily that, with Pravda, were the country's largest and most influential newspapers in the Communist era) showed that about half of its readers accepted the official report that the explosion was caused by a meteor. The other half came up with several explanations, some of them truly bizarre. Some respondents said that they believed the explosion was caused by a secret US weapon test and, by implication, that their government was withholding that fact to save face. Others thought it was an off-course ballistic missile and was therefore top secret. Still others told the newspaper that the violent occurrence high in the sky was a message from God, while some of their countrymen and countrywomen claimed to be convinced that it was a crashing alien spaceship. And there were those who believed Earth had been attacked—zapped—by friendly, protective aliens in the kind of UFO whose platter-shaped predecessors piqued Americans’ collective imagination after some were allegedly seen in the 1950s. (The benevolent visitors from Mars and elsewhere helped fill movie theaters that showed The Day the Earth Stood Still, The War of the Worlds, It Came from Outer Space, and other cinematic potboilers.) A fraction of those who were polled confided their suspicion that the object that blew up was an extraterrestrial Trojan horse carrying a space virus that was meant to wipe out Earth.23




    If Martians or other aliens did indeed want to contaminate the people of Chelyabinsk and then all other Earthlings by blowing up a meteor that carried a deadly virus, they failed miserably. The city and surrounding areas were not stricken by a plague or by any epidemic. The Trojan-horse crowd was in venerable company, though. Isaac Newton, who fled London for the countryside to avoid the plague of 1665, believed that comets that year and the year before had delivered the deadly creatures to Earth. And in their 1979 book, Diseases from Space, British astrophysicist Fred Hoyle and Sri Lankan scientist Nalin C. Wickramasinghe unequivocally resurrected the theory of diseases brought to the cradle of humanity by comets, and they did so right up front: “We shall be presenting arguments and facts which support the idea that the viruses and bacteria responsible for the infectious diseases of plants and animals arrive at the Earth from space. Furthermore, we shall argue that apart from their harmful effect, these same viruses and bacteria have been responsible in the past for the origin and evolution of life on the Earth. In our view, all aspects of the basic biochemistry of life come from outside the Earth.”24 It is an appealing theory since spontaneous generation—that life just suddenly appeared naturally—defies logic. That leaves two other possibilities: God created life on Earth, or life came from somewhere else.




    A number of astronomers, astrophysicists, and other scientists have taken issue with the cometary-disease theory because they believe it is a gross oversimplification and does not identify a source. “There are a host of objections to life and diseases from comets including no obvious connection between the arrival of large comets in the Earth's neighborhood and worldwide epidemics,” Donald K. Yeomans, a JPL astrophysicist, wrote in his book Comets. “Influenza viruses, for example, are parasitic and require host cells from specific animals to thrive. Presumably, the necessary animals do not reside in comets,” he added with unconcealed scorn. He did theorize that comets may have provided Earth with the basic materials that are necessary for life to form, but he clearly believed that the notion they were arcs that transported life to this world defies reason.25




    Chelyabinsk's political leaders immediately responded to its brush with catastrophe by ordering a massive cleaning up of the debris, which, as a national news service quoted them claiming, included more than two hundred thousand square meters of broken glass. That estimate, made on the day of the explosion, reflected either extraordinary clairvoyance or, far more likely, unabashed expedience, since the politicians knew that the national government was going to provide the city and the surrounding region with as much money as was required to restore everything that was damaged and to care for the injured. If, in the end, Chelyabinsk was a bit better off than it had been before the meteor appeared, well that was all to the good of the community. That is why, after Governor Yurevich quickly put the damage estimate at more than a billion rubles, several other members of the local government hastened to add that the number would very likely rise. “‘Force majeure’ circumstances are always a gift to the authorities,” Gleb Pavlovsky, a cynical political consultant in Moscow, said of the event, which could be neither anticipated nor controlled, “because you can just write off everything that's stolen.”26 The meteor's explosion, in other words, gave Yurevich and his political cronies an excellent opportunity to enhance their community's net worth—and most likely their own—at the expense of the national government. It would be akin to the US government footing the bill to rebuild a town that suffered property damage because of a tornado or an earthquake and increasing the property value in the process. Twenty-four thousand military personnel and emergency responders were immediately deployed to the afflicted region to assist in the cleanup and to do whatever else was necessary to help the stricken city and towns in the region.27




    Chelyabinsk's leaders were well aware that the explosion (and the rain of cosmic debris that followed) was a rare occurrence and that it made their city an exceedingly distinctive place; it became a celebrity of sorts among all the communities on Earth. They quickly decided that the meteorite's falling where it did was not just a local event, nor even just a national one, but one that involved the whole world: it was a global event. The city had been randomly selected for an attack by nature as part of Earth's community—it had taken a hit for all of humanity—and it was strongly felt that a monument should be built to commemorate that fact. It is not far-fetched to assume that, consciously or otherwise, some locals recalled that Christ died for others’ sins and, in roughly the same vein, Chelyabinsk took a hit for the rest of the planet.




    It was quickly decided not only to commemorate the attack from space but also to profit from it. If the meteor was indeed a rarity—an exotic piece of the sky that had come to Earth—it was reasonable to assume that people with an interest in such things and who were able to pay for them would gladly do so. This was a chance for those who could afford it to actually touch the sky (without having to land on the Moon).




    Even as the cleanup was starting, then, a hunt began for pieces of the meteorite that would be marketable. Sasha Zarezina, an eight-year-old girl in the impoverished town of Deputatskoye, which was founded in the 1920s around a collective dairy farm that is long gone, immediately went wading into the snow with other school children in search of fragments, some of which were the size of pebbles, some the size of Ping-Pong balls, and some as big as a fist. First she decided that she would save for her future children the small pebble she found in the snow. But she quickly reconsidered. “I will sell it for 100 million euros,” she declared. Larisa V. Briyukova, a forty-three-year-old homemaker, discovered a fist-sized meteorite chunk under a hole in the roof tiles of her woodshed. Then a stranger, one of many who were suddenly driving through the neighborhoods offering stacks of rubles worth hundreds, then thousands, of dollars, showed up and offered her about sixty dollars for it. After some haggling, Ms. Briyukova got the price up to $230. A few hours later, while she was still congratulating herself on having gotten the higher price, another man pulled up, looked at the hole in the roof, and offered her $1,300. “Now I regret selling it,” she told one of the foreign journalists who rushed to the region for what was instantly understood to be a very big story. “But then, who knows?” she added after a moment's thought. “The police might have come and taken it away anyway.”28




    While service workers and volunteers worked to pick up smashed glass, repair windows and do light repairs on damaged buildings, many of their friends and neighbors quickly realized that the once-in-a-lifetime occurrence could make money for them; that selling actual pieces of the sky could be profitable. Curious individuals who took time off from work or school that Friday to search for fragments just to see what a chunk of meteorite looked like were quickly joined by friends and neighbors who did it just to turn a ruble. Before nightfall that day, a search for fragments began, and it accelerated over the weekend.




    Four days later, the Los Angeles Times's Moscow correspondent reported that the sudden scavenging was being called the “meteorite rush” and that “prices asked for purported pieces of the alien visitor range from $20 to $30,000.” His use of the word purported showed that he thought it possible, or even likely, that some of those selling what they claimed were parts of the meteorite were in fact hawking counterfeits: that is, Earth rocks that gullible souvenir collectors could be convinced had just come from out of this world. Appropriately, the newspaper ran the story under a headline that announced, “Rubles from Heaven: Russians Scoop up Meteorite Chunks for Sale.”29




    “For sale: a piece of meteorite,” proclaimed one ad taken in a newspaper by someone using the name “Yevgeny” who asked $10,000 for a space rock without specifying its size. “Cures cancer, AIDS and prostate. Improves academic performance at school.” Another individual claimed in an ad that his or her sample “improves male potency, reduces weight. Price by agreement. Exchange for a car or real estate a possibility.” A black porous stone that was about three inches in diameter was put on sale on eBay, and by Tuesday, it had brought in eighty-four bids, the highest being $4,100.30




    Maxim, a university student from Yemanzhelinsk, a town twenty kilometers south of Chelyabinsk, collected several dozen pieces of what he thought was the meteorite while they were still hot. He said that they were black and hard and looked like porous coal. He kept the largest one, which weighed eighteen grams, gave a dozen smaller ones to a visiting scientist, and put seven pieces that weighed roughly six grams each on sale on the Internet. Maxim (who would not give his last name to protect his privacy) said that he got a dozen calls, including ones from potential buyers in Germany and one from a museum in the United States. He told the Los Angeles Times correspondent that he sold one fragment weighing three grams for the equivalent of $150 and wanted the equivalent of $200 for those weighing six grams. No wonder he said that he intended to go back to the “treasure field” to look for more sources of revenue. Conscious of the historical importance of the meteorite, Maxim's fellow townspeople even collected broken glass to give to friends and relatives as souvenirs.31




    Ms. Briyukova's fears about the police notwithstanding, law enforcement took a decidedly dim view of the craze. “Some people can be easily confused and compelled to buy something they later will be sorry for, as some other people are taking advantage of the situation,” Anzhelika Cherkova, a police spokeswoman, said. She told the Los Angeles Times correspondent that some “entrepreneurs” might have been trying to make easy money “selling something which has nothing to do with the real meteorite. But even if they are selling the real stuff,” she added, “no one knows whether it can pose a health hazard until examined by experts.” The fear of contracting something horrible from spaceborne bugs clearly ran through many Russians’ minds.32




    Inevitably, one entrepreneur offered what he called an “Apocalypse tour” around Lake Chebarkul that ended where large chunks of the meteorite were believed to have crashed through the ice, leaving a large hole. Divers searched the bottom of the lake under the hole and found nothing. Andrei Orlov, the mayor of Chebarkul, reportedly wrote on his blog that he had been told that the town of forty thousand “really got lucky.” Six days after the remnants of the meteorite plunged into the lake, he called for a citywide brainstorming session on the best way to get the news into travel brochures and books that would attract foreigners and other Russians to the site where the heavens sent an emissary. He and the other town fathers even thought about opening an American-style “Meteor Disneyland”—a theme park that would attract tourists with exhibitions and rides that taught about the dangers lurking in the sky. (They ended the dinosaurs, after all.) The theme park would also celebrate the town for having been the target of an actual impactor and having survived a near miss.33




    The entrepreneurs were not only in Chelyabinsk and its environs. Some were in America, which abounds in entrepreneurs. An Internet retailer called Zazzle in Redwood City, California, quickly advertised a line of T-shirts that said, “Meteorite Survivor Feb. 15, 2013” and “I Survived the Russian Meteor,” available in eighteen colors for $19.40 (plus shipping). There was also an “I Love Meteorites” T-shirt with the usual red heart in place of the word Love, a mug with “I eat, sleep and breathe meteorites 24/7” that went for $14.95, a sky rock travel mug at $22.95, an Armageddon poster that cost $21.35, and, perhaps inevitably, a poster that was priced at $12.75 and a sticker that cost $4.95, both of which said, “Kiss My Asteroid.” Someone even concocted a Kiss My Asteroid cocktail, with liqueurs and pineapple juice over crushed ice, to sip while giving “that meteor the finger.”34




    As will be seen, catastrophes can be profitable as well as painful.




    That Chelyabinsk had been spared a calamity was immediately obvious to its inhabitants, others in the region, all Russians, and foreigners who knew about the incident. But something else good came of it that was not immediately obvious. A common, existential threat brought cooperation and mutual empathy to a troubled industrial community that had long suffered from miserable weather, hard working conditions in factories, and the Mayak and other accidents that resulted in the suffering—or death—of many and made Chelyabinsk the most contaminated place in the world. But the threat that came from space and that did not make distinctions among its victims bonded them into a cohesive and mutually supportive community. They would have remembered that when the danger passed. Common danger from beyond this world can and should compel people everywhere to maintain mutual protection and a common defense of the planet.
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    It's hard to love an asteroid. Once upon a time, there was a little prince who lived on one that he thought was a star. It was called B612, and it was hardly bigger than he was. “When you look up at the sky at night,” he told Antoine de Saint-Exupéry, the French aviator and writer, “since I'll be living on one of them, for you it'll be as if all the stars are laughing. You'll have stars that can laugh!”1




    Stars may laugh. But with the exception of B612, asteroids are no laughing matter, and neither are their icy cousins, the comets. Every solid body in this Solar System bears scars from collisions with one or the other (or both). Except for His Highness, asteroids in particular have few if any friends, since astronomers and other scientists know that they are exactly what they appear to be: rocks, often laced with iron, moving at such high velocities that they can inflict horrendous damage when they strike.




    Comets, which have been imbued with magical beauty in the popular imagination since ancient times—they're the shimmering celebrities of the night sky that have long, curvaceous tails and have, from time immemorial, been taken to be the emissaries of the gods and therefore precede momentous events—are the asteroids’ icy counterparts. They, too, carry the potential for death and destruction, but their appearance is deceptive. Asteroids are the obvious, potentially deadly villains of the universe and are generally thought to be an unmitigated menace. But comets have been adored, celebrated, and feared as omens throughout recorded history and undoubtedly long before then.




    “Comets, of course, are obvious candidates for the lead in any drama of outer space, because of their spectacular appearance,” Robert Shapiro, a retired professor of chemistry at New York University and an authority on the origin of life, has written. “These objects, with their shining heads and long tails, have turned up in the night sky at various times in human history and inevitably made a profound impression. The sight of a comet was taken as a signal that a very important event was about to occur.” He quotes Calpurnia in Shakespeare's Julius Caesar on the subject: “When beggars die there are no comets seen; The heavens themselves blaze forth the death of princes.”2




    The blazing, long-tailed “messengers” have been credited with carrying complex organic molecules around the universe and, by implication, with bringing life to this planet and very possibly to others as well. Sir Fred Hoyle and Nalin C. Wickramasinghe made that point in Lifecloud: The Origin of Life in the Universe, which was published in 1978 and helped to popularize the modern debate on where life as we know it originated. They hypothesized that too many diverse elements of nature would've had to have acted in symphony in a relatively short period of time on this planet for life to have developed spontaneously. “The best explanation therefore of the known facts relating to the origin of life on Earth is that in the early days soft landings of comets brought about the spreading of water and other volatiles over the Earth's surface. Then about four billion years ago life also arrived from a comet that delivered it here. By that time conditions on the Earth had become sufficiently similar to those on the cometary home for life to be able to persist here, probably at first tentatively and then with some assurance as time went on. The long evolution of life on the earth had begun.”3




    Hoyle and Wickramasinghe were so fascinated by comets, and particularly by their potential for being cosmic-life transportation systems, that Lifecloud was followed by Diseases from Space. Therein, they claimed that comets were also responsible for delivering the viruses and bacteria that inflict infectious diseases on animals and plants on this planet. The first chapter contains the nut graf, as they call it in journalism (or the point of the story):




    We shall be presenting arguments and facts which support the idea that the viruses and bacteria responsible for the infectious diseases of plants and animals arrive at the Earth from space. Furthermore, we shall argue that apart from their harmful effect, these same viruses and bacteria have been responsible in the past for the origin and evolution of life on Earth. In our view, all aspects of the basic biochemistry of life come from outside the Earth.4




    In the eternal cast of characters in the universe, then, that makes comets both Dr. Jekyll and Mr. Hyde.




    Geologist Gene Shoemaker, who invented planetary geology and became the de facto first planetary scientist, may also have thought that stars are a laughing matter. But he certainly knew better than to believe the same about asteroids and comets. He once explained the asteroid threat as he walked around the rim of Meteor Crater near Flagstaff, Arizona, thus putting it in the kind of perspective that is the mark of a great teacher. The crater itself was caused by an impact that was roughly 150 times the force of the atomic bombs that virtually obliterated Hiroshima and killed an estimated sixty-six thousand of its inhabitants. The asteroid or comet that made Meteor Crater would have turned the hearts—or epicenters, as the natural-disaster crowd calls them—of New York, Paris, Moscow, Beijing, Cairo, Nairobi, Melbourne, or any other metropolis packed with people into a vast, smoking ditch filled with grotesquely twisted and smoking rubble and the mangled, bloody remains of millions of people and animals. It has been estimated that a 140-meter-wide rock or chunk of ice—that's about one and a half times the size of the proverbial football field—moving at high velocity could inflict that level of destruction. Shoemaker therefore took the impact hazard out of the realm of the esoteric, which is the way most scientists think about it, and put it where it belongs.




    “One thing that makes the comet and asteroid impact hazard so important relative to other hazards is that it is the one hazard that is capable of killing billions of people; of putting at risk our entire civilization,” Shoemaker continued. “We can have any number of storms or earthquakes or volcanoes, and they can do terrible damage locally, but they do not put the entire planet at risk the way an impact does.” Put another way, the relative difference in destructive capacity between homegrown disasters such Hurricane Katrina—which struck New Orleans and elsewhere at the end of August 2005, killing almost two thousand people and causing almost $82 billion in property damage—or the earthquake that devastated Porto Prince, Haiti, almost five years after Katrina, and a collision with a large asteroid or comet is the difference between the explosion of a conventional bomb and a thermonuclear one.




    “It's like being in a hail of bullets going by all the time,” Shoemaker added. “They are bullets. They're bullets out there in space.” For years, Gene Shoemaker and a few of his predecessors and colleagues waged an intellectual war with many other scientists who were just as firmly convinced that craters here on this planet, as well as those on the Moon, Mercury, and elsewhere were caused by erupting volcanoes, not asteroids, comets, and other solid objects that fly around space in all directions at terrific speed. And as creation “scientists” argue that life came to Earth in a highly structured form (though not necessarily on a comet), contrary to what Darwin and the evolutionists who followed him demonstrated, those who believed that all the craters on every planet with a surface and their moons were caused only by volcanoes stubbornly stuck to their theory, evidence to the contrary notwithstanding.5





    But the evidence of impacts is overwhelming, and the threat is real. Gene Shoemaker's “bullets” are actually tearing around this Solar System by the many thousands, and possibly millions, all the time (though relatively few are potential city-killers, let alone planet-killers). Given the number of planets and moons, collisions with the speeding rocks around them are therefore inevitable. Mercury has so many impact craters that it looks as though it has been bombarded by artillery fire since it came into existence. And that, in effect, is exactly what happened.




    Asteroid- and comet-impact craters are almost all over this world. Estimates of the number of large ones varies considerably because, unlike the Moon, Mercury, Mars, and other planets and moons with surfaces, Earth is a living entity and is therefore subject to the growth of vegetation that can cover or disguise craters, deserts and oceans that can hide them, and wind erosion that can practically erase them altogether. Furthermore, establishing size is subjective. The estimated number of large craters—and the definition of size is somewhat subjective—therefore varies from 139 to more than 170. There is overwhelming agreement, however, that the largest crater on the planet that has been discovered so far is the Vredefort crater in South Africa, which is three hundred kilometers wide and was made about two billion years ago. It makes Meteor Crater look like a pothole in comparison.6




    But it was the impact at what is now Mexico's Yucatan Peninsula, centered at a spot called Chicxulub, that the overwhelming number of experts are convinced finished off the dinosaurs and many other creatures roughly sixty-five million years ago. The explosion played such a decisive role in Earth's history that scientists use it as a dividing event to separate the planet's two distinct geological periods: the Cretaceous and the Tertiary, commonly known as the K-T boundary. That horrendous impact did a great deal more than make the dinosaurs and some other species of animals and vegetation disappear. It profoundly affected the structure of the planet itself by abruptly changing its geology, topography, and climate. But it was by no means the worst hit Earth has taken. The record was established about four and a half billion years ago, when something the size of a small planet crashed into this one with such force that it broke off a huge chunk of the Earth, which went into orbit around itself and became its solitary moon. As is the case with so much of Earth's formative period, how the Moon came to be has also been the subject of widely varying theories.




    Like all good scientists, Shoemaker was part Sherlock Holmes, so he searched for and found clues relating to Earth's early history and that of its lone natural satellite. As the great sleuth himself would have said, the clues are often hidden in plain sight and are obvious to the trained eye and open mind. This process can be seen in the dialogue between Sherlock Holmes and Dr. Watson, taken from the 1943 film Sherlock Holmes and the Secret Weapon (loosely based on the Sir Arthur Conan Doyle short story “The Adventure of the Dancing Men”). The film is about a scientist who invented a top-secret bombsight and, in order to take the invention for himself, was abducted by Holmes's consummately evil nemesis, Professor James Moriarty. Holmes and Watson attempt to decode a message from the scientist:




    “I'm all in. Can't think anymore,” Dr. Watson complained to Holmes after seeing a message written in a jumbled stick figure code by the scientist. “All these letters and figures running through my brain; all twisted round.”




    “Twisted round!” Holmes exclaimed.




    “That's it. ‘Twisted round,’ you said. So simple I never thought of it. Reverse the slide. You see that one? It's now identical with the first three names. In other words, all the figures that have number four are written backwards so it reads from right to left, until we reverse the slide, when they read correctly from left to right.”




    (Elementary, my dear Watson.) Watson was duly awed yet again by his friend and roommate at 221B Baker Street.





    That deductive process was used with an equally positive result when Shoemaker and his wife, Carolyn, happened on the town of Nordling while they were on vacation in southern West Germany in 1961. Their adventure was later made into a National Geographic special called Asteroids: Deadly Impact, which was filmed for public broadcasting.




    Nordling was built in the center of a very large, somewhat-shallow bowl called the Ries Basin. It was there that Shoemaker had his Holmes-like revelation. Looking down at the bowl from its rim, just as he had at Meteor Crater and other large depressions, Shoemaker became convinced that it had in fact been caused by a kilometer-sized or larger rock that struck the site and exploded on impact roughly fifteen million years ago.




    Like most such pervasively tidy, red-roofed towns in the region, Nordling has a cathedral named St. George's. And, like the town itself, St. George's dates back to medieval times. The Shoemakers drove into Nordling in an orange-and-blue Volkswagen camper minibus that spring day, parked it, and walked through the town square and up to the front of St. George's. They stopped at the left side of the main entrance. Then he began to look intently at one of the thousands of large stones that had been laboriously chiseled into the shape of rough cubes and cemented in place to make the edifice's walls. The grayish stones caught Shoemaker's eye because tiny parts of them glittered. While scrutinizing one of the stone cubes very closely, he spotted tiny pieces of shimmering silica—primitive glass—embedded in it. He knew that glass is made under high pressure and in extreme heat. Asteroids and comets that slam into the atmosphere do so under immense pressure and become very hot. That's why they glow as they race across the night sky. And the deeper they penetrate into the thickening atmosphere, the hotter they get, so they are hottest at the instant of impact. The rock that made the crater in which Nordling was built, Shoemaker deduced as Holmes would have, was moving so fast and was so hot when it struck that it turned fragments of the rocks it struck into silica. The crater and the silica in its stones that were used to make the cathedral told a very vivid and logical story to Shoemaker. “It was the first impact crater which we could prove was an impact crater,” he later recalled in triumph. “That just changed the whole ballgame.”7 (Elementary, my dear Carolyn.)




    And, Gene Shoemaker added, the next time a really big asteroid or comet strikes the home planet, “It will produce a catastrophe that exceeds all the other catastrophes by a large measure. These things have hit the Earth in the past. They will hit Earth in the future,” he added, matter-of-factly. A rock that is more than a kilometer in diameter would create an explosion on impact equivalent to all the world's nuclear weapons going off at the same instant, he said. “Actually,” he corrected, “it would be a little bit more energy than that.” The eruption of Earth and everything on it would fill the sky with so much debris that it would darken the world for months. It would cause “mass hysteria,” Carolyn added.8




    David H. Levy, a prolific and ubiquitous Canadian with widely varying interests who claims to be “one of the most successful comet discoverers in history” (he spotted eight of them using telescopes in his backyard, according to his resume) is a longtime friend of the Shoemakers who appeared with them on that National Geographic special. He drew a vivid analogy in describing how a human would feel if he or she were near an impact explosion like the one that caused the crater in which Nordling was built. “You would feel as though you were in an oven turned to broil,” he said.9




    The most momentous time in Levy's and the Shoemakers’ lives began on March 25, 1993, when Carolyn spotted what looked like a “squashed comet” in a photograph of the space around Jupiter they had taken as part of their routine photos two days earlier at the Mount Palomar Observatory in California. They were perplexed because, instead of a nucleus trailing a long tail, which is what comets are supposed to look like, this one was bar shaped and seemed to have a series of little tails. Close analysis of the picture under a microscope showed that the “bar” was in fact a string of twenty or twenty-one cometary fragments—a formation of them—bearing down on the giant planet in what was a near-certain collision course. They quickly alerted the astronomical community, and from July 16 to 22, 1994, the three of them and the rest of the world were treated to the first look humans have ever had of a collision between a planet and its cosmic attackers. They watched, almost in disbelief, as the huge chunks of ice successively plowed into Jupiter at a velocity they estimated to be sixty kilometers a second. The largest of the impactors was calculated to be two kilometers in diameter. Each strike left intensely hot gas bubbles and large, dark scars in Jupiter's atmosphere that remained for months. Plumes of gas thousands of kilometers high shot into the atmosphere. It was the first—and so far the only—time when humans have actually gotten to witness an attack on a planet. Levy has written about it, starting with the first of the historic impacts:




    The crash of fragment A was an extraordinary event all by itself. That was the first time that people had witnessed such a collision. Had A been the only impact, we would have rejoiced and studied its effects for years. But in the opera of impact week, A was just the overture. One of the smallest nuclei, A was hitting the planet at a place farther away from Jupiter's daylight side than any of the others, so few scientists—Gene Shoemaker was one—expected to see the plume of material thrown into the atmosphere by its strike.10




    The opera Levy may have had in mind was Gian Carlo Menotti's Amahl and the Night Visitors, whose young hero tells his mother that there is a colossal star over their house, but he is not believed. One after another, the long line of flying icebergs struck Jupiter, each time causing a huge explosion and a gas plume.
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