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INTRODUCTION
Plato wrote about the catastrophic destruction of Atlantis, which his sources said occurred in a day and a night about 11,600 years ago. The Bible vividly describes torrential rains and an immense flood in which most of humanity perished. Native Americans have many rich stories about an enormous cataclysm involving worldwide fires and flooding. Altogether, the myth and folklore of as many as fifty different cultures around the planet tell of similar global devastations, during which humanity went through a trial by fire and flood.
Are the cultural legends based on facts, or are they fables? Did a major calamity actually happen? Lacking hard evidence, scientists have dismissed the old tales of epic natural disasters, and even though popular writers have speculated about such catastrophes, convincing proof has been elusive. Until now, no one has discovered and documented decisive evidence of a specific event that caused mass extinction.
You are about to embark on an expedition to find the truth. Along the way, across the United States, you will meet archaeologists, paleontologists, geologists, and other scientists at their excavation sites and in their laboratories. You will witness their electrifying discoveries, from solving the mystery of thousands of Paleo-Indian hunters whose way of life suddenly collapsed to explaining the radioactive bones of “Eloise,” one of the last mammoths to walk the planet.
In this book, we provide compelling evidence that a cosmic chain of events began 41,000 years ago and culminated in a major global catastrophe 28,000 years later. We refer to that culmination period of 13,000 years ago as simply the “Event.” During our search, we three authors, who are trained researchers who have worked as government scientists, are joined in our quest for truth by a wide variety of other experts, including a retired NASA section chief, members of the prestigious National Academy of Sciences, and internationally known university researchers.
Through a series of unusual and unpredictable on-site investigations, we turn up clues to a violent calamity that doomed millions of animals to extinction, caused widespread major mutations, decimated the human race, and set the stage for the rise of modern civilization.
Now, for the first time, this work presents tangible explanations for the following:
	Mass extinctions. What caused the sudden annihilation of Ice Age mammoths, mastodons, saber-toothed tigers, and 40 million other animals, along with much of the human race?
	Fire and flood stories. Is there any hard evidence to corroborate the megafloods and cataclysms recorded in the Bible, Plato’s story of Atlantis, Native American lore, and the myths and literature of other cultures?
	Ice Age cooling. Just when climate had warmed and the Ice Age seemed over, what caused Greenland temperatures suddenly to plunge an amazing 16 degrees F within just a few years and caused the great continental ice sheets to expand again?
	The Carolina Bays. What was responsible for the formation of hundreds of thousands of puzzling miles-long depressions on the Atlantic Coast that look just like Martian impact craters?
	The “black mat.” What is the mysterious layer of black sediment found spanning North America that rests directly over the bones of the last mammoths to walk the Earth?
	Black glass. How does this unique and unusual material provide a crucial clue to the nature of a cosmic event?

THE SIXTH EXTINCTION
The Earth has been shaken by five major extinctions in the last 500 million years. In the most destructive of these events, about 90 percent of life on Earth disappeared, and even in the mildest of the extinctions, hundreds of millions of living things vanished. Look around you and imagine that 90 percent of every species you see suddenly disappeared, including trees, fleas, flowers, dogs, frogs, fish, cats, bats, and, of course, your family and friends.
We are now living in the period of what is called the “sixth extinction,” which some scientists believe will be equally devastating. In our time, the extinction of modern species and the gradual worsening of our climate and environment appear to be due primarily to the actions of human beings. One of the major causes of our modern problems is that Earth’s population has been growing exponentially, and it is a law of nature that explosive population growth will eventually result in a major collapse. While this book focuses mainly on threats from space, it is more broadly about a complex, interlaced web of world problems that have a surprising cosmic connection. Here is some of what we face:
	Unpredictable climate. Weather is more unstable and extreme; tornadoes and hurricanes are more frequent and more destructive; and global temperatures are rising.
	Natural disasters. Most of history’s costliest and deadliest earthquakes and tsunamis have occurred in the last 100 years.
	Environment. Humans are destroying forests, wetlands, and grasslands, which are crucial to environmental balance worldwide. Across our planet, arable land is disappearing at an increasing rate.
	Scarce food and water. Every day, of the world’s 6 billion people, more than one in six lacks adequate food and clean water.
	The nuclear threat. Terrorism and nuclear proliferation are on the rise.
	Warfare. Recent and current wars reflect frequent struggles over increasingly scarce land, oil, water, and other natural resources.

This litany of dangers confronting our planet may be familiar to you, yet there is a hidden side to the story that we reveal in this book. Our current species extinction, overpopulation, and environmental degradation were in fact kicked off 41,000 years ago by an unimaginable cosmic event—they have a cosmic cause, not just a manmade one.
According to some astronomers, we are currently in a 400-year window in which Earth is passing through a cloud of space objects, and the threat to Earth is high. The massive collision of Comet Shoemaker-Levy with Jupiter in 1994 was a clear warning. Sadly, there are a few organizations around the world hunting for menaces in space—in the United States, that role mainly falls to NASA.
	Under a $4 million/year survey program, NASA has estimated there are about 1,100 near-earth objects (NEOs) larger than half a mile across, of which about 700 have been identified.
	Plus, there are about 20,000 lesser NEOs larger than about 500 feet wide, each of which is capable of causing citywide or regional devastation.
	And these figures do not include thousands of large comets—NASA is not yet seriously looking for them.

In 2007, after recognizing the importance of locating NEOs, NASA submitted a proposal to Congress for a $1 billion budget to build better instruments and spacecraft to detect space threats. Suffering from remarkable shortsightedness, Congress denied the request!
Our main purpose in writing this book is to draw more attention to the reality of this threat from space. Individuals need to be aware of the danger, and governments need to increase the pace of searching for these dangerous objects. And, most of all, we need to find a way to prevent them from hitting our planet. The cosmic event described in this book killed 40 million animals and nearly wiped out the entire human race. We should ensure that another such event does not succeed.

THE STORY OF THE EVENT
Our evidence indicates that a colossal cosmic catastrophe culminated 13,000 years ago, and Cycle of Cosmic Catastrophes is about how we uncovered that evidence.
Part 1 (“The Search”) describes the hunt. We started with just a few compelling clues and used them to unravel the mystery of an awesome cosmic event.
In Part 2 (“The Main Event”), we set a dramatic scene for you, with a descriptive chronological overview of what happened.
In Part 3 (“The Evidence”), we lay out the evidence and explain how it all fits into the bigger picture. Along the way, we hear from some ancient storytellers through their cultural legends, which we maintain are the accounts of those who survived the disaster. While we do not purport their stories to be accurate in all details, we believe them to be valid recordings of subjective impressions of actual ancient events.
Are you ready to begin the search for answers?


PART ONE
THE SEARCH


1 
THE SEARCH FOR CLUES
PREPARING FOR THE HUNT
Looking at the man with the shotgun, Dr. Bill Topping, an archaeologist, held up a shotgun shell and cautioned, “We need to hit it dead center.” The other man nodded, as his colleagues Bob and Donna Miller watched.
Bill was there to conduct a low-tech experiment to test his theory for explaining the sudden disappearance 13,000 years ago of the Paleo-Indians, the mammoths, and dozens of other large Ice Age species that are referred to as megafauna, meaning that individual members weighed more than about 100 pounds (45 kg). Many scientists agree that the extinctions began and ended abruptly as the Ice Age ended.
Since useful scientific research can be done in both high-tech and low-tech ways, Bill planned to use, first, a $200 shotgun and then, second, a $200 million cyclotron, or “atom smasher.” Even though the cost and level of sophistication of the two are vastly different, each would provide equally vital clues for solving the mystery of the Event.
Bill’s associate Ray DeMott took the shell and flipped it around in his hand to check it one last time. The two had removed the birdshot, replaced it with fine metallic grains, and sealed the shell with wadding. Satisfied, Ray chambered the shell into the .410 shotgun, slid the bolt shut, and locked it with a sharp click. Next, he shouldered the shotgun and shifted it until it was comfortable, taking careful aim at their highly unusual target—a soup bone.
Bill had purchased the thick bone to substitute as a bone from an extinct mammoth. He had attached it to a plywood target, along with a thick piece of quartz glass to substitute for a Paleo-Indian spear point. The goal was to find out what high-speed tiny metallic particles would do to the simulated mammoth bone and the glass. Would they bounce off harmlessly—or would they penetrate with potentially lethal results? Bill hoped the results would reveal clues to explain the mysterious extinctions of 13,000 years ago. This was a key test for his theory.
Ray closed his left eye and squinted down the barrel with his right eye, lining up the two sights with the soup bone. Holding his breath to steady his aim, he slowly squeezed the trigger. The loud blast kicked up the gun barrel, and the air filled with smoke.
Walking forward quickly as the air cleared, the men were eager to check the results. Nothing. The target had been too far away.
They would have to load another shell and try again, but that’s what experimental science is all about. If you fail once, twice, or a dozen times, you just keep trying. A colleague once summed up the scientific method by saying, “The best scientist gets it right the last time.”

BEGINNING THE SEARCH FOR ANSWERS
The unlikely string of events that led to that shotgun experiment began by accident several years earlier while Bill Topping worked on his doctorate in archaeology. Since he lived in Michigan, a state with many archaeological sites dating from the Paleo-Indian era about 13,000 years ago, Bill’s research led him to explore some long-standing mysteries about ancient Ice Age people and the animals they hunted. Scientists do not agree on why they vanished, and Bill was interested in finding out more.
Throughout this book, when we use the broader term “Paleo-Indians” we are referring specifically to the Clovis culture, the Ice Age people that some scientists believe came from Asia to Alaska and spread from the western plains of North America across the rest of the continent. Those new arrivals found plenty of large animals to hunt—mammoths, mastodons, and bison, which are the familiar buffalo of Western movies. Most of them are now extinct.
Clovis-era spear points, or Clovis points, were first recognized at the Blackwater Draw site near Clovis, New Mexico, in the 1920s. Now, the Clovis name is synonymous with those Paleo-Indian lancelike flint points, which have very distinctive flutes that were created when long, single flakes were removed from each side of a spear point’s base. Those flutes are the hallmarks of a Clovis point, distinguishing it from nearly all other types of stone spear points (fig. 1.1).
[image: image]
Fig. 1.1. Classic Clovis point with a long flute at the base. Source: The Arizona State Museum collection

WHERE DID THE CLOVIS PEOPLE GO?
The Clovis people appeared suddenly in the New World and stayed on the scene for just a few hundred years, and then their distinctive culture vanished as suddenly as did the megafauna around 13,000 years ago. Some archaeologists believe that the Clovis culture did not actually disappear; it simply underwent radical changes after the sudden extinction of the mammoths and other large animals of prey. However, that theory does not explain why the archaeological record is so sparse in parts of North America, particularly in the eastern United States, where there is little evidence of Paleo-Indian descendants for hundreds of years after Clovis times.

MILLIONS OF MISSING ANIMALS
The greatest puzzle is why the mammoths, mastodons, American camels, American horses, and saber-toothed tigers all became extinct almost simultaneously. According to Paul Martin in the book Quaternary Extinctions (1984), far more species of large North American land mammals died out in the last part of the Ice Age than had gone extinct in the previous 3.5 million years. As the graph of the information in his article makes clear (fig. 1.2), something extraordinary must have happened at the end of the last Ice Age—something that had not occurred for millions of years.
[image: image]
Fig. 1.2. Clovis-era extinctions compared to those of the previous 3.5 million years. Data from Martin (1984)
Martin believes that the Clovis hunters are to blame, and that they hunted the animals to extinction. He calls this the overkill theory, one of the three most popular theories on the extinctions. However, one problem with that theory is that the extinctions occurred at nearly the same time across all the Northern Hemisphere and parts of South America, as shown in figure 1.3. Mead and Meltzer (1984) conclude that those extinctions could have been finished by 12,900 years ago, and so, to our way of thinking, could be construed as having occurred at precisely the same time. But it is hard to conceive that Ice Age hunters, who had been hunting animals in Asia and Europe for tens of thousands of years with stone spears, could suddenly force millions of rabbits, deer, hyenas, bison, saber-toothed tigers, bears, mammoths, camels, horses, and oxen into extinction. Undoubtedly, their hunting had an effect on the populations of those animals, but something else must have been at work.
Another proposal, called the chill theory, suggests that sudden climate change at the end of the Ice Age exterminated all the large animals, in spite of the fact that those animals had been through millions of years of previous seesawing climatic change and had survived.
The third hypothesis is the ill theory, which proposes that epidemics or plagues killed off the megafauna, even though there is no conclusive evidence that such a thing happened. Together, these three theories make up what has been termed the “ill, chill, or overkill” way of explaining what happened to the large animals. We will look at all of them in detail later.
[image: image]
Fig. 1.3. The most likely extinction peaks for Northern Hemisphere megafauna. Note that, after having been around Asia, North America, and Europe for millions of years, many species went extinct within just a short time. Interpreted from data in McDonald (1984), Mead and Meltzer (1984), and Vereshchagin and Baryshnikov (1984)
None of the theories offers an adequate explanation, nor is there general agreement among scientists about what happened. Researchers just do not know the answer, although many believe in a combination of the three theories. With that in mind, Bill set out to find some evidence to clarify the mystery of the missing people and animals.

A RADIOCARBON PUZZLE
The first clue he found is related to radiocarbon dating. Radiocarbon, or 14C, is usually formed when a cosmic ray, traveling at the nearly the speed of light, strikes a nitrogen atom (14N) in the atmosphere, transforming it into a radioactive form of carbon, called 14C. Scientists use the rate of radioactive decay of those atoms to estimate the age of old carbon-based objects such as charcoal, wood, seeds, and bones, which may be associated with harder-to-date items such as pottery and stone tools.
Although this technique is reliable in most cases, radiocarbon researchers have discovered a major flaw in the theory. At one time, scientists thought the radiocarbon in the atmosphere remained constant, but to their surprise, they discovered that radiocarbon levels varied considerably over thousands of years—a fact that makes radiocarbon dating substantially less reliable for those times when atmospheric radiocarbon changed dramatically.
At its worst, the effect is so dramatic that scientists refer to it as a “radiocarbon plateau,” or a reversal, meaning that the 14C dates are in reverse order, with younger dates seeming to predate older ones. During such a reversal, radiocarbon dates can be off by many thousands of years, as you can see from the graph of IntCal04 dates near 18,000 and near 13,000 years ago (fig. 1.4), just the time when the Clovis people and the giant animals were disappearing. Bill suspected that this was no coincidence.
The only way that this anomaly could occur is if something added a lot of radiocarbon to the atmosphere. The question is, what could have done that? Bill knew that there are only a few causes of large and rapid increases in the radiocarbon pool on Earth. First, the cosmic radiation rate can increase from something like a supernova, the explosion of a massive star that is much larger than the sun, when the pulse of radiation hitting Earth’s atmosphere creates a surge of radiocarbon. Intense radiation from a huge solar flare can also cause an increase, although not as great.
Second, since Earth’s magnetic field and atmosphere shield the planet from cosmic rays, if the magnetic field strength declines or the atmosphere gets thinner, more rays can get through, thus producing more radiocarbon. There were widely measured magnetic field anomalies, called excursions, about 41,000 and 34,000 years ago. At those times, Earth’s magnetic field wavered and almost reversed, meaning that the north magnetic pole nearly flipped down to become the South Pole. At such times of field instability, radiocarbon levels increase.
[image: image]
Fig. 1.4. The 14C plateau problem, or reversal. The sharp peaks at 13,000 and 18,000 indicate that something added 14C to the environment. Data from Reimer et al. (2004)
Third, radiocarbon can increase during impacts by comets and asteroids, which can contain elevated levels of radiocarbon.
Two of these three causes—radiation and impacts—have a direct cosmic connection, and both can affect the third one, the fluctuation of Earth’s magnetic field. Knowing this, Bill believed it highly likely that a cosmic event was involved.
Other scientists have proposed a connection between extinctions and cosmic events: supernovae by Clark (1977), Brackenridge (1981), and Dar (1998); solar flares and weakness of Earth’s magnetic field by Wdowczyk and Wolfendale (1977), Alvarez (1980), and Zook (1980); and cosmic impacts by Clube and Napier (1984), along with Hoyle and Wickramasinghe (2001). Some other scientists, however, ignored or rejected their theories, so they have remained controversial. With that in mind, Bill knew he would need solid evidence.

RADIOCARBON SAYS CLOVIS INDIANS STILL ALIVE!
Exploring the radiocarbon issue further, Bill discovered that some Paleo-Indian radiocarbon dates were laughably wrong. For example, dates from the Paleo-Indian sites at Leavitt and Gainey, in Michigan, came from features such as fire pits, or hearths, that scientists knew were 13,000 years old; and yet the radiocarbon date came back suggesting that, inexplicably, the long-vanished Ice Age Indians were still hunting extinct camels when the Egyptian pharaohs were building the Temple of Karnak 2,800 years ago.
Another 13,000-year-old site, at Thedford, Ontario, Canada, seemed to show that the long dead Indians miraculously came back to life and lived up until about the time of Jesus. In addition, the most astounding Clovis-era site of all was at Grant Lake in Nunavut Province in northern Canada, where the long gone Ice Age Paleo-Indians had apparently been hunting mammoths during the time of the Battle of Gettysburg in the U.S. Civil War!
Clearly, these dates and others are impossibly wrong, although many others are correct. This indicated to Bill one of two things: either something had dumped extra radiocarbon onto the planet at that time, selectively resetting the radiocarbon clocks in some areas and not others; or perhaps, surface contamination had produced the erroneous radiocarbon dates.
While assembling these data, Bill realized that the most incorrect dates clustered near Canada and the Great Lakes, whereas those farther to the south tended to be more correct. This puzzling fact would turn out to be an important clue to the Event.

PEPPERED FLINT
Intrigued by the excess 14C at Paleo-Indian sites, Bill reasoned that there might be other clues to the mystery at those sites. Contacting Don Simons, the lead investigator who excavated the Butler and Gainey Paleo-Indian sites in Michigan, Bill arranged to test some flakes of chert (a flintlike rock) that were excavated at Gainey where the Paleo-Indians had discarded them as they chipped new points.
In Don’s basement, Bill slid a flake from the Gainey site under the microscope and focused at ten-power (10×) magnification. Squinting, he noticed an odd pattern, and increased the magnification. At 50×, the pattern became clearer, allowing Bill to determine that the chert was covered with tiny black dots resembling fine pepper. He was intrigued but mystified.
Bill increased the magnification to 10 × and stared at the black dots. Now he was able to see them very clearly. With a dawning sense of discovery, he leaned back in astonishment.
“Bullets!” he thought to himself. “Looks like tiny black bullets. Must be iron. Could be micrometeorites or something like that. Thousands of them! Maybe millions!” Later, tests would confirm that they were high in iron and other rare metals.
He was staggered by the implications. Had millions of tiny iron balls smashed into that Paleo-Indian flake? Had they hit the Indians as well? And how about the megafauna—could the tiny black bullets have caused those extinctions? Bill’s mind raced with possibilities.
Then Bill noticed something else. Some flakes contained occasional tiny craterlike features with raised rims, just as you would see with a meteorite crater. Sometimes, the craters had an iron ball at the bottom, and other times they did not. And the features were only on one side of each flake. That fit, since if that flake of chert had been lying on the ground at a Paleo-Indian campsite when the cosmic particles hit it, the craters would be only on the upper side. The particles must have come in very fast. And probably very hot, too.
Afterward, when we reexamined the Gainey chert, we discovered that the black dots were natural iron inclusions that had been in the chert for perhaps millions of years. They were not Clovis-era. However, the craters appeared to be independent of the iron balls. It was just a coincidence that they were together. In flakes provided by Don from the Butler Clovis-era site, there were craterlike features but no iron inclusions.
Later, Bill conferred with Dr. Henry Wright of the University of Michigan about the results. Henry, who was on Bill’s Ph.D. dissertation committee, was intrigued by Bill’s ideas about a cosmic catastrophe. Henry, a renowned scientist and a member of the National Academy, was open to new ideas while insisting on solid, repeatable evidence. Henry traveled to Don’s basement to examine the craters in the Gainey artifacts, and then arranged to analyze chert samples at Leavitt, another Paleo-Indian site near Gainey. When he and Bill went to investigate the Leavitt collection of artifacts, they put flakes under the microscope and saw the identical pits and craters as at Gainey. The pits were at three Paleo-Indian sites: Gainey, Butler, and Leavitt. The evidence was mounting.
Energized by his discovery, Bill had his first tangible support for a kind of catastrophe that might have caused the extinction of the megafauna. The Event that bombarded the chert was most likely cosmic. He reasoned that the craters were caused by high-velocity particles from an enormous blast, such as a solar flare, a supernova, or an asteroid or comet impact. Now, he had to amass more evidence to determine which one it was.

ETCHING THE CHERT WITH ACID
Bill decided to etch the surface of the chert with hydrofluoric acid (HF) to expose the embedded particles. HF is very dangerous and must be handled with great care, so Bill worked with an eye shield and long rubber gloves while he carefully processed the chert.
With the anticipation of discovery, he slid the first flake under the lens of the microscope, wondering what he would find. What popped into view was far beyond his expectations. The chert was riddled with small holes, and at the bottom of most of them he saw what looked like small, roughened balls of rusty iron. Most were incredibly small, about ten times narrower than a human hair, and each was at the bottom of a small crater.
Bill had collected Paleo-Indian chert flakes from a number of other sites from Canada, to New Mexico, to Indiana and Illinois, and as he recorded the depth and number of the pits, he noticed a clear-cut pattern. As with the radiocarbon dates, the depths of the pits decreased as the distance increased away from the Great Lakes (see fig. 1.5). The New Mexico sample had fewer and much shallower pits than the ones from Gainey. Once again, this suggested that the Event had occurred in the area around the Great Lakes.
Then he noticed an important clue. In some pieces of chert, the impacts had formed craters so deep that they made tracks that looked like steep funnels or even tubes (see fig. 1.6), and in any given piece of chert, all the tracks were parallel, indicating that they had come from the same direction. Furthermore, at the sites closest to and in Michigan, these tracks were nearly vertical; on the flakes found farther away from the Great Lakes, the tracks were at an angle. This too suggested that the particles radiated out from an overhead explosion or an impact centered on the Great Lakes or central Canada. An overhead explosion? Bill was surprised and puzzled.
He did not have a lot of information to go on. However, it was clear that if a supernova or flare had occurred, it would have been so far away from Earth that the tracks in New Mexico should be angled the same as those in Michigan. Since that was not the case, it was difficult to attribute metal balls and tracks to a supernova or a solar flare. Perhaps a meteor had exploded in the atmosphere over Michigan.
This reminded Bill of Tunguska, Russia, in 1908, when a cosmic object, most likely a house-sized meteorite or comet fragment, exploded several miles above the Earth. An immense fireball and shock wave flattened the forest in a radial pattern under the explosion and touched off huge forest fires. Incredibly, the blast zone of such a seemingly small object spread over about 1,000 square miles, an area twice as large as either of America’s two largest cities, New York City and Los Angeles. Most important for Bill, he remembered that the Tunguska explosion had peppered the ground with millions of tiny particles, some of which researchers found embedded in tree trunks facing the blast and not on the opposite side of the trees. Had a Tunguska-like event happened over the Great Lakes?

EXPERIMENTS TO DUPLICATE THE TRACKS
Now that he had found the tracks on the chert, Bill set out to understand how they had formed. He had not given up on the solar flare or supernova ideas, so he wanted to duplicate how each might affect a piece of PaleoIndian-type chert. He knew that both a flare and a supernova could produce a wide range of particles, from smaller than an atom, to a single atom, on up to much larger clusters of many atoms, all of which could cause what he saw in the flint. With that in mind, he contacted the National Superconducting Cyclotron Laboratory at Michigan State University, where Dr. Reginald (Reg) Ronningen agreed to run a test for Bill.
Traveling to East Lansing, Michigan, Bill carried several pieces of Paleo-Indian chert flakes for the tests. After meeting Reg, Bill handed him the samples to use as targets for the cyclotron, which, in simplified terms, is a huge atomic shotgun, except that the “bullets” travel blindingly fast at an incredible 20 percent of the speed of light. With that “shotgun,” they planned to shoot the chert with atoms of iron to try to duplicate the tracks that Bill had found.
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Fig. 1.5. Depth of craters in many Paleo-Indian chert samples. The depth decreases away from the Great Lakes, suggesting that the area was near the center of the Event.
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Fig. 1.6. The acid etching reveals distinctive tracks often lined up with iron particles. However, the cosmic tracks are only coincidentally associated with the terrestrial iron balls. Source: Bill Topping
As they entered the protective shell of the control room and the test got under way, Bill knew there would be no shotgunlike blasts with puffs of smoke. At least, he hoped not, since that would mean serious trouble—no more experiment and, maybe, no more researchers. He thought he might hear the steadily rising whine of expensive high-tech machinery, yet there were no sounds except the faint steady drone of the air conditioner.
Later, Reg confirmed this in an e-mail: “During the irradiations, we were in the cyclotron control room. Even if we had stood by the sample (which we are not allowed to do for radiation protection purposes) there would have been no smell, visible signals, or audible sounds during this irradiation.” This was a peculiar silence for having unleashed such awesome power.
When the test was over, they retrieved the chert. Paul Rossi, the radiation officer, checked it with a Geiger counter to make sure it was not radioactive, and then handed it to Bill, who flipped it over in his hand. Seeing nothing, he was a little disappointed, although he already knew that if the test worked, the tracks most likely would be too small to see without a high-powered microscope. Returning home, he slid the first sample into view under the microscope, and there they were—tiny craters in the chert (see fig. 1.7). They were almost identical to what he had seen in the Paleo-Indian flakes.
With a quickening pulse, he realized that something else matched, too. Some of the craters were shaped like tiny trapezoids or diamonds. Apparently, the atoms from the cyclotron had blasted away part of the chert, leaving a distinctive diamond-shaped hole. The Event 13,000 years ago had left identical diamond shapes in the Paleo-Indian chert flakes that Bill had acid-etched. A thrill came over him as he considered the new evidence. Maybe high-speed iron particles caused some of the holes in the Paleo-Indian chert. If so, maybe a supernova or a giant solar flare was the culprit after all.

CONTINUING THE SHOTGUN TEST
Bill and his associate Ray then decided to replicate their original low-tech test, which had utilized the shotgun. After loading the magnetic grains into several more shotgun shells, Ray took aim at the wallet-sized piece of thick glass. The first time, from about ten feet away, the black sand peppered the glass, causing small pits in the surface. Only a few penetrated and stuck; most just bounced off.
They tried it several more times at different ranges and then walked over to check the glass. The blasts had pitted the glass more than the last time. Although the particles that stuck looked very similar to the ones in the Gainey chert, fewer particles had lodged in the glass than in the Gainey flint. Clearly, the “bullets” traveled much faster during the Event.

UNDERSTANDING THE EVENT
We can draw several conclusions from the tests. First, to penetrate as deeply as Bill saw in the Gainey chert, the particles had to move faster than the shotgun’s muzzle velocity of 700 miles per hour, most likely much faster. Based on the depth of penetration, we concluded that the particles might have been moving as fast as 3,000 miles per hour.
Second, we knew that most explosions cause intense heat, as does radiation from a solar flare. If either or both had occurred 13,000 years ago, they might have heated the chert and made it easier for particles to penetrate deeper. There is no evidence of anything having been melted at that time, yet there is one bit of evidence that Bill noticed: many of the Paleo-Indian flakes were reddish colored, whereas the parent chert source was not. Scientists know that heat and neutron radiation will cause chert to redden, so perhaps there was a connection. Both supernovae and solar flares give off neutrons. On the other hand, the Clovis people often heat-treated their chert, a process that would also redden it.
[image: image]
Fig. 1.7. At left, cyclotron photo shows impact craters caused by high-velocity iron ions. Notice the distinctive diamond shape. Source: Reg Ronningen, National Superconducting Cyclotron Laboratory. On the right, acid-etched Gainey flakes show almost identical diamond-shaped impact craters. Source: Bill Topping
NEW OR CORROBORATING CLUES TO THE MYSTERY
	An extraordinary “Event” injected a surge of radiocarbon into the atmosphere.
	It initiated a chain reaction that caused widespread extinctions of large animals.
	It produced high-velocity, high-density metallic grains that left tiny craters in chert.
	It affected the Great Lakes region more than areas farther to the south.
	The Event probably had a cosmic origin, such as a supernova, solar flare, and/or cosmic impact.
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Fig. 1.8. The most important Event-related dates in
calendar years before the present day (BP).


2 
“BULLETS” IN THE DIRT
RADIOACTIVE CLOVIS ARTIFACTS
The needle of the radiation meter pegged off the scale. This stuff is radioactive, Bill thought, as he pulled away the meter from the Gainey chert. It’s really “hot”!
Earlier, as Bill pondered what might have caused the Event, he had an unusual idea. Whether a supernova, a flare, or an asteroid impact caused the Event, each might have produced low levels of radioactive materials. Were the Paleo-Indian flakes radioactive? Using his radiation detector, he analyzed several flakes from different sites, and there it was—radioactivity.
To confirm it, he arranged to have the chert retested at McMaster University in Ontario, Canada, and by Herman Rao, with the Nuclear Technology Service in Atlanta, Georgia. When he got the results, he was surprised at how radioactive some of the chert samples were. Various pieces had significantly elevated levels of uranium and plutonium. In chert from the Taylor Paleo-Indian site, the uranium averaged more than 30 percent higher than normal, and the Gainey and Leavitt chert showed substantially enriched radioactive thorium.
In addition, both the Gainey and Taylor chert showed levels of radioactive plutonium that were far above normal. In fact, there should have been almost none, since plutonium is extraordinarily rare in chert, and yet there it was. Usually, high plutonium is found only around atomic-bomb test sites or nuclear reactors. At first Bill thought that was what it was—modern contamination from atomic-bomb testing. He changed his mind when he saw the results from cesium-137, a direct by-product of atomic testing; the testing found no radioactive cesium in the chert samples. Since atomic-bomb fallout usually contains both plutonium and cesium, he concluded that the radioactive elements might have come from a source other than bomb testing.
Bill reasoned that if the radioactivity was in the flint, then it should be in the sediment too, and it should be in the Clovis-era level at all the sites. To test that idea, Bill went to a location near his family home in Michigan that he calls the Woods Site. In spite of the absence of Clovis artifacts there, the Clovis-era level is easy to identify on top of the glacial gravel deposits. After digging a trench with a backhoe, he took thirty-four separate samples of sediment every few inches (5 cm) down the trench wall. He planned to use his radiation meter to analyze each sample.
When Bill returned home, his testing confirmed the chert results. With growing excitement, he looked at the radioactivity readings, which showed a major and clearly defined peak in the Clovis level (fig. 2.1). The amount of radioactivity was nearly 2,000 percent higher than most of the levels around it, and much higher than at the surface where modern fallout would concentrate. It seemed highly likely that the Event had contributed those radioactive elements to our planet. These new data were a surprising twist. He needed more information, along with some expert help; he is an archaeologist, not a nuclear physicist.

FINDING HELP
In his search for help solving the radioactivity puzzle, Bill contacted me (Rick) at Lawrence Berkeley National Laboratory (LBNL) at about this time. As a nuclear physicist with an interest in supernovae, I have a background that complements Bill’s training as an archaeologist. Over the next few years, the other authors (Allen and Simon) joined in as the project grew. Bill discussed with me the implications of the research and sent me photos of the tracks and the other evidence he had found. I saw right away that he was on to something.
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Fig. 2.1. The Woods Site profile shows a major peak of radioactivity in the Clovis level. Above and below it, there is almost none.
Although supernovae have been known for hundreds of years, astronomers observed the first new one with modern sophisticated equipment not long ago, in 1987. While scientists do not understand all the processes yet, they accept that supernovae can either directly or indirectly produce the effects that Bill was seeing. They do so in several ways. First, when a nearby supernova explodes, it bathes our planet in intense radiation. This produces powerful effects, such as increased radiocarbon along with mutations and extinctions. Second, the matter of the star is propelled outward into space at a slower yet still very high rate in a giant expanding shell of star-stuff. When that shell of debris hits our planet, it causes various effects, such as the tracks in the flint. In addition, the force of the debris wave can cause the sun to produce massive solar flares, and it can knock asteroids and comets out of orbit to collide with the Earth. In short, a supernova can create cosmic chaos.
In addition, supernovae influence our everyday life far more than most people know. For example, as you are reading this, you are looking at the book’s paper and ink, and, most likely, you are holding the book with one or two hands. All the things involved—the paper, the ink, your hands, your eyes, and your brain—contain atoms that formed in the distant past in a supernova explosion. And not just a few atoms—all of them except hydrogen, including all the iron in your blood and the calcium in your bones. Supernovae gave birth to the essential parts of nearly every atom in our solar system and in the entire universe.
You already know that supernovae created all the iron atoms in your bloodstream, and one probably changed your blood type, as well, which is some variation of O, A, and B, the only blood types among humans. DNA research scientists know that there was only type-O blood prior to about 100,000 to 40,000 years ago. That means that if your blood type is A or B now, that blood did not exist tens of thousands of years ago. So what happened—where did A and B come from? The answer is mutation. The new blood types arose suddenly in humanity’s family tree due to an instantaneous mutation. Now, the most common source of mutations is radiation, and one common source of intense radiation is a supernova. If you are type A or B, a supernova probably created your blood type not too long ago. Quite likely, you are a “blood brother” or “blood sister” to a giant supernova, but more about that later.

LOOKING FOR MORE RADIOACTIVITY
Since supernovae create radioactivity, as do solar flares, Bill’s radioactivity measurements intrigued me, so I arranged to have the chert samples tested by Al Smith at the Low Background Counting Facility at LBNL. Al’s lab is located far beneath the massive concrete and earth of a California dam to shield it from the constant radioactive noise of the universe, allowing him to obtain precise measurements. We wanted him to look for a particular isotope of potassium called potassium-40 or 40K. When cosmic radiation, for example, from a supernova, bombards normal potassium, or 39K, it turns a small amount into 40K. Wherever we go on Earth, the ratio is nearly always the same, but it is very high in iron meteorites and some other cosmic material. Therefore, if we could find elevated levels of 40K in the Clovis layers and not above or below it, that would be powerful evidence that either a supernova or, maybe, a meteorite hit Earth during the Clovis era.
When the results came back, the 40K was there. In the chert from the Leavitt and Butler sites, the 40K was 150 percent of normal values, and at Gainey, it was nearly 200 percent of normal, a surprisingly high amount. To find out whether this was just a natural radioactive oddity, we acid-etched a piece of the same Gainey chert, removing the outer surface. If the 40K was a natural part of the chert, it would show up throughout the sample, and the test should show the same levels both before and after etching. It did not. The results were normal, indicating that something had deposited radioactive 40K onto the flint surface. These results pointed to a supernova or a meteorite, yet they were far from conclusive. We had a few tantalizing clues with many things that did not fit together, and we needed more evidence. At that point, all that we knew was that high radioactivity showed up at the time when the Clovis people vanished and the megafauna went extinct.

RADIOCARBON AND SUPERNOVAE
I was also interested in the radiocarbon anomalies that Bill had found, and not necessarily only in the samples dated at 13,000 years ago. In looking over the IntCal04 and Cariaco combined graph, which extends back to about 54,000 years ago, I saw an even more interesting time.
Beginning about 44,000 years ago, there is a steep and sudden increase in radiocarbon, as you can see in figure 2.2. The change was so extreme that by 40,000 years ago, it threw the 14C correlation off by an astounding 8,000 years. This means that for radiocarbon dates of 44,000 years ago, there is almost no need for correction; a 44,000-year radiocarbon date for a piece of charcoal equals 44,000 calendar years.
However, 4,000 years closer to today, at 40,000 calendar years ago, the researchers find an 8,000-year mismatch. Instead of showing that a piece of charcoal is 40,000 years old, radiocarbon testing mistakenly says that it is 32,000 years. Such variations make it extraordinarily difficult to get accurate dates. However, the problem is not that the radiocarbon process is wrong. The test process itself is measuring the amount of 14C correctly; the problem is that a lot more radiocarbon suddenly appeared on our planet about 44,000 to 41,000 years ago. How did it get there?
Even though very old dates have a high uncertainty, it is likely that only a major cosmic event of some kind could account for the dramatic rise, but that creates a puzzle. The rise began about 44,000 to 40,000 years ago, or more than 30,000 years before the extinction in Clovis times. How could this event have caused the extinction 30,000 years later? Maybe there was a connection, but we could not yet answer this question with the limited evidence we had. However, we knew there was good evidence embedded in the chert, so we thought there might be more evidence in the sediment at each Paleo-Indian site, notably at Gainey, Michigan.

HEADING TO GAINEY
As Bill drove from Baldwin, Michigan, his hometown, toward the Gainey Paleo-Indian site near Grand Blanc, the traffic was light and the driving was easy. However, if he had been at the same spot 15,000 years ago, millions of tons of ice would have crushed him. Back then, the Laurentide ice sheet was about 2,000 feet thick at that spot, and maybe more.
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Fig. 2.2. About 41,000 calendar years ago, the 14C in Earth’s atmosphere increased dramatically. Since then, it has been mostly in a gradual decline. Sources: Reimer et al. (2004) and Hughen et al. (2000)
For tens of thousands of years, an immense glacier covered most of Canada, spilling over into Lake Superior and across much of northern Michigan. Then suddenly, around 16,000 to 13,000 years ago, the ice sheet retreated from Lake Superior and began to pull back hundreds of miles into Canada, ending the Ice Age. That was not surprising by itself, since ice ages end rather suddenly. There have been nine or ten of them in the last million years. All were approximately 100,000 years long, and all ended abruptly.
After an ice age ends, the period of mild climate before the next ice age is what scientists call an interglacial, which is typically 10,000 to 30,000 years long. We now live in an interglacial period, as shown in figure 2.3.
The last ice age ended about 13,000 years ago, and if this interglacial is like the last one, our civilization is on the brink of descending into another bitterly cold ice age. It is ironic that, in a time with many headlines about global warming, there is another, equally dangerous possibility—global freezing. It has happened like clockwork every 100,000 years for the last million years, and many scientists expect that the countdown to the Big Chill will continue; the ice will return.
While there is still a lot of debate about what causes ice ages to end suddenly, the most accepted explanation for that retreat 13,000 years ago concerns long-term cyclical changes of the Earth’s rotation and its orbit around the sun. These are called Milankovitch cycles, named after the scientist who discovered them, but there is a growing debate about the extent of the effect on Earth’s climate caused by these cycles. Some scientists believe the effect is too small to account for the ice ages. Whatever the cause, we think there was another major contributing factor this last time: the sudden occurrence of the Event.
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Fig. 2.3. Ice ages from Vostok, Antarctica, ice core CO2 data. Covering the last 420,000 years, the graph shows four regular ice ages, each about 100,000 years long. Currently, Earth is in a brief interglacial, as you can see from the five sharp peaks. After each one, the cold returns. Data from Petit, NCDC.

A LINE IN THE SAND
Evidence for a connection between the sudden end of the last ice age and the Event comes from research done in Michigan by two scientists in the late 1950s. The results are highly speculative but interesting.
Ronald Mason discovered that archaeologists found Paleo-Indian points only in the southern half of Michigan. George Quimby, who had been mapping the occurrence of extinct megafaunal skeletons, came across Mason’s map of point locations and could hardly believe his eyes. Mason’s map looked just like his own. Both the megafauna and Paleo-Indian points existed only in Michigan, south of a distinct line that spread from Lake Michigan to Lake Huron, a line that became known as the Mason-Quimby line (fig. 2.4). Other scientists have determined that the Mason-Quimby line is very roughly where the edge of the ice sheet stood about 14,000 to 13,000 years ago, which makes sense, since no animals or humans could live there.
If this information is correct, the implications of that line are staggering. Thus, while the glacier stood along the Mason-Quimby line, three things happened. First, the large-mammal extinction occurred. Very few mammoths or mastodons roamed the forests and fields of Michigan; most of them disappeared. Second, until that time, the ice sheet had alternately retreated and advanced near its maximum limit below the Great Lakes. After that moment in time, the ice sheet retreated rapidly into Canada, and it never returned deep into Michigan. The Ice Age was over. Third, the local Paleo-Indian cultures were suddenly transformed. No one ever has found any Clovis-era campfire sites or spear points that reliably date later than that time.
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Fig. 2.4. Dotted areas are Michigan counties with extinct megafauna finds. Dark areas represent both megafauna and Paleo-Indian finds. The Mason-Quimby line is where the glacier stood during the Event. Gainey is located at the star. After Martin (1984)
The date of the Gainey site matches the date of the Mason-Quimby line, and Bill found the site’s flint artifacts peppered with high-velocity iron particles. Is that evidence of the extinctions? Did the bombardment end the Ice Age? Bill thought it likely, although he still needed hard evidence.

CLOVIS HUNTERS
As he drove south on Highway 23 toward the Gainey site, a large Paleo-Indian campsite that covers about forty acres, Bill tried to imagine what one of the Gainey people might have seen.
If an Indian hunter had peered far off to the north, perhaps he might have seen the jagged face of a blue-white ice sheet glistening in the brilliant sun. The frigid cliffs were about 2,000 feet tall, forming a huge wall of ice tall enough to change the direction of the jet stream and create its own local climate, with fierce, frigid winds roaring down and out from the ice edge. This made warm clothing a necessity, and the Paleo-Indians probably dressed much like the modern Inuit, with multiple layers of animal fur and skins.
Complete Paleo-Indian skeletons have not been found, only several partial ones, so we do not know what they looked like. Most scientists believe that they came to North America from Asia, and so they probably looked like today’s Indian tribes. No one has found widespread evidence in Asia, however, of artifacts similar to the Clovis- and Gainey-style spear points. The unique toolmaking technology suddenly appeared in the New World along with the recently arrived Paleo-Indians. That odd fact is contrary to most migrations, in which the new people carry their old ways with them.
Because of the toolmaking anomaly, some scientists looked elsewhere to find similar technology that predates Clovis, and they did find it in Europe. The technology for making Clovis points is very close to that used by the Solutrean people, who lived in ancient France up until about Clovis times. If researchers can confirm that theory, it means that the Paleo-Indians in Michigan are descendants of early Europeans rather than the Asians.
For warmth, the Indians picked the Gainey site because the low hill would have faced the western sun and the local patches of trees were full of firewood, a necessity for survival. Another crucial need was water, which they found nearby in the many glacial ponds and bogs. The rivers would have contained enough fish and water plants for food for a low-density population.
The forests around Gainey were sparse by today’s standards, containing widely spaced trees such as spruce and pine, oaks, and some Douglas fir. In addition, there would have been occasional walnut and chestnut trees for nuts, and hickory trees, which presumably allowed the Gainey people to make tasty hickory-smoked barbecued mammoth ribs.
Among the trees, the Paleo-Indians could have found tough, wiry, cold-resistant grasses, like sedge, which they used for starting campfires, for insulating their hide-covered shelters, and for braiding into ropes and hunting nets. Hardy herbs grew among the trees and along the rivers, providing medicines, food, and fibers for weaving.
Altogether, evidence indicates that the Clovis-era people were skilled in making use of their environment, and since they were seminomadic, they must have had a well-developed oral tradition to pass down to successive generations. This is vital to our story, since we believe that some of their oral traditions have survived to tell us about the Event. While they most likely had a complex language (all organized hunting societies do), there is no evidence that they had a written language, nor much artwork. They may have enjoyed jewelry and adornments just as modern people do, even though their possessions were limited to what they could carry on their backs or on the backs of domesticated dogs; the horse was not yet domesticated.
These ancient people came to the edge of the ice sheet in Michigan because many animals traveled there for the food and water. The nutritious grasses supported herds of mammoth, bison, deer, stag moose, and caribou. Mastodons, cousins to the mammoths, browsed the forests, and giant beavers built equally giant dams along the rivers. The Paleo-Indians quite likely hunted all those fauna, and scientists have mostly worked out how they hunted. Since many of the larger animals, such as mammoths and bison, were “well armed” and dangerous, it is likely the Indians preferred to trap or corner the animals in relatively safe ways, although there was no truly safe way for them to hunt an enraged ten-ton mammoth. Eventually, some inspired hunter, weary of being chased by mad animals, invented the atlatl, an advanced spear-thrower for hurling spears at dangerous animals from a distance.
[image: image]
Fig. 2.5. The Paleo-Indians shaped bones and ivory into tools, yet archaeologists have found very little decorative carving. Even so, it seems likely that, like this modern Inuit, they enjoyed carving designs into animal tusks. Source: Library of Congress

SEEING GAINEY FOR THE FIRST TIME
Bill flipped on his turn signal, changed lanes, and got off the freeway south of Grand Blanc. He planned to meet Don Simons, the chief excavator of the Gainey Paleo-Indian site, and get a tour of the site. As he drove down the off-ramp, what he saw looked nothing at all like the Gainey of Paleo-Indian times. The Ice Age landscape was long gone. Instead of mammoth-hide tents held up by head-high tusks and rib bones, he passed compact farmhouses and 7-Elevens. Ahead of him, he saw green, neatly plowed rectangular fields bordered by tall windrows of trees. The Gainey excavation site blended into what once had been a well-tended green field.
Along the dusty dirt roads near the Gainey gate, Bill saw farmhouses, many of them with cats to keep the field mice in check. The cats likely hunted in the tree lines that he drove past, but today’s cats are a pale reflection of their cousins who hunted those woods around Gainey long ago. Twenty times larger than a house cat and the equal of any African lion, saber-toothed tigers once roamed that same piece of ground, and they didn’t eat mice. Those tigers snacked on giant bison and mammoth calves.
Before long, Bill turned in at the gate where Don Simons waited by his car. Don waved, and after saying hello, they entered the site. Bill felt a surge of excitement—he had read and heard so much about Gainey, one of the earliest Paleo-Indian sites in North America. What Don and the other excavators had found there was so distinctive that scientists came to accept the style of spear points as the “Gainey style,” just as the Blackwater Draw site produced the “Clovis style.” The two point styles were different enough that some archaeologists believe their makers lived at different times. Other archaeologists propose that the differences are due just to distance, and that the Clovis and the Gainey peoples were contemporaries, living around 13,000 years ago. Our evidence supports the latter position that both groups lived at the same time and were merely different tribes or family groups derived from the same rootstock.
When they stopped, Don got out and explained some of the history of the site to Bill. “I first did a routine archaeological survey of this site one day after the field had been plowed, and I found a few nice artifacts. Since I live only a short distance away, it was easy to come out and look around again. After finding more good things, I just kept coming back. I and others have been at it a lot of years now.” Bill had seen some of the amazing array of artifacts that Don had uncovered, including beautiful Gainey points. There are thousands of pieces.
“Once we realized what we had,” Don said, “we decided to work the site on a larger scale. See the piles of dirt over near those trees?” he asked, pointing across the field. “That’s what we had to remove from the site to get to the Paleo-Indian evidence.” Bill could see that most of the excavation was roughly a foot deep, so Don had removed many tons of fine glacial sediment to get to the artifacts and buried Paleo-Indian features, mostly fire pits.
As Bill walked out across the site, he noticed that the sediment was the consistency of very fine flour with a yellowish tint to it. Occasionally, a light gust of wind stirred up small clouds of yellow dust that whirled around them. Don said, “Sometimes it was rough working out here. This stuff gets in your nose, mouth, and ears in no time.” At the end of the day, they were often dusted up like Pillsbury flour-factory workers.

COLLECTING YELLOW DUST FROM GAINEY
Bill was at Gainey precisely because of that yellow dust. After he found the metallic particles embedded in the chert from Gainey, he reasoned that the same particles might also be in the sediment. He went there that day with six large, heavy plastic bags in which to put the samples. With Don’s help, he filled the bags and loaded them into his car. From many locations around the excavation, he took samples of the old surface, the same one the Paleo-Indians had walked on 13,000 years ago.
Starting at the embankment at the edge of the excavation area, he dug down until he exposed about three feet of the strata well below the Paleo-Indian level. Then he removed sediment samples about every two inches and bagged them.
After all the back-straining, hot work, he said good-bye and thanks to Don and set off for home, feeling as if his car trunk was filled with six bags of gold doubloons.

DIGGING THROUGH THE DIRT
At home, Bill eagerly unloaded the bags and prepared to search for magnetic grains hiding in the dirt. Bill knew that if there were any in the sediment, they would be far too small to pick out with tweezers or similar tools. He needed a very powerful magnet. He had already bought one made of neodymium, which is one of the best. Manufacturers usually call them rare-earth magnets or simply supermagnets. They are powerful and mildly dangerous, because they are forcefully attracted to anything with iron in it.
Bill prepared the sediment for separation and set up the supplies to run the experiment. (See appendix A for the technical details if you would like to do this yourself.) He sifted through the fine yellow flourlike sediment, and as the dust flowed over the edge of the magnet, he looked for anything unusual, but the magnet was too dusty to see.
Then he held the magnet up to the light. Peering closely, he saw a coating of fine yellow dust all over the magnet. Gently blowing it away, he saw the magnet’s edge clearly for the first time. Looking like bits of ground pepper (fig. 2.6), tiny black magnetic grains glittered in the light!
Fascinated, Bill realized that these looked just like the particles that he had seen stuck in the chert from the Gainey and other Paleo-Indian sites. But were they the same? There was only one way to be sure. He had to see if there were more particles in the Clovis level than there were above and below it. If they peaked in the Clovis layer, that would be the decisive factor. It would mean that somehow billions of these magnetic grains suddenly entered the Clovis world 13,000 years ago.

[image: image]
Fig. 2.6. Gainey magnetic grains stuck to the edge of the supermagnet.

[image: image]
Fig. 2.7. Distribution of magnetic grains at Gainey. The highest concentrations were at about 32 to 38 centimeters below the surface in the Clovis-era sediment. There were nearly 2,000 percent more grains there than at the 2-centimeter depth.
Rapidly, Bill checked samples from all the other levels that he had collected at Gainey. Yellow dust filled the air as he hastily checked bag after bag with the magnet. Straightening up, with Gainey dust covering his forearms and hands, he had the answer. There were far more grains in the Clovis samples than in the nearby levels, as many as 2,000 percent more, as shown in figure 2.7.
He thought, There’s the smoking gun! And not just figuratively. If those things came in fast enough 13,000 years ago to blow craters in flint, then they were traveling faster than any smoking gun could shoot a bullet.

TINY BALL BEARINGS
Wanting to see the grains up close, Bill cleaned some and put them on a slide under the microscope. Focusing, he saw a jumble of somewhat rounded, rough grains. He surmised that the slide held a lot of natural magnetite, since it weathers out of granite and other igneous rocks, such as basalt. The high level in the Clovis sample suggested that there was something unusual going on with the sediment. Or was it just natural? Without a chemical analysis of the grains, he could not tell whether the particles were extraterrestrial. That would come later.
Disappointed, he scanned through more of the grains on the slide, and what he saw made his heart beat a little faster. He saw spherules—beautiful, perfectly round, highly polished microspherules (see fig. 2.8). He had seen photos of them before, yet he had never seen one under a microscope. He knew that if they were at Gainey, they could come from only one direction— up! Spherules fall from two likely sources: the first is volcanoes, and he ruled those out, as there are no volcanoes near Michigan; and furthermore, volcanic spherules are typically composed of nonmagnetic glass, unlike the ones he had that stuck to his magnet. That left only one answer. The spherules were of cosmic origin. They had come

	Paleo-Indian chert from several sites tested as radioactive, but only on the surface.
	Sediment from the Woods Site in Michigan tested as radioactive, but only in the Clovis era.
	Paleo-Indian chert from several sites tested positive for 40K, suggesting a cosmic connection.
	The largest discrepancy between radiocarbon years and calendar years occurs around 41,000 calendar years ago.
	The Gainey sediment shows a major peak in magnetic grains in Clovis times.
	The Gainey sediment shows a major peak in magnetic spherules in Clovis times.
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KEY DATES FOR THE EVENT

—Massive increase in global radiocarbon
—Magnetic field almost reverses
—Millions of animals go extinct in Australia

+

—Large increase in global radiocarbon
—Magnetic field almost reverses again
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—Northern ice sheets in rapid meltdown
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—Sudden increase in global radiocarbon
—Magnetic field wavers again

—Millions of animals go extinct in the North
—Clovis-era cultures disappear

—Clovis flint peppered with iron pellets
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