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Dedication
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Introduction

And So It Begins

The Universe. The Solar System. Earth. Life. Humanity. Religion. And of course, Donkey Kong. These are all immense and fascinating subjects in their own right, but there is something they all have in common, something physical that connects these diverse dots together. If you were to poll a million random people on what that connection is between those dots, probably zero would pick meteorites—but the reality is that rocks flying around the cosmos not only built our physical world and laid the foundation for life to exist, they also have had an inordinate influence on the various nonconcrete constructions of civilization. Meteorites are not just museum relics or interesting items to buy on the Internet as physical reminders of the death of the dinosaurs; they represent the origins of Earth and humanity.

Rocks from outer space not only create stories, but they tell them also. These scientific objects link the formation of the Solar System to the present day, acting as time capsules of information that extend billions of years. Humanity’s pursuit of knowledge about the creation and evolution of the physical environments throughout the Universe utilizes meteorites in a variety of ways, as these rocks are often the only windows we have into the environments in which they were created. Meteorites may be cool trinkets to some, they may be terrifyingly deadly objects to others, they can indeed be functional doorstops, but meteorites are also incredible scientific tools for studying the past. This book is a discussion of how meteorites have influenced our planet—since it was created until the present day—and what we have learned about our physical environments once we started to study meteorites as scientific objects.

The Beginning of Time and Space

When you are looking through a telescope, either in your backyard or at images from something as spectacular as the Hubble Space Telescope, you are essentially looking back in time. If you focus your telescope on something a million light-years away, then the light you are perceiving is a million years behind what actually is happening in that part of the Universe. On human time scales, this would be akin to just now being able to watch the 2015 World Series for the first time. Because the Universe has been expanding for such a long time, there are some objects that are pretty darn far away from us, both in space and time, and this allows astronomers to look at innumerable objects billions and billions of years in the past, informing us how galaxies and stellar systems form and evolve. If we look really far back to the start of it all—the “Big Bang” 13.7 billion years ago—we have to use a combination of telescopes, particle physics, and loads of mathematics. When we do this, it is very clear that the Universe was a very different place than it is now. First of all, there were only a few elements: hydrogen and helium were the only major players, and only traces of lithium and beryllium were to be found. That was it—no aluminum, no iron, no neon, and no einsteinium. For quite some time, it was essentially just an expanding hot cloud of protons, neutrons, electrons, and probably cockroaches. After a while, nuclear fusion started inside early stars; nuclear fusion is basically a way of merging ingredients like hydrogen and helium to get heavier elements—a process that ratchets up over time, creating even heavier elements. And since stars started forming, they also eventually started dying.* When a star reaches the end of its life, one way or another, it spews its guts over the cosmos, providing seed materials (elements like iron or neon) for the next generation of stars to repeat the process with a slightly heavier starting point. This process is what Carl Sagan was referring to on an episode of PBS’s much-loved Cosmos:


The cosmos is also within us. We’re made of star stuff.



This famous line may seem an oft-repeated trope to some, but regardless of whether you have heard this many times before or if this is the first, this quote captures an incredible amount. It is simple, but it gets at the heart of what the Universe is: a giant recycling program.

The primary reason we know so much about this impressive recycling program is our ability to look backward in time at other star systems using telescopes, but, unfortunately for those interested more locally on how our own stellar system formed and evolved, we are restricted to present-day programming only. We know that our Solar System was born from the remnants of exploded stars: the Sun, the planets, comets, meteorites, Jimmy Fallon, etc. are all products of previous generations of stellar systems; this is just the latest iteration of the assemblage of those particular atomic particles. But how do we learn about the early days of the planetary bodies familiar to us? The light we get from the Sun only takes 8 minutes and 20 seconds to get to Earth, so the looking-back-in-time trick is not particularly helpful if we are trying to study something that happened in the Solar System over 4.5 billion years ago. Luckily for us, there remains a way to look back in time at our stellar neighborhood, and that is in the form of fossils that recorded the important events of our Solar System’s origins. These fossils are meteorites, and these physical remains are largely the reason we know so much about the formation and evolution of our pettily little Solar System.
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Categorically not to scale, and only a partially accurate timeline of the Universe and accompanying snapshot of the modern Solar System.


So What Is a Meteorite?

Meteorites go by a lot of names depending on their stage of existence. They are asteroids when orbiting the Sun, meteors for a literal hot-second as they streak across the sky, and they become meteorites once they land as an alien interloper on Earth. But they are all the same objects, just different names for different times. Think of meteorites like the musician Prince. He was born in Minnesota as Prince Rogers Nelson, but became an international superstar known simply as “Prince.” He then changed his name to the unsayable symbol of love, at which time he was widely known as “The artist formerly known as Prince.” He eventually dropped the symbol moniker to go back to his given first name. Yet, for all this name changing, he never strayed from being the same eclectic and talented individual dressed primarily in purple. This is essentially how it is with asteroids/meteors/meteorites, minus the killer guitar solos and flamboyant stage presence.

With the nomenclature stuff out of the way, very simply stated, most meteorites are pieces of our early Solar System that never really matured into legitimate planets. They are gatherings of cosmic dust and galactic garbage that coalesced into a stony object that then, fortuitously for us, found its way onto the surface of Earth. Most meteorites are thought to come from the asteroid belt, a loosely organized collection of floating rocks between Mars and Jupiter. The main asteroid belt is a mix of many different things: dust, small pebbles, large primitive chunks of Solar System material, broken pieces of former planets, and stuff that was never big enough to call anything other than the dismissive-sounding “planetesimal.”

The cosmic debris that is now the asteroid belt is held in a relatively stable orbit due to the gravitational dance mostly between Jupiter and the Sun,* but occasionally objects of the asteroid belt run into one another. When these collisions happen, bits can get knocked off the offending parties and out of orbital bliss. If any chunk of the Solar System falls out of stable orbit, the object will careen toward the biggest gravity well in the area, normally the Sun. Since Earth is located between the asteroid belt and the Sun, it can occasionally get in the way, and you guessed it, mass extinction. Or, much more likely, a souvenir-size space rock; it really depends a lot on the dimensions at hand.

If it is not an extinction-level-size rock, this can be a really great thing for us humans. Such chunks of the past have been floating around doing nothing but holding information about the past, largely unchanged, for an incredible expanse of time. This is billions of years with nothing happening. This incredible expanse of time, and the relative lack of things going on in space, means that meteorites give us snapshots into what was going on in the neighborhood when these rocks formed so long, long ago. Basically, this is just another way to look back in time, only with physical samples instead of telescopes.

The Scientific Study of Meteorites

The Meteoritical Society, the sole international society engaged in the study and dissemination of information about meteorites, has a membership of fewer than one thousand people. And while this number has been growing steadily over the decades, this includes retirees, part-time researchers, and graduate students. As such, the number of active, full-time professional meteorite researchers is probably more around one hundred, and this is for the entire world. That is not a lot of people, and, as with any issue, it is always fun to look to Florida for a bit of perspective. The Sunshine State has somewhere around two hundred people who make a living exclusively from alligator husbandry. Think about that for just a bit. Meteorites have extinguished hundreds of apex predator species virtually instantaneously and plunged the entire world into extended periods of darkness multiple times. It could conceivably be our misfortune as human beings to be snuffed out by a large space rock. Yet there are more people that have chosen to farm alligators in one state in the United States than currently study meteorites in the entire world. And I am not particularly advocating against the existence of exotic reptile products, just simply pointing out that we have more people actively farming an animal that most of the human population is terrified of than are studying samples of other planets that most of the human population is reportedly fascinated by. If that is also not serious motivation for a popular science book on meteorites, I don’t know what is.

I like to think of the study of meteorites as “cosmic forensics.” Meteorites were witnesses to a crime (formation of the Solar System), and people that study meteorites interrogate them to give up their information. And since our interrogation techniques routinely include slicing meteorites into small pieces, dissolving various bits with acids, and shooting interesting parts with high-powered lasers, meteoriticists sound a bit like James Bond villains. But we interrogate meteorites in the name of science; we are far less interested in world domination. At least most of us.

However grotesque it may sound, the study of space rocks searches for answers to a few basic, overarching questions. Ask anyone in the field why they do what they do and they will likely say they want to answer some variant of some or all these few questions:


	How did our Solar System form?

	What sequence of events occurred for the Solar System to turn out the way it did?

	Are there other systems out there similar to ours?

	How/Why did life develop in the Solar System?

	How unique is the development of life in the Universe?



By any measure, these are big questions, and likely questions many inquisitive people on the planet have. And these questions are answerable—at least approachable, but only through space science, in which meteorites play an outsize role. Meteorites provide the starting composition of what our Sun and planets are built from. Meteorites contain clocks that recorded how long certain processes took; meteorites contain thermometers and other fun things to look at the environmental conditions when the Sun was just getting started. Meteorites represent the “ground truth” for the models that dynamists make about how stellar systems form and evolve. Meteorites contain diamonds older than the Sun, pieces of long-exploded stellar systems, and some even shockingly contain amino acids and large amounts of water, the building blocks of life as we know it.

Reasons to Study Meteorites

Aside from the fact that knowing stuff is just cool and looking for answers that have not yet been found is an exciting and noble pursuit, there are many practical reasons to study extraterrestrial objects. For example, we are running out of palladium, a precious metal we need to make more smartphones. Most of the palladium we mine arrived by meteorite, because the original palladium from Earth’s formation is all in the core. Since, as humans, we are not really that patient of a bunch and are not okay with just waiting for more metal-laden meteorites to arrive to save us from our palladium addiction, multiple companies have been formed to investigate mining asteroids for raw materials.

Maybe you are less of the consumeristic type and think more about the survival of the human species. After all, it is inevitable that the Earth will eventually become uninhabitable, either by our own destruction or from outside forces. If you are looking to understand more about why Earth is habitable, knowing the ingredients and conditions of the Solar System so you can look for other habitable places is a good place to start, and that requires meteorites. After all, they contain a record of essentially the entire history of the Solar System, including all the starting materials we had to work with. Obviously, finding Earth 2.0 will also include awesome telescopes, a really fast spacecraft, and some chic, shiny spacesuits, but it might be smart to know what you are looking for before you strap yourself into that supercool rocket ship in your form-fitted Versace self-breather spacesuit.

And while these practical reasons are great, for me at least, and I would guess many of my colleagues, studying meteorites as scientific objects is primarily for the joy of finding out information that was previously unknown. It is stimulating, it is exciting, and it is far less dangerous than farming alligators.

Beyond the overwhelming scientific information meteorites have provided, the path that meteorites traveled to be viewed as scientific objects is a fascinating historical account that spans the majority of human existence. Human-meteorite interactions occurred prior to humans having the capability to document anything, and meteorites played important roles in the cradles of civilization: ancient Mesopotamia, Egypt, and China all have fascinating meteoritic interactions that influenced how these cultures developed. The broad story of how meteorites affected cultural trajectory includes many fascinating twists, a U-turn or two, some larger-than-life personalities, the emergence of some of the world’s most followed religions, gruesome emperor assassinations, people eating space rocks to become godlike, and even notes on how to build a proper house. Accounts of human interactions with meteorites over history are strange, sometimes humorous, oftentimes frustrating, but always interesting.

After reading this work, my hope is that you will agree that meteorites are far more than just rocks from space that occasionally kill things—they are incredibly important objects that played a crucial role in building our planet and our culture.


One

Important Early Meteorite Strikes

We tend to think of the Solar System as a fairly predictable place where the planets faithfully twirl around the Sun in ordained orbits, and where moons do a similar, but smaller-scale waltz with their planetary pals. Occasionally, maybe a comet from the outer reaches of the Sun’s pull whizzes by for a bit of fiery fun every now and again, but overall, thanks to gravity, cosmic order is dependably maintained. And when you consider only the blink of time that humans have been on Earth, this homeostatic view is not too far off from reality. Contrary to this relative serenity, however, the early Solar System was a dynamic beast of chaos: formation and destruction of planetary-size bodies, intense irradiation, and general mayhem were the norm. But after the first few tens of millions of years of planetary pandemonium, things slowed down a bit. This perhaps still should not be called “stable” when, at any moment, Earth could be hit by a rogue asteroid the size of Mount Everest, flash-melting continent-size volumes of rock, resulting in an ocean of magma, but at least those types of things don’t happen that often.

The Early Early Days of the Solar System

One important thing to remember about the Solar System is that it did not used to look like it does now. First, the Sun’s behavior was very different from what it is today. When a young stellar object like the Sun first forms, it passes through a variety of phases before it settles in. For our star, the Sun, you can think of this as the “terrible ~2-millions.” Even though the Sun was fainter at its inception than it is today, it was far more violent. This is partly due to the fact it was rotating much faster, essentially giving it a bit more energy. This faster rotation and extra energy resulted in higher magnetic fields, stronger solar winds, and orders of magnitude stronger ultraviolet and X-ray emissions from what we have today. Of course, it is perfectly cromulent to ask how we know anything about the young Sun, since, well, it was a long time ago and we were not there. Let’s jump into the fun realm of astrophysics for a brief moment. The properties of a star, such as its luminosity and stellar lifetime, greatly depend on the star’s size.* We know the size of the Sun and therefore the amount of nuclear fuel it can burn (mostly hydrogen and helium), so all we have to do is simply integrate the Lagrangian congruency to the point where it diverges from its inverse dielectric constant . . . carry the one . . . math, math, math . . . words, words, words . . . and bingo, history of the Sun revealed! Perhaps another good way is to just look at the gazillions of other stars out there in the Universe and see how those of a similar size are reacting during the different stages of their life cycles. Both of these methods lead us to the same basic conclusion: the young Sun was a temperamental and difficult child to be around.

Whereas the activity of the young Sun was not making things easy, there were also other, possibly even more catastrophic hazards to worry about for planets growing up in our young Solar System. That is right, planetary bullying . . . or at least smashing into one another while jockeying for positions that constituted stable orbits. The early Solar System was considerably more crowded with planetesimals and rocky objects than it is today, and importantly, the modern orbits of many of the planets have evolved since the Solar System started.* This combination of migrating planets and lots of stuff floating around led to a lot of planetary rock fights that did not end pleasantly for most of the parties involved. In particular, the large masses and corresponding gravitational power of the giant planets like Jupiter and Saturn caused these two planets to play an outsize role in defining the structure of the current planetary orbits. Because it took these gas giants a couple hundred million years to finally settle into their respective homes in the disk, their inward and outward migrations massively upset the order of things, relentlessly flinging large rocky bodies around crashing into one another—or more likely the Sun—until everyone finally found their happy place.

After the bulk of the migratory mess finished, the result was four rocky planets (Mercury, Venus, Earth, Mars) and the asteroid belt inside the orbit of the four gas giants (Jupiter, Saturn, Uranus, Neptune). Interestingly, based on the currently available planetary surveys from other stellar systems, our planetary arrangement is certainly not a common one. In the vast majority of exoplanet systems, gas giants tend to be close to the central star and not so distal, like in the Solar System. It is possible that due to the difficulty in detecting smaller rocky planets compared to gas giants, we presently have a skewed view of extrasolar planetary systems. However, at this point the general difference between the planetary arrangement in the Solar System and those in other parts of the galaxy appears to be real and may suggest that our setup is special. Is this arrangement important for why Earth is the only known planet that fosters life? We need to find a lot more stellar systems with rocky planets, and a few more planets that host life before we can answer any of these types of interesting questions. So, let’s do that as soon as possible.

[image: image]
The intense activity of the young Sun and the migration of giant planets caused some serious havoc back in the day.


The First Known Meteorite Strike on Earth

It is a fairly well-established fact that we have a moon. On most evenings, it is a prominent fixture in the night sky, and well, we have been there a couple times to hit golf balls and drop a flag or two. What was not realized for the vast majority of human history was why or how we have a moon, especially such a large one.* In large part due to the samples returned during the Apollo missions and the armies of scientists that have studied them, we have an answer to that question, and as you may have surmised from the primary subject of this book, the Moon exists because of a really, really big meteorite.

Long before humans started having interesting and culturally consequential relationships with meteorites, space rocks have been assaulting Earth, basically since it was formed. The surface of the Earth is pitted with hundreds of craters from meteorite strikes dating back billions of years, all of which likely had interesting consequences not only for the local geology and biology, but for the entire evolution of the planet. However, unequivocally, the most consequential of these ancient meteorite impacts was the one that happened when the Earth was a mere toddler, less than ~150 million years after the birth of the Solar System. There are no craters from this impact because it was far too large to leave any such obvious scars. This is because the impact flash-melted the entire surface of the Earth and large portions of its mantle. The impactor itself, a Mars size body that has been named Theia,* was completely obliterated as it violently introduced itself to a fledgling Earth. During their meeting, significant portions of the silicate components (mantle and crust) of Earth and Theia were ejected off the surface of the newly molten planet Earth and into a semi-stable orbit* around the ball of liquid rock. The material that was ejected from this collision eventually coalesced into what we now call the Moon, producing a brilliantly tidally locked, lower-density-than-Earth extra-large satellite for us to marvel at 4 billion+ years later. To humans throughout history, the Moon has always been a convenient and nice object for individuals to look at while pondering the important (or unimportant) questions of the day. But now we know not only that we have a moon, but its process of formation was a major cause of why life, and thus humans, exist on Earth at all.
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A nonexact play-by-play of how the Moon formed.


The Important Consequences of the Moon-Forming Impact on Earth

Much like any one-way timeline that cannot be rewound and run again under different conditions, it is difficult to know what would have happened if X or Y had not occurred over Solar System history. We ended up where we are because of an innumerable string of events, some large, some small, but all contributing to the overall evolution and eventual grand habitat of planet Earth. What can be said with absolute certainty is that if there had not been a Moon-forming impact at the time it happened in Earth’s history, things would have evolved very differently on our planet. Of course, it is possible that without this early jolt of excitement and high-temperature sterilization, intelligent beings would have developed on Earth a billion years earlier and Theia just hamstrung the development of hover-boards and space travel. But far more likely is that without Theia hitting the reset button on Earth ~150 million years in, things would have gone far less swimmingly for life to take hold at all, forever depriving the Solar System of things like Molly McButter and Ace Ventura: Pet Detective.

The instantaneous ecological consequence of Theia and Earth meeting was the immense heat produced, leading to an ocean of liquid-hot magma.* Whereas there is no evidence that life as we know it had started to grab a foothold on Earth prior to the Moon-forming impact, if it had, any progress made in that direction was almost certainly wiped out. Of course, it is theoretically possible that life could exist happily doing the backstroke in molten rock at 1500°C, but this life would have had to be in a completely different form from anything we have ever encountered or even consider remotely possible. The reason is, at such high temperatures, building and maintaining complex molecules like amino acids and proteins is just not possible. It is simply just too hot to preserve the bonds that hold them together. Consequently, the trailhead for any path that led to life as we know it must have started following the magma ocean stage of Earth’s history.

Not only did Theia’s arrival mark a “resetting” from a biological and Earth surface perspective, it had a massive effect on the atmospheric evolution of Earth. The atmosphere of a planet and how it develops is a complicated balance between gases, gravity, temperature, and luck. This balance is perfectly revealed using our sister planet, Venus, as a comparative example. Venus is the second planet from the Sun: it is about the same size as Earth, it is made of the same basic material as Earth, and it is roughly the same distance to the Sun as Earth. Yet Venus has a crushing atmosphere that exerts pressure almost 100 times greater than Earth and hosts the hottest surface temperatures of any planet in the Solar System. If Venus ever had significant amounts of water, its runaway greenhouse atmosphere boiled all of it away on its journey to an inhospitable 96 percent CO2 atmosphere that contains way more sulfuric acid than even a Batman villain would find comfortable. So if Earth and Venus are so similar in so many basic planetary ways, then why are they so vastly different in their atmospheres? The answer is likely because of Theia.

It is difficult to know exactly what the pre- or post-Theia impact atmosphere was like on Earth and understanding the evolution of Earth’s atmosphere is a very active area of research. Many opinions exist about which gases would have dominated the early Earth, and many of the arguments stem from the various possibilities of what the Earth was originally built from.* Regardless of Earth’s exact original building blocks, many scientists speculate that prior to the Moon-forming impact, Earth was on a similar atmospheric trajectory as Venus: a runaway greenhouse that would have culminated in wholly hostile conditions for development of anything other than a torture outpost for sadistic aliens. Irrespective of what our exact starting position was, the game was changed in a big way when Theia came to town. Such an impact essentially reset the system—not only by blowing off large amounts of the atmosphere that had developed in the first ~150 million years, but critically, such a large impact would have liberated primordial gases from the Earth’s mantle. Now here, it may seem reasonable to think that any volatile species, say, water, that was present on Earth either as an ancient ocean or water locked up in the early mantle would have been completely lost out of the system due to a massive superheat-producing impact. However, again this is space, and size really matters. Gravity doesn’t care if a planet is liquid rock or solid gold, gravity permits the object to hold on to everything it can, and the significant gravitational pull of even a beaten-up Earth is enough to keep most of the volatile species close enough to where they will eventually settle back down onto the planet. As such, the result was a post-impact atmosphere rich in things like hydrogen, carbon monoxide, and water.* These chemically reduced ingredients are important because abundant chemical energy exists in a reduced atmosphere. A reduced atmosphere means there is ample chemical energy available for any intrepid balls of organic goo that decide to spring to life/colonize Earth. The difference between a reduced atmosphere (hydrogen, methane, ammonia) and an oxidized one (carbon dioxide, inert gases) is like the difference in trying to develop and proliferate inside a virtually endless all-you-can-eat buffet of energy and trying to develop and proliferate on a barren slab of inhospitable rock.

So, with the conditions favorably reset roughly ~4.4 billion years ago, an opportunity (and available energy) emerged to turn raw, abiotic, carbon-containing molecules into what we term “life,” however one chooses to define it. Perhaps all thanks to a chance encounter with an immense meteorite named Theia.

Speculation About the Material Delivered by Early Meteorites

The Moon-forming impact turned Earth into a giant ball of molten rock. This concept may seem like the natural outcome of such a lively collision, but it is important for a number of reasons. First, from a chemical perspective, when bodies are molten, geochemistry happens at a high rate. Elements have chemical preferences, and when everything is a liquid, it is far easier for elements to move around and satisfy their chemical desires. Just as people tend to segregate into similar cultures in big cities, approximately the same is true for the chemical elements in a planetary body. Very dense materials like iron and nickel metal like to move to the center of the body and form a planetary core. There are elements that desperately want to be near iron (appropriately called “siderophile” or “iron-loving”) and when the Earth was molten, the vast majority of iron’s element buddies like iridium and gold moved to the core of the planet, leaving only a vanishingly small percentage left in the crust.* Conversely, there are elements like magnesium, calcium, and aluminum that have no interest at all in living in the metal core and want to live out on the periphery of the planet (elements termed “lithophile” or “rock-loving”). These chemical suburbanites therefore make up the crust and mantle of the Earth. Because of this predictable chemical behavior, if, after the Moon-forming impact, things proceeded with no other addition of meteoritic material, then we would have essentially no access to any gold, iridium, or any other of the chemically similar elements because they would all be stashed in the core of our planet. But we do have some gold. We do have some iridium. And we have a whole host of other things in the crust that should all be in the core. Then why do we have them in the crust? It is because arrival of meteorites did not stop with the Moon-forming impact. And importantly, these raw materials arrived late to the party—after the Earth was done forming a core. As a consequence of the mantle and crust no longer being liquid rock, these poor iron-lovers became the chemical equivalents of Tom Hanks in the movie The Terminal. They are stranded in purgatory, being shuttled around the crust and mantle by plate tectonics, but unable to relocate to the core, where they want to live.*

There is little debate that humans have late-arriving meteorites to thank for our accessible budget of certain precious metals like gold, platinum, and iridium. And you can have a reasonable debate about how much society actually needs these elements, but since multiple empires have been built and destroyed in the quest for more of them, these shiny sojourners have had an undeniable influence on humanity. However, these fashionably late meteorites may have contributed much more than just precious metals to our crust: they may have delivered the organic* material from which life developed, as well as the water on Earth that sustains it. Not bad for a few less-than-punctual stones.
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Arrival of material to Earth after the Moon-forming impact replenished some metals in the mantle and crust, and may have provided (1) lots of water and/or (2) basic organic materials.


Continued Help from the Moon

Regardless of whether the ingredients for life, or life itself, was delivered by the late-accreting material to Earth, there is little dispute that organisms have populated the Earth for at least 3.8 billion years, as evidenced by microfossils in a number of different rocks. Less direct (and therefore much more disputed) lines of evidence hint that life on Earth may date as far back as around ~4.3 billion years—in other words, just after the Moon formed ~4.4 billion years ago. Beyond the immediate environmental construction assistance from Theia, the actual post-impact, fully formed Moon itself has been the subject of many thought experiments regarding the emergence of life on Earth. Many researchers would argue that without the Moon, Earth would have remained a boring lifeless rock, or at the very least, life would have taken a very different path than it eventually did.

Quite possibly the most important consequence of the Moon on the history of early life is the same important consequence it has on modern maritime life on Earth: the tides. Modern tides range from ~zero to more than 16 meters, which, depending on your exact location along the coast, may seem like a lot of water-height variability. Modern high and low tide both occur ~twice each in twenty-four hours. However, 4 billion years ago, Earth was spinning much faster and the Moon was much closer to us. These differences caused much larger tide fluctuations to occur more frequently: there might have been ~50-meter tide changes every five hours or so in certain places. You may be wondering what this has to do with the development of life? Well, according to many origin-of-life researchers and astrobiologists, tides could have had a lot to do with early life on Earth. In order to create that lovely broth of interacting organic molecules lovingly termed the “primordial soup,” it is important to concentrate organic molecules to the point where they interact, or in other words, to get rid of a lot of water. One easy way to get rid of a lot of water is to evaporate it, but in order to get that primordial soup recipe just right, you would likely have to try over and over and over again. The most efficient way to repeatedly do this is not an exotic process, it is just a natural consequence of oceanic tides. Ocean tides produce local differences in the water level on a repeated basis, which happens to be the perfect mechanism for concentrating organic material. When the tide is high, water that contains dilute random organic molecules is repeatedly tossed up onto rocks, often forming small tidepools. When the tide recedes, the trapped water evaporates, concentrating the organic material that was in the water. Because this sequence repeated multiple times a day, day after day, all around the world, tidal areas would have represented a great place for prebiotic organic material to randomly interact, making the jump from lifeless goo to biotic goo. Without the Moon and the tides it creates, this crucible for carbon concentration would barely exist.*

A thorough discussion of the Moon and its importance on the development and evolution of life is far beyond the scope of this book. There are numerous reasons why the Moon has played a crucial role in the development of complex life. For a comprehensive expansion of this topic, check out work by people like Dr. Richard Lathe. However, if you are looking for a less academic and more salacious read about the lunar influence on modern human life, then familiarize yourself with the story of Thad Roberts, a disgraced intern at NASA who conspired with fellow interns to steal lunar samples collected by Apollo astronauts. In short, following their successful (and actually quite impressive) heist of ~8 kg of Moon rocks, Thad and his love interest Tiffany decided to spread the lunar material out on a bed and have sex on top of it* before trying to sell the postcoital stones to interested buyers. Unfortunately, at least for the lunar sex squad, the potential procurers of the material were members of the FBI running a sting operation to recover the precious stolen material. It is safe to say that following the . . . uh . . . excitement, those particular samples became slightly less valuable from a research perspective. But an interesting story, nonetheless.

More Recent Large Meteorites and Their Influence on Earth History

Even though plate tectonics—Earth’s continent-size recycling program—has done an impressive job of erasing and replacing large portions of the rock record over geologic time, geologists are still able to find scars of meteorite impacts as far back as 2.4 billon years.* The second-oldest known crater, the Vredefort crater in South Africa, is just over 2 billion years old, and with a crater diameter of ~300 kilometers, is the largest surviving known impact structure on Earth. However, almost certainly, older and likely larger craters were present at some point on Earth’s surface but have just been destroyed or overprinted by tectonic activity and/or weathering. It is also important to consider that Earth’s surface is about 70 percent water, and as such, only 30 percent of its historical impacts have even a semi-decent chance of being preserved at a reasonable level. The significance of impacts on Earth, identified or not, large or not, is multi-fold. For one, they show that we are routinely pelted by flying rocks of a variety of sizes and have been for billions of years. Second, this constant bombardment is not just an interesting side note about Solar System processes and gravitational dynamics, but it is also of paramount importance to the plants and animals that are, and want to remain, alive. As it turns out, when a large rock hits Earth at say, 40,000 miles per hour, or ~25 times faster than an average bullet, it can make quite a mess of things.

Perhaps the best-preserved and most easily accessed example of the type of damage that can be done by something, anything, moving at such incredibly high speeds is found at Meteor Crater in northern Arizona. The crater has a diameter of about 1.2 kilometers and is thought to have been caused by an impactor about 50 meters in diameter, or about the size of the visitors’ center that is barely discernible in the accompanying photo (the black thing is the much larger parking lot, so that doesn’t count). It is impossible to stand at the rim of the crater and not think about the sight when the impact happened ~50,000 years ago. When one realizes that Meteor Crater is not considered a very large crater on Earth, this becomes just a tickle scary.*

[image: image]
An overhead view of meteor crater and its visitor center in northern Arizona.

Steve Jurvetson from Menlo Park, USA, CC BY 2.0
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Intrepid geologists investigating the crater up close.


Luckily for us and all other living things, the frequency of the impact is inversely proportional to the size of the event. This is a fancy way of saying that the small ones are common and the big ones are rare. Earth takes quite a few tiny pokes and the occasional jab, but only very rarely does Earth take a planetary haymaker on the chin. The tiny pokes and jabs can of course have devastating effects on any local life in the neighborhood, but little effect on more far-flung colonies of critters. Conversely, the rare very large events can have a devastating effect on the entire planet when they happen—think superheated atmosphere, multi-kilometer high mega-tsunamis, and global atmospheric dust blotting out the Sun for years at a time. Lucky for everything that has ever lived on Earth, very large meteorite impacts, ones that produce craters >100 kilometers in diameter, are exceedingly rare events. Only five such events are known in the last 2 billion years, and only three of those events occurred after the point when Earth’s creatures were evolved enough to have backbones.*

Paleontologists spend a lot of time studying the rock record and documenting the history of life on our planet. What comes up time and time again is the propensity for life to chug along fine, slowly and happily evolving into more complex organisms, until some environmental disaster happens and, presto, mass extinction. Since this is a book about meteorites, you may see this as the point where all of the major mass extinction events in Earth’s history are tied to meteorite impacts. Well, that would certainly be a sexy segue into how space rocks are constantly destroying and reshaping our biosphere, but it would not necessarily be true. Of the “Big Five” mass extinctions endured on Earth, actually only one enjoys a consensus view as being caused by a meteorite impact.* There are a couple of minor mass-extinction events that have been linked to meteoritic impacts,* and these smaller events have undoubt edly altered the course of evolution over the history of life on Earth. However, there is only a single meteorite impact principally linked to a major mass extinction event, and you probably already know which extinction event that is.

[image: image]

The Death of the Dinosaurs

If you were growing up in the 1950s and ’60s, the Moon, Mars, or anything at all to do with space was undoubtedly the topic that captured your imagination and the imagination of the greatest amount of kids around the developed world. Of course, the two world superpowers then, the United States and the Soviet Union, were engaged in the famed “Space Race,” which consumed almost all the oxygen from most newscasts and conversations at the time. Although this race was more about politics, pride, and military prowess than academic curiosity, it still inspired the hell out of a lot of young girls and boys, men and women alike, to look up and envisage what was out there beyond the horizon.

However, if you were growing up in the 1980s and ’90s, space had a serious contender for your and countless other kids’ attention in the form of dinosaurs. Kids’ movies like Baby: Secret of the Lost Legend and The Land Before Time were evidence of Hollywood attempting to cash in (and helping feed) dino-hysteria. The pre-history fever pitch was evident at the beginning of the 1990s with the understandably intense popularity of Michael Crichton’s Jurassic Park and the less understandable popularity of ABC’s sitcom about a blue-collar family of mildly sentient dinosaurs, ingeniously titled Dinosaurs. What was driving this public craze for stories and information about the legendary lizards that used to rule the Earth? I would like to think it was science; there is really only circumstantial evidence for that assertion, but hear me out. Around 1980, when Mount Saint Helens was explosively reminding people of the importance of geology and the power of Mother Nature, scientists were making extremely important discoveries and developing theories that would captivate the public like only a few things can. Terms like “geology” and “excitement” are in most times considered by most humans to be oxymoronic, but when you roll together geologic spectacularities like volcanic explosions, giant meteorites hitting Earth, and extinction of the dinosaurs, people pay attention.

Prior to around 1980, it was unknown what caused the extinction of the dinosaurs. At the time, this had to have seemed like a fairly large knowledge gap, and we should probably figure out what vanquished the hundreds of building-size lizard species that roamed unchecked around the planet. Why? Well, knowing about their extinction could prevent us from being vanquished ourselves by whatever it was that took out the dinos. And if they ever came back, it sure would be nice to know how to defeat them. Regardless of the exact motivation of any individual, it seems it should have been, and was, important for a number of reasons to a large number of people. Theories of what caused the dino-demise were plentiful, and many of the less scientifically rigorous ones bordered on absurd. These ranged from increased global temperatures causing all of the dino-offspring to be males, very hungry caterpillars eating all the vegetation, to an especially virulent strain of dino-herpes decimating the population to the point of extinction.* However, around 1980 the first hard evidence started to emerge about what likely caused the mass extinction of the planet’s previously dominant creatures. The father-son team of Luis and Walter Alvarez discovered a thin layer of sediment that was spread around the planet and had an especially high concentration of the element iridium. This may not sound like a big deal, but as discussed above, the element iridium is found in extremely low concentrations in the crustal rocks of Earth yet is found in very high abundance in, you guessed it, meteorites. It just so happens that this iridium-rich layer also separated rock layers that contained very different types of fossils, suggestive of a very abrupt change in the biosphere.

After this, the story just writes itself, right? Well, scientists are an excitable but careful bunch. An asteroid hitting Earth and killing the dinosaurs was a scientifically sexy idea, but it took considerably more evidence than a thin, exotic metal-rich layer of sediment in the right position in a few places around the world to arrive at the consensus view that we have today. After all, geology was the study of slow change over long periods of time; religious texts like the Bible were where sudden catastrophic events belonged, right? As more studies followed looking at rocks the same age as those investigated by Family Alvarez, more and more locations were exhibiting the same results. In the rock layers below the iridium-rich layer, there were dino bones. In rocks deposited after the iridium-rich layer, the dino bones were absent. And because the data were similar regardless of where on Earth you looked, this pointed toward a global phenomenon, not just a localized event. When the iridium-rich layer was examined in microscopic detail, it contained further, strong evidence pointing toward a meteoric impact ~66 million years ago. First, the layer contained impact-formed microspherules, tiny rock spheres that form when giant impacts happen because some of the rock is molten and tossed into the air; second, it also contained impact-shocked minerals that recorded imprints of the impact in their partially damaged structures, like how you know someone T-boned your Honda Civic because the side is caved in. As work continued on what is one of the most important rock layers in Earth’s history, evidence such as thickness of the layers and locations of where impact-shocked minerals were found increasingly pointed toward Central America as the epicenter of the impact. The eventual discovery in 1990 of a large impact crater in Mexico with the same age as the iridium-rich sediment layer was the final bit of evidence that most scientists needed: a meteorite killed off the dinosaurs,* forever altering the history of our planet.

[image: image]

The father-son team of Luis (at left) and Walter Alvarez (at right) posing at the iridium-rich layer near Gubbio, Italy (tilted subsequently by tectonics). Walter’s right hand is touching the last layer of rock during the dinosaur’s time. Luis’s left hand is touching a dino-free existence.

Lawrence Berkeley Laboratory
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The death of the mighty dinosaurs and the rise of the furry little mammals.


The impact—in both meanings of the word—of the meteorite that caused the death of greater than 75 percent of the species on Earth is difficult to comprehend. The approximately 10–15 kilometers (6–10 miles) wide asteroid was moving at a speed of around 25,000 mph when it landed in a shallow Caribbean Sea overlaying carbonate and sulfate rocks. The modern physical scar is the 180 kilometers diameter Chicxulub impact crater in the Yucatan region of Mexico, but the effects were far from only local in scope. The immediate repercussions of such a large impact have been modeled extensively, and while there is considerable debate about the specific aftereffects, scientists agree that it would have been very bad news for life that was there at the time. Mega-tsunamis would have inundated anything anywhere near a coastline. Many models suggest that the atmosphere was superheated to the point of igniting raging forest fires around the planet, only to be followed by severe global cooling due to particulates blocking out the Sun for months after the event. Because of where the impact happened, fun things like global acid rain would have been commonplace thanks to the impact vaporizing the sulfate deposit on which the asteroid landed. Earth was simply not a pleasant place to be in the aftermath of being smacked by a giant rock moving incomprehensibly fast. Thankfully, however, all was not lost. As Jeff Goldblum is famous for saying in Jurassic Park (and the million memes that followed), “Life, uh, finds a way.”*

The Upshots of a Decimated Planet

By any metric, dinosaurs were a very successful branch of animals. They developed, evolved, and diversified over the better part of 175 million years. Some were gigantic, up to 50 meters long, and some were barely the size of a chicken, but together they were the keystone organisms in the food web for the bulk of the Mesozoic Era. Whereas evidence exists that dino domination of the planet was starting to wind down even before the death blow at Chicxulub, there is little question that things changed in a very big way following the Cretaceous–Paleogene (K–Pg) extinction event ~66 million years ago. This is especially evident in the fossil record when you consider that nothing with a body weight over ~25 kg survived out of the Cretaceous period. Think of that: one moment there were creatures as big as 100 tons strutting their stuff around, and then, in a blink of geologic time, no living animal on Earth was larger than a basset hound. The dinosaur departure, irrespective of an instantaneous or slightly protracted one, created immense opportunity for previously stifled species. And who better to capitalize than those furry little opportunists, the mammals.

Mammals didn’t just spring up after the lizard kings were dethroned. The first mammals evolved alongside their reptile overlords more than 200 million years ago. But as you can imagine growing up in the long shadow of the giant lizards, those Mesozoic mammals evolved primarily as small nocturnal creatures scurrying about trying not to be noticed as the perfect warm and fuzzy snack. However, the mammalian species that managed to survive the K–Pg extinction were the beneficiaries of a completely new world of possibilities. Well, it was a positive at least that there was a lack of giant lizards around every corner trying to eat you, but there were still a lot of food shortages due to large chunks of the planet being burnt and fallow, but the “no giant lizards” part was surely a relief. With this newfound freedom, mammals flourished, to say the least. At the start of the Paleogene period, the mammalian class underwent a massive increase in numbers and body size from scroungers the size of gerbils to the modern blue whale, which is the largest animal ever known to exist. Mammals diversified exponentially, and it was not long until they were flourishing not only on land but also in the sea and in the air. We as Homo sapiens arrived on the evolutionary timeline after mammals had been around for >200 million years. However, by far the most productive of those evolutionary years were the last ~66 million, where mammals experimented and evolved freely without having to worry about staying hidden all the time from their terrible lizard oppressors.

[image: image]
A timeline of life on Earth.


Regardless of whether it is viewed holistically or as one occasion at a time—events like the Moon-forming impact, the late-accretion of raw and unprocessed materials to early Earth, the periodic pounding of smaller meteorites, or the extinction-causing impacts shifting evolutionary history—it is not hyperbole: humans owe their very existence to meteorites, and we are just getting started on the reasons.


Two

Cosmic Cinema for Early Humans

Astronomical displays, such as eclipses, cometary flybys, or distant supernovae, have been happening intermittently in the sky since our planet formed. These events have occurred throughout the entirety of Earth’s history, and there have undoubtedly been some really impressive shows of cosmic power over the last 4.5 billion years—the dinosaurs might have one hell of a story to tell if they were more communicative, for instance. Unfortunately, however, historical accounts of such celestial cinema is limited to the big-brained, yet very peculiar humans that came to be only in the latest flash of geologic time. Many of the earliest human/cosmos interactions are lost to history (due to a lack of records, or even further back, a lack of written/spoken language). But even without the benefit of records spanning all human history, we must have been noticing things happening up in the sky for a long time. Looking up eventually became a tool to aid early human navigation, but early on, the sky was probably just thought of as one big shiny light during the day and numerous small, twinkly lights to look at when nighttime set in. Day to day and night to night, the sky may seem like a static thing, but to the careful observer, subtle things happen beyond just the movements of the Sun and Moon. Every so often, though, something very dramatic occurs in the sky and even the most oblivious primates take note. These dramatic events, whether a cometary arrival, a faraway exploding star, or a nearby meteoritic airburst, have helped shape our culture to what it is today.

For most of human history, the bulk of the human population has been concerned exclusively with day-to-day activities and the happenings on the ground. And this is completely understandable. But things do happen off the ground every so often, and sometimes they cause quite a stir. Just try for a bit to empathize with a cabbage farmer whistling and working the fields three thousand years ago when, suddenly, the Sun completely disappears in the middle of a cloudless day. You will likely have no trouble seeing how such an unexpected event would cause a bit of unrest in the mind, and if Mr. Cabbagesmith was the excitable type, you could see how that mind might venture into territory that could be described as “hysteria.”

Until recently in human history, there was not an overabundance of appreciation for what was happening in and above the sky from a scientific perspective. This is probably why, when something like a solar eclipse happened, people sometimes lost their cool. Now, of course, thanks to centuries of study and TV documentaries hosted by Neil deGrasse Tyson, we realize that a solar eclipse occurs when the Moon gets between your little spot on Earth and the Sun (with a rearranged order for a lunar eclipse). Eclipses are predictable—to the minute—decades in advance and yet they still garner bounteous news coverage and eyewitness accounts whenever they occur. Likewise, we basically know when and what to expect for luminous cometary flybys, and yet they still create a massive worldwide buzz when they happen. These things are proof of how much influence cosmic events can have on humans, even in the modern age when we think we know what is happening and why.

A noteworthy example of the, er, curious human response to such an event can be found in the first known recorded reference to an eclipse. This comes from Loughcrew, Ireland, in the form of three stone monuments that host carvings of spiral petroglyphs. Based on back calculations of previous eclipses that would have been visible in the area, the depicted-in-stone alignments of the Sun, Moon, and horizon likely represent the solar eclipse that occurred November 30, 3340 B.C.E. However, what remains unclear from the carvings, and perhaps understandably omitted by the ancient artist/authors, is why there is a mass grave hosting the burned bones of four dozen people in the area. Some might suppose it has something to do with human sacrifice to a god that somehow was connected to the Sun. Or, it could just be one of those crazy coincidences of history where scores of charred bodies turn up disturbingly close to an ancient observatory for no apparent reason.

The happenings at Loughcrew are not a singular story of humans . . . overdramatizing . . . an eclipse. Intense reactions and creative setup scenarios seem to be the norm and not the exception. In many ancient (and present) cultures, eclipses are representations of battles between great or divine beings, with various iterations depending on the culture. For instance, Vietnamese legend has it that a giant frog is devouring the Sun. The Vikings saw eclipses as a deadly game of chase involving two sky wolves trying to eat the Sun and plunge the Earth into eternal darkness.* The ancient Chinese thought the Moon was a dragon attacking the emperor (projected as the Sun). And since any deft emperor would want to avoid being attacked by a dragon, emperors generally employed several astrologers to help predict such events. Famously, in 2300 B.C.E., two of the emperor’s finest failed to get the prediction right, resulting in their beheadings. Which is a bit unfair, since—and this is just speculation here—their failed prediction did not result in the emperor being devoured by a giant sky-dragon.

[image: image]

Solar eclipse. Time to freak out.

Luc Viatour



And speaking of headless, Hindu belief interprets an eclipse as the detached head of the deity Rahu occasionally ascending into the sky after it was removed from his body. Importantly, while Rahu’s head achieved immortality, the rest of his body was not so fortunate, as the two were intentionally separated by his foe the very moment he was drinking an immortalizing nectar. Consequently, the now-eternal head of Rahu is trying to seek revenge on the snitches (the Sun and Moon) that led to his beheading. As the lore goes, Rahu is able to eat the Sun (or the Moon in the case of lunar eclipses), but since he has no body, they just pass through his throat and back out the other side unscathed. As the old saying goes, “Revenge is a dish best served up at recurring intervals that happen to coincide with the predictable motions of the celestial bodies.”

The ancient Babylonians were able to vaguely predict eclipses, but nonetheless saw them as bad omens, particularly for the health of their royalty. As such, when an eclipse was predicted, a low-life commoner would be given the “honor” to sit atop the throne just in case something bad occurred that was aimed at its usual occupant. After the eclipse was over, the stand-in was rewarded for his service by, you guessed it, promptly being executed.

The ever-uplifting ancient Greeks saw any eclipse as a certainty of doom—although things did not always turn out so gloomy when eclipses actually happened. In perhaps one of the stranger occurrences in military history, the unnatural twilight of 585 B.C.E. reportedly stopped the sparring Lydians and Medes cold in the middle of an ongoing battle in what has gone down in history as the “Battle of the Eclipse.” Allegedly, both sides interpreted the eclipse as an omen to lay down arms, ending more than a decade of warring and leading to a peace treaty. Since that treaty was signed, there has not been, nor will there ever be, any more political tension in the Middle East . . . all thanks to that eclipse.

As you may have guessed, military responses to other solar eclipses have not always been so pacifistic. In what is arguably the most famous historical reaction to a solar eclipse was the northern European totality, or full eclipse, that coincided with the death of King Henry I of England in 1135. Apparently, this eclipse also darkened the hearts of men, as the struggle for the newly vacated throne threw the kingdom into almost two decades of chaos and civil war.* If history is any guide, this turmoil may very well have happened without the disappearance of the Sun, but it is of course more fun to blame things on astronomical events and not just the commonly detestable nature of human beings and the struggle for dominion. As a fun historical note—and likely not a big-time shock to a thoughtful reader—it was actually not the eclipse that killed the king. Henry insisted on eating a number of lamprey during a foray in northern France, where such creatures were a local delicacy. Oh, Henry . . . after his meal, he fell terribly ill over the following week and eventually succumbed to the icy grip of death. Tough break when your last meal is a pile of slimy jawless fish parasites, but death comes in many flavors.

When reliable eclipse predictions first became possible, only a few learned or fortunate people were privy to the information. In fact, America’s distasteful “discoverer” Christopher Columbus put early astronomical tables to use in a story that very much summed up his character. In the summer of 1503, Columbus haplessly stranded himself and his merry men on the friendly island of Jamaica. For about six months, the kind locals were extremely accommodating, providing food and provisions for the stranded seafarers. However, by around March 1504, the local leaders decided that Columbus and the castaways had started to overstay their welcome and chose to stop supplying the freeloading vagabonds. Columbus found a solution to his provisions problem in an almanac aboard his ship. The almanac contained astronomical tables covering the years 1475–1506, and just so happened to provide him with the date of a lunar eclipse in the area. On the eve of the predicted eclipse, Columbus called a meeting with the tribesmen that had been previously so gracious, stating to the leaders that their treatment (or current lack thereof) of he and his men was angering his god and they would receive a clear sign of this divine fury that night. On schedule, the lunar eclipse occurred, so impressing and frightening the Indigenous Jamaicans that they promptly ran with ample provisions as to not incur any further wrath of the apparently angered god. Columbus, the good guy he was, happily went on to subjugate his former hosts.
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Henry I of England, the king dethroned by jawless fish parasites.

National Portrait Gallery



Eclipses can also be used in non-nefarious ways, and those with a scientific bent have studied them since ancient times with important consequences. Using eclipses, Chaldean (neo-Babylonian) astronomers figured out what is now called the Saros cycle—the approximately 18-year, 11-day, 8-hour interval in which the Sun, Earth, and Moon habitually line up for an eclipse. Due to that troublesome “8-hour” bit, the position on Earth where the eclipse is fully visible changes, meaning different parts of our planet get to freak out at different levels at different times, which is nice for parity’s sake. It was lunar eclipses that allowed the ancient Greeks to accurately determine the distance between the Earth and the Moon, and the same events convinced Aristotle that Earth was a sphere due to the circular shape of its shadow when seen on the Moon. Please note that hard evidence that Earth is a sphere existed more than three hundred years before the time of Jesus. This is a very simple and clear observation that can be made by anyone, yet this is not enough to convince members of the Flat Earth Society they are clinging to ideas that have been obsolete for more than 2,300 years.*

Eclipses have continued to be a boon to science even in more modern times. And, no, sadly this does not reference the time when then President Donald J. Trump chose to look directly into the summertime North American totality of 2017 without any eye protection and decided to double the budget of the National Science Foundation.* Digression aside, a solar eclipse allowed the testing of Albert Einstein’s then recently unveiled theory of general relativity. Einstein had suggested in his landmark work that massive objects caused distortions in space and time, and Sir Arthur Eddington confirmed this when he was able to measure the ever-so-slight deflection of starlight by the Sun during the May 29, 1919, eclipse.
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Donald Trump doubling the NSF budget looking directly at the Sun during the 2017 solar eclipse.

Andrew Harnik/AP



The above are just a smattering of the numerous eclipses that have happened over human existence, and only a handful of stories associated with them. An event like a solar eclipse is of course spectacular, but really all that happens is that it gets dark and maybe a bit colder for a few minutes in the middle of the day. A bit unsettling, yes, but it gets dark every night, so it just kind of happens at the wrong time. A little darkness is not something that is unfamiliar to almost anyone who has been on the planet for more than twenty-four hours. Now let’s contrast a little untimely darkness with a giant fireball producing a light brighter than anything you have ever seen flying through the sky, possibly at you, accompanied by a thunderous noise louder than anything you have ever heard. On the “Should I Panic” scale, most would put “gigantic supersonic fireball” somewhere up pretty near the top, possibly even above seeing a circus clown with a solitary balloon walking slowly around the sewers of their hometown.

In any event, given how history has reacted to comparatively dull eclipses
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