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“It’s only a matter of time before a really large space object hits the Earth. Asteroids and comets have created disaster many times in the Earth’s past, including the impact that wiped out the dinosaurs, and the vestiges of their havoc are still apparent. Gordon Dillow’s enthralling discussion unlocks the secrets of how and why these objects jeopardize the planet and what thousands of people around the globe are doing to detect and defend against them. Fire in the Sky is nonfiction that reads like a great adventure novel, even as it points toward a hopeful future for humanity.”

—Roger D. Launius, former Chief Historian of NASA and author of The Smithsonian History of Space Exploration

“With this book, Dillow brings to readers’ attention a serious threat to our planet. It’s entirely possible that good science and R & D will be enough to avert catastrophe, but the mere fact that humanity could find a way to contend with what’s hurtling toward us makes the threat no less real. What seems clear from Dillow’s tour of the front lines of asteroid defense is that we as a nation must find the will—and the funds—to build the necessary tracking and stopping tools. Mother Earth is depending on us.”
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“Lucid and engaging . . . Dillow stresses that the threat is real, that the Earth is routinely hit by objects from outer space, and that it is certain that sometime in the future—maybe in the coming decades, maybe millions of years from now unless mitigating actions are taken—one of those objects will be large enough to cause catastrophic damage. . . . A convincing case for the need to pay more attention to planetary defense.”
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To my mother and father 
Louise Blackwell Dillow and Troy O. Dillow



INTRODUCTION


Just before 4 a.m. on June 2, 2016, I was enjoying a pre-dawn cup of coffee on the back porch of my home in Arizona. And suddenly it was as if the sky was on fire.

It began with a glow that spread across the steep hillside behind my house, a kind of angry molten light, all red and orange and amber, the color of lava. The glow grew more and more intense, lighting up the mesquite trees and saguaro cactuses and casting their long, tortured shadows on the ground. It looked like something from the netherworld, like high noon in hell. Then, seconds later, way up in the sky off to the northeast, there was a blinding, thermonuclear-style flash, a burst of white light almost as bright as the sun, followed later by a sound like distant thunder that set my dogs to howling.

As the light faded and the night returned I stood there, transfixed, not quite believing it. As a soldier and journalist I’ve traveled the world for decades, and experienced all manner of cataclysmic natural and unnatural events—wars and riots and all manner of mayhem, typhoons, tornadoes, major earthquakes, even (from a distance) the deadly volcanic explosion of Mount St. Helens in 1980. But this was easily the most astonishing natural event I had ever seen. It occurred to me that this was how the world will end: with a flash of light, and a roar like God’s own artillery, and then—darkness.

Of course, the world didn’t end on June 2, 2016. And in the age of 24-hour news and social media, an explanation for this amazing phenomenon was soon forthcoming. Apparently a small asteroid, a rocky piece of space debris only about six feet across, had wandered into the Earth’s path and exploded in the sky some fifteen miles above Arizona’s White Mountains. The asteroid’s fiery passage through the atmosphere and subsequent brilliant explosion lighted up thousands of square miles of ground and startled observers as far away as Texas. Despite the early hour, the event had been captured on scores of dashcams and smart phones, so although no one was killed or even slightly injured, the Arizona “fireball” was a major story not only on local TV but on the national newscasts as well. And as I watched and read the news reports, a couple of things quickly caught my attention.

One of them was the almost unbelievable power of the explosion. Soon after the event, the National Aeronautics and Space Administration (NASA) reported that the little asteroid had burst apart in the atmosphere with the energy equivalent of half a kiloton of exploding TNT—that is, a million pounds of TNT. To put that into perspective, the U.S. military’s most powerful non-nuclear bomb is the GBU-43/B Massive Ordnance Air Blast (MOAB) bomb—the so-called Mother of All Bombs—which has a blast yield of a mere 22,000 pounds of TNT. That little asteroid made a MOAB look like a firecracker.

And there was another thing about that fireball in the Arizona sky that surprised me. That was the fact that no one had seen it coming. Sure, the streaking fireball and its subsequent explosion had been picked up by some U.S. spy satellites, by ground-based Doppler weather radars and by NASA’s All-sky Fireball Network, a national network of cameras set up to record events like this one. But that only happened after the asteroid entered the atmosphere, not before. That space rock hurtling out of the clear black sky was a complete surprise to everybody.

As often happens, the more I learned, the more questions I had. Such as, how in the world could a piece of rock the size of a La-Z-Boy recliner pack an explosive wallop almost fifty times greater than the most powerful conventional bomb in the U.S. military arsenal? Why in this era of satellites and space-mounted telescopes and world-spanning radar networks did no one spot the thing before it arrived? How often do events like this happen? What’s the history behind our understanding of Earth-colliding asteroids and comets?

Those are some of the questions this book will try to answer. And it will also take a look at the Big Questions: What are the chances that a much larger chunk of space rock, something hundreds of yards or even miles wide, will find itself on a collision course with Earth? And if that happens, what if anything will we be able to do about it?

Actually, I can answer that first Big Question right now. The chances that an asteroid or comet of potentially catastrophic size will come hurtling toward Earth are exactly 1-in-1. It’s 100 percent, a sure thing, a lead-pipe cinch. The only variable is when. It could be a hundred thousand years from now—or it could be next Tuesday. True, the U.S. government’s comforting official position is that for at least the next century or so, there is no significant risk of Earth being struck by any large asteroid or comet that we currently know about. But given the fact that our Solar System is home to billions of asteroids and comets that we don’t know about, that’s a pretty significant qualifying clause. It’s a loophole you could drive an asteroid through.

As for what we could do or would do if we spotted a potentially damaging space body headed our way—well, that remains to be seen.

Should we be worried about this? Should we as individuals be concerned about the threat of cosmic impacts? Yes, but not to the point where we toss and turn all night over it—at least not yet. But we should understand that the threat is real; it’s science fact, not science fiction. And we should expect—even insist—that somebody pays attention to the problem. Fortunately, as we’ll see, a relative handful of men and women are dedicating their professional lives to assessing and planning for these threats from space. But one of the themes of this book is that there should be more resources committed to the impact problem. To do otherwise seems foolishly short-sighted.

I have to confess that when I began this book I knew next to nothing about asteroids or comets or other things astronomical. I don’t say that with any perverse, anti-brainiac sense of pride, the way some people boast about being terrible at math. It truly made me regret the shocking shortage of science classes in my college transcripts. Like most people, I had heard about the dinosaur-exterminating giant space body that hit Earth sixty-five million years ago, and I vaguely recalled the silly mnemonic for the order of the planets: My Very Energetic Mother Just Served Us Nine Pizzas, for Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto—although even that was outdated, since poor little Pluto was kicked out of the planet community years ago and reduced to mere dwarf planet status. And of course I had seen some of the giant-space-rock-on-a-collision-course-with-Earth movies that Hollywood has been churning out for decades—although none of them offered much in the way of expanding my scientific knowledge, or anyone else’s.

So it was a little daunting to suddenly find myself immersed in a world of astronomical units and albedos and arguments of perihelion and the kinetic energy of hypervelocity impactors—which, as I’m sure everyone already knows, is equal to one-half the mass times the velocity squared, or Ek = 1/2mv2. I had a lot of catching up to do. There were hundreds of books and scholarly papers to read, countless hours spent perusing past and present articles in Sky & Telescope and Space.com and EarthSky.org and the Planetary Society website, and dozens of interviews with astronomers and planetary scientists and other people who are a lot smarter than I am.

On the other hand, starting out with a clean science slate did have its advantages. For one thing, even at a relatively advanced age there’s a certain child-like joy in learning something new, especially when that something new is—to use the scientific term—really cool. Also, not having any preconceived notions spares you from stubbornly holding on to them. As this book will show, when it comes to Earth-impacting asteroids and comets, stubbornly held notions set back the cause of scientific progress for generations.

I should note that while this book is about a complex scientific issue, it’s not really a science book. Instead, it’s a story—a very human story about our long struggle to understand Earth’s place in the Solar System, and the pivotal role of Earth-impacting asteroids and comets in shaping our world. Sure, there are scientists in this tale, men and women whose personal lives and characters are often just as fascinating as their scientific discoveries. But there are also cowboys and Indians and astronauts, Stone Age toolmakers and aerospace engineers, bold explorers and backyard amateur astronomers. King Tut and the mad teenaged Roman emperor Elagabalus make appearances in these pages; so do Teddy Roosevelt and the lead guitarist for the rock band Queen. On the technology side, picks and shovels and horse-driven machinery share the stage with space-deployed gravity tractors and laser ablation devices and ion beam shepherds.

In case you’re wondering, yes, there are UFOs in this book—millions of them in fact. But these unidentified flying objects are asteroids and comets, not spaceships from faraway galaxies. I’ll admit that given the breadth and scope of the universe, it seems likely that there is life somewhere beyond our own little planet. But with all due respect to the UFO belief community, when it comes to Earth visitations by vaguely humanoid space aliens, the science doesn’t seem to be in on that one quite yet. Besides, as far as I’m concerned, the proven science behind Earth-approaching comets and asteroids is already out-of-this-world astonishing; we don’t need to dress it up to make it more so. Same thing goes for astrology. I heartily agree that fate is written in the stars and planets. But the basic premise of this book is that the fate of Earth and our Solar System is determined by the collision of celestial bodies, not their alignment.

Finally, I should note that science, like the Earth itself, is a constantly moving target; sometimes it’s hard to get a bead on it. Theories that were once scientific heresy have become scientific dogma, and vice versa—with the asteroid-related extinction of the dinosaurs being a prime example. Over the past almost four decades, hundreds of scientists have written literally thousands of scientific papers on that subject; entire forests have perished. And although the asteroid- or comet-impact extinction theory has largely carried the day, some scientists are still arguing about the issue, often in the most bitter personal terms. In this book I will chronicle that and other scientific controversies concerning Earth-impacting asteroids and comets, but I don’t intend to litigate them. When there are competing theories on any given subject, I’ll say so—and then I’ll go with the one that currently seems to make the most sense.

With all that said, our story is waiting. It begins in the not-too-distant past, when another, much bigger asteroid came blazing through the Arizona skies. . . .



CHAPTER 1




IMPACT!

It’s fifty thousand years ago, in the middle of a vast rolling plain near the future site of Flagstaff, Arizona. And high up in the sky, just on the edge of space, an asteroid half the size of a city block is hurtling toward this exact spot at 40,000 miles an hour.

For hundreds of millions of years this cold, jagged, half-million-ton piece of tumbling space metal has been orbiting around the Sun, staying in its own lane and not bothering anybody. But then some outside force—a collision with another asteroid, or some subtle gravitational nudge from another planet—sent it off on a new path, a new orbit. That orbit over time has conspired to place this speeding asteroid and our own speeding Earth in the exact same spot in space at precisely the same moment. And soon, very soon, this asteroid’s traveling days will be over.

Earth isn’t completely defenseless against this sort of attack from space. If this asteroid is actually going to hit the Earth’s surface intact, first it has a gauntlet to run. The asteroid has to make it through the atmosphere.

You wouldn’t think the atmosphere would pose much of a problem for a flying space boulder. After all, it’s just a layer of air, and a pretty thin layer to boot. Proportionally, Earth’s atmosphere is thinner than the skin of an apple. But air is like water. If you do a graceful swan dive off the low board at the pool the water provides a gentle cushion; but if you do a hundred-mile-an-hour belly-flop off the Golden Gate Bridge, it’s almost like hitting concrete.

Same thing with this asteroid. It’s a blunt object, with all the aerodynamic glide qualities of a blacksmith’s anvil, and it’s traveling twenty times faster than a rifle bullet. So when the asteroid hits the increasingly dense air of the atmosphere it gets some pushback. The air molecules in front of the asteroid can’t get out of its way fast enough, and so the air in its path is radically compressed and heated up. Within seconds, temperatures on the asteroid’s previously frigid surface reach three thousand degrees and more, lighting up both the asteroid and the wall of shock-compressed air in front of it in a brilliant incandescent glow, and leaving a fiery tail of bright light miles long. At the same time, the tremendous pressure causes pieces of the asteroid to break off and fall toward the Earth’s surface on their own.

If our asteroid was smaller, or if it was made of rock instead of metal, the heat and pressure would probably destroy it, making it burn up or blow up before it ever reached the ground. Every day Earth’s atmosphere easily destroys millions of incoming pieces of space debris, creating meteors that flash in the night sky. Most of those pieces of space debris are tiny, the size of a grain of sand, but even the bigger pieces usually fail to survive the atmospheric gauntlet. Our atmosphere wraps around the Earth like a thin sheet of Kevlar, protecting us from assaults by minor intruders from space—which is another reason we should probably take better care of it.

But this asteroid of fifty thousand years ago is no grain of sand, no minor intruder. This asteroid is 150 feet wide, and it’s made of sterner stuff than rock. It’s composed of almost pure nickel-iron, an incredibly heavy and strong alloy. A single cubic foot of it—about the size of a 50-pound block of ice—weighs almost as much as a Harley-Davidson Sportster, and there are a million cubic feet of nickel-iron in this asteroid. Earth’s atmosphere does its best, but completely destroying this asteroid is an impossible order. Nothing is going to stop this thing now. In just a few seconds it’s going to slam into the Earth’s surface like a giant cosmic cannonball.

But before that happens, let’s freeze the asteroid in mid-plummet—say, about twenty miles above the Earth’s surface—and take a look at what it’s about to hit.

Ground zero for the incoming asteroid is a patch of mile-high tableland in what is now known to geologists as the Colorado Plateau. The climate is wetter and cooler on this day than it will be in modern times, the land a little more lush. Juniper and piñon pine woodlands are interspersed with grass-covered savannahs, and the ground is riven with flash-flood gullies and small flowing streams.

There are no people here on this day. The best scientific evidence suggests that humans won’t arrive in North America for another thirty thousand years or so. Still, there is abundant animal life—and with one notable exception, much of the animal life would be familiar to us in modern times. There are beetles and sawflies and spiders, rattlesnakes and gopher snakes, pack rats, moles, and voles; in the air there are hawks and hummingbirds and swallows. The one notable exception is that on this day fifty thousand years ago the land is also populated with those large—in some cases magnificently large—and now extinct Late Pleistocene animals collectively known as megafauna.

One of them is a species of elephant-like mammoth known as Mammuthus columbi—named for no particularly good reason after Christopher Columbus—a 13-foot-tall, 20,000-pound giant that grazes in matriarchal family groups in the grassy open meadowlands. Another is a species of mastodon, a slightly smaller distant cousin of the mammoth that browses on coniferous twigs in the forests. There are ten-foot-long giant ground sloths in the area, as well as an ancient type of camel appropriately known as Camelops hesternus—Latin for “Yesterday’s camel.” There are herds of horses and bison grazing and galloping on the plains, but the horses are smaller than modern-day horses, and the bison are bigger than the American buffalo of later eras—much bigger, with enormous horns that measure eight feet from tip to tip. There are predators lurking about as well—packs of fearsome dire wolves, and saber-toothed big cats known as Smilodons. In the air, soaring on the thermals, there are giant condor-like birds with wingspans of 16 feet.

Mammoths and mastodons, pack rats and rattlesnakes, sloths and swallows and Smilodons—these are what are waiting for the asteroid now poised above their heads. Mercifully, the creatures in the impact zone have no idea what’s coming. They can’t hear the sonic boom the asteroid creates as it bursts through the atmosphere, because the asteroid travels faster than the sound it makes. And if they happen to look up at the northwestern sky, all they see is a bright glow, with no indication that this blazing rock is coming directly at them. So there is no sense of impending doom, no panic, no stampeding terror.

Well, it would be nice if this peaceful, bucolic Late Pleistocene scene could continue. But since it can’t, we might as well get it over with. So now we go back up and unfreeze our plummeting asteroid—and two seconds later it hits the Earth with the force of a thousand Hiroshimas.

The impact isn’t an explosion in the conventional sense. Instead, the destructive force comes from kinetic energy. Every moving object—a car on a freeway, a cue ball on a pool table, an asteroid hurtling through space—possesses kinetic energy, and the heavier the object is and the faster it’s going, the more kinetic energy it has. As you can imagine, an asteroid that weighs hundreds of thousands of tons and is traveling at ten miles per second possesses an enormous amount of kinetic energy—and when it hits something it releases that energy with explosive force. To quantify that force, as a kind of shorthand scientists compare it to the energy released by a ton of TNT. The Hiroshima atomic bomb had the energy equivalent of about twelve thousand tons of exploding TNT. When our asteroid hits the ground, it releases the energy equivalent of some twelve million tons of TNT, or twelve megatons.

So even though the asteroid isn’t a bomb, it might as well be. The impact shatters rocks a thousand feet below the surface and pulverizes millions of tons of stone into a fine, talc-like powder. The explosion peels up thick layers of ancient limestone and sandstone and folds them back on themselves, like a firecracker going off inside a stack of pancakes. It ejects almost two hundred million tons of rock into the air, hurling boulders the size of small houses hundreds of yards, and sending smaller pieces arcing upward in thousands of smoking contrails. A giant fireball starts rising into the sky, searing everything around it and creating a dusty brown mushroom cloud that reaches up to the stratosphere.

Obviously, any living thing in the asteroid’s immediate point of impact—every tree, every bug, every Smilodon and Camelops—is instantly reduced to the molecular level. And those creatures are the lucky ones; they never know what hit them. Other animals farther from the impact point are less fortunate.

The asteroid’s impact sends a shock wave radiating out in every direction, a burst of overpressure that causes internal organs to collapse and eardrums to burst and blood to bubble in veins. That’s accompanied by a blast of wind moving in excess of 1,200 miles per hour—an atmospheric disturbance for which the word “wind” hardly seems adequate. This super-wind uproots trees, scours the ground bare of vegetation and sends everything in its path hurtling through the air in a maelstrom of debris—boulders, pebbles, jagged shafts of broken tree trunks, dead or dying rattlesnakes, pack rats, giant sloths. Twenty-thousand-pound mammoths are sent skittering along the ground like tumbleweeds.

Within three miles of the impact site, no living creature on the ground survives. Farther out the effects start to diminish, but even ten miles away the blast still hits with hurricane force, pelting victims with rocks and small debris and shredding their hides like a sandblaster. As if that weren’t bad enough, for miles around the ground is bombarded by falling chunks of the asteroid that sloughed off in the atmosphere, and by millions of pieces of molten nickel-iron and other materials that were thrown up by the impact and are now falling back to the ground. It’s a lethal rain of rock and iron.

And then, within just a few minutes, it’s over, the only sound the whimpers and bellows of the wounded. What’s left is a 300-square-mile patch of ground that has been scorched and stripped bare. And at the center there’s a blackened, smoldering, bowl-shaped hole in the earth, a crater almost a mile across and 700 feet deep, surrounded by a rim of displaced rock some twelve stories high.

It’s an astonishing amount of destruction. And yet, there’s something about this asteroid you should know. You should know that in the cosmic scheme of things, our asteroid’s violent collision with the Earth on this day fifty thousand years ago really isn’t any big deal. It’s not even all that unusual. The fact is that over the course of four and a half billion years, Earth has been hit millions of times by asteroids and comets as big as or bigger than this one—in some cases many orders of magnitude bigger. Earth has been bombarded by hurtling space bodies the size of mountains and even small planets, with collisions so powerful they tilted the Earth on its axis, sent huge chunks of Earth’s surface flying into space and enveloped the globe in shrouds of fire and dust that wiped out most of its species.

Our relatively small asteroid has done none of those things. As tough as it’s been for a few mastodons and giant sloths in the impact zone, other creatures grazing thirty miles away survive the asteroid’s impact quite nicely; it doesn’t even ruin their day. Within a few years, the blackened ground around the asteroid crater will be covered with new vegetation, and the animals will return. Except for the huge hole left in the ground, it will be almost as if it never even happened.

The bottom line is that by Earth-impacting-asteroid standards, our little asteroid of fifty thousand years ago has actually been something of a runt, a piddler, a weak sister.

So why do we care about this particular asteroid? What makes it so special?

The answer is simple. It’s because someday—in about forty-nine thousand and nine hundred years, to be more precise—this little asteroid and the crater it has left behind will become the most important of their kind in the history of science.

They’re going to change everything.

[image: Image]

The crater is still there today. Officially it’s called Meteor Crater—which, as we’ll see, is a gross misnomer on several levels—and finding it is easy. Just head east or west on Interstate 40.

Westbound on I-40 from the New Mexico–Arizona border, the freeway traces the path of the old and fabled Route 66, the famous “Mother Road” that was an important part of American culture until it was strangled and mostly buried by the Interstate Highway System. The route passes through some of the most rugged and most beautiful country in the American Southwest. There are the magnificent badlands of the Painted Desert, so named by conquistadors under Francisco Coronado for the soaring buttes and mesas layered up in brilliant bands of lavender and vermillion and magenta; the vistas look like sunsets rendered in rock. The highway also transects the Petrified Forest National Park, a Mars-scape where fallen stands of giant pine trees more than two hundred million years old have been literally turned to stone—smoky quartz, purple amethyst, yellow citrine. The Petrified Forest is an eerie place, a haunt for ghosts.

There aren’t any cities out this way, and the few towns along the route tend to be low-slung and dusty. Farther west on I-40 there’s the small ranching and railroad community of Holbrook, which not so very long ago had its own brush with bombardment from space. In 1912 a space boulder about the size of an ice chest exploded high in the air east of town, pelting the ground below with thousands upon thousands of pea-sized meteorites—an event that was known as “the day it rained rocks.” Or at least it used to be known that way. When I ask the waitress at a coffee shop about the meteorite fall, she’s never heard of it. Oh? And has she lived here long? All my life, she says—which is another thing about assaults from space. We tend to forget them pretty quickly.

Still farther westward there’s Winslow, a once-bustling Route 66 town now fallen on leaner times. If the name is familiar it’s probably because of the line from the 1972 Eagles hit song, “Take It Easy”: Well I’m a standin’ on a corner in Winslow, Arizona. . . . That’s just about the only thing Winslow is famous for. In fact, after the interstate bypassed the city center in the late 1970s, the Winslow town fathers tried to revive their downtown’s flagging fortunes by building the Standin’ on the Corner municipal park, complete with a flatbed Ford and a bronze statue of the late Eagles lead singer Glenn Frey. The effort has been a modest success. Every year tens of thousands of travelers, most of them graying Boomers, stop by to take selfies with the statue and browse in the nearby gift shop, where the sound system plays Eagles’ songs—and nothing but Eagles’ songs—all day long. “You get to where you don’t even hear it anymore,” a weary clerk tells me.

North of town I-40 continues west, straight as a rifle shot, through a vast expanse of high desert (elevation about 5,500 feet). This is not the woodland-savannah of fifty thousand years ago; sadly, there are no grazing mammoths or herds of galloping giant bison. A few stunted junipers struggle to survive in the washes, but other than that a guy could go blind looking for a tree. Broiling in the summer, frigid in winter, 20- and 30-mile-an-hour winds are a constant, and gusts of more than 100 miles per hour have been recorded. On the highway, 80,000-pound big rigs shimmy and sway in the crosswind; passing them can be an experience. Except for the highway and the Burlington Northern and Santa Fe train tracks and the occasional billboard touting tourist attractions that lie ahead—“Jewelry Made By Indians!” “Moccasins For the Whole Family!”—there is simply nothing here. It’s the exact geographic center of the lonesome heart of nowhere. People who enjoy desolate places might find a stark minimalist beauty in it. Those who don’t might just want to step on the gas.

Eastbound, the trip to Meteor Crater is a little more scenic, at least at first. First there’s Flagstaff, an attractive mountain town of some seventy thousand souls that bills itself as the gateway to the Grand Canyon eighty miles north. Flagstaff is home to Northern Arizona University and the century-plus-old Lowell Observatory, a piney, campus-like facility that was the nerve center for countless space discoveries—including the discovery of thousands of fresh new asteroids, some of which could someday come our way. I’ll get back to Lowell Observatory later.

East on I-40 there are mountains covered with stately Ponderosa pines, then rolling hills with copses of piñon pine. Twenty miles out from Flagstaff there’s Winona, another old Route 66 small town best known for its brief mention in a popular song—in this case, the 1946 Nat King Cole hit, “(Get Your Kicks on) Route 66.” Flagstaff, Arizona / Don’t forget Winona, the song says, and when I repeat the lyric to the old-timer behind the counter at the gas station/convenience store he smiles and gives me a free “Don’t Forget Winona” postcard. Farther along eastbound, back in the high desert now, on the right are the crumbled remains of a famous 1940s Route 66 tourist trap called the Twin Arrows Trading Post—the “arrows” being two telephone poles stuck at an angle in the ground with plywood sheets for fletchings. The arrows are still there, but the trading post name has since been appropriated by the nearby Twin Arrows Native American casino, where the Navajo Nation exacts its long overdue revenge. Although it’s not visible from the highway, still farther on are the equally dissolute remains of an Old West ghost town called Canyon Diablo, which will play a role later in our story.

But whichever route taken, westbound or eastbound, eventually there is Exit 233. I steer my pickup onto the exit ramp, past the Meteor Mobil station and the Meteor RV Park, and then head south on a two-lane stretch of good blacktop. As signs along the road announce, I’m crossing part of the famous Bar T Bar Ranch, a family-owned spread of 300,000 acres of private and leased land that prides itself on raising range-fed, antibiotic- and growth-hormone-free Angus cattle. (If you’d like to eat one, you can do so at the upscale Diablo Burger restaurants in Flagstaff and Tucson.) The ground around here is still littered with small fragments of meteorite material left by our asteroid of fifty thousand years ago, but I can’t pull over to look for any. As the same signs forcefully point out, it’s private land, and the Bar T Bar hands keep their eyes peeled for trespassers.

I can’t see the crater itself from the road, but I can see what’s wrapped around it—a low, wide hill that rises above the surrounding plain. Over the past century and a half it’s been variously described as a butte, a bluff, a mound, and a mountain—although it seems like a stretch to call a landform just 160 feet high a mountain. Whatever the appropriate term, perched near the top of its north slope is the Meteor Crater Visitor Center, a brick and glass and native sandstone structure designed in the 1960s by noted Modernist architect Philip C. Johnson. (The even more noted Frank Lloyd Wright also submitted a design, but he didn’t get the gig.) Although Meteor Crater is an official U.S. Natural Landmark site, for reasons I’ll get into later both the visitor center and the crater itself are privately owned. Admission (in 2018) is a hefty eighteen bucks, but there are discounts for youngsters and oldsters and military types; a flash of my veteran’s ID card earns me a 50 percent discount and a cheerful “Thank you for your service!” from the cashier. The visitor center features a museum, interactive computer displays and an 80-seat theater/auditorium. There’s also a Subway sandwich shop and a gift shop stocked with Meteor Crater T-shirts, Meteor Crater caps, Meteor Crater coffee mugs; for eight bucks I buy a tiny piece of the oxidized meteorite material that I’m not allowed to look for beside the road. For the most part, though, it’s all very tasteful. No giant concrete dinosaurs, no garish signs—“See the Thing from Outer Space!” The atmosphere is sort of like a small-town community college campus.

But before I visit the museum or watch the short film on asteroids in the theater, first I want to see the crater itself. So I take the stairs up to the observation level on the crater rim, push my way through the glass doors and there it is, spread out below me.

The effect is—well, it’s breathtaking. Literally. The first time I see it, it actually makes me gasp.

It’s a struggle to convey the immensity of the thing. I could say that at 4,000 feet wide and 550 feet deep, with a flat bottom and steeply sloping walls, this huge hole in the earth is as deep as the Washington Monument is tall, that it would take fifty billion gallons of water to fill it up, that you could stack almost three million Greyhound buses inside it. Or try this. Imagine a football stadium that rather than holding the usual seventy or eighty thousand seats instead holds two million seats. Fans sitting in the nosebleed sections would be watching the game from half a mile away; they’d need a telescope to see the snap.

But no, none of that quite captures the effect. It really has to be experienced.

Some three hundred thousand people a year do experience it, taking the five-mile detour off I-40 in their RVs and SUVs and tour buses. Kids especially seem impressed; as they come boiling through the glass doors and see the huge crater for the first time, their “Awesomes!” and “Epics!” ring out over the wind, followed closely by their parents yelling at them not to climb on the guardrails. Many of the grownups seem stunned, as if they can’t quite believe it. “This is the ninth wonder of the world,” a guy carrying an enormous camera bag tells me—but then his wife calls him away before I can ask him what he thinks the eighth wonder is.

Inevitably, though, there’s also some grousing. A woman in a red Nebraska Cornhuskers T-shirt declares—loudly—that “Eighteen dollars is a lot of money just to see a big hole in the ground!” It’s a common complaint.

“Yeah, we hear that a lot,” admits an affable young tour guide dressed in quasi-official khakis. “People get really mad when they find out their National Parks annual passes aren’t any good here.”

Most frequently asked question: Was this the one that killed the dinosaurs? Answer: Not even close. Even that seems to annoy some people, as if they’ve been lured into some kind of asteroidal bait-and-switch.

But the grumblers and grousers are sadly missing the point. True, Meteor Crater may not visually match the crimson-hued beauty of the Painted Desert, or the seemingly endless majesty of the Grand Canyon, or the spooky allure of the Petrified Forest. Meteor Crater is a big hole in the ground, rendered in earth tones of gray and tan and ochre. But what gives Meteor Crater its emotional power is not its inherent beauty. Instead, it’s the manner of its creation.

The Grand Canyon and most other natural wonders of the American Southwest were formed over unimaginable depths of time, with wind and water scouring away the ground, grain by grain, over millions upon millions of years. They represent Nature at its most plodding and patient; they challenge our grasp of how long the Earth has been here, and how brief is our time upon the planet.

Meteor Crater, on the other hand, was created in just a few milliseconds of unexpected and almost inconceivable violence—and thus it represents Nature at its most capricious and destructive. It challenges us to think not just about what did happen, but what could happen, in an instant, literally out of the blue. Stand on the crater’s rim, gaze across the vast expanse, imagine the flaming asteroid hurtling toward Earth, the ground-shattering explosion, the mushroom cloud rising 40,000 feet into the sky, the rain of iron and rock falling down for miles around. And then remember that the burst of violence that left this enormous scar on the Earth was relatively small in comparison with others. Multiply what happened here by a thousand times, and then maybe you’ll begin to grasp the destructive potential of a major asteroid impact.

The crater hasn’t changed much since the moment it was born. It’s not quite as deep as it was back then—a few hundred feet of wind and water-borne sediments have collected at the bottom over the millennia—and the walls and rim are dotted with clumps of salt brush and riven with countless water-cut gullies; rain doesn’t come often here, but when it does, it comes a gusher. But for the most part, the crater is still in geologically pristine condition—which is what makes it unique in all the world. Sure, there are other “impact craters” created by asteroids or comets that hit the Earth—a couple hundred of them that we know about, thousands upon thousands that we don’t. But in most cases those other known impact craters have been worn away by erosion or covered by vegetation or filled in and scraped flat by glaciers. Their existence can be perceived by scientific instruments and scientific deduction, but most can’t actually be seen.

But Meteor Crater can be seen, in almost the same state it was in fifty thousand years ago. There are a couple of reasons for that. One is the crater’s relative youth. In geologic terms, fifty thousand years is a blink of an eye. There simply hasn’t been time for this crater to be worn away or destroyed like so many others. The other reason it’s in such good shape is its location in the arid high desert. It’s almost as if the crater came with safe-handling instructions: Store in a cool, dry place. Best if studied within fifty thousand years.

And Meteor Crater has been studied, by generations of scientists who have trooped over its shaley slopes and chipped away at its rocks and peered through microscopes at the pieces of the asteroid that were scattered about. And slowly, over decades, the asteroid and the crater it left behind have given up their secrets. How old is the Earth? Why is the face of the Moon pockmarked with scars? What happened to the dinosaurs? Those are just a few of the questions that this crater and the asteroid that made it have helped us to answer. This crater has become a kind of astrogeological Rosetta Stone, a guide into the mysteries of our planet and our Solar System.

Perhaps even more important, this place has served as a kind of early-warning system, a canary in our coal mine, a Cassandra foretelling dire things to come. Until not so very long ago, we thought that our Solar System was a basically benign and predictable place; hardly any reputable scientists believed that large asteroids and comets had ever struck the Earth, certainly not with enough force and power to alter life on our planet. But now we know better. Because of the scientific revolution that this crater and that asteroid of fifty thousand years ago set in motion, we now know that Earth exists in a kind of cosmic pinball machine, a place of chaos and catastrophe and worlds in collision.

And as we’ll see, we’re finally taking that new knowledge seriously—although it’s an open question whether we’re taking it seriously enough. But at least we’re trying. On windswept mountain peaks scattered around the world, astronomers are scanning the nighttime skies for asteroids that could pose a threat to Earth—and they’re finding thousands of them that we never knew existed. NASA, the Federal Emergency Management Agency, and other national and international agencies are routinely holding “Planetary Defense Conferences” to try to assess the asteroid threat, and to come up with plans for what to do about it. Millions of miles away from Earth, space vehicles are conducting recon missions against potential enemy asteroids that have a small but still significant chance of colliding with Earth when our children’s great-great-grandchildren are living their lives. Visionaries are imaging how we might turn those dangerous asteroids to our own advantage, in the process saving humanity from destruction by our own hands.

The point is that we owe a lot to this crater and our little asteroid of fifty thousand years ago. They have told us many things.

But what’s astonishing is how long it took us to listen.



CHAPTER 2




MIRACULOUS APPARITIONS IN THE AYRE

In 1628 the English playwright and essayist Thomas Dekker published a short pamphlet titled “Looke Up and See Wonders: A Miraculous Apparition in the Ayre.” In it Dekker described a recent mysterious disturbance in the sky above the small Berkshire village of Hatford.

“In an instant was heard first a hideous rumbling in the ayre,” Dekker wrote, “and presently after followed a strange and fearful peal of thunder, running up and down these parts of the country. . . . All men were so terrified, that they fell on their knees, and not only thought, but sayd, that verily the Day of Judgment was come.”

Based on eyewitness reports, Dekker described the event as a kind of artillery battle in the sky, complete with sounds like cannons booming and clouds of smoke and flying rocks “not unlike the flying of bullets from the mouths of great ordnance.” Several of those rocks—Dekker called them “thunder-stones”—were later found on the ground, and were described by Dekker as “In color outwardly blackish, somewhat like iron. . . . Within it [there is] soft material, mixed with some kind of mineral, shining like small pieces of glass.”

Dekker didn’t know it, of course, but the rocks were meteorites, and the smoke and sounds of cannons were caused by a small asteroid that had exploded in the atmosphere. And his report about what happened in Hatford actually wasn’t all that unusual. It was just one of many, many accounts of “miraculous apparitions in the ayre” that have been passed down through history.

Fireballs and meteors streaking through the atmosphere, stones falling out of thin air, comets setting the heavens ablaze—they have been part of the human experience since the first Homo sapiens gazed up at the African sky. And ever since, they have inspired fear, awe, reverence, even madness. Before we get on with our story, we should know what these miraculous apparitions are—and what they were long thought to be.

Because they’re visible over vast areas of Earth, and because they can linger in the sky for weeks and even months, and because they’re beautiful, comets have always attracted the most attention—and not always welcome attention.

Comets are loosely bound chunks of ice, dust and rock that were left over from the creation of the Solar System more than four and a half billion years ago. Some of those chunks are a few hundred yards wide, others tens of miles across. There are probably trillions of comets out there. Some of them reside in what’s known as the Kuiper Belt, a doughnut-shaped region of space way out beyond the orbit of Neptune. Even greater swarms of comets are believed to make their homes in the Oort Cloud, a spherical assemblage of frozen space bodies that envelopes the farthest reaches of the Solar System.

How far away are these comet-rich regions? They’re far, really far, up to trillions of miles from the Sun. To put those Solar System distances into perspective, try this mixed-sports demonstration. Take a regulation NBA basketball, paint it yellow and red and orange, then put it on the northernmost goal line of the MetLife football stadium in East Rutherford, New Jersey. The basketball is the Sun. Now take a single pellet of No. 8 skeet shot—less than a tenth of an inch in diameter—paint it blue and put it on the 28-yard line. That’s Earth, and it shows you just how far our Earth is from the Sun, and how small Earth is in comparison; it’s a tiny BB to a basketball. Meanwhile, Mars is a pinhead on the 47-yard line, and Jupiter, the biggest planet, is a Whopper malted milk ball high up in the stands behind the opposing goal post, 150 yards away from our basketball/Sun. The farthest edges of the Kuiper Belt are miles away, across the Hackensack River in Secaucus. And a comet at the outer edge of the Oort Cloud? It’s a microscopic dust mote, and it’s not even in New Jersey. It’s more than 3,000 miles away, flying over Brazil.

Like I said, it’s far.

When they’re simply cruising around in the frigid vastness of the Kuiper Belt or the Oort Cloud, comets really aren’t much to look at. They’ve been described as “icy snowballs” or “dirty iceballs,” although in most cases they aren’t actually balls. They’re more like dirty snow clumps or icy dirt clods. Most comets stay in their own lanes out in deep space, going around the Sun in long, slow orbits, but occasionally some gravitational disturbance will put a comet into a highly elliptical (oval-shaped) orbit that sends it speeding into the inner Solar System. And that’s when a comet literally starts to shine.

As a comet gets to within a few hundred million miles of the Sun it begins to warm up, and the frozen substances on and just below the surface—water ice, frozen methane, and so on—turn into gases mixed with dust particles. Those glowing, sunlight-reflecting clouds of dust and gases spew out of the comet like smoke from a 1969 Mercury Comet with a cracked block, forming a halo or “coma” around the comet’s icy-dirty nucleus; sometimes they also form long, bright tails of dust and gases. A big gassy comet can have a coma a million miles across, and tails that stretch for hundreds of millions of miles through space.

Comets zip through the inner Solar System all the time, but most of them are too dim and too far away to be noticed by anyone except astronomers armed with telescopes. But every now and then there are comets that are big enough and bright enough and come close enough to Earth to light up vast swaths of our sky. Those are called Great Comets, and they are some of the most spectacular sights the heavens have to offer.

And yet, throughout most of human history Great Comets were not associated with beauty, but instead with impending doom. In cultures from ancient China to the Americas to the Middle East to Europe, they were almost universally denounced as “vile stars,” harbingers of catastrophe, warnings from the heavens.

A German jingle written about the Great Comet of 1618 summed up the feeling this way:

Eight things there be a Comet brings

When it on high doth horrid range:

Wind, Famine, Plague, and Death to Kings,

War, Earthquakes, Floods, and Direful Change.

The alleged direful effects of comets were a staple for astrologers of the day. (Until the eighteenth century there was little distinction between astrology and astronomy in Western culture; some of the greatest astronomers of the time made their livings casting horoscopes.) For example, after pondering the Great Comet of 1664, one English astrologer offered up a menu of potential comet-induced disasters that included “fornication to become rife and common”—actually a pretty safe prediction in any era, comet or no comet—as well as “rotting of fruit,” “abundance of caterpillars,” “the death of some king,” and the “destruction of fish.” So fraught with evil were comets thought to be that one clergyman suggested they were physically composed of “the thick smoke of human sin . . . full of stench and horror”—which prompted another scholar to wryly note that if comets really were made of human sin, there should be a lot more comets.

Before we laugh at such cometary superstitions we should remember that even in relatively modern times comets have inspired madness and mayhem. For example, when a Great Comet appeared in 1910 a French scientist warned that when Earth passed through the comet’s tail it would be enveloped in deadly cyanogen gas, which could “possibly snuff out all life on the planet.” Other scientists shouted him down, but the report prompted panic in some cities, as well as brisk sales of gas masks and bogus “comet pills.” More recently, in 1997, when the magnificent Comet Hale-Bopp was lighting up the sky, rumors spread that the comet was running interference for an alien spaceship that was following close behind. Believing this, thirty-nine members of the Heaven’s Gate religious cult committed suicide so their souls could be transported to the UFO. The science of comets has come a long way, but apparently it’s hard for human nature to catch up.

Anyway, it wasn’t until 1705 that English mathematician and astronomer Edmond Halley managed to get a handle on the basic essence of comets. Based on German astronomer Johannes Kepler’s laws of planetary motion and Isaac Newton’s recently published laws of gravity, Halley was able to compute the specific orbit of the Great Comet of 1682. Although it can change over time, the orbit of a space object is sort of like a fingerprint: each is unique. And when Halley took a look at some old records, he found that the orbits of the Great Comets that had appeared in 1531 and 1607 bore an eerie resemblance to the orbit of the Great Comet of 1682. In other words, they were all the same comet, coming and going and coming ’round again in long orbits around the Sun.

Halley predicted that the Great Comet of 1682 would reappear after being gone for 76 years—which it did, on Christmas night in 1758, although Halley didn’t live to see it. The reappearances of Halley’s Comet in 1835 and 1910 were both spectacular. (The comet that sparked sales of “comet pills”? That was Halley’s.) Unfortunately the 1986 Halley’s Comet appearance was something of a visual bust, at least for casual observers on Earth; the comet and the Earth just weren’t lined up right. Still, a series of space probes sent up by the European Space Agency, Russia, and Japan managed to gather a host of data on the comet’s characteristics. Because of them, we now know that the ice-dust-rock nucleus of Halley’s Comet is about eight miles long and that it’s ingloriously shaped like a peanut. It’s due back in 2061.

Halley didn’t actually discover the comet that bears his name—it had been seen by people for thousands of years—but these days comets are named after the person or persons who spot them first. And you don’t have to be a professional astronomer to claim naming rights on a comet. For example, Comet Hale-Bopp was separately but simultaneously discovered in 1995 by Alan Hale, a professional astronomer in New Mexico, and by Thomas Bopp, a parts department manager for an Arizona building supply company who was looking at the sky through a borrowed homemade telescope. In three hundred years of sky watching by thousands upon thousands of astronomers only about five thousand comets have been discovered, so discovering a comet is still a pretty big deal.

Seventy-six years may seem like a long time for a comet like Halley’s to make one loop around the Sun—the Earth does it in just 365 days—but in the comet world that’s actually a pretty quick trip. Some comets can take hundreds of thousands or even millions of years to complete their elliptical orbits around the Sun. There may be Earth-passing comets out there that were gawked at by Australopithecus man two million years ago, comets that won’t be gawked at by another hominid until another million years from now—assuming there are any gawking hominids still left on Earth by then.
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