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	The Nastiest Feud in Science


	Introduced as “the well-known sedimentologist George Keller,” I walked onto the stage to snickering laughter. At the podium I adjusted the microphone, took a deep breath, and said, “I am Gerta Keller, the paleontologist.” More laughter came from the sea of grinning male faces before me. The auditorium was packed to overflow, with people standing in the back and along the walls. These were the heavy hitters of my field—the world’s leading geochemists, geophysicists, paleontologists, and other scientists—gathered at the prestigious 1988 Snowbird II conference on Impacts and Mass Extinctions. I quieted the voice in my mind that told me I didn’t belong here; my work would speak for itself. 


	The title of my presentation flashed across the screen behind me: Chicxulub—the Non-Smoking Gun: Impact Crater Predates K–P Boundary, and the laughter turned to murmurs of consternation and scorn. I began my talk, methodically walking the audience through the data I’d carefully assembled over the past three years. My nervousness turned into excitement as I made my case. I’d waited a long time for this moment. I knew my findings had the potential to redirect the entire conversation around one of the great mysteries in my field—what caused mass extinctions. 


	Only minutes after I’d begun my presentation, a tall, imposing man rose from the audience and strode to the microphone positioned in the aisle in the middle of the auditorium. I knew him: Jan Smit. Smit was assistant professor of paleontology and geology from the University of Utrecht and a fervent disciple of the impact mass extinction theory in its most dramatic version: A giant meteorite ten kilometers in diameter crashed into Earth, triggering freezing darkness, global wildfires, earthquakes, and mega-tsunami waves that devastated life on land and sea. Smit stared me down, a smug smile playing at his lips. The energy in the room changed, charged with nervous anticipation. The crowd registered it before I did: A fight was brewing. 


	As I continued my talk, doing my best to ignore Smit, other scientists lined up behind him and the two other microphones positioned in the side aisles. One by one they rose until dozens of men, tense and visibly angry, stood in silence. The microphones were to be used for follow-up questions, discussion, and critique, but as I watched the men heave with outrage, one almost purple in the face, it became clear that they were to be the weapons of my public humiliation. 


	I was only halfway through my presentation when Smit interrupted in a booming voice, “You are simply wrong! Everyone knows the mass extinction was instantaneous and caused by the impact.”


	A chorus of shouts rose in support. 


	You know nothing!


	Garbage! 


	You’re ignorant!


	A sick despair swept through me. I paused to collect myself and took a drink of water. My hand shook as I raised the glass. I pressed on, pointing out the data that defended my claims, but was quickly shouted down again. 


	You don’t know what you’re doing!


	Stupid!


	For the next forty-five minutes, a litany of insults rained down on me as some of the world’s most renowned geophysicists, planetologists, and astrophysicists took turns publicly insulting me. Repeatedly, they asked me, Why does your data not confirm Jan Smit’s mass extinction theory? There was no interest in the science, no questions about my results—just insults, denials, threats, and rage against an upstart, a woman no less, who dared to question their theory. Relishing his turn at the microphone, Smit shouted the loudest, attacking my data fiercely, though without substance. I could see his goal was to intimidate and isolate me, and ultimately to shut me down. 


	My cheeks burned and my heart threatened to gallop outside of my chest. I was confident in my results and knew I could ably defend them if given the opportunity, but I couldn’t get a word in above the constant shouting. Never did I imagine this type of bullying behavior could occur at a professional conference. 


	Weren’t scientists supposed to be objective in their pursuit of the truth? If so, why did these men so passionately deny my research before they had even heard it? Why were they attempting to silence me? If they weren’t interested in contending with the evidence I was presenting, what did they want? I would wrestle with these questions for years to come. All I knew in the moment, shaking onstage, was that I was telling the truth according to the facts. If my research was right, then an asteroid did not wipe out the dinosaurs. 


	My attempt to share my research at the Snowbird II conference was the beginning of what has become popularly known as “The Dinosaur Wars,” a contentious debate over what triggered the fifth mass extinction at the end of the Cretaceous Era sixty-six million years ago: in other words, what really killed the dinosaurs. Our real-world monsters, dinosaurs have enthralled us for generations, and the question of what caused their demise is more relevant than ever as humankind confronts the paroxysms of an imperiled planet and the possibility that we may become the dinosaurs of the sixth extinction. 


	It’s been called the nastiest feud in science. Passions in this field run deep. Most people don’t think of science as a blood sport; this book may change that. The Last Extinction is the story of the forty-three years I’ve spent in the arena, fighting—and winning—against a toxic scientific establishment determined to bury me, all for my stubborn pursuit of the truth. Because I dared to challenge the popular asteroid impact theory, Smit’s contingent launched an all-out war against me, doing their utmost to sabotage my work, destroy my reputation, and suppress the publications of my research. I’ve been told a lesser individual might have cut and run, but quitting was never an option for me. Smit picked a fight with the wrong woman. 


	To succeed, I’ve had to harness all my courage and resilience, forged over a lifetime of unconventional experiences. I’ve had to be a fighter, and I hope to show other women how they, too, can fight for their careers in science.


	This is the story of how I and a small team of collaborators were finally able to share our exhilarating discoveries in the face of a unified group of establishment scientists who were unwilling to listen to reason. In it you will find betrayal and sabotage, as well as perseverance, vindication, and the power of truth, and woven through it all, the dinosaurs, impact, and volcanism. It is, from where I sit, the greatest scientific detective story of our time.
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	The Bomb


	I made my first groundbreaking discovery in 1977 while still a graduate student at Stanford University. It was aboard Glomar Challenger, a large ocean-drilling ship funded by the National Science Foundation (or NSF). For six weeks, our research crew bored through and analyzed sediments from the Japan Trench, located off northeastern Japan. We were a floating island, crusted in salt and isolated in rough seas with no land in sight. I was the only woman among the twelve scientists living in close quarters. 


	The Japan Trench is part of the Pacific Ring of Fire, a belt of volatile geological activity that girdles most of the Pacific Ocean. Created by the interaction of many different tectonic plates, the ring is the site of two-thirds of the planet’s volcanoes and 90 percent of our earthquakes. Most of these events are caused by subduction, when an oceanic plate collides with a continental plate, and one dips below the other. This still-little-understood process was our focus on this mission. Using Glomar Challenger’s large drill, the scientists on board were probing into the deepest part of the trench at 26,398 feet (8,046 meters) to learn more about subduction zones. 


	Glomar Challenger was a great ship, painted white and navy and squeaky clean in appearance, except for the giant rust-corroded drilling rig positioned in the ship’s center. When I moved between the ship’s interior state-of-the-art labs and the hulking drill rig on the deck, I felt like I traversing two worlds, one modern and one industrial. The drilling operation continued around the clock in two shifts, and so did the science crews. We were two teams, one Japanese and one American, each overseen by a respective co-chief. We worked during the turbulent stormy season. I recall being perpetually cold and smattered with salt, but I relished the experience. 


	The drilling operation on Glomar Challenger fascinated me. I was amazed at how far the ship’s drill could reach. The area we were studying is so deep that if you tipped Mt. Everest upside down into the ocean, its peak would still fall 1,150 feet (350 meters) short of grazing the seafloor. I would think about this as we floated on the surface, and the ship’s diamond-studded drill bit bored deeper and deeper through the rocks on the ocean floor. Every one to two hours, the drill would bring core samples, ten meters long and six centimeters wide, back to the surface. Then the scientists would get to work. In the lab we cut these cores into one-and-a-half meter-long segments and then sliced them in half lengthwise. Each core segment half was placed into two core boxes. One core box was saved for the core archive library as a record for posterity. The other “working half” was studied onboard.


	My task was to age-date the sediment samples by analyzing the microfossils found within them. It was an ideal role for me; my advisor at Stanford had steered me into quantitative foraminifer (foram for short) research in Pacific deep-sea sites as part of my thesis project. Each day I processed the core samples for these fossils to study under a microscope. The crew and I expected that as we drilled deeper into the trench, the microfossils we found would confirm the successively deeper and older age of the sediments. 


	But evidence doesn’t always cooperate with our expectations. One day, instead of finding progressively older deep-sea forams in the sediment layers, as one would predict, we discovered millimeter-sized benthic forams in one of our trench samples. This made no sense. Benthic forams lived and scavenged for food on beaches. There was no way a benthic could have lived at a depth of 4,000 meters. It was like finding a crocodile at the top of the Empire State Building. I lifted my eyes from the microscope and shook my head to clear my mind from this hallucination. How could organisms commonly found at shorelines end up in a deep ocean trench? I peered into the scope again, and there they were—and not just a few, but a complete assemblage of many thriving species you’d normally find on a beach. Heading over to the ship library, I researched the depositional depths at which such assemblages could be found and confirmed it was a beach foram assemblage. 


	My heart raced as I examined the forams under the microscope, confirming again that what I’d glimpsed was real. But how did it get into the deepest part of the ocean? There was only one reasonable interpretation: We had found the fauna in what was once a beach of a small island that was located on a descending plate that was ‘swallowed’ in the subduction zone of the Japan Trench. It was a new and revolutionary discovery—island fauna had never been observed in any subduction zone. 


	Piecing together this mystery gave me an adrenaline rush akin to the runner’s high but exponentially more thrilling. This feeling was one reason I’d become a scientist. I couldn’t wait to share these findings with my colleagues. I assumed they’d also be excited by the fascinating story that the evidence we’d discovered, in the form of little fossils collected from the distant ocean floor, was telling us. But new discoveries are not always well received by the scientific establishment, especially if they challenge accepted beliefs. Even more so, I was to learn, if they come from a woman. 


	The blowback from my colleagues was immediate. The Japanese co-chief and his scientists furiously disagreed with my unorthodox conclusion. It did not conform with their expectations. They had hypothesized that the age of the sediments would simply grow older as the drill dug deeper. Now I was telling them an island was riding piggyback on the seafloor that was sucked beneath the colliding continental plate. 


	One by one the Japanese scientists visited me in the lab and attempted to persuade me that I was wrong. The first one told me that although I was “smart for a woman scientist,” I “must change my mind.” 


	“I can’t change my mind because the evidence is here,” I said, pointing at the forams under the microscope. “Do you want to see it?” 


	He shook his head vigorously.


	My second visitor told me I was “acting like a man” by not standing down. He seemed as upset by the fact that I, a woman, had found the evidence as he was by the evidence itself. Our conversations ended with him shouting “Women are not scientists!” before storming out of the lab. Then came the last visitor, whose visit was much more ominous. After I repeated my position, he turned his back on me and, gazing out at the roiling ocean, told me that if I didn’t change my mind “bad things will happen to you.” 


	Had I misunderstood him? “And what will that be?” I challenged. 


	“You may drown,” he said. He turned to look me in the eye. “Accidents happen,” he said simply, and walked out. 


	My stomach turned. I stared at my hands, the microscope, my desk. Had he just threatened my life? Over scientific evidence? I simply couldn’t understand what could motivate him to make such a threat. It was so ridiculous; I wanted to laugh. But even if this was just some aggressive posturing on his part, I also realized how easily they could dispatch me if they really wanted to. There were plenty of opportunities for them to throw me overboard. Someone could knock me off the aft during my daily runs or toss me over the railing during the night shift when I was working alone. There would be few if any witnesses. 


	The threat of male violence wasn’t new to me. Growing up in Switzerland in the mid-twentieth century meant coming of age in a culture that conditioned women to obey men. Those who stepped out of line were ostracized or worse. Even women who conformed to strict standards of Swiss propriety experienced frequent, undisguised sexual harassment. As a teenager, I had worked clearing tables and cleaning dishes in restaurants during the weekends; catcalling, grabbing, and groping were all too common. As I matured in Switzerland, harassment progressed to sexual assaults, which continued after I arrived in the States and attended college. I survived these attacks, though for years after lived in fear of the next one. 


	Now, years later, alone in the ship’s lab, I felt that familiar fear. How far would the Japanese scientists go to silence me? For a moment, I wavered. Should I give in? Was it worth my life? Then my senses kicked in: I hadn’t come this far in life to let prickly male egos rob me of a major discovery. 


	The next day, the US co-chief, Roland von Huene, visited me in the lab. Rollie was a jovial character, with a shock of red hair and a face crisscrossed with laugh lines. I saw him as a true scientist and trusted him, but I was wary of this visit. Would he side with the Japanese co-chief and try to convince me to throw out my findings for the sake of peace? 


	He sat down on my desk and broke out in an ear-to-ear grin. “Gerta, you’ve created some war!” he said with delight. “The Japanese are ready to throw you overboard unless you retract your scenario of the subducted island. It’s a good story.” He leaned in. “But now tell me, how certain are you with your evidence?” 


	I sighed deeply and told Rollie, “The evidence is real. You can’t deposit a beach foram assemblage in the Japan Trench without transporting it there in one piece and that can only be done in subduction. You are an expert on this process and know I’m right.” 


	He stared at me for some time. “Are you really sure?” he asked again. 


	The note of doubt in his voice emboldened me. I plunked my coffee cup down on my desk for emphasis, sloshing coffee over my papers. “I’ve never been more certain,” I said firmly.


	Rollie put his hand on my shoulder. “Gerta,” he said. “I’ll stand behind you all the way. And I will deal with the co-chief. They’ll leave you alone.” 


	I must have looked over my shoulder a hundred times a day for the remainder of the voyage. The Japanese scientists never spoke to me again, except for the senior scientist, who took great delight in my discovery.


	A year later the Japanese science crew published their important new discovery of a swallowed island in the Japan Trench. This story received much acclaim and publicity, including an article that ran in The New York Times in 1979. There was no mention of the woman scientist who made this discovery. At the time, I attributed this unhappy experience to the sexism of Japanese culture. Surely, this could not happen in the West, I thought. It didn’t take long to find out how wrong I was.


	The next year, I earned my PhD in climate and environmental studies focused on the analysis of microscopic single-celled forams to determine global temperature changes. My research was based on the work of Nick Shackleton of Cambridge University. He pioneered foram-based climate studies in the mid-1960s, by using carbon and oxygen isotopes in foram shells to evaluate temperature changes. This method was so successful it continues to play an important role in establishing the global climate record today. 


	In 1979, I decided to use the skills I had acquired studying forams to better understand mass extinction events, particularly the one that killed the dinosaurs. This was a return to a subject that had captivated me since my undergraduate years at San Francisco State University. Little was understood about this topic before the 1970s, when I was beginning my first independent analysis of vertebrate fossils (those with backbones) and invertebrate fossils (those without backbones). My research at the time was based at the California Academy of Sciences in San Francisco, which held the largest fossil collection in the state. I spent many, many hours as an undergraduate sorting through this trove of data, looking for patterns that hadn’t been noticed before. When I started graduate school at Stanford, I put aside this work, along with the paper I had written on the subject. Now I could pick up where I left off, but with a powerful new tool. I knew that forams, despite their small size, could be a rich source of information about the fifth mass extinction.


	At that time, I held two jobs: one as an independent researcher at Stanford University, the other as a National Research Council Fellow at the United States Geological Survey (USGS) in Menlo Park. At the USGS, I spent much of my time interacting with colleagues from different disciplines in marine geology and collaborating with them on a variety of projects. Like a sponge, I soaked up whatever I could learn from them. My partner, Andy Majda, taught mathematics at UC Berkeley and spent most of the week in an apartment there to be close to his office, which freed me to indulge my inner research fanatic. I frequently lost myself in deep dives into my work for up to eighteen hours at a time. On alternate weekends, I joined Majda in Berkeley, which became our launch point for spectacular explorations of the North Bay, including our favorite breathtaking drives to Point Reyes. I was happier and more settled than I’d ever been before. But our quiet bliss didn’t last long. 


	On June 6, 1980, I’d already spent hours hunched over my microscope in my office in Menlo Park when I heard the news. At the time, I was peering at slides of forams found in a sediment layer taken from Tunisia that was dated to the time of the fifth mass extinction. It was painstaking, repetitive work that required total concentration. My neck and shoulders ached, my eyes were red from strain, and I loved every moment of it. I was a year into my concerted investigation of the cause of the fifth mass extinction. I was finally making the scholarly leap I’d dreamed of. 


	The fifth mass extinction occurred sixty-six million years ago and marks the transition from the Cretaceous to Paleogene periods. “Cretaceous” is derived from the Latin word for “chalk,” which was abundant in the soil at that time. (The Germans call chalk “kreide,” which is why Cretaceous is often abbreviated as “K”.) The Paleogene, P or Pg, is the younger period that began after the mass extinction. The mass extinction boundary is labeled KPB for Cretaceous–Paleogene Boundary.1


	The Cretaceous is of special interest to the public because it was the last period in which large dinosaurs roamed the Earth. (It is common to say the dinosaurs went extinct, but of course, not all dinosaurs died out because birds evolved from dinosaurs and thrive in great abundance to this day.) Everyone knows about dinosaurs, especially little kids. But most people don’t know that the most dramatic disappearance of species occurred not on land, but in the oceans, or that the fossil record shows that the “death of the dinosaurs” didn’t happen suddenly but took place over a long period time. In fact, at the time the Cretaceous period was coming to an end, and the fifth extinction was underway, dinosaur species had already been decreasing in diversity for over seven million years. This was mainly due to climate warming, the drying up of land in the Western Interior Seaway of the US, and a dramatic increase in volcanic eruptions in India. 


	The last surviving species of the non-avian dinosaurs are believed to have been the large land-dwelling Tyrannosaurus rex and its smaller African contemporary Chenanisaurus barbaricus, both ferocious predators. But the fifth mass extinction didn’t only affect large animals like dinosaurs. In fact, the species most affected by the fifth mass extinction happened to be the tiny forams that I researched. These single-celled animals were at the opposite end of the size spectrum from the mighty dinosaurs, the largest foram being about the size of a small pinhead. Different foram species met different fates during the fifth extinction. Most benthic forams—the species I unexpectedly found in the Japan Trench—survived. But planktic forams, which thrived before the events that caused the mass extinction began, suffered near total extinction. In fact, no other fossil groups show such a dramatic mass extinction at the end of the Cretaceous. 


	Thus, if you look at sediment layers from before and after the fifth extinction, in locations all over the world, you will find many layers rich with planktic forams and then, suddenly, just one survivor. This is why the near absence of Cretaceous planktic forams in a sediment layer has become the established marker for the K–P catastrophe. And it’s one of the reasons I was so interested in studying these tiny, beautiful, ancient creatures. I believed that foram analysis across the Cretaceous–Paleogene boundary (KPB) would yield clues to solving the mystery of what snuffed out life, including the dinosaurs. 


	And that’s what I was doing on that June morning in 1980. Through the microscope before me, I peered at slides of tiny foram species extracted from the sediments of a large rock exposure, or outcrop, near the Tunisian city of El Kef. Like any rock outcrop useful to geologists, this one revealed a layer-cake-like sediment accumulation over tens of thousands to hundreds of thousands of years. Geologists love to collect such sediments layer by layer to study and determine the age, climate, and environmental history of a given time interval.


	At the El Kef sequence, the most important feature of the KPB is a fifty-centimeter-thick black clay layer with a four-millimeter-thin red clay near the base. The thin layer of clay is iron-rich and oxidized, which is why it has a red color. Most Cretaceous species disappeared at or before the red clay, which makes it a convenient mass extinction horizon. The overlying clay is black because it contains ample amounts of organic matter that was no longer consumed after the mass extinction. Once animal life returned via evolution and normal oxygen conditions resumed, the sediments turned gray again. These red and black clay layers largely record the environment in the aftermath of the mass extinction. 


	As I studied my slides, I heard a growing commotion in the hallway. Curious, I poked my head outside my office door. My colleagues at the USGS had packed into the coffee room, and others were spilling into the hall. Everyone was talking, some in heated discussions, others laughing and shaking their heads. What had I missed? 


	“Gerta!” my colleague John Barron called to me as he shouldered through the crowd. “Did you hear about the asteroid impact that killed off the dinosaurs?” he asked, eyes sparkling.


	John explained that Luis Alvarez, the Nobel laureate physicist from Berkeley, and his geologist son Walter had found a high concentration of iridium in the KPB red clay layer at a rock sequence in Gubbio, Italy. They believed the iridium (Ir) must have come from an asteroid which collided with the Earth. Iridium is an extremely dense silvery-white rare earth element that can only naturally form in the intense heat of dying or merging stars. Iridium is extremely rare on Earth, and most of what is found in the planet originates from the accumulated space debris that coalesced into the planet when it formed billions of years ago. This iridium is found in natural deposits in the Earth’s crust or can be belched to the surface through volcanoes or hydrothermal vents. But iridium is also found in the extraterrestrial rocks that continue to crash into the planet’s surface. The Alvarezes must have been studying a rock sequence that revealed iridium within the geologic record precisely at the time of the KPB mass extinction when the last dinosaurs were presumably wiped from Earth. 


	For the next hour, we huddled around the office radio and listened to various stations as they reported this remarkable story. The excitement in the room was palpable, but—as one would expect from a group of scientists—so was the skepticism. As the full details of the asteroid-impact scenario emerged, the corollary hypotheses painted a dramatic scene: a giant impact-generated dust cloud cutting off sunlight, blocking photosynthesis and plunging Earth into freezing darkness. After the dust cloud settled, wildfires engulfed the planet, roasting plants, dinosaurs, and most other animals, eventually extinguishing up to 75 percent of all life on Earth. 


	We listened, riveted. It sounded like a Hollywood movie. But not one of the scientists bought it. A giant dust cloud cutting off sunlight and blocking photosynthesis, which is the key to life, was pure fantasy. After all, we knew from the fossil record that most photosynthesizers in the oceans including algae, diatoms, radiolaria, and benthic forams, had survived the fifth extinction nearly unscathed. If the world had been plunged into darkness, why had they survived this global catastrophe? We knew as well that a planet-engulfing wildfire was also impossible, since such a conflagration would have used up all the atmosphere’s oxygen long before it could reach even continent-wide proportions, let alone global. Alvarez’s hypothesis was too far-fetched to be believed. I didn’t foresee it gaining traction. 


	And despite my skepticism, I couldn’t help but admire the audacity of this idea, which seemed tailor-made for capturing media attention and the public’s imagination. An asteroid! For decades, geologists had been trying to solve the puzzle of what caused the fifth extinction by keeping our heads down in the dirt. And this man Alvarez came along and looked to the sky. 


	That said, it wasn’t an entirely original line of thinking. Through the ages, scientists have proposed various celestial catastrophes as the culprits behind earthly disasters, going back at least to the Babylonian Talmud when the Flood was ascribed to two falling stars (∼200 AD), and in 1696 as caused by Earth’s passage through the tail of a comet. In fact, the idea of a giant impact having caused the end-Cretaceous mass extinction first emerged in the 1950s. It was put aside due to a lack of evidence. Alvarez now revived the idea and took it a step further by assuming that the anomalous iridium concentration proved an asteroid impact. 


	Surely it wouldn’t be long before scientists outside geology recognized the obvious: The evidence ostensibly underlying the Alvarez hypothesis was problematic. In particular, the idea that the mere presence of Ir pointed to an asteroid collision seemed obviously suspect. One of the arguments to justify the conclusion that there was something extraordinary about the iridium layer they found was that iridium is relatively rare in the Earth’s crust and appears in higher concentrations in asteroids and meteorites. But the concentration of iridium deep inside the Earth is nearly the same as it is in asteroids or meteorites: six hundred parts per billion (ppb) inside Earth and five hundred ppb in extraterrestrial bodies. Alvarez had inferred that the iridium was extraterrestrial, wholly ignoring the more likely explanation that volcanic activity brought magma that was rich in iridium from below the crust to Earth’s surface. Once brought to the surface it could be distributed in giant plumes just like other toxic elements and greenhouse gases. Each of the five major mass extinctions in Earth’s history was accompanied by such continental volcanism. 


	I’d never heard of Luis Alvarez or his son before, and it struck me as odd that a physicist would make so bold a claim outside his specialty. I wondered if this was an instance of the so-called “Nobel Disease,” in which Nobel laureates assume a kind of godlike status within the science community that pressures and emboldens them to venture into fields outside their areas of expertise. Was Alvarez’s impact scenario intellectual hubris, I wondered, or was there something here? If his new hypothesis could be rigorously tested, it would be fantastic for the field. I could foresee the media attention—and research funds—that would flood toward such dramatic studies. Perhaps, I reasoned, some of that funding might even flow in my direction to help me pursue research into an alternative, and more credible, hypothesis: that the fifth extinction was due to climate change caused by tens of thousands of years of major, sustained volcanic eruptions in what is now northwest India. 


	This theory, well known as Deccan volcanism in India, had been proposed in 1978 by the paleontologist Dewey McLean from Virginia Polytechnic Institute. Dewey had never been to India, but he was well read on Deccan volcanism. He believed cataclysmic eruptions, which have occurred over an area about three times the size of France, released massive amounts of greenhouse gases—carbon dioxide and sulfur dioxide—into the atmosphere, causing rapid and extreme warming. Those volcanic eruptions also globally distributed Ir and account for the anomalous KPB concentrations.


	Dewey’s theory was about rapid climate warming sixty-six million years ago, but he was also interested in what warnings this ancient catastrophe held for us today. Long before it was settled science, he predicted Earth was approaching another of these calamitous warming episodes due to fossil fuel burning. Our industry, automobiles, airplane flights, and other polluters—produced by technologies that existed for mere decades—were, he alarmingly pointed out, producing the same climate changes that Earth’s natural geologic processes took tens of thousands of years to create prior to the fifth mass extinction. Deccan volcanism not only helped explain the fifth extinction, Dewey maintained, but should be understood as a cautionary tale: We could be facing another mass extinction soon. 


	The science community viewed McLean’s ideas as credible but lacking evidence. These were still early years of systematic studies of climate change, including the study of tree ring growth and ice cores. Tools like state-of-the-art instruments and satellites were only beginning. But climate warming steadily increased, and scientists were alarmed. In 2023, the International Panel on Climate Change (IPCC) pointed out, they were years away from accepting that “the influence of human activity on climate warming [had] evolved from theory to established fact.” 


	Though few believed that Earth would confront a global warming catastrophe anytime soon, Dewey was building his career around this hypothesis, and it was well-known within the field. I didn’t know much about Deccan volcanism at the time, but Dewey’s hypothesis was more compatible with my observations than Alvarez’s instantaneous asteroid-impact catastrophe. My fossil research, along with many others before me, showed that long-term climate warming accompanied decreased diversity and reduced species populations long before the fifth mass extinction. Considering the day’s news, my El Kef samples assumed new significance. 


	Back in my office, the slides shone like a beacon before me. What clues did they hold? What could they tell me about what the world was like, millions of years ago, when the material and life contained in these samples was on the surface? Did the fossilized animals within experience a swift extinction after a cataclysmic asteroid collision? Or was the story slower and more subtle than that? It was an exciting mystery, and I couldn’t wait to collect more evidence, to see where the facts would lead. 




	2


	The Search for Truth


	Early in our relationship, my husband and I had long arguments about the nature of truth. He faulted me for seeing only black and white, truth and lies, with nothing in between. In his view, there are always shades of gray whether in science or real life. Truth is not absolute, he believed, but relative, depending on the circumstances. The same, of course, goes for lies. Majda was a brilliant mathematician, and he believed that absolute truth can only be found in math theorems and demonstrated in numbers and logic. I couldn’t argue with that, but I did eventually convince Majda that evaluating truth in geosciences, even tens or hundreds of millions of years ago, is possible based on evidence. You may never find absolute truth in geosciences or any other sciences, but you can reveal ever darker shades of gray through the accumulation of data that support one another across disciplines and yield the most likely interpretation. In graduate school, my thesis advisor Jim Ingle advised, Always remember that truth in science is only as good as the data you have at a given time and may change with the discovery of new data calling for reinterpretation. This has remained my guiding principle in search of scientific truth. 


	When I was just starting out in my career in science, it never occurred to me that something I considered nearly absolute could be viewed by others as malleable, political, or subject to interpretations. I had much to learn.


	The search for truth begins with a hypothesis, which is an educated guess or hunch created to explain some phenomenon. Scientists then test the hypothesis to evaluate its merits. This is a process that should take time, so that many scientists can scrutinize the claim. In an ordinary scenario, when a hypothesis is scientifically tested and confirmed by research, observations, and facts, it turns into a theory. This, however, was not the case with the impact hypothesis, which swelled into an unstoppable media juggernaut in the weeks and months after the announcement. From the moment it was first published in the June 6, 1980, issue of Science magazine, the impact hypothesis captured the public imagination. An asteroid hurtling through space . . . a catastrophic explosion . . . a gigantic dust cloud that plunged Earth into freezing darkness and destroyed the dinosaurs. Who could be immune to such a spectacular story? As Australian journalist Ian Warden later reflected, all it lacked was “some sex and the involvement of the Royal Family and the whole world would be paying attention.”2


	Support for the impact hypothesis at this time was strengthened by a growing interest among astronomers to find and catalog potentially dangerous near-Earth objects. The same month the impact hypothesis was announced, NASA’s Advisory Council sponsored a “New Directions Symposium” that discussed “Project Spacewatch” at Woods Hole, Massachusetts, which piggybacked on the impact hypothesis, its publicity, and the participation of Alvarez’s group. The ostensive purpose of Spacewatch was to predict and prevent a calamitous Earth impact by blasting from the sky any threatening asteroid, meteorite, or comet.3 It may not be a coincidence that—threatened by budget cuts from the recently elected president, Ronald Reagan, (who had run on a platform of ending “big government,”)—NASA was drawn to scientific research that could both be justified as in the interest of national security and could also obtain, as one NASA official put it, “high scientific yields at low cost.” According to a New York Times Magazine piece about a symposium on meteorites that was held at New York’s Museum of Natural History in 1981, “meteorite research [has] increased dramatically in scope and excitement during the last few years,” with NASA’s budget for meteorite studies having grown sixfold in the preceding eight years. This trend would continue throughout the 1980s, with universities and independent scientists pitching in to track the skies for potential planetary dangers and scouring the Earth for large craters. By the time the 1990s arrived, NASA was joined by the US Air Force in devoting significant government resources in efforts to find extraterrestrial objects that might visit destruction on humanity. 


	The impact hypothesis was good for business, and many seemed to be benefiting from it. The problem was only scant evidence existed to prove the hypothesis was true. No one seemed to care. With growing alarm, I watched as the line between truth and lies, reality and fantasy, blurred. 


	Never in my nascent career had I witnessed a scientific hypothesis—especially one so weakly supported—translate directly into such expensive programming without ever testing its merits and supporting evidence. 


	As impact theory received more and more publicity, Luis Alvarez dominated the media coverage while Walter faded into the background. In public appearances, Luis was animated and convincing, and he clearly loved media attention. Nearly seventy years old at this point, he wore glasses, tweed sport-coats, and an easy smile, and projected a patrician geniality. But he was no cuddly grandfather. 


	The more I learned of him, the more wary and unimpressed I became. There was no denying that Luis Alvarez had led a remarkable career. But for me, his many brilliant discoveries and inventions were overshadowed by the stain of his involvement in the Manhattan Project, where he had served as a senior member of the science team that created the nuclear bombs dropped on Hiroshima and Nagasaki. 


	His character struck me as even more slippery when I learned of his betrayal of Robert Oppenheimer, his former superior at the Los Alamos laboratory, at the 1954 hearing of the Atomic Energy Commission. The hearing, to determine if Oppenheimer should have his security clearance revoked for un-American activities, was pure McCarthyism, and Alvarez was one of only five physicists willing to participate.4 Alvarez’s readiness to implicate Oppenheimer stemmed from Oppenheimer’s opposition to Edward Teller’s hydrogen bomb plan, of which Alvarez would be a leader. At the hearing’s conclusion, Oppenheimer’s security clearance was revoked, ending his career with the government, and exiling him from his life’s work. 


	Alvarez’s career struck me as strange. It veered back and forth between legitimate groundbreaking science and bizarre forays into sensationalized investigations that courted strong public interest. In addition to his work on the Manhattan Project, his early work included the development of innovative radar systems that were used by the military to detect enemy aircraft and submarines, and to safely guide planes into landing.5 Yet in 1967, Alvarez made headlines for his misadventure using x-rays to scan the Chephren pyramid in Giza, Egypt, in search of secret chambers and treasure, which failed in 1969.6 


	He then won the Nobel Prize in physics in 1968 for his invention of the hydrogen bubble chamber, which enabled the detection of new subatomic particles. A year later he was delving into analysis of photographs of President Kennedy’s assassination, supposedly searching for new evidence pertaining to the timing and nature of the gunshots. And now, he was venturing into geosciences, a field in which he was entirely inexperienced. I struggled to make sense of him. Was this a brilliant man whose unbound curiosity propelled him into diverse fields, or an attention-seeking egomaniac unaware of his own ignorance? 


	What alarmed me most was the way Luis Alvarez and his followers played fast and loose with the truth in the effort to promote his ideas. Geoscientists search for evidence that can reveal the deep past and adjust interpretations accordingly, but Alvarez had no use for evidence that didn’t fit his impact hypothesis. 


	Within weeks that summer, toxic in-fighting took root within my field. The impact hypothesis divided scientists into two distinct camps: the believers and the skeptics. The believers, a group that included renowned theoretical paleontologists David Raup of the University of Chicago and Steven J. Gould of Harvard University, pledged their allegiance to Luis Alvarez. Most paleontologists and geologists, however, remained skeptical.


	Skeptics within the geosciences circled the wagons and prepared to take Alvarez to task. Paleontologists were Luis Alvarez’s Achilles’ heel, because we had a trove of accumulated fossil records that were at odds with his hypothesis. Dinosaur experts understood that these giants decreased in diversity and abundance over millions of years and began their final decline during the last million years prior to the fifth mass extinction. 


	But Alvarez dismissed this strong record of fossil evidence and did little to conceal his disdain for paleontologists. In the minds of many scientists, there is an intellectual hierarchy among the disciplines. Mathematicians rank at the top of the intelligence ladder, with physicists just a rung below. As you climb down the disciplines through chemistry, biology, and earth sciences, you will eventually reach the lowly bottom rung, where we paleontologists and geologists pound away at our rocks with hammers to recover clues to ancient environments. 


	Confident in his superiority as a scientist, Luis Alvarez had no problem publicly attacking and bullying scientists he saw as beneath him. A 1988 New York Times interview, for instance, contains a line he was fond of repeating: “I don’t like to say bad things about paleontologists, but they’re not very good scientists. They’re more like stamp collectors.”


	Every discipline has its own way of finding answers to questions, and in this sense, few fields are further apart than physics and paleontology. In his lectures, papers, and autobiography, Luis Alvarez repeatedly expressed a belief, commonly held among physicists, that two proximate events likely have a causal relationship. This makes sense when one is focused on matter and the universal forces that are acting on it. If you are accustomed to studying the immediate interactions of matter and energy—say what happens after you toss a ball in the air or split an atom—then it may seem reasonable to conclude that the presence of seemingly anomalous concentrations of iridium next to evidence of a mass extinction in the same sediment layer from sixty-six million years ago is not a coincidence. These two events must be related and that must mean that the impact caused the mass extinction. 


	But two events juxtaposed without further evidence does not prove causality in the geological record because enormous amounts of time are compressed in sediments. In Gubbio, Italy, where the Ir anomaly was first discovered, a millennium is compressed in a few millimeters of clay at the mass extinction boundary. But the Ir peak in this layer is spread out over tens of centimeters upwards. This pattern, reflecting events from sixty-six million years ago, defies a simple cause-and-effect interpretation. These events—peak iridium concentrations and the mass extinction—are possibly tens of thousands of years apart and not evidence of causality. Earth’s environmental history is too complex with many unrelated variables in a highly condensed sedimentary record that does not support causality by simple association.


	Alvarez had no use for such a confounding and complicated framework, and neither did the media. As the summer of 1980 stretched on, the impact hypothesis leapt from scientific idea to public obsession. It is easy for a journalist to celebrate an exciting new theory that provides a simple, comprehensible answer to a long-debated mystery. It is much harder for a journalist to master and present the scientific evidence that argued against the simple theory—that there were many different sources of iridium, for instance, or inherent difficulties in dating sediment layers, or planktic foram species. And besides, who wants to ruin a good story?


	We paleontologists had plenty to say in rebuttal. The problem was, we couldn’t say it—or at least not quickly enough. The science community’s method of submitting papers to science journals and waiting for peer reviews could take a year, with additional months added for revisions, if accepted. Meanwhile, breathless reports of the new theory spread rapidly to the public through print media, television, and radio. In the early 1980s, we were still years away from the opening of the internet to the public, so there was no way to contest it. 


	While opposition papers wound their laborious way through the peer review process, I watched, stunned, as Alvarez’s story ran wild. A tsunami of media attention for Alvarez, combined with the near absence of critical articles, sent a clear but false message of consensus. Scientists not on the Alvarez impact bandwagon had effectively been preempted. 


	Those of us in the opposition bunker, including Dewey McLean and two geologists at Dartmouth College, Charles Officer and Charles L. Drake, commiserated. How is this happening? was the question on all our minds. We didn’t yet know that Alvarez’s loyalists were blocking publication of opposition research through negative peer reviews, but we knew something wasn’t right. Alvarez appeared to have a magic hold over the media. Science, the most widely read science magazine in the world and one of the most prestigious, kept churning out numerous supporting papers by the impact group along with highly favorable comment pieces by its own journalists. 


	I’ve always been wary of doing the popular thing, and the fanatic new interest in KPB studies turned me off. With the iridium anomaly believed to be evidence of the asteroid impact, the battle for proof of the mass extinction rested primarily on species survival rates based on the abundance (or absence) of planktic forams. And yet I sensed that it would be difficult to research this problem in a neutral environment. I was less than one year into my El Kef foram research on the mass extinction and far from reaching any conclusions. But I sensed that any evidence I uncovered would never be accepted if it didn’t support the new mass extinction scenario. This meant I would have to jump on the Alvarez bandwagon, agree with whatever scenario he and his followers wanted to spin, and dismiss any evidence that didn’t fit. I would have to give up being my own pathfinder and become a follower. 


	That summer of 1980, I decided to delay my mass extinction studies for five years, expecting that the Alvarez drama would blow over by then and I could proceed without interference to find the real cause of the fifth mass extinction and the death of the last dinosaurs. 


	I couldn’t have been more wrong. 


	Despite a lack of evidence, it only took two years for the impact hypothesis to catapult to proven theory. You could date this change to April 28, 1982, when Luis Alvarez delivered a hotly anticipated lecture to the National Academy of Sciences.7 Alvarez began the lecture with his usual bravado, casually dismissing any dissent from his point of view in a few sentences. “I think the first two points—that the asteroid hit, and that the impact triggered the extinction of much of the life in the sea—are no longer debatable points. Nearly everybody now believes them.” If the weasel words and repeated references to a consensus that didn’t exist weren’t exactly scientific, they were an effective rhetorical strategy. And it continued throughout the lecture.


	“Everybody now agrees that the iridium concentrations we find are consistent with the asteroid impact hypothesis,” he claimed, and, “Almost everyone now believes that a ten-kilometer-diameter asteroid hit the Earth sixty-six million years ago and wiped out most of the life in the sea.” In fact, there was a healthy amount of skepticism about these claims at the time. 


	But Alvarez did more than just employ debater’s tricks. He also got the science wrong. Understanding that the theory of Deccan volcanism posed the most compelling threat to his theory, he proclaimed a volcanic source for the KPB Ir anomaly was impossible because volcanic eruptions would be very slow and accumulate little if any iridium. To make this point, he erroneously compared the very low Ir concentration in the Earth’s crust with extraterrestrial Ir content, while ignoring Ir deep inside the molten Earth surfacing with even higher concentrations than in asteroids, meteorites, and comets. He concluded: “The Ir source could only be from an asteroid” and “the Deccan Traps are almost certainly not the source of the anomalous iridium.” 


	What shocked me most about Alvarez’s lecture was how he dismissed facts that didn’t agree with his hypothesis, but when paleontological data served his purpose, he used it and freely misrepresented the evidence. His description of the planktic foram mass extinction he’d observed himself during a visit to Gubbio’s KPB rock outcrop, for example, was as breathless as it was ridiculous.


	“You can see them with a hand lens literally by the thousands, right up to the boundary, at apparently constant intensity, and then, without warning, they are gone, right at the clay layer. It was really a catastrophe. They were suddenly wiped out.” 


	Alvarez painted a scenario that fit his impact theory but was false in every aspect: He couldn’t see “forams by the thousands” with a hand lens at 15x to 25x magnification, which allows at best to see the rare largest specimens as white specs, nor could he see “constant intensity,” or “extinction without warning.” 


	No paleontologist worth his salt would ever make such claims. When examined under a high-powered microscope, as illustrated in their 1980 report, the same sample Alvarez viewed revealed a dwindling foram assemblage with a single large species among mostly small species approaching the mass extinction. This made it clear that large species were already endangered or extinct well before the mass extinction. Above it there is a great abundance and diversity of small survivors and newly evolved tiny species characteristic of the first fifty to 100,000 years after the mass extinction.


	Alvarez didn’t understand, or simply ignored, that the foram assemblages contradicted his hypothesis that the impact hit Earth in the prime of life, when in fact most species were already rare and endangered before the mass extinction. Nevertheless, his misinterpretation of the data was viewed as proof of the impact theory among scientists who didn’t know better. The impact bandwagon gathered strength and rolled onwards.
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